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NUCLEAR SAFETY OF AN AIRBORNE THERMAL REACTOR

by
J. C. Vigil, B. M, Caraichael, and G. H. Best

PREFACE

The Air Force Weapons Laboratory (AFWL) is evaluating various aspects
of the safety of mobile nuclear reactors, particularly airborne reactors.
AFWL is sponsoring tests to assist in the development of containment ves-
sels which will survive iapact deformations without rupturing or leaking,
to determine the deformation of the reactor cores due to impact and to
evaluate engineered safety features under impact, Tha Reactor Thecry
Group of the Los Alamos Scientific Laboratory f{LASL) is supporting this
work by assessing the nuclear criticality and other reactor paramsters
for both normsl and deformed core configurations.

This report covers initial investigations of possible shutdown mecha-
nisms for melidcwn of a proposed gas-cooled, light-water-muderated thermal
reactor, AFWL is also considering & liquid-metsl-cooled fasat reactor that
LASL will evaluate for nuclear safety when design specifications are avsil~
able. The applicability of proposed shutdown mechanisms will be evaluated
for the experimentally detsrmined cora and containment configurations when

data are available frowm the AFWL impact tests.

I. SUMMARY

Neutronic calculations were performed to imvus-
tigate the feasibility of using a diluent-poison to
solve the cricivaiity problem arising from cors
meltdown for the sirborne thermal reactor concept.
Survey calculetions were performed in one-
dimensional spherical geometry on both bare and re-
flected spheres containing dilueqt:uoz core volume
ratios of 0.0, 90,5, 1.0, 2,0, and 3.0, Two~
dimensional calculations were also perforzec for
one particular diluent in order to obtsin an indi-
cation of how the cne-dimensional r?cultl relate tc
wore realistic geometrical configurations.

The diluenta studied were W, WB, HBZ, Ta, TaBz,
ard Re, 1°n were ussed 24 the
survey calculations for ti:e borides. With the ex-
ception 2f W, the calculativas indicate that any of
these diluents could be usad to solve the criti-
cality problem with diluent:UO2 volume racios of 1.7
For W, a volume ratio of 3.0 is required.

Both natural boron and

or less.
On a volume basis, the order of Jdecreasing
ralol

effectivenass of the veriocus diluents is: Y

v%,, %, Tan,, Ro, WB,, Ta, WB, and W, On a
magss basis, the order is the same, except that Re

comes after W3,

II, INTRODUCTION

The airborne thermal reactor concept is a water-
mcdezated and reflected, helium-cooled reactor
fueled with enriched 002-
lations of this cuncept were devoted to determining

Initial neutronic calcu-

the feasibility of wiing a diluent-poison to solve
Meltdown of the
core is aseumad to occur eolely as a result of the

the meltdown criticality probleu.

decay of fission products (safterheat) following a
loss of coolant, The loss of coolant cavaes scram—

ming of the coatrol element ar - rapid removal of the
soderator-reflector water from within the core pres-
Heating from the decay of fission prod-

ucts then causes the core to melt and nollect in a

eure vessel,

pool at the bottom of the pressure vessel which is
protected by a tungsten liner and thermal insula-
tion, Core structursl materials are assumed to col-
lect in one or more layers over the pool of moiten

wo,.



The amount of enriched UO2 in the core was as~
eumed to be B68 kg (1914 1b) at demsity 10.8 g/cm>
with uranium isotopic abundances as shown in Table
I. This amount of enriched UOZ’ if allowed to col-
lect within the pressure vessel and if undiluted
with a neutron poigon, will become supercritical.,
For a bare sphere of enriched UOZ' the critical
radius is 13.4 cm and the critical mase 1s 109 kg.
If the sphere is reflected with an essentially in-
finite thickness of 238U02, the critical core radius
is 9.1 cm, and the cvitical mass is 34 kg. Thus,
in the most reactive configuration concelvable,
only 4% of the original 868 kg of enriched UO2 is
required to form a critical waes,

TABLE 1

URANIUM ISOTOPIC ABUNDANCES
IN LNRICHED UO2

Abundance
I;g;oge (at.2)
i} 93,10
238, 5.75
By 0.886

Any material that is (o b used as a diluent
must satisfy the following three requirements:
1. Density greater tnan that for voz.

2, Melting point apprecigbly higher than that
for U0,, and

3. Capture cross section sufficiently high so
that the diluent snd enriched U0; mixtura
is subcritical with a diluent:U0, volume
ratio of 3 or less.

The first requirement 1s necessary to ensure that
the diiuent does not float on top of the molten UOz.
The second requirement is necesssry to ensure that
the diluent does not melt and form a layer at the
botzom of the U0, pool. The third requirement
arises from the method in which the diluant is in-
troduced in case of & meltdown. It is contemplated
that small spheres (say <1 in. diam) of the diluent
material would he contained in an annulus surround-
The con-
taloasent for the spheres would be such that, when
the core melts, the spheres would fall to the bot-~
tom of the pressure vessel and dilute tha molten

ing the raflector regions of the reactor.

uoz. For spheves of uniform size, the largest pack-
ing fraction achievable is 0,74, This packing frac-
tion, which is obtained with a face-centered cubic

lattice, would allow a diluent:UOz volume ratio of
2,8, For a body-~centered cubic lattice, the packing
fraction is 0,68, which would allow a r‘.-iluent:UO2
volume ratio of 2.1, Under conditions other than
close packing, a packing fraction of 0.60 is proba-
bly reasonable. This would allow a dilueut:UC,
volume ratio of 1.5, -
Schematic diagrams of the normal and meltdown
configurations using the "diluent~spheres" concept
are shown in Fige. 1 and 2. Because stratification

-of the UO2 and core structural materials presents

the most severe criticality problem, the meltdown
configuration of Fig., 2 is conservative.
Materials congidered as possible diluents are
given iu Table II, As shown in the table, these
materials satisiy the requirements on density and
melting temperature. Note that che melting tempera-
tures of HBz and T|B2 are uncertain but potentially

in the right neighborhood., Densities and melting

PRESSURE VESSEL (AM-333)
THERMAL INSULATION
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Fig. 1. Normsl configuration.
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Fig. 2, Meltdown configuration

TABLE II
MATERIALS CONSIDERED AS POSSIBLE DILUENTS
Melting
Density Tempersture
Material (g/end) °c
W 19.3 3370
WB 15.7 2920
WB, 12,75 2900 (?)
Ta 16.6 3000
TaBp 12.4 3000 (?)
Re 20.5 3167

temperatures in “able II were obtained from Ref. 1.
Survey calculationa were performed in one-
diwensicnal spharical gaometry to establish the
ralative effectiveness of thess-materiaie in sclv-
ing the meltdown criticality problem. The aurvey
calculations ars discussed in Sec. III, 7Two-
dimensional calculations, discuased in Sec. IV,

were performed to obtain an indicatiou of how the
one~dimensional results relate to more realistic
geometries,

Because the moderator-reflector water is as-
sumed to be rersved from the pressure vessel prior
to core meltdown, the meltdown configuration is a
fsst system, and detailed thermal cross sections
are not required for the neutronic computations,.
For this reason, cross sectione from the Hansen-
Roach (B-R) 16~group librnryz'3
one~dimenaional analyses. These cross sertions
have been tested extensively on many fast and inter-
mediste assemblies. The group boundaries and fis-
sion spectrum for the 16-group structura are given
in Table III,

were used in the

TABLE III

GROUP BOUNDARIES AND FISSION SPECTRUM
FOR 16~GROUP STRUCTURE

Fission
Spactrum
Group Energy Range LBy
1 3 - 10 MeV 0.204
2 l.4 - 3 " 0,344
3 0.9 - 1.4 " 0.168
4 0.4 -« 0,9 " 0.180
5 0l ~ 0.4 " 0.090
6 17 - 100 keV 0.014
7 3 - 17 v 0.0
8 0.55 - 23 "
9 100 - 550 eV
10 30 - 100 "
1 10 - 30 "
12 3 - 10 bt
13 1 - 3 "
14 0.4 - 1 "
15 0.1 - 0.6 "
. 0.0 - 0.1 "

B
(-]

Cross sections for nuclides mot in the H-E
1library were computed with the ETOG codc" from the
Dvaluated Nuclear Dsta File (ENDF/B). These nuclides
incluged 108, 236u' 182‘,, 183". lstu. 186". 143.'.‘0“.‘1
1871!:, and Ti, Natural tungsten and rhenius cross
sections ware obtained 'from the. isctopic cross sec-
tions using the natural sbundences given in Table IV.
The saturally occurring isotope 180" (0,142 abundance) -
is not in the ENDF/B dets file and was igrored in ..
the calculations. )

The one-dimsasional caiculations indicated that
thera ie very little flux below Group 7 of the 16~

group structuiz. Therefore, for the two-dimensional .

N




TABLE 1V

ABUNDANCES OF NATURALLY OCCURRING ISOTOPES
OF TUNGSTEN AND RHENIUM

Natural Abundance

Isotope (at.X)
182, 26,41
183y 14,40
184, 30,64
186, 28.41
183pe 37,07
1875 62,93

calculations, the l6-group structure was reduced to
seven groups by collapsing Groups 7 through 16

into one group.

ONE-DIMENSIONAL SURVEY CALCULATIONS

Survey calculations were made ir one-
dimensional spherical geometry to establish the rel-
ative effectiveness of the materials in Table II as

I1I1.

neutron poisons. The calculations were performed
with the DTIF-IV code,5 a transporc¢ theory program.
in 84 approximation uging the 16-gr6up energy struc-
ture of Table III. Spherical geometry was usad be-
cause it is the most reactive configurationm that

can be assumed by the molten uoz.

Both bare and reflected apheres were calculated
for the various diluent—UD2 uixtures. The core in
each case was & homogeneous mixture of enriched 002
and diluent, Calculations wzre made for diluent:UD2
volume ratios of 0.0, 0.5, 1.0, 2,0, and 3.0, The
amount of UOZ was held fixed at 8§68 kg (density
10.8 g/cm3), which 18 the initial core loading.

For the diluents containing boron, both natural
boron and 103 were used in the calculations,

Atom densities for the uranium isotopes and
oxygan are given in Table V for the various dilusnt:
UO2 volume ratios. Also given in the table ave the
volume and spherical radius of the diluent-uoz mix-
ture, Atom densities for the diluent materials and
total diluent mass are given in Table VI for the
various diluent: 002 volume ratios. 23

In the reflected calculations, 25 cm of BUO
(density 10.8 g/c- ) was used to aimulate rcfloction
from the heavy shield material outside the pressure
vessel and from layers of core structural materials

TAME ¥
AT DRNSITIES OF URANIUM A OXTCEN IN nlwm-wz MIKTURRS

Diluencil0;  Mixtuze a "ig( ).
Volume 2 "h. o

Vo \- Cora l.nltll

Ratdio 107 emd) _

0.0 0.803? 16.77 0.013“ D.Mﬂﬂ 0,00140 .06&0

0.3 1.205% 30.¢% 0.0131%  0.0000¢ = 0.00083  0,0324¢

1.0 1.6074 n.n 0,013  0.,00011 0.00070 0,0243;

2.0 1.4111 38.60 0.0073)  0,00007 O.00047 0.01623

p X 3,2148 42,50 0.00366 0.020035 0.00033 0,012h7
TABLE VI

ATOM DENSITIES OF DILUENT MATERIALS IN l)lI.UEN!I‘:UOz MIXTURES

Diluent:U0; Diluent Atom Density of Dilusnt®
Diluent Voluma Mass  ___ 1024_atoms/cmd
Material Ratio (g) Component 1 Component 2
A1l 0.0 0.0 0.0 0.0
L] 0.5 775 0.02107 —
1.0 1531 0.03161 —
2,0 3102 0.04215 -
3.0 4653 0.04742 —
wB 0.5 631 0.0161% 0.01619
1.0 1262 0.02429 0.02429
2,0 2524 0.03238 0.03238
3.0 3785 0.03643 0.03643
wB, 0.5 512 0,01246 0.02491
1.0 1025 £.01869 . 0.03737
2.0 2049 0.02491 0.04993
3.0 3074 0.02803 0.03606
Ta 0.5 667 0.01842 -—
1.9 1334 0.02762 —
2,0 2668 . 0,03683 -
3.0 4002 0.04144. —
TaB, 0.3 498 0.01229 0.02458
1.0 996 0,01843 0.03687
2,0 1993 0.02458 0.04915
3.0 2990 '0.02765 0.05330
Ra 0.5 824 0.02210 ———
1,0 1648 0,03315 —_—
2.0 3295 0.04420 -—
3.0 4943 0.04973 ——-

*In le. for example, W is Componunt 1 and B is Compoaent 2,

that may form over the pool of UOZ' The 25 <m of
238UO2 was established by callculations to be eifec-
tively an infinite thickness as far as its effect
on keff is concernod. Thie can bezggen in Fig. 3,
which shows k.ff asp 4 function of UO2 reflector
thickness for a HBz:UO2 core volume ratio of 2.0.
Atom densities used in the reflector were 0.02409
and 0.04817 (10%* acoms/cad) for 23 and 0,
respectively,

Results of the one-dimensional gurvey calcula-
tions are summarized in Tables VII through XII.
These results are plotted in Figs. 4 and 5 for easy
comparison of the various diluents. In Fig. 4, the
uultiplication factor (k.fé) ia ahown as a fuaction
of dilunntsuoz core volume ratio for the bare sphere
case. Corresponding results for the reflected

ephere are shown in FPig. S.



0.% T T T T TABLE X
SURVEY CALCULATIONS FOR ‘I‘a-UO2 MIXTURES
0.29 F - 'l‘n:l.lo2
Volume Muitiplication Factor (keff)
Ratio Bare Reflected
wr sl 4 0.0 1.609 1,772
B hated 0.5 1.345 1.455
1.0 1,154 1.237
2.0 0.902 0.955
3.0 0,742 G.779
0.87 -
TABLE XT
1 A | \ SURVEY CLALCULATIONS FOR TaB_-U. MIXTURES
0.86, 10 2 ) 7y 50 272
Reflector Thick.ae (cu) Multiplicatioa Facter (k&, f)
TaB,:U0, Bare Reflected
Volume Natural 10 Nactural 10
Fig. 5, Effect of reflector thickness on reactivity Ratio Boron B Boron B
for WB,:U0 volume ratio of 2.0.
oF Wy, core volu 0.0 1.609 1.609 1,772 1.772
0.5 1,275 0.943 1,359 0.989
1.0 1.042 0,875 1.094 0.700
TABLE V11 2.0 0.758 0.433 0.786 0,445
o . .3 . od
SURVEY CALCULATIONS POR W-UD, MIXTURES 3.0 0.395  0.:9 0.613 0.330
wW:Uo0
v°1um§ Multiplicatiocn Factor (keff)
_Ratio Bare Reflected TABLE XII
0.0 1.609 1.772 SURVEY CALCULATIONS FOR Re-U0, MIKTURES
0.5 1,469 1.589 Re:U0
1.0 1.344 1,438 - Re:UO,
2.0 1.146 1.210 Volume Multiplication Factor (keff)
3.0 0,998 1.045 _Ratio Bare Raflected
0.0 1.609 1.772
0.5 1.330 1.424
1.0 1.120 1,183
TABL® VIII 2.0 ' 0.847 0.882
. 3.C 0.680 0.704
SURVEY CALCULATIONS FOR WB-UO2 MIXTURES
' Multiplicstion factor (k ..)
WB: UO Aff
i Bare Raflected Asgurin~ a spherical pressure vessel, a two-
Volume Natural Natural di; 1
Ratio Boron mB Boron 103 huulomi calcuh:ion (Sec. IV) indicates that
t -
0.0 1.609 1.609 1.772 1.772 e multiplication factor for @ more realisti. geom
0.5 1.386 1,086 1,483 1.146 etry is about 31 smaller than that computed for the
1.0 1,198 0.82% 1,264 0.855 b
2.0 0.934 0.55% 0.971 0.571 are spher2. That is, the results obtained for the
3.0 0.762 G.420 0.787 0.430 bare gphere can be used conservatively to estimate
the reactivity in a more realistic geometry. The
TABLE IX diluonteuoz volume ratio ard diluent mass required
to raduce k. £ t° unity in the bare sphere case arec
SURVEY CALCULATIONS FOR WB,~UO, MIXTURES svmmarized in Table XIII. In the table, the dilu-
Multiplication Factor (ktff ) eats are given in order of decreasing effectiveness
“2“’02 Bare Reflected on a volume basie. On a mass bui.e, the order is.
Volume Natural - Natural
e Soron 10, Boron 10, the same axcept for Re. which’ wou.:.d fall batveen
0.0 1.609 1.609 1.772 1.772 WB and W. Note that all of the dilucnts mﬂp: w
0.5 1.346 0.973 1.438 1.020 could potentially be used. in the £on oﬁ’lpheru
1.0 1.139 0.707 1,199 0.732
2.0 0.863 6,459 0.896 0.472 (as discustel previsusly) to solye tha criticality
3.0 0.693 0,341 0.714 0.351 problem, Since the hrsut éuuan: itplmue R
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4. Bare sphere survey calculations. Fig. 5. Reflected sphere survey calculations.
TABLE XIII occurred in Group 4, which covers the range 0.4 to

YILUENT:UO, VOLUME RATIO AND DILUENT MASS 0.9 MeV (Table 1I1).

REQUIRED TO REDUCE kegg TO UNITY

(Bare Sphere Case) IV. TWO-DIMENSICNAL CALCULATIONS
Diluent:UC Two-dimensional calculations were performed for
" v:ii?: Dilue:t Mass a particular diluent-U0, mixture in order to obtain

"':;:;;"’" — 423"'" an indicetion of how “~he one~dimensional results
0.47 480 relate to more realistic geometrical models. The 61
0.64 810 calculations were performed with the TWOTRAN codes ’
1.10 1100 in S4 approximation using seven energy groups.
1.36 2240 Seven-group cross sections were obtained from the
1.42 145G 16-group sets by collapsing Groups 7 through 16 into
1.54 2060 a single group, Fluxes from the corresponding 16-
1.58 2120 group one-dimensional reflected sphere calculation
2.98 4620 were used to perform the collapse of the cross

sections.

atts’aable with the "diluent spheres” scheme Two-dimensional calculations were performed for

, a different scheme would have to be used two different medels. The first model, shown in
Fig. 6, 1s based on a spherical pressure vessel and

n the bare sphere calculationg, thirty equal was calculated in R-¢ epherical geometry. The in-

ner radius of the preasure vessel (AM-355) is 93.98
cm (37 in.), ite thickness is 2.54 cm (1 in.), and
it 1@ lined with 2.54 cm of tungsten (density 19.3
g/cm3). The thermal insulation between the iiner

1 mesh intervals were used. In the reflected
ations, the mesh used was twenty equal inter-
n the core and ten 2qual intervals in tha re-
r. Typlcally, the median fisslon energy
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Fig. 6. Two-dimensional R-¢ spherical model.

and the vessel was neglected in this simple modal.
At the bottom of the vessel is a homogenized ragion
of WB and enriched 002 with a Hl!:uo2 volume ra;:lo s
of 2,0. The HI!—UO2 region (volume 2,4111 x 10° cm™}
contains 868 kg of enriched Uﬂz and 2524 kg of WB.
Floating on top of ths im-uoz aixture is a homoge-
nized region containing structural materials. The
volume of this region, 5.6818 x 105 c.3 (20.1 fts),
1s based on an initial core volume of 2,4975 x 1(.'!6
cn? (88.2 £t3) containing 22.75 vol% structural

materials. The remaining space within the prassure

TABLE XIV Ve
ATOM DENSITIES FOR REGIONS OF TWO-DIMENSIONAL MODEL

Atom Density
ion Element gloz" ato-l[c-:,!
Structure Mo 0.03928
T4 0.06039
5§ 0.00590
Cr 0.00300
Fe 0,02322
Core ::453 0.00755
0.00007
238y 0.00047
0 0.01623
w £.03238
B 0.03238
Liner v 0.06322
Vessel Fe 0.08359
Shield 238y 0,04731
TADLE XV
COMPOSITION OF STAUCTURAL.MATERIALS
Dewaity n::':-n:- o et
Netegial of Screctare Blement  __in Marerja]
Mo TDL 10.2 0.8066 Mo 0.9943
™ 0,008
Bestalloy X [ X ] 0.342¢ s 0,489
Ce 0.220
Ta 0,100
Mo 0.090
A-338 7.8 0,3503 7e 0.09

vessel is void, as it was assumed that the moderator-
reflector vater wis removed prior to meltdown., Out-
side the pressurs vesssl is a spherical shell 34,1
ca (13.4 in,) thick. This region, which represents
the shield, contains 104,330 kg (230,000 1lb) of

2380 at donsity 18.7 glcn3. (It wvas agsumed that
the shield water is not present.) Note that the
meltdown configuration of Pig. 6 doas vot depend

on the orientation of the system.

Atom densities for the varicus regions of the
model sre given in Table XIV, The composition of
the W—UO2 mixture is the seme as that used in the
one-dimensic:i2l <alculaticu for a HD:UOz voluse
ratio of 2,0. The composition of the stiuctural
material region ie tased on the informstion given
in Table XV,

The horizcntal surfaces of the iu'B-llOz and struc-
tural material regions camnot be represented exactly
in R-¢ geometry. These boundaries were approximated
by portions of spherical suvfaces as ehown in Fig. 7.
In the approximation, the volumes cf the two regions



l Structural Materials :“

Fig. 7. Approximaticn of horizontal aurfaces in

R-¢ model.
were conserved. The gpatial mesh contained 26 radial
intervals and 24 intervals in the ¢ directien.

The R-¢ model yielded a multiplication factor
of 0,901. For the same HB:UO2 volume ratio, the one-
dimensional calculations yielded 0.934 and 0.971 for
the bare sphere and reflected ephere, respectively,
Thus, it appears that the bare sphere results of’
Sec. III can be used conservatively to estimate the
reactivity in a more realistic geometry.

Figure 8 shows the second model used in the
two-dimensional calculations. This model is based
on a cylindrical pressure vessel and was represented
in R-Z geometry. The dimensions of the veesel are
radius 37 in., height 74 in., and thickness 1 in.,
and the vessel is lined with 1 in, of tungsten. The

Void

W Liner -2

Pressure

z
]
[
i
i
|
|
|
|
|
|
tlb Vessel —-—LJW
l
|
|
l
|
i
}
}
i
f
|
l

Structural Materials

wn-uoz Mixture

238y gpsiard

Fig. 8. Two-dimensional R-Z cylindrical model.

volumes of the structural material, WB—UOZ. and

shield regions are the same as before but in cylindri-
cal geometry. Compositions of the variocus regions
are exactly the aame ae for the R-¢ calculation
(Table XIV).

For the R-Z calculation, the spatial mesh
used wae 26 radial intervals and 30 axiel intervals.
This calculation yielded a multiplication facter of
0,577, considerably less than that (0.901l) obtained
for the spherical pressure vegsel case. The reason
is thai, with a spherical vessel, the HB--UO2 region
is much more compact. An idea of the difference in
compactness can be obtained from che fact that the

surface area of the HB—UOZ region is 3,14 times



larger within the upright cyliudrical veasel thsn
within the spherical vessel.
With a cylindrical pressure vessel, the melt-

down configuration will depend on the orientation
of the vessel. The upright vessel case was calcu-
lated hecause this configuration can be represented
exactly in two dimensions, If the veasel ia horizon~
tal, an R-8 cylindrical calculation with buckling to
represent the leakage in the axial direction could
If the
vessei is inclined at some angle, say 45°, a three-
dimensional code would be required for tha analysis.

The WB-UO, region in the horizontal cylindri-~

2
cal vessel case is more compact than in the upright

be used to approximate the configuration.

case.

gion 1s still 2,37 times ierger than in the spheri-

However, the surface erea of the HB-UOz re-
cal vessel case. For intermediete orientations,
the surface area should lie between the vertical
and horizontal csses. Thus, for a given volume of
diluent and U°2' the reactivity of the mixture
should always be less in the cylindrical vessel
thar. in the spherical vessel regardless of orienta-
tion of the cylindrical vegsel. In this respect,
the cylindrical veassel is to be preferred over the
spherical vessel. The advantsges of the spherical
vessel are its independence of orientetion snd the
fact that deformation of the vessel will result in

a less reactive meltdown configuration.

V. DISCUSSINN

It has been shown that several diluent mate-
rials could be used to solve the meltdown criti-
cality problem. A decision on which diluent mate-
rial to use will have to be based not only on the
effectiveness of the material as a poison, but aleo
on such factors as availability, ease of fabrication,
weight, and cost. As evidenced by the uncertainty
in the melting temperature of HBz and T.Bz, nate-
rials research will have to be carried out for some
of the diluents. '

Feagibility of using a diluent-poicon to solve
the meltdown criticality problem hinges on contain-
ment of the molten uo2 within the pressure vessel
and on assuring mixing of the diluant and UOz. The
scheme of surrounding the reflector regions of the
reactor with an annulus containing small spheres of
high-density and high-melting-point diluent material

should be workabls. Ths scheame, however, depends
on movement of the diluent spheres to the bottom of
the pressure vassel as the core melts. Tests on a
small-scale model should be carried out to study
this problem.

The "diluant spheres” schema also requires a
diluent density and melting temperature greater
than t..at for uoz and is limited to a maximum
dilunntsuoz volume ratio of about 3, A variation
of this schema could be used that requires only that
the diluent have a melting temperature higher than
that for uoz. In this variation, a fixed annular
region of diluant material would surround the re-~
flector regiona. Thc diluent region would be in
the form of a honeycomb structure with & void frac-
ticn and thickness depanding on the diluent.
example, 1if the diluent is Tnlolz and assuming a
spherical pressurs vesssl, a void fraction of =0,7
and annulus thickness of =21 ca would be regquired.
One disadvantage of this schems is that a larger

For

volume and mass of diluent would be required than
This is
not a serious disadvantage in thet the diluent can
algo serve as gemaa shielding (and neutron shield-
ing in the case of tha borides) and thus reduce the
amount of shielding required nutside the pressure

vith the mobils "diluent spheres” scheme.

vesssl, A more serious disadvantage is that de-
formation of the pressure vessel on impact might
reduce or completely eliminate the void fraction in
the diluent armulus, ’

For the maltdown configuration, use of a
spherical pressure vessel has the advantage that
the geomstry is indepsndent of orientation of ths
vesssl. Another advantage is that deformation of
the vessel will result in a less reactive meltdown
geomatry becausa the dilucnt-uoz region will be
less compact than in the undeformed case. On the
other hand, a cylindricel pressure vessel (H/D = 1
and D the saxe as for the spherical case) has the
advantage of a much less reactive meltdown config~
uration than in the spherical case. BHowever, de-
formation of the cylindrical pressure vessel could
result in a sore reactive maltdown geometry than in
the undeformed case.
deviating from the vertical or horizontal, the cy-
lindrical vessel requires a three~dimersional code
for analysie. Although three-dimensiontl transport

Also, for vessel orientations




theory codes are not presently available, the anal-
ysis could be performed with a three-dimensiinal
diffusion theory program (e.g., the 3DDT codea).

Regardless of whether a cylindrical or ephari-
cal pressure vessel is used, deformstion of the
shield region outside the pressure vessel should
have little effect on the reactivity of tho melt-
down configuration. This 1s becauss the configura-
tion is already well reflected.

Future calculations should be directed toward
determining the effect of the diluent on the criti-
cal maas of the normal configuration. Calculations
are also required to determine the effect of de-
formations on both the normal and meltdown configu-
rations. Quantitative results from impact tests
should be factored into theae calculations. As
discussed above, deformations should not present
serious problems for ths meltdewn case if the un-
deformed meltdown configuration is subcritical.

Since the thermal reactor concept is uader-
wmoderated, small compactions of the norsel core con-
figuration should reduce reactivity if the moderator-

reflector water is still in the pressure vessel at
Extreme compaction, in which all the mod-
erator and coolant passages and all the volds are

impact.

squeezed out, may be & problem because the neutron
spectrum will be hardened considerably.

In the fast reactor concept, any compaction of
the normal core configuration will add reactivity
unless the design incorporates e built-in safety
feature, e.g., control elements that are driven
into the core at impact. Such an engineerad safety
feature can be more escily incorporsrud if the core

has a spherical shape.
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