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-Tte reactor system is expected to achieve permanent subcrfticaitty in

a loss-of-flow (LOF) event by virtue of fuel removal from the core even under

the hypothetical assumption that both shutdown systems fail to function,

lased on the analysis performed by S. X. Rhow, et al., adequate fuel

ranval would occur in the CRBRP heterogeneous core during a meltout period

^•fter the initiating phase of the unprefastsd LOF event. This paper

discusses reactivity levels relative to fuel recaval in the accident

arogression beyond the initiating phase for the CRBRP core at the beginning

~~af cycle1 (BOC-1).

Ike primary objective throughout this neutronics analysis has been

So retain as much rigor in the computational modeling as possible while

—retaining efficient computations. For significantly disrupted core

configurations, as are encountered in the post-initiating phase analysis,

the presence of larga internal voids makes the use of diffusion theory

suspect. In order to adequately handle the complex streaming associated

with large internal voids S-4 transport theory with isotropic scattering

selected as the computational mode. The use of S-4 transport theory

its associated high cost precluded the us2 of a detailed 30 model.

Tfee accurate modeling of the voids in RZ geometry is deemed more important

ttan tte impact of Isolated control fcodr. and blankets in a 3D model,
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the HZ nodel will adequately handle the isolated blanket islands and

control rods while giving the benefit of a rigorous treatment of the internal

••ids.

Ike basic cross section data used for the neutronics analysis were

from the EHOF/B-IV data files. The MC^SDX code package2*3 was

to process these data. A base library of 771-groups (AU - 0.1) was

gmerated using a weighting spectrum from a 2040-group slowing down
4calculation for an appropriate Pu/U fueled LMFBR core composition. Reso-

self-siiielding effects were accounted for in voided and nonvoided

, internal blanket, and radial blanket assemblies. An eight group

a twenty group library were obtained for operating conditions (15Q0oK)

for an elevated temperature (3QQ0°K). The reference core design and

«ore nass in vents j-y at BOC-1 were taken from the CRBRP PSAR.

At iararination of the initiating phase, many fuel assemblies would

^•ve experienced fuel melting/disruption, followed by melt-through of the

aexcan wells. Subsequently molten fuel from the assemblies would flow out

«f the core region through the interassembly gaps. Design information

based on the PSAR has shown that the inter&ssembly gaps outside the core

region have potential for accommodating more than the total fuel inventory.

In other words, fuel could be removed from the core through the gaps as

fast as melting occurs. It is noted that there are other fuel removal

«Bths such as control assemblies and axial blanket flow paths.



potential exists to remove essentially all the fuel from the

o r e , otter factors such as plugging, availability of molten fuel and the

tteing of fuel reanval relative to energetics potential may limit fuel removal

to the neutronics analysis, in the present analysis four disrupted core con-

figurations were analyzed with limited fuel removal, and the results are pres-

in Table 1, Case 1 represents core conditions after approximately 43* of

total fuel inventory is removed from the outer annular region of the core.

renaining fuel in the core annular regions is homogenized and fully

compacted, while the internal blanket and control assemblies remain intact.

Ike system is subcHtical for this configuration. Case 2 is identical to

Case 1 except that the fuel removal is reduced to 33% of the total inventory.

system is substantially above critical for this configuration. This

that the fueT;-steel mixture in the core region will be boiled up in

process of fuel conpaction. The result for Case 3 indicates that the

system will be deeply subcritical with a fully boiled-up configuration.

Hnre fuel removal is expected during this boilup period, which would lead

to peraanent subcriticality. In Case 4, about 41% of the total fuel

inventory is again removed from the core. The remaining fuel, internal

blanket and control assemblies (without B.C) are assumed to be homogenized

and fully compacted. This homogeneous pool configuration is substantially

sobcritical. In all cases, one-third of the cladding and wire wrap in all

fuel assemblies is assumed to relocate into the upper axial blanket region,

another one-third relocates into the lower axial blanket region. The

lifting residual steel including the hexcan walls is assumed to be

JfemgenizeKt with the molten fuel.



-¥nm the almve neutronics results* i t can be concluded that the system

Kil l achieve peraanent subcrttfcatity as loaf as aJout 4GS of the total

fvmt Inventory is i cawed, from the core.
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•act ivi ty Levels for Various Disrupted
Configurations at BOC-1
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Description of Core Configuration

43X of total fuel inventory removed

from the core. The remaining fuel

in the annular regions is homogenized

in the core and fully compacted with

IB and CR assemblies intact.

Same as Case 1 except that only 332

of total fuel inventory is removed.

Sane as Case 2 except that fuel/steel

is boiled up with uniform void

fraction.

Alt of total inventory removed from

core. The remaining fuel, the IB

and CR (except B^C) assemblies are

homogenized and fully compact.

Reactivity ($)

-1.*

•10.2

-36.7

-10.5
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express 01 implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily stale or
reflect those of the United States Government or any agency thereof.


