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CALCULATED CRITICALITY DATA FOR LMFBR
(+PU)Oo-WATER SYSTEMS

W. R. Cobb™

Abstract

Calculated criticality data are presented for typical
ILMFBR mixed-~oxide fuel-water systems based on the weight
fraction of Puls, the degree of heterogeneity of the fuel,
and the degree of moderation as varlables within the ranges
of interest to IMFBR fuel~processing criticality safety.
Limited data are also presented to indicate the polsoning
effects of nitrate, boron, and stainless steel. The calcu-
lational methods employed ars discussed, including an im-
proved strategy for critical~dimension searches developed
for this investigation, as well as the results and the ex-
pected accuracy of the data. Tables of buckling, exbrapo-
lation distances, critical dimensions, and masses are
presented.

Keywords: IMFBR, criticality, fuel processing.

Introduction

Meager experimental criticality data exist for systems of mixed
nranium-plutonium oxide and water with plutonium content in the range of
interest for proposed liquid-metal fast-breeder reactor (ILMFBR) fuels.
Critical approach and exponential experiments on 25.2 wt ¢ PuO-U0s
prototype fast flux test facility (FFIF) fuel pins in water have been
reported,l and critical experiments wilth mixed oxide fuel at 15 and
30 wt % plutonium were performed and reported recently.® Other experi-
ments on fuel having from 2 to 4 wt % plutonium and variocus amounts of
240py have been reported and are swmarized elsewhere.-

Such criticality data are of great importance in assessing the out-
of -reactor criticality safety problems that could arise during the stor-
age and processing of IMFBR fuel. The proposed use of aqueous fuel

processing and the possibllity of storing spent fuel elements in water

*.
Now with Nuclear Fuel Services, Inc., 6000 Executive Blvd., Suite
600, Rockville, Maryland 20852,



prior to processing introduce neutronics problems quite different from
those present in-reactor, since large quantities of plutonium must be
stored and processed and the minimum critical mass for plutonium under
optimum moderation is on the order of a few kilograms or less.

Tn order to effectively develop equipment to handle these problems
of storage and dissolution, the designer must have a feel for the criti-
cality aspects of the expected normal conditions and credible abnormal
conditions. Ideally, criticalily experiments would be performed on
actual mockups of all seriously proposed designs, but this would be eco-
nomically impractical. In fact, the large variety of conditions that
could exist in an aqueous IMFBR fuel reprocessing plant make criticality
experiments impractical for all but the final component designs.

Tt is clear, therefore, that the initial basic criticality data for
use in preliminary component design must be obtained from calculations
rather than experiment. The calculation of such data over the ranges of
interest of fuel types, isotopic composition, moderation, degree of fuel
heterogeneity, reflection, poison, and other parameters is alone a formid-
able task. Nevertheless such data for ILMFBR-type fuels are needed and
are not presently available in easily accessible tabular and graphical
form. To this end this report describes the data generated for typical
IMFBR mixed~oxide fuel-water systems based on the weight fraction of Pulg,
the degree of heterogeneity, and the degree of moderation as variables.
Limited data are also given to indicate the effects of nitrate, boron, and

stainless steel.

Scope and Generality of Data

The basic data presented in this report are intended to give criti-
cality parameters that cover the range of interest in LMFBR mixed-oxide
fuel reprocessing with regard to the weight fraction of PuOs in the mixed
oxide and the degree of heterogeneity in the fuel lumps. Specifically,
the fuel mixtures considered were 20.0, 16.0, 12.0, and 8.0 wt % Pu0s-U0s
at an assumed 90% theoretical density with pin diameters of 0.26, 0.18,

0.10, and 0.0 in. The uranium was assumed to be depleted, and the



plutonium isotopic ccmpesition was chosen to be typical of IMIBR core
discharge fuel.* Calculations were performed for fully reflected, un-
poisoned fuel-water mixtures with water-to-fuel volume ratios from 0.1027
to 30.0. The minimum volume ratio of 0.1027 corresponds to the closest
packing of cylindrical rods on a hexagonal array.

Calculations were also made to show the effect of the addition of
stainless steel, boron, and nitrate to the pure fuel-water systems. Data
for these variations are not complete in the sense that they do not cover
the entire range of parameters for the fuel-water systems, and hence they
are intended to show only the type of effect to be expected.

The effect of the stainless steel cladding on the critiecality param-
eters is indicated by results of calculations at all fuel compogitions for
a 0.26-in.-diam fuel pin with a cladding thickness of 0.015 in. This
corresponds to the addition of steel at a constant cladding~to-fuel volume
ratio of 0.24h, and the resultant changes should be typical for all pin
diameters. The effect of soluble boron poison has been indicated by cal-
culations at all pin diameters for the 20 wt % Pu0s fuel. TIn these cases
it was assumed that the boron was present in the water at a 0.3 M concen-
tration and that the‘density of the water was not affected. The effect
of the addition of nitrate has been indicated in calculations for the
20 wt % fuel in which the water was replaced by 8 M HNO;.

While the heterogeneity effecls have been investigated by considering
the fuel lumps as infinitely long cylindrical fuel pins on a hexagonal
array, the data presented should be useful in assessing criticality prob-
lems for a much wider wvariety of heterogeneous situations since, to a
good approximation, the data at a particular rod size and average density
are applicable to arbitrarily shaped fuel pieces at the same densgity
having the same fuel surface-to-volume ratio. In comparing the results
of the heterogeneous and homogeneous (pin diameter = 0.0) ecalculations at
the same average density it should be recalled that the homogenecus calcu-
lations represent situations that would occur if the oxide fuel were
simply mixed with the water or nitric acid and, in that sense, are not
physically realizable. The data presented may also be used to obtain con-

gservative estimates of minimum critical sizes for systems containing fuel



lumps in fissile solution, since a separate, more detailed Monte Carlo
analysis® has shown that at optimum moderation for a lumped fuel-water
system, introduction of dissolved fuel into the moderator causes a re-

duction in neutron multiplication.

Methods of Calculation

The methods used to calculate the data presented in this report fol-
lowed the standard aporoach to reactor neutronics problems and employed
the codes developed for that purpose at ORNL. A schematic outline of the
calculational process that gives the sources of data and the codes used
is shown in Fig. 1.

The basic data source was Version II of the ENDF/B cross-section
file. Cross sections for both the fast and thermal energy ranges were
obtained through the processing code SUPERTOG® for the uranium, plutonium,
oxygen, and stainless steel constitutents. The fast and thermal cross
sections were then combined with room-temperature free-gas scattering
kernels to obtain a 12%-group XSDRN’ library. Cross sections for nitro-
gen, boron, and hydrogen in water were obtained from existing XSDRN 1i-
braries. The resultant XSDRN library contained all the cross sections in
the form of smooth data and resonance parameters that were required for
the investigation of the wvarious conditions.

The code XSDRN was used to perform spectrum calculations for the
equivalent cell for each fuel type, pin diameter, and average fuel den-
sity. A slightly modified version of the Nordheim integral treatment,
which is included in the XSDRN code, was used to obtain the correctly
shielded resonance cross sections for use in the subsequent one-dimen-
sional discrete-~ordinates cell calculation. The results of the 1235~group
S4P5 calculation were then used to obtain 16-group cell-weighted cross
sections for use in the diffusion theory calculations. The 16-group
energy structure (Table 1) is similar to the Hansen-Roach energy struc-
ture,® except that in the present work, neutron upscattering was allowed

from the three lowest groups.
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Fig. 1. BSchematic Cutline of Calculational Process.

The code CLTATION® was then employed to calculate the material
buckling and ke for the homogenized cell and, in a separste caleculation,
wag used to determine the critical radius of a water-reflected infinite
cylinder of the homogenized composition. An improved method for criti-
cal-dimension searches was developed and incorporated into the code
CITATICON for thls purpose and is described in Appendix A. These three

criticality parameters, Bé, Koy and Rc’ which were calculated directly,



Table 1. Sixteen-Group Energy Structure

Group No. Uppe?es?ergy' Group No. Uppe?eé?ergy
1 1.h02 x 107 9 5.829 X 107
2 3.012 x 10° 10 1.01% X 107
3 1.496 x 10° 11 2.902 x 10%
I 9.072 X 10° 12 1.068 x 10t
5 L,076 X 10° 13 3,059 X 10°
6 1.111 X 10° 14 1.125 x 10°
7 1.930 X 10% 15 4,500 x 10~
8 3,355 X 107 16 9.999 X 107

were then used to determine the remaining parameters presented in the
tables of Appendix B.

In determining the criticality parameters for the systems with boron,
nitrate, and stainless steel, the XSDRN cell calculations were not redone.
Instead the 16-group cross sections for the appropriate fuel type and pin
diameter and hydrogen~to-plutonium ratio were used in the required
CITATION calculations. Since the broad-group structure contained 16
energy groups with four thermal groups, this treatment should not intro-

duce significant error.

Calculated Results

Curves of the infinite-.reflected-cylinder critical radii are given
in figs. 2 through 5 and curves of the reflected-sphere critical masses
in Figs. 6 through 9. The heterogeneity effects on the critical radii
are gquite striking and are similar for all the fuel types. Most notice-
able of these effects are the decreased prominence of the peak in the
critical radius and tune change in the position of the minimum critical
radius for the lumped fuel. The peak in the homogeneous curve is due to
the large percentage of parasitic resonance absorptions in the “°°U and
240py in the intermediate energy range. When the fuel is lumped, even

into rods as small as 0.10 in., in diameter, the resonances are strougly
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self-shielded, and the percentage of parasitic absorptions is greatly re-
duced. Thus lumping the fuel causes more neubtrons to be available for
productive fission reactions and the critical radius vecomes smaller.

The minimum critical radius occurs at higher plutonium density for
lumped fuel due to two phenomena. The first is resonance self-shielding,
which means that for lumped fuel it takes less hydrogen to scatter the
neutrong over the nonproductive resonance energy range. Thus as the
plutonium density decreases (and the hydrogen density increases) the

critical radius drops sooner for larger fuel lumps. The second phenomenon
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is the thermal energy self-shielding, which reduces the fission as well as
capture cross section in the fuel. Hence, as the plubtonium density de~
creases further and the system becomes meore thermal, the nonnegligible
thermal absorption cross section for parasitic absorptions in hydrogen
begins to compete with fuel absorptions. At some point the hydrogen
begins to dominate the compebtition, and then further reduction of pluto-

nium density causes the critical radius to rise. TFor the larger fuel
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lumps, the thermal self-shielding 1s greater, the hydrogen becomes domi-
nant sooner, and the critical radius rises sooner. Thus the combination
of resonance self-shielding, which causes the critical radius to begin to
drop sooner when the system is 1n the resonance energy range, and the
thermal self-shielding, which causes the critical radius to rise sooner
when the system is in the thermal energy range, causes the minimum criti-
cal radius to occur at a higher density for lumped fuel.

Another fact worth noting is that the minimum critical radius, which
occurs at different plutonium densities for different fuel mixtures, as
well as different lump sizes, is not strongly dependent on the amount
(wt %) of Puls in the fuel.

The critical mass curves of Figs. 6 through 9 also display signifi-
cant heterogeneity effects. In the undermoderated range the lumping of
fuel can cauge a reduction in the critical mass by as much as a factor of
3. In the overmoderalted range the reverse is true due to the earlier
competltion of parasitic hydrogen absorptions with the thermally self-
gshielded fuel. It is interesting to note also that for a given fuel mix-
ture, the minlmum critical mass of plutonium 1s strongly dependent on the
Jump size, but the minimum critical mass is fairly insensitive to the
fuel mixture.

The effects of 0.01%-in. stainless steel cladding on the critical
radii for the 0.26-in.~diam fuel pins are shown in Figs. 10 through 13.
The resulting changes 1in the critical radii are those expected. 1In the
high plutonium density region, the change is largely due to the dilution
effect; that is, at the same average plutonium density, the hydrogen den~
sity is smaller for the clad fuel. Thus not as many neutrons scatter
over the parasitic resonance range, and the critical radius is greater.
Tn the lower plutonium density region, the change is smaller and is due
1o parasitic absorptions in the stainless steel.

It is obviocus in comparison of Figs. 10 through 13 that the increase
in critical radius due to the addition of 0.015~in. stainless steel
cladding is greatest for the fuel of lowest PulOs content. This is true
becanse, although the cladding-to-fuel volume ratio is the same for all

the fuels, the relative amounts of stainless steel and plutonium are not.
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Thus for a given average density of plutonium, the average density of
sbainless steel 1s largest for the fuel of lowest Puls content, and the
effect of the cladding is greatest.

The effects of nitrate and boron on the critical radii for the 20 wt %
PuO- fuel are shown in Figs. 14 through 17. The effect of adding 0.3 M
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natural boron to the fuel-water system is to make criticality impossible
in the highly chermalized system because of the large parasitic thermal
absorption cross section of the *°B isotope. At higher plutonium den-
sities, the effect is much less because the absorption cross section of
boron is much smaller in the fast and intermediate energy range.

The change in critical radius caused by the replacement of water by
8 M HNOs is due to both dilution and absorption effects. For the same
average plutonium density, the hydrogen density is smaller for the fuel-
8 M HNOs system than for the fuel-water system, and the probability of
absorption in 8 M HNOs is larger than for water due to the added presence
of the nitrogen. TIn the thermalized systems the absorption effect is
primarily responsible for the change in critical radius, and in the inter-
mediate energy range both effects are significant.

Comparisons of the curves indicate that the boron and nitrate effects
are not strongly dependent on the fuel lump slze, although it appears that
the nitrate effects are slightly more pronounced for the smaller lumps.

A much stronger dependence on the fuel mixture should be observed for the

same reasons indicated for stainless steel.

Comments on Accuracy

A detalled comparison of the data presented in this report with ex-
perimental data is not possible because only one set of experiments with
high PuQs content fuel has been reported. A comparison of calculated
results with this set of experimental data has been made, however, to
assess the accuracy of the calculations. This comparison is presented in
Table 2 and Fig. 18. Table 2 gives the multiplication factors calculated
by the methods of this report for the experimentally determined critical
situations. The comparison shows good agreement between measured and
calculated values, except at the final point, which was originally re-
ported to be only spproximate. Figure 15 shows the comparison between the
calculated reflected-sphere and infinite-cylinder critical radii and those
determined by buckling conversion from the experimental data. It may be

seen that the results are in good agreement, particularly for the cylinder



Table 2. Experimental Results and Calculated k. pp for 25.2 wt % PuCz—U(Nat)Oz
Rods Moderated and Reflected by Water

E Y
Lattice , L Average uffe?tlve Material Extrapolation Calculated
co Water-to-Fuel Plutonium Critical ae .
Pitch . . s Buckling Distance k ..
(in.) Volume Ratio Density Redius (n=-2) (cm) eft
: (g/liter) {cm) R =
0.450 b.26 b37.3 12.25 153.8 = 2.7 8.01 1.0002
0.600 8.60 239.6 11.85 172.7 + 2.2 7.25 1.0113
0.779 15.42 140.1 12.98 160.9 *= 1.0 6.589 1.0121
0.500 21.01 104.5 14,69 138.5 = 1.0 6.90 1.0143
1.0%9 285,45 78.1 17.80 111.6 £ 0.3 6.61 1.00G4
1.200 38.37 58.4 2L L1 77.0 £ 1.0 6.11 1.000k
1.350 b8.92 16,1 36.45 6.8 0.9736

LT
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radii. For the sphere radii the calculated results are low by a few per-
cent and are therefore conservative.

From these comparisons it is inferred that the calculated results
for the critical dimensions are accurate below approximately 450 g Pu/liter.
The calculated material bucklings were low compared with the measured
values, and since the reflected~cylinder critical radii were in good agree-
ment, the extrspolation distances were also low. Based on this observa-
tion, it is advisable to use the bucklings and extrapolation distances of
this report only simultaneously and not in conjunction with values ob-
tained experimentally or by other calculational methods.

For systems with higher plutonium density than approximately
450 g/liter, there are no experimental data for verification of the calcu-
lated results. There is some indication, however, that the resulls are
a few percent in error due to the use of the ENDF/B Version II cross
sections for 23°Pu. It was discovered during the ENDF/B data testing
that these 2°Pu cross sections gave consistently low values of ke for

e

© Since systems in the range

several fast reactor critical experiments.?

above 450 g Pu/liter are primarily fast systems, it is expected that the
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calculated results in this range are also in error and that this error is
not conservative. 1In addition it is generally accepted that multigroup
diffusion theory does not do as well in this range as it does in the well-
thermalized range and that multigroup transport theory should be used.>t
For these reasons 1t is advised that the safe values of the criticality

parameters for keff = 0.95 be used when in the concentration range above

450 g Pu/liter.
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Appendix A

IMPROVED STRATEGY FOR CRITICAL-DIMENSION SEARCHES

In order to remove the possibility for input errors in the calcu-
lation of the criticality data, the computer codes used in this analysis
were linked so that the entire computational process was automated; that
is, having specified the fuel composition, pin diameter, and cladding
thickness, a single Jjob submisslon caused the required XSDRW and CTTATION
cases at the ten moderator-to-fuel volume ratios to be run. For the Job
step that determined the cylinder critical radii it was found that the
usual method of determining the critical radius was not adequate, since
the convergence or nonconvergence of the iterative process was very sen-
sitive to the initial guess of the critical radius. Clearly, in an auto-
mated calculational process covering such a wide range of possible crit-
ical radil, incorporation of a procedure for determining a priori a good
estimate for the critical radius for every case would be very difficult.

An improved strategy was therefore developed to perform the criti-
cal~dimension searches that was not sensitive to the initial guess and
which could be used effectively in the automated computational process.
The approach taken used the relatively recent direct iteration techniquel?®
for determining the critical buckling of an assembly in conjunction with
the historical buckling conversion technique for geometry transformations.
As an added bonus from this approach, the new strategy was found to be
very rapldly convergent and therefore faster than the usual approach.

The success of this new approach hinges on two facts. The first is
that the direct iteration technique allows the determination of the crit-
ical buckling of an assembly with the same ease and speed as determining
the multiplication factors. This is accomplished by recasting the neu-
tronics equations into an alternate eigenvalue problem, where the eigen-
value is the critical buckling, and then applying the EQUIPOISE'”® method
to obtaln its solution. The details of the direct iteration method are
discussed by Vondy in Ref. 12.

The second fact is that the buckling conversion technigue, while

approximate in the sense that the extrapolation distance A is not the
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same for all geometries, is actually very accurate. This is to say that
the extrapolation distance is a slowly varying function of geometry and
size of the assembly.

The improved strategy is best explained by example. Consider the
problem of finding the critical radius, Rc’ of an infinitely long, Tully
reflected cylinder. Suppose that in a one-dimensional calculation, an
initial guess of the critical radius, Ri, is made and then the direct
iteration technique is employed to determine the buckling, B%, that makes
the assembly critical at the chosen radius R;. If the calculated buckling,
BZ, is considered to be the axial buckling, the system criticality may be
expressed by equating the material buckling, Bﬁ, and the geometric
buckling:

5> 2405
2 _ (ﬁﬁ%{)z + B2 . (A.1)

For an infinitely long cylinder, the axial buckling is zero and the crit-

icality equation becomes

ne  2.405 (o

BM - (R 4 7\> 2 <A’2>
c

waere Rc is the critical radius being sought.

Equation (A.l) contains two unknowns; the material buckling, Bﬁ,
and the extrapolation distance, A. I the material buckling were known,
the extrapolation distance could be determined and used in Eq. (A.2) to

determine R . Thus solving Fq. (A.1) for A,

2.405

e R: , (A.3)
\JBM - BF
and solving Eq. (A.2) for R,
2.405
R = ——~A, (A.L)
& JBQ
M

provides, by substitution, an equation for the critical radius RC in terms
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of Bﬁ, B%, and Ri:

R, = 2.405 Ry . (A.5)

1 1
- +
2 Ea _ nZ
\F%E M~ BI
If it were precisely true that the extrapolation distance A was the
same at the guessed radius Ry and the critical radius RC, and also if the
material buckling were known, Eg. (A.5) would give the exact value for
the critical radius Rc. Since A is not exactly the same for the two dif-
ferent radii, Egq. (A.5) is not exact; but since A i1s nearly the same,
Eq. (A.5) gives a means of obtaining a good next estimate of the critical

radius. Hence an iterative procedure based on Eq. (A.%) is indicated,

= 2,405
Ri+1 405

1 L + R, , (A.6)
where Ri is the ith iteration estimate of the critical radius, Bf is the
axial buckling that makes the assembly of radius Ri critical, and Ri+1
is the next iteration estimate of the infinite cylinder critical radius
based on the assumption that N is independent of radius. The iteration
procedure is to be terminated when Bf is sufficiently near zero that
Bf/Bﬁ < €, where € is some acceptable level of accuracy.

As previously mentioned, the material buckling, Bﬁ,
being considered is not generally known in advance. In fact, it 1s

for the assembly

possible that the method might be applied to situations having several

regions where the material buckling is not precisely defined. It may
therefore be necegsary to have an initial value of Bﬁ

ative process and to update this value during the iterations so that the

to begin the iter-

process converges to the correct value. If the Initial value of Bﬁ
chosen is smaller than the value B calculated on the first iteration,
the entire process will fail, as is evident from the term \’Bﬁ — BZ in
Eg. (A.5). This conceptual difficulty may be avoided by using as the
initial estimate of Bﬁ its maximum possible value, as determined after
the first iteration by letting A = O in Eg. (A.1). At each iteration
after the first, the value of the material buckling Bﬁ must then be re-

calculated, based on the two most current iteration values of Bf and Ri;
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that is, since

2 2.)#05 o .
ST e U (4.7)
i
and
B2 _ (__E;EQE,Q . B2 (4.8)
M R, + N Ti-a? ’
i-1
BZ may be determined under the consistent assumotion that A is independent

M
of the radius.

The new strategy may be summarized as follows:

(1) pick an initial estimate of the critical radius Ri,

(2) calculate the buckling BT to make the assembly critical at the
chosen radius,

(3) obtain the initial estimate of Bﬁ from Eq. (A.1) with A = O,

(k) obtain the next estimate of the critical radius R, from Eq. (A.6),

(5) calculate next axial buckling B3,

(6) obtain next estimate of Bﬁ by solving Egs. (A.7) and (A.8),

(7) repeat steps 4 through 6 until, after the ith iteration, Bf/Bﬁ < €.

The critical radius of a sphere can be obtained by the same procedure
by replacing the factor 2.405 in all the equations by =, and the critical
slab half-thickness can be obtained by taking the factor as ﬂ/?.

This procedure has been used successfully in several hundred calcu-
lations to determine critical dimensions in several geometries. Most
caleculations involved "pure" geometries (i.e., one-region slab, cylinder,
or spheres), although problems in more complicated geometries have been
considered. Also, the behavior of the iteration process as a function
of the first guess at the critical dimension and as a function of the
method used to obtain Bﬁ has been studied. Figures A.1 through A.5

present the results of applying the process to several sample problems.

2
M

iliary calculation, and the second is an annulus problem with the same

The first is a reflected-cylinder problem with B obtained from an aux-

fissile mixture. In both problems the process was essentially converged
to the critical dimension in two iterations over a very wide range of

initial guesses. If the material buckling, BZ, had been determined during

M’
the iterative procedure, only one additional iteration would have been
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required. The third and fourth problems are for slabs with blanket and
reflector regions. In problem % the blanket was natural uranium, so the
Bﬁ for the central region from an auxiliary calculation was used. Here
also the process converged in two iterations. In problem Y4, the blanket
contained enriched uranium, and hence Bﬁ was not easily defined and had
to be determined during the iteration process. In this problem the
process converged in three iterations, except when the first guess was

50 cm, which took four iterations. Problem 5 illustrates that the method
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is ecasily applied to higher dimensional proovlems with multiregion geometry.
Here agaln the iterative process converged to the correct critical thick-

ness in three iterations or less.
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Appendix B

TABULATED CRITICALITY DATA

The criticality data presented in this appendix were derived from
the three quantities k., Bﬁ, andyRc calculated directly by the method
outlined in this report. TFor each fuel type and pin diameter, two tables
are presented; the first gives the critical parameters at ten different
water-to-fuel volume ratios and the second gives the safe parameters for
which keff = 0.95.

The first three columns of each table give the water-to-fuel volume
ratio for the cylindrical fuel pins on a regular hexagonal array, the
average mixed-oxide fuel density at the given water-to-fuel volume ratio
for a 907 theoretical fuel density in the pin itself, and the hydrogen-
to-plutonium atom ratio for the system with a water density of 1.0 g/cmB.
For the nitric acild cases, the first column is the acid-to-fuel ratio,
and the hydrogen-to-plutonium atom ratio is for & M HNO- at room temper-
ature with a density of 1.251 g/cm”® (Ref. 1k).

The tabulated values of material buckling, BZ, and the cylinder

M}
radius, Rc’ are the directly calculated gquantities. The migration area,

M?, was calculated from

M2 = — (B.1)

and the extrapolation distances were obtained from

\ - 2,405 R (5.2)

The critical sphere radius, RS, and slab thickness, T, were obtained from

the buckling conversion formulas,

R, = - A (B.3)
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T =

Ji_ - 2N . (B.Lt)
V3
The sphere volume and the reflected-~sphere critical mass were calculated
by using the sphere radius and the fuel densities and compositions.

The safe parameters that give a multiplication factor of keff = 0.95
were obtained from safe bucklings derived in the following manner. The
effective multiplication factor for a finite system with geometric
buckling Bg is given by

1+ M3BZ k.,
M
k = = ) (B'5)

eff ) . M2 1 4+ M3B2
g g

which solved for the buckling, B?, is
g

Ko
— 1
k
g2 .. 2fL , (B.6)
g M2
or, with M® expressed in terms of B and k_,
e
g2 - MELE By . (B.7)
® (k- 1)

Thus the buckling of a finite system of material with keff = 0.95 is

2 0.95 ~ . 2

BE.gs = —fm B, RB.8
Fas = ST P (B.8)

The safe cylinder and sphere radii and the slab thickness are then
calculated from the buckling conversion formulas (B.3) and (B.4) by using
Bg.gg instead of Bﬁ. The sphere volume and safe mass of plutonium are
calculated as before.
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Fuel-Water Systems

The following tables present the calculated criticality data for
the unpoisoned fuel-water systems with the various fuel mixtures and

fuel pin diameters.
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TYPICAL LMFBR CORE DISCHARGE FUEL

H 10 Py
RATIC

1e24

14,6¢

113, 5¢C
179485
229, 8¢
259185
374,66

449482

WTs PCTe

NO NITRATE DR S§5-316 [INF. WATER REFLECTOR

PUCZ IN (U+PUI02 RODS AT (610 INe DIA

ISOTOPIC COMPOSITIONS (WT.PCTe)

PLUTONIUM~238,239,240,2614242/ 1.00,60.00,27.,00, 7,00, 5,00

K= INFIN{TY

B T

1. 5167
1. 2483
1, 2487
1.3280
1o 4241
1, 4520
lo 4485
1, 4297
1le 3959

1,3568

URANTUM=-235,238/ 0420,99.80

SAFE
BUCKLING
(Mxe=2)

9%, 862
G584 660
110.184
1464 443
185,628
156,048
194,004
1864182
172+ 674

157,336

MIGRATION
AREA
(CM2%2)

e o o et e m

59731
31. 824
28, 537
27,168
26e BE2
264 952
274046
274120
27¢ 1E3

274219

EXTRAP.
DISTANCE
(CM)

Be236
T.924
TeT62
T«158
64482
64170
5994
56882
5792

52733

SAFE PARAMETERS (KEFF=0,95}
sl e e e e e et ok e et ook ok ok sk ook Aok ok sk Aok ok sk ki kol ook ek

MASS OF VOLUME RADIUS RADIUS OF THICKNESS
PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
(KG} (LITERSH (CHM} (M) (CHi
83,322 52s317 234 202 15,831 14,96¢
484995 554797 23,705 16289 15,782
264711 450628 224167 154150 144426
G.780 274844 18,802 12,716 1l.644
3,723 19,077 1€4 576 11,169 15.€93
26436 18,032 164 267 11.007 10.097
14956 19,027 16, 561 11273 104568
le765 214100 17142 114744 11.260
1,682 244903 18,116 124510 12.324
1,709 304175 19.313 13,441 13,581

w
\O



TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR S$S-316 INF, WATER REFLECTOR

200 HWT, PCYTe PUO2 IN {U4PUIO2 RODS AT D0 IN, DIA.

ISGTOPIC CCMPOSITIONS {WYePCTa)
PLUTONIUM-2384239,240424919242/ 1400,60400,27.00, 7e00, 5400

URANIUM=-235,238/ 0.20,99+80

CRITICAL PARAMETERS {(KEFF=145)
s s s ook ook sk ok o ook o K ke ke e 3 oORok ot o ek Rk T Bk SRt s B Rk Jokk K

WATER/FUEL AV.FUEL H TG PU «K-INFINITY MATERIAL MIGRATICN EXTRAP. MASS OF VOLUME RADIUS RADIUS OF THICKNESS
VOLs RATIO DENSITY RATIC BUCKL ING AREA DISTANCE PLUTONIUM OF SPHERE UOF SPHERE CYLINDER OF SiAB
fGM/7CCY {M=x=2) (CM%=2) (CHM} {KG) {LITERSY (CH; (CMi {CM)
De 1027 Se 027 lef4 le 5159 864420 59, 7C1 9L 91 100.574 63a 149 244 704 164780 154613
10000 4e 977 14656 le 2169 684773 314536 84917 894384 10i.792 284 965 20,183 20.C4 8
2, 0000 30318 29465 € le 1779 634444 2800406 84789 7064623 1204641 300 653 214405 21.864
4,0000 le991 9495 1. 2066 786171 2€2426 86218 2949865 854369 27¢ 315 184984 19,098
8.80G0 le196 119.8¢ 1le 2726 1054 256 25.990 Te&28 10.198 524263 234 194 164014 154766
12,0002 Qe 766 179,88 163093 1194 465 254 880 7002 56812 43,024 21737 14,999 144735
1640000 Ce586 239489 le 3274 1264200 25, G 44 64737 4e 139 404 69 21e 228 144671 144490
2040060 Dot T4 299,15 1. 2306 1284557 2¢4 024 64555 36315 394644 21s 152 The656 144597
2540000 0,383 3744€5 1e 3340 127.871 264121 6e392 24769 404993 212 390 144876 144998

30,0000 o321 449, €32 1e 3269 1244732 264 209 60270 20479 434,752 214 859 154264 154589



WATER/FUEL
VOLe RATIO

0.1027
1.0000
2.0000
4e 0000
84 0000
1240000
1640000
20,0000
25,0000
30,0000

AV, FUEL
DENSITY
(GM/CCH

S.027
4e 877
3,318
1,991
1.106
Qo766
Ge586
Qo474
0. 383

Ce321

TYPICAL LMFBR CORE OISCHARGE FUEL

H TO PU
RATIO

29,68

£9.5¢
119,9C
179,88
22G48C
25915
37446¢

469,63

2040 WTa

PCT,

NO 'NITRATE OR SS-316 INF, WATER REFLECTOR

PUD2 IN (U+PUIC2 RODS AT 0.0 (INe DIAe

[SOTQPIC CCMPOSITIONS {(WTePLTe )

PLUTCNIUM=238,239,240,241,242/ 14CN,60.00:27.00: 740Cs 5.00

K- INFINITY

1e 5159
1e 2169
11779
1. 2086
162726
le 3G63
1.,3274
le 3346
163340

1.3269

URANIUM=235,238/ 0,20+9%,80

SAFE
BUCKL ING
(MER-2)

99,784
89,082
854 549
1024 261
131117
1460121
1534129
1554547
1544750

151.378

MIGRATION
AREA
{CH%%2)

o g

594701
21,5836
28, C4b
Z26e 426
25, 900
25, 880
25¢ G44
26. 024
26e 121

266 209

EXTRAP,
DISTANCE
(CM}

9,091
84917
8,789
80218
72428
T.002
62737
66555
64392

66270

SAFE PARAMETERS (KEFF=0,95)
etk e ok o o o ot ot ook ok o e sl ook ook ook ok ok Rk ol ko Ak ook R ok ok ok Bk

MASS OF YOLUME RADIUS RADIUS CF THICKNESS
PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
(KG} (LITERSH (C M) (CM} (CM)

74,572 46,4823 224359 14.985 13,268
53,222 60:611 244368 16,564 150451
39,133 664848 254177 17.213 16,288
17.572 50,029 224858 15.572 16,641
64547 33,551 20,008 13,575 12,580
34874 284674 184587 12.894 11,98¢
22807 27173 18, 65¢C 12,698 114913
24267 272103 18+ 634 12,728 12,079
1.899 28,110 18862 12,941 12,470
1696 294945 19, 264 134277 12.994

T



WATER/FUEL
VOLe. RATIC

0.1027
1.0000
240000
4. 0000
8,0000
12,0000
16.0000
2040000
2549000
30,0000

AVe FUEL
DENSITY
LGM/CCH

Se 011
40968
36312
164987
1s104
Ce764
Ge 534
Oe 473
De382

06321

TYPICAL LMFBR CORE DISCHARGE FUEL

Y0 PU
RATIC

T54C¢
150411
2254117
30C.232
275428
4€9.10C

5£2452

NO NITRAYE OR SS=-316 INFe WAYER REFLECTOR

1640 WTse PLT, PUD2 IN {U+PUI02 RODS AT 0e26 IN., DIA,

ISOTOPIC COMPOSITIONS {WTePL{Te}

PLUTONIUM=-2384239,240,2414242/7 1e00460400427,00y 7.00, 5.00

K- INFINITY

le3212
1e 24384
101603

le 0792

URANIUM-235,238/ 0e20,9980

CRITICAL PARAMETERS (KEFfF=1la.0)
s e apde oo e e ool o ok R Sk oK ok ook ok sk ook Sokakokaiok ok sk olok ok Aok ok

MATERIAL MIGRATICN EXTRAP. MASS QF VOLUME RADIYS RAGIUS OF THICKNESS
BUCKL ENG AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
{Mx%=2) {CM=22) f{CM} {KG) {LETERSH (CHM) {CM) [CM} =
...... ve meemmmmcn emmme ey mmmvo———— meeceesee  eeeseece=  Secmem e —m—-————— )
634107 604513 T+864 169.418 133, 21¢ 31. 682 224410 23,818
750201 224339 Te292 Tle155 1014475 286935 204441 216473
104,769 294 2£4 50971 264137 55912 23,721 16525 164750
144,580 28,9012 66420 Be 992 324059 19. 707 13,581 13,287
156,323 274 645 54952 4e488 28,804 19.016 13,162 13,064
141,989 27+ 589 5766 34950 364616 2C. 600 140418 144834
116,611 274543 54669 bobll 53,830 236 423 164602 174754
90.4:6 27477 5e522 54765 864332 27e 417 19.671 2ie79¢&
584593 27+ 3£5 5603 106056 1864434 354 439 254816 29.83¢
29.,C82 274229 54590 27.682 5114894 524 566 39,007 474076



WATER/ FUEL
V0L, RATIO

Je 1027
1,0000
240000
440000
80000
1200000
1640000
2040000
2540000
30,0000

AVe FUEL
DENSITY
(GM/CC)

Se 011

4e968

TYPICAL LMFBR CORE DISCHARGE FULEL NO NITRATE OR $S-316 [INFe WATER REFLECTOR

B TO PU
RATIO

PR,

150411
225417
300622
3756 2€E
46941¢

562692

1640 WTe PLT, PUO2 IN {U+PU)IB2 RODS AT D426 INs DIA,

ISOTOPIC COMPOSITIONS {(WTePCTe )

PLUTONIUM-238,239,240,241+242/ 1400;:60400,27,00, 7,00, 5,10

K=INFINITY

1e2432
le 3068
1, 40532
1e 4377
143917
143212
le 2484
1. 1603
1.,0792

URANIUM=2125,238/ 0,20,59.8¢C

SAFE PARAMETERS (KEFF=0,95)
oo e e et te e Sk o ok ok ek K ekt de e et ok o R e o o ok ook Aokl ok ok ok

SAFE MIGRATICN EXTRAP. MASS OF VOLUME RADIUS RADIUS OF THICKNE SS
BUCKL ING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF sLas
(Mx%<2) {CMx%2) (CM) (KG} (LITERS} (M) (M) (M)
— o —— v ——m——n  mem—m——— - wmcnee emeaccesen eoescesee e-—a—w——— ———————
754126 604513 TeB864 121, 786 95,758 28¢ 381 19,883 20.517
956434 324339 74292 45.162 644405 244 866 174,326 17574
1284256 2G9s 284 64971 17+543 37,526 20. 765 140265 13,798
170,978 28,012 60420 6e4ll 224858 17, 805 11e972 114185
1854 694 274 645 5952 34265 206954 17,103 11e667 11.151
1684529 27589 S« 766 24831 264239 184 434 12760 12.668
141,857 274543 Se669 3,068 37.195 20s 708 144523 15,038
1144330 276477 5622 34752 56¢ 184 23 760 164871 184138
804911 272365 Se603 54697 105, 611 29,323 21.134 23,729
49e 542 27229 52590 11128 2454904 38, 865 284442 330275

=
w



WATER/FUEL
VOLe RATIO

D.1027
1. 0000
2. 0000
4e0000
840000
12.0000
1640000
2040000
25,0000

300000

AVe FUEL
DENSITY
{GM/CC}

TYPICAL LMFBR CORE DISCHARGE FUEL

H 10 Pu
RAYIC

1847¢
37.52
75.0C¢€
180411
225417
300422
375428
449,19

562492

1600 WTe

PCTe

NO NITRATE

PUD2 IN {U+PUY)G2 RO

CR $5-216 [NFs WATER REFLECTOR

0S AT D18 IMse DIAe

ISJOTCPIC COMPOSITIONS {WTePCTe !

PLUYONIUM=238423992401241+9242/ 140016040042 7.400, TeTDy 5,00

K=INFIN{YY

1.3810
1. 2292
142709
1. 3736
le 4414

le4286

URANIUM=235,238/ 0420,9948C

MATERI AL
BUCKLING
{Mxx—-2)

————— -

624587
68 539
934 401
1344819
1614155
1564 497
141,580
1234175
994 104

754 447

MIGRATICON
EREA
{CM*%2)

———————— -

6§04 4€3
324123
29. 000
274 7C9
27. 387
274 3E7
276 405
274403
274372

274 316

EXTR AP,
DISTANCE
{CM}

—r—————

84262
Te724
7+358
66711
60143
54906
5782
54705
5654

54629

CRITICAL PARAMETERS (KEFF=1,0}
oo sk g K s e o ok ok ok e s Aok kg ook ok ek e e ek ook et o kR ok

MASS OF VOLUME RADIUS RADIUS OF THICKNESS
PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SiAB
(KGH ELITERSY [Soh.3] {CM) {CM}
163,705 128,719 31e322 22041 234069
81,089 1154641 30. 223 214326 224499
3le145 664624 254 149 17.527 176791
G895 354279 204 345 14,002 1340625
44203 264973 184 604 12.802 124461
34202 29,681 19. 207 134319 13,301
3,N3C 364727 20. 621 144430 14,838
302320 48a364 224 602 156965 164897
34927 T248C2 254903 164504 200249
54397 119,306 30,539 224059 244910

fh



WATER/FUEL
YOLe RATIO

Je1027
1. 0000
240000
440000
86 0000
12,0000
160000
2040000
2546000
30,0000

AVe FUEL
DENS ITY
{GM/CCH

Fe 211
be 368
36312
le 987
le 104
0. 764
0. 584
Ge 473
0e 382
Co321

TYPICAL LMFBR CCRE OISCHARGE FUEL

H TO0 PU
RATIC

156C ¢
150011
225,17
3006232
37528
469410

562492

PLUTONIUM=238+239+240 424142427 1.00,60400,27.00,

K=INFINITY

r————-——--

1. 3810
1e2202
1. 2709
1e 3736
le 4414
1.4286
1, 3880
143375
1e 2713

14 20€1

1640 WTs

PCT,.

NO NITRATE OR $5-3146

INFe

WATER REFLECTOR

PUC2 IN (U+PUI02 RODS AT (e18 INe DIAs

[SOTCQPIC COMPOSITICONS (WTaPCTe)

URANIUM=-225,238/ 0420+99,8C

SAFE
BUCKLING
{MExx-2)
———— -
75.004
88e530
1164466
160,919
1884854
183,951
1680237
1484 864
123,548

GBe 685

MIGRATICN
ARE S
(CMEx2 )

60« 4E3
32,123
29, 000
27 7C9
270 387
27,387
27+ 4(5
27,403
27+ 372

27,3186

EXTR AP,
DISTANCE
(CM}
Be262
Te724
74358
6e711
bel43
5e 906
54782
54705
50654

5629

T+00,

5400

SAFE PARAMETERS

(KEFF=0,95)

SRR R R KK K AR R R R KR Ao e R AR R ROR e K R R Ak K

MASS OF
PLUTONIUM
{(KG)
117.105
4Ge654
204155
6915
3,050
24322
24166
2253
20611

34329

VOLUME
OF SPHERE
(LITERSH
32078
T0.812
430114
244 655
190571
21529
266259
33, 732
48e413

734582

RADIUS
OF SPHERE
{CHM)
28,013
254 665
21e 753
184055
164718
17257
184 439
20e N2 &
224 609

250995

RADIUS OF
CYLINDER
(CM)
19508
17,835
14,927
124249
11,358
11e826
12760
14.007
154983

18,581

THIC KNE SS
OF SLAB
(R H]

19,782
176941
1443295
11e345
164575
11352
12.656
144336
164955

20:3566



WATER/FUEL
vOLl. RATIO

061027
100060
240000
440000
840000
1240000
1640000
20, 0000
25,0000
30,0000

AV, FUEL
DENSITY
{GM/CCY
Se 011
4e 968
3a312
le987
1104
Qe 764
Ce 584
Cet73
e 382

Qe 321

TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR SS-316 INFe. WATER REFLECTOR

H T0 PU
RATIC

1693
18,7¢
37.52
75.0¢

150611
225417
3¢C.22
37542¢€
4€9,10

562492

1660 WTe PCTe PUD2 iIN {U+PUID2 RODS AT Q.10 INe DIA,

ISOYCOPIC CCMPOSEITIONS {WTePCT,)

PLUTCNIUM=23842394240 4,241,242/ 1e00+60400,274005 700, 5400

K=INFINITY

1. 38C1
1. 1950
1 22€3
163222
le 4165
1e 4386
le 4254
l. 4001
163595

le3152

URANIUM-235,238/ 0a20,9%.8C

CRITICAL PARAMETERS {KEFF=1,40)
Sk s e o e e otk ok o ek et e el e etk ook sk ook ok o Aotk o R Ak ok o sk ok

MATERIAL MIGRATION EXTRAP. #ASS 0OF VO LUME RADIUS RADIUS OF THICKNESS
BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF StAB
{Mrk=2) {CM*%2) (CM) 1KG) {LITERS) {CM™) (CM) {CM)
524873 €04 452 8e785 1564194 122.813 30. 836 21a546 224C51%
S4a 145 304367 Ta578 93,105 132.77¢€ 3le 648 224451 244070
784915 28, 67C Te896 404585 864817 27¢ 468 19,177 19,573
117,937 274322 T.139 12155 434335 21e 790 15,007 144651
1544168 27.017 64433 44384 284132 184 €67 12935 i2.434
161e 299 7e Q€S e 1256 24912 264997 18. 610 12.810 124483
1564761 Te 137 54958 20421 294344 19. 134 13251 i34177
1474129 274162 50853 20254 33.745 206 047 13.974 144193
132024 27222 54769 24268 424053 214573 154162 15,804
115 687 27 247 56713 24458 544 329 234 495 164647 17,782



THICKNE SS
QF StAB
{CMy

18.734
184952
15,4073
114557
124434
1Ce 585
11,219
124094

134432

TYPICAL LMFBR CCRE CDISCHARGE FUEL NG NITRATE OR SS5-316 INF, WATER REFLECTOR
1640 WTa PCT, PUCZ IN (U4PUIO2 RODS AT [elD INe DIA,
ISOTCPIC COMPOSITIONS (WTePCTed
PLUTONIUM=238,239,240,241)242/ 1400,6Me004+27400+ 74C0, Se0C
URANTIUM=-225,238/ Ne20,9%980
SAFE PARAMETERS ({KEFF=0.,951
3 et o ke e KR A A el ool ok el o ok o e s R ok kool R Rk TRk o kR ok
WATER/FUEL AV.FUEL H Y0 PU K-INFINITY SAFE MIGRATICN EXTR AP MASS OF VOLUME RADIUS RADIUS CF
VOLe RATIO DENSITY RATIC BUCKLING ARE A DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER
{GM/CCH (MEx=2) (CM=%2} {CM} (KG} {LITERS) tCM} (CM}
03,1027 Se 011 le52 1, 38C1 T44 889 604452 84785 111.€12 87.287 27.518 13,006
1.0000 49368 1867¢ 1, 1950 844 835 30 3€7 Te578 544852 T84 225 264531 18,534
20000 36312 37452 1,2263 101,426 284670 Te 896 244764 524975 23,298 15984
440000 1,987 750 ¢ 13222 143,407 274222 Te139 Be 180 294165 19,095 12544
840000 13104 150a11 1s 4166 181. 784 27,017 He%433 3132 20103 164 868 11.404
1260000 0s 764 225617 le 4366 1BG. 234 27+ Q€5 6el26 24109 194548 162711 11356
15,0000 Oe 584 300622 le 4254 184,406 274137 52958 la751 214229 17,177 11753
2040000 Ca&73 375428 1le 4001 1744228 274162 54853 1le617 244215 17,947 124367
25 G002 Ce382 4€9010 1, 3595 158,299 2742322 Se 769 le 599 29, 65C 19,201 13346
30,0000 0.321 5€2052 1e 3152 141,092 276 247 5713 1l.689 37e 344 20e 735 144534

1541022

-



TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATEZ QR SS-316 INF, WAYER REFLECTOR

1640 WTs PCTe PUJ2 IN (U4+PUIC2 RODS AT D0 INe DIA,

1SOT0PIC COMPOSITIONS {¥WTePLT,y)
PLUTCNIUM=2384239,24042414242/ 1e00460400,27400, 7,00, 5,00

URANILUM-225,238/ D420,959.80

CRITICAL PARAMETERS {KEFF=1,01}
sk ARk e ok ek 2 TRk sk skl Aok oo sk o ok R o g o ik kg o e ko ok ek

WATER/FUEL AVeFUEL H TO PU K-INFINITY MATERIAL MIGRATICN EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
vGL, RATIO DENSITY RATIC BUCKLING AREA DISTAMCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
{GM/CCH {Mxk=2) (CM*%2) (LM EKGH {LITERSY LMY {CM) {CM)
L. 1027 %011 leG2 1e37G4 626 787 60,419 Ge 605 1444441 113,572 30,042 204746 20436
10000 4e 968 18.7¢€ 1e 1623 51e 393 3le5€2 9e 264 121,231 172.888 344559 2442 8B4 254295
240000 30312 27.52 le 1554 554 167 284 165 84880 734072 1564314 334417 234500 244537
40000 1987 75,C¢ 1. 2053 77226 264 585 841CO 244833 884537 270646 19.2¢7 194549
Be OO0 le104 150011 1e 2762 105+ 554 264064 Te265 Be 204 524651 236 251 16,096 154986
124 0000 De 764 2256171 1. 3080 1184298 264 038 6e 852 49833 444799 22,032 15,260 15.180C
1640000 De 584 3C0.22 1e 3196 1224467 264 0S4 64600 34574 434326 21788 154132 15.188
20,0000 Je&73 375428 1. 3169 1224 267 264 166 be432 24970 444478 21,980 15318 156547
254 CO00 o382 449410 le 3113 1184582 264252 64281 24597 484148 2245668 154804 164287

300000 0e321 5£2492 le 2567 112710 26,328 54173 24434 53,796 23,418 164480 174245



WATER/FUEL
VOL, RATIO

De1027
1.0009
24 000C
44 0000
840000
12,0000
1640000
200000
2505300

30,0000

TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR 55-316 [NFs WATER REFLECTOR

1640 WTe PCTe PUD2 IN [U4PUID2 RODOS AT 0.0 INe DIAs

ISOTCPIC COMPOSITIONS {WTePCTed
PLUTONIUM-238,239,240,241,242/ 1.00,69.00,27.00, 7.00, 5,00

URANIUM=235,238/ 0420,9980

SAFE PARAMETERS (KEFF=04,95)
oo o o e sk el e oo sk ook ko S kool ol Ol S ok AR ok R gk o ok kol ok

AVe FUEL H TO PU  K-INFINITY SAFE MIGRATION EXTRAP, MASS OF VOLUME RADIUS RADTUS DF THICKNESS
DENSITY RATIC BUCKL ING ARE A DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLIMDER OF SLas8
{GM/CC) {Mxzx=-2} (CM%%2} {CM} (KGH (LITERS) {CM) (CHM} (CM)
Se Q11 le%3 le 3794 T4s803 60s 419 e 605 101. 609 79s 894 26,718 1842062 17.113
4e G568 1847¢ 1. 1623 T0Ge 743 21. 5€2 Ge 264 65,050 924768 280083 194326 18,819
3e312 27453 14 1554 Toe 75T 28e 1 €6 84880 384451 824252 264979 184571 184099
1.987 75.0Q¢ 1, 2053 101,088 26e 5ES 84100 144569 516942 234 146 154820 154046
e 104 15Ca 11 1e 2782 131,755 264 Co4 1.265 52304 344037 20, 104 13,687 12.839
Qs 768 225017 1. 3080 1444737 264038 64852 34229 296932 19, 261 13139 12,409
Ce 584 3€0.,22 1a31986 149,082 260 394 6o 600 2e&19 296322 19 13¢ 12,097 12,529
Qe473 375428 162193 1484816 264106 6e432 200018 30,211 194321 134283 12.889
Ce382 4€941C le 3113 144,871 268 282 64 281 1,759 324612 19, 820 13,700 134538
0.321 562+92 14 2667 128,632 2643228 64173 le 635 36.132 20. 509 144253 14,335

&1



TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE QR SS-316 INF. WATER REFLECTOR

120 WTs PCTe PUDZ IN (U4PUI02 RODS AT 0426 INe DIA.

ISOTOPIL CCMPOSITEONS (WT,PLT,e:
PLUTCNIUM=-238,239,4240,12414242/ 1400+60e0N427.00y 7400, 5.00

URANIUM~235,238/ 0«20,99.80

CRITICAL PARAMETERS {KEFF=1e4N)
o e sk kot e et ot sk ok ok ok sk ok ok ok ko ok ok ok kol ok BOKKSOK R ok %k

WATER/FUEL AVeFUEL H TO PU K-INFINITY MATERIAL MIGRATION EXTRAPS MASS OF VOLUME RADIUS RADIUS ©F THICKNESS
VOLs RATIO DENSITY RATIC BUCKL ING AREA DISTANCE PLUTONIUM ©OF SPHERE OF SPHERE CYLINDER OF SiAB
{GM/CC) { M¥%- 2 (CM*#2) {CM) {KG) {LITERS) {CM) {CMy {CM)
D.1027 Be 994 2451 102224 36.723 Q0. 834 84587 322,770 339,000 434255 31.100 34,8668
140000 49959 2540¢ le 1915 584999 3244°%1 Te679 80626 1534586 33.222 236632 254543
240000 343906 5Cel2 le 2847 G6e 507 29, 4£5 74091 224556 644451 244 872 17.378 17,781
440000 14984 100.22 14 3910 1384732 284 181 64426 7300 344766 204 247 12,993 13,821
80000 1le102 200047 le4137 149,038 27« 158 54939 3.790 324488 194 795 134761 13,856
120000 0e 763 3CCe7C 1e 357¢ 129.030 27657 54754 34551 434973 214 89¢€ 15413 164142
1600090 0e5383 400462 102822 1024336 27+ 575 54670 44231 68,501 256383 184102 19,713
2040000 De472 5Clel7 1. 2055 T4e 807 27. 477 Se633 64153 1214075 30, 666 224173 254056
25,0000 0e381 €2664¢ 1e1148 424006 2743322 Se 608 134321 329,888 424864 31e499 37256

300000 Ce 320 TE1le15 1.0325 11,678 27. 169 56622 874589 25864182 854151 634868 794529

06



TYPICAL LMFBR CCRE DISCHARGE FUEL

WATER/FUEL AV.FUEL H 10 Py
VOLs RATIO  DENSITY RATIC
{GM/CCH

0.1027 8,694 2457
10000 4e959 2540¢
2400090 34306 50el12
440000 le9684 1€0. 23
80000 le102 200647
12,0000 Qe 763 3C0.7¢C
1640000 Ce5383 400s 53
2060000 Qo472 5Q0le 17
2540000 Ce 381 626846
30+ 0000 0,320 781752

NO NITRATE CR SS-316 INFe WATER REFLECTCR

1240 WTe PCTe PUO2 IN (U+PUIDZ RODS AT 0,26 INe DIAs

ISOTQOPIC COMPOSITIONS {(WTePLTe!

PLUTCONIUM=238,239,240 241,242/ 1e00+60400+,27.004+ 7400y 5400

K=INFINITY

1. 2234
le 1915
1. 2847
1e 3510
le 4137
1, 3570
1.2822
1e 2055
1le 1148

1. 0325

URANIUNM~225,238/ Ne20,9%80

SAFE PARAMETERS {(KEFF=0,95}
el s e e o o e ok oo ok ot sk Rk o o ok ok R ol ok e oo e sk ok B ok ok ksl S

SAFE MIGRATICON EXTR AP MASS OF VOLUME RADIUS RADIUS OF THICKNESS
BUCKL ING AREA SISTANCE PLUTONIUM OF SPHERE (F SPHERE CYLINDER OF StaB
{MEkx=2} [CMx*2) (CMy (KG? (LITERS) (CM) {CM} (M)
474307 60,834 8a587 203,478 213,709 37,089 26,380 284502
786323 226451 Te679 4Te343 90,185 27 816 19,496 20,141
119553 2% 465 TeD91 140859 426 457 21, 641 14,905 144551
164e 710 2801861 Sed 26 5175 244646 184053 126314 11e628
175, 843 27758 5939 2724 230434 17,752 12,197 11,813
154,914 27,657 52754 24503 306995 194 486 13,568 13,732
126,830 27 575 5:670 2+ 840 454 992 2264226 15686 16557
574 399 27e 477 54633 36731 T4e 828 264118 185673 204485
63,474 274322 54608 6e546 1624097 334 824 244579 286216
31,580 27,169 5622 17,560 521,438 49,931 36,906 444306



TYPICAL LMFBR CORE DISCHARGE FUEL NO NIVRATE OR SS-316 INFe WATER REFLECTOR

12,0 WTe PCTe PUO2 IN (U+PUID2 RODS AT (418 INe DIA,

{SOTOPIC CCOMPOSITIONS (WTePCT4}
PLUTONIUM=2381239,24012419242/ 1400,60400,27eC0y 7400y 5400

URANIUM-225,238/ 0620y 99.80

CRITICAL PARAMETERS (KEFF=140)
o e de e ok ol ok o sk o sk g el deme sk ok e ook ok sk sk 3o ok o o oK ok Kok B

WATER/FUEL AVeFUEL H TG PU K-INFINITY MATERIAL MIGRATION EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNE SS
VOL. RATIO CENSITY RATIC BUCKL ING ARE £ DISTANCE PLUTONIUM CF SPHERE OF SPHERE CYLINDER OF SLASB
{GM/CCH (M#x-2) {CMx22} (CM) {KG} {LITERS) {C M) (CM) (M)
Je1027 84994 2057 1e 2224 364573 69, 799 Fe 032 3154240 331.090 424914 3Ce 736 334884
1,0000 4e959 25.0¢ le 1679 524122 224222 Se139 STe 348 1354440 35,376 254173 2T74236€
249000 324306 5Ge12 le 2505 85,828 29, 184 Te 47D 27,098 774431 25¢ 441 18,490 18,971
440000 la984 100,22 le 3637 1304324 27+ 863 64691 Te940C 37.813 20, 822 144371 144131
840000 le102 200e 4 le 42190 152+ 960 274523 6,108 34510 30,084 19+ 294 13,338 13,186
12,0000 Ue 763 3C0.7¢ le 3956 1444310 27e 454 5879 24819 344900 206 2732 l4e1 41 14,394
1640000 0s582 400653 le 3473 1264434 274 465 S5.762 20822 456 692 2241738 154627 164416
20« 0000 Cett72 5¢ilel? 1. 2904 1054 853 2744322 56695 3,210 64,4204 244 840 17.681 19,146
2540000 0,381 62644¢ le 2183 79 769 274366 54658 4e350 107,725 29¢ 517 21270 234860

30.0000 0e 320 TE1e75 le 1493 544750 27. 278 50631 7.085 208, 209 364827 264872 31.19¢

A



TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR $5-316 [INFe WATER REFLECTOR

124C WTe PCTe PUD2 IN {U+PU)I02 RODS AT 0Del8 INe DIAe

ISOTOPIC COMPOSITIONS {WYePCTed
PLUTONIUM=238,239,240,241,242/ 1e00,60.00,27400, 7.004 5.00

URANIUM=235,238/ 042049980

SAFE PARAMETERS (KEFF=0495}
Sl s e e e de e o oo ool ek ok R R R R RoR ROR R ROROR R AOR R Rk ek

WATER/FUEL AVeFUEL H TO PU X-INFIN[TY SAFE MIGRATION EXTR APe MASS OF YOLUME RADIUS RADIUS OF THICKNESS
VOLs RATIQ DENSITY RATIC BUCKL ING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
(GM/CCH {MER=2} (CM*%2) (CM] (KG) {LITERS) {C M) {CH} {C M}
C.1027 84994 2457 le 2224 47e 154 €04 799 9,032 167427 20T«354 36, 718 256991 2T«485
1,0000 449592 25.0¢ 1. 1679 Tle 199 324222 8y139 S4e 144 103,139 29,082 20e363 20,953
240000 3,306 0612 le 2505 1684379 29, 1E4 Te & 70 171564 494043 22,707 15,632 154237
40000 le 984 100422 le 3637 1566115 274 893 60691 54526 264318 18s452 124557 11.761
80000 o102 200647 le 4210 180,133 27,523 60108 2530 L 2le687 17. 300 1le811 11192
12,0000 0,762 2C0.70 1s 3965 171.055 27 4 E4 52879 2.020 252009 18. 141 12,509 12,262
1640000 0.583 400463 1. 3473 152, 251 27, 4€5 5762 1.978 32,020 1G. 699 13,729 13.927
2060000 Qe 72 5Cla17 1e 2904 130. 811 274422 5¢ 595 24168 434364 21e 794 154349 164100
2540000 Oe 381 626046 le 2183 103 209 270 366 5658 24729 674 573 256 267 18,017 194610

3040000 Ce320 751le1% 1, 1453 7660927 274278 50631 3.903 115236 30,188 216750 244557



WATER/FUEL
VOL, RATIO

241027
1.00060
240000
440000
840000
1240900
1645000
20+ 0000
2540000
300000

AVe FUEL
DENSITY
{GM/CCH

84594
44959
34306
1984
16102
Ca763
0e583
Ce 72
0o381

{e320

TYPICAL Lt MFBR CORE DISCHARGE FUEL

H 70 Pu
RATIC

2457
25.L6
fCel2

100.22
2C0e47?
3{Ca7¢C
40Ca52
501e17
6260 4€

?€le75

1240 HWTs

1S0T0PIC

PCTe.

NO MITRATE OR SS-316 INFe WATER REFLECTOR

PUD2 IN {U+PUIDJ2 RODS AT 410 INe DIAS

CCMPOSITIONS

WYaPCTo )

PLUTONIUM=-238,239,24042411242/ 1400+60400+27eC0y 7400, 5.00

K=TINFINITY

162213
le 1423
1, 2076
le3174
le 4026
le 4091
le 3865
16 3517
1e 3018

142503

URANIUM=-2325,238/ 0420y 99.80C

MATERTAL
BUCKLING
{Mxk=2}

364424
44,514
714953
115,323
1484110
150, 440
1414918
129,016
110. 690

91l. 848

MIGRATIDN
ARE 2
(CM*%2)

60 7€2
31e G77
2Be BE4
276521
27. 181
274165
274235
274 262
274 266

274248

EXTRAPS
DISTANCE
{tM)

945 80
Be720
74977

7071

CRITICAL PARAMEYERS (KEFF=140}
s o ek ok e 3o ek ol e ok sk ol ok ol SR o ook s Rk Xk ROk SOk R ok ok ok Sk

MASS OF VOLUME RADIUS RADIUS OF THICKNESS
PLUYONIUM OF SPHERE OF SPHERE CYLINDER OF SLA®
{KGY {LITERS) {CM) {CH) (CH}
. mmmmeme = me————— o ——— e ———
3054 598 320.962 42+ 4T4 30,269 324894
1244191 2264576 384 367 27,327 294647
3549790 102.782 29. 059 204375 216081
Ge601 454725 22,183 154324 15.112
34599 306852 194457 134404 134099
24527 31.287 19547 134542 134481
2,216 35,888 200 462 144279 144553
20183 434660 21s 844 1543259 164029
20374 584788 244121 17129 1Be 3682
20818 £3, 200 27.082 194396 2143832



WATER/FUEL
VOLe RATIO

J.1027
1.0009
240000
440000
840000
12,0000
16,0000
2040000
2540000
30,0000

TYPICAL LMFBR CCRE DISCHARGE FUEL

AVeFUEL H TO Py
DENSITY RATIC
{GM/CC)
Ba 994 2457
4e959 2540¢
3.306 50612
le 984 100,22
1,102 200647
0s763 3C0. 7L
Ce583 400,92
Ce472 501,17
0. 381 526446
Qe 32C TE1e7E

PLUTONIUM=238,239,240,2414242/ 1.00,60.00,27.,00,

K= INFINETY

12213
11423
1. 2076
1e 3174
le 4026
1, 4091
143865
10,3517
le 3018

1, 2503

1240 WTe

PCTe

PUC2 IN (U+PUI02 RODS AT (o100 [N

NO NITRATE OR $S-316

ISOTCOPIC CUMPOSITIONS {WTePLTe)

URANIUM=235,238/7 0420459980

SAFE
BUCKLING
{MEx.7)

474003
6343216
93,980
1404516
1754269
177,711
168.,7C4
1554113
135,818

115.967

MIGRATICN
ARE A
(CMx%2}

e et ot o

274521
27. 181
274 155
272235
274 260
274 266

27 248

EXTRAP,
DISTANCE
(CM}

e ——

a5 80
84720
74977
Te071
64358
0066
5.910
S5¢815
S5e739

54699

INFe

7.00’

WATER REFLECTOR

D1A,

500

SAFE

PARAMETERS ({KEFF=(C495}

e e e e e 3 e e e e e e sfe e s oot o sesle ool sfede ofe e ofe skl sk sk ol o ofe e ok e sk soge o e ok ook ok ek ok

MASS OF
PLUTONTUM
{KG)
-
189,871
64,010
214371
6e453
24562

1a813

VOLUME
GF "SPHERE
(LITERS)

199,418
121.924
614067
30,731
21e962
224451
254577
304632
406012

544158

RAD IS
OF SPHERE
(CM}

- e s

364243
30. 762
244428
19.431
17,372
17. 50¢
18,278
18. 410
21, 218

23,471

RADIUS OF
CYLINDER
(CMy

254499
21,505
164831
13,217
11.809
116975
12,607
13,496
144897

1646322

THICKNE SS
GF SiaB
{CM}

254663
224042
164451
124360
11.015
1le434
124368
134596
154479

17772



WATER/FUEL
VOi. RATIO

Del027
1. G000
240800
4¢ 0000
840000
12,0000
1640000
2040000
2540000
3G.0000

AVe FUEL
DENS ITY
{GM/CC

r——————

80994
44959
343C6
1,984
14102
0e763
Ge583
De&t72
0e381

0e320

TYPICAL

H 70 PY

RATIO

_———————

2057
25.0¢€
50012

100,22
200e47
300.7C
4C0662
5Clel7
6264 4¢€

TEle75

LMFBR CORE DISCHARGE FUEL

12.0 WTe

PLUTONIUM=238,239,249,2419242/ 1400,6000,27400,

K- INFINITY

le 2206
l. 1086
141377
1.2C73
le 2767
1,2982
1e 2988
102887
12683

1e 2433

PCTe

NO NITRATE QR SS-316

PUD2 IN {U+PU)02 RODS AT (.0

ISOTOPIC (OMPOSITIONS {AWTePLTae}

URAMIUM=2265,238/ 0£420,99.8C

MATERIAL
BUCKL ING
(M=x=2})

-

360330
344316
484602
T7.350
10654320
113,688
113,727
109,668
1014€45

916956

MIGRATION
ARE &
{CM=%2})
60,726
Zle€52
284 340
266754
26,268
264229
266271
264227
264395

264 447

EXTRAP.
DISTANCE
{CM)

10.372
9612
By 868
Te 902
Te0158
beb671

6o 443

[ic3

6431
6e164

6070

INF,

INe DIA,

7004+ 5400

CRITICAL PARAMETERS

WATER REFLECTOR

{KEFF=1,0}

3 2 3 e o 2 e 3 3 A o e 2 e e S et axode ke ok o gk el s ok e ok e o o ook ok ok ok ok R e ok ok

MASS OF
PLUTONTUM
{KGH

2904230
187.532
694517
184935
64386
4,006
34154
20781
24642

24695

VoLuMz
OF SPHERE
[LITERS)

3044823
3574 23¢
198,638
906173
S54e 741
494503
514072
5546256
654427

79584

RADIUS
OF SPHERE
{C M)

41.750
44,017
364196
27,818
234 554
224793
23,016
234 681
240997

264 684

RADIUS OF
CYLINDER
(CM)

294529
3le443
254630
194443
164377
15.885
164109
164647
17.691

19.004

THITKNE SS
OF SLag
(CM)

31.278
344405
27.328
1%.91 ¢
164497
164123
164573
17362
184833

20,4613



WATER/FUEL
¥OLe RATIO

3. 1027
120000
2200609
440000
840000
12,0000
16,0000
2040000
25,0000
30,0000

AVe FUEL
DENS ITY
{GM/CC)

- — -

8,994
44959
36306
la 984
1e102
Ga 763
02583
Gs472
0e381

0o 320

TYPICAL LMFBR CORE DISCHARGE FUEL NG NITRATE OR $S-316 INFe WATER REFLECTOR

1240 WTe PCT. PUB2 IN (U+PUI02 RODS AT (.0 INe DIAe

ISCTOPIC COMPOSITIONS (WTePCTe )
PLUTCNIUM=238,239:240:2241,2427 14C0+60400,2700y 7¢C0y 5400

URANIUM—235,238/ 042C,99.80

SAFE PARAMETERS (KEFF=0,95}
s ok el o skeok S o o o ok kool A R Rk ok ok R X e el ok el e ol ol X Rk ok

H 10 PL  K-INFINITY SAFE MIGRATION EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
RATIC BUCKLING ARER DISTANCE PLUTONIUM OF SPHERE (OF SPHERE CYLINDER OF SLASB
(M*%x~2} (CM*32} (CM} {KG} (LITERS) (CM} {CM} {CMmi

2057 1e 2206 466 509 6Ge 726 10.372 1784389 1874359 356497 244743 254125
25406 1. 1C86 524750 31.6E2 96612 836734 1594507 33,643 2345C1 2644031
50e12 14 1377 69731 284 340 82868 344851 99,582 28e 754 19,933 19,886
1€G.22 1a2073 101064 264 794 TeQ02 1le194 534,312 234348 166021 15443
2C0e 477 1a 2767 130,899 260 288 74058 49149 354567 206401 13,963 12,4343
3€Ga7C 142982 136,737 26e 229 6e 671 20668 33,037 194 905 13.674 134235
400653 102988 139747 266 271 6a443 2,111 34,4180 206132 13,901 13.690
50117 1.2887 1354431 264327 64318 1851 37.03C 206 677 144347 144359
£26846 1, 2683 1266934 264 366 ba 164 1,733 424925 21721 15,183 156557
75175 1s 2433 116+ 739 260 447 6070 1,727 51,006 23, G016 164189 164936

LG



WATER/FUEL
VOL. RATIO

201027
1. 0000
240000
440000
84 0000
12,0000
150000
2300090
2540000
30,0000

AVe FUEL
DENSITY
EGM/CCH

€e978
40950
34300
14980
16100
Je 762
Ge582
Qe 7L
00381

e319

TYPICAL t MFBR CORE DISCHARGE FUEL NO NITRATE OR S$S-316 [INF, WATER REFLECTOR

H 70 PU
RATIC

37.€5

75626
150456
301e16E
451677
602.3¢
7524S5
G4l.18

1129442

g.C

WTe PCTe PUO2 IN {U+PUI02 RODS AT (.26 INe DIA.

ISOTOPIC COMPOSITIONS (WNTePCTe!}

PLUTONIUM=-238,239,240 92419242/ 1eC0160e00+274C0,y 7600y 5400

K- INFINITY

160325
1a1421
le 2€45
143654
1. 3687
le 266D
1. 2111
le 1285
l. 0338

CUe 9506

URAMIUM-225,238/ 042049980

CRITICAL PARAMEYERS (KEFF=1.0}
3o e s ook ek o sl ok ook st skl o sl ol o A ke s g sl ol o sk o ok ok 3 o oK oK

MATERIAL MIGRATICN EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF Stan
{ M¥k=2} {CM%*2) {CM) {KG) {LITERS) {CM) {CM) {CMm}

56373 60s 435 Ge 644 52954598 83574965 125, 894 G44115 1164250
434552 224 £33 B+0395 9C, 240C 2584321 39, 508 28e347 310413
89497C 29. 395 Te0 18 17359 T44 497 264 103 18337 194085

130,951 284401 66395 5540 394647 216153 14.694 14.758
1324297 274 BET 54909 34193 414127 21e 413 154007 15.50 4
10660791 27,715 54740 36375 624822 24e 661 174533 184921
T6a 569 27. 5712 5674 44755 115,705 30. 229 21811 244555
466848 274421 5638 9L 95 273435E 404 261 294499 344,622
124434 270222 56635 654432 243644972 834458 624569 774823
+~18, 284 27,020 wxckok Aok dokdkkokkk wokdokokordok Rokkakk kR RmRkEKE kR AR RRK ¥

85



TYPICAL LMFBR CORE CISCHARGE FUEL NC NITRATE OR $S-216 INFe WATER REFLECTOR

Bel WYTe PCTe PUC2 IN (U+PUIO2 RODS AT 0s26 [Ne DIAe

ISOTCPIC COMPOSITIONS (WTePCT,s)
pLUTONIUM‘23812391240v2‘911242/ 1.Co;6c.00|27-60v 7.(:0' 5e 00

URANEUM=-2325,238/ (e20:9%.80

SAFE PARAMETERS (KEFF=0,951}
e e e ook ok ot e g e o ke o o e e ke e s gk otk ok oK o ko ke e ok skl sk kol ok ot ek

WATER/FUEL AV,FUEL H T0 PU K-INFINITY SAFE MIGRATICON EXTRAP MASS OF VOLUME RADIUS RADIUS OF THICKNESS
V0L, RATIO DENSITY RATIO BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
(GM/CCH (M%x=~-2} {CMER2) 1CM} (KG) (LITERS) (CM) (CM) (CM3
D.1027 €, 978 3487 1. 0325 140364 &0, 435 Ge 644 1043.000 1646.153 734248 53.813 634624
1eC090 4y G50 37465 le 1421 614973 324623 BeN 96 47,106 1344845 31.811 22455 23,716
2.,0000 34300 15626 le 2645 1124610 294 355 7.018 11,241 484266 224587 156645 154566
440000 ls 980 1506 5% le 3654 1554427 286401 6¢395 3e892 274851 186 804 124896 124409
840000 1,100 3Clel8 1e 3687 158,038 2Te €87 54309 24259 29099 19,081 13,221 13.171
1240000 0s762 481le 77 1, 2960 131,402 274 715 Se 740 202590 42,604 2le 666 154241 15,927
1640000 Qe 582 602.3€ 1o 2111 99, 688 27.572 S5e674 264954 714865 254792 18e414 204118
200000 et 71 752455 1.1285 684 507 274421 54638 4o 704 1414388 324318 234418 2646739
2543000 Q0. 381 941le18 1. 0338 326423 27e 222 5635 13,684 509a 218 496 538 364602 4345073

30,0000 0319 1129442 G, 9506 016233 27,020 fokkdokfk RdokfwdEor RRARRARSR fokkdkor Rk KRR KK ek HOKE K

65



TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR $S-316 INFs WATER REFLECTOR

el WTe PCT, PUD2 IN {U4PU)02 RODS AT 0418 INe DIA,

{SOTOPIC CCMPOSITIONS {WT4PCTe !
PLUTONIUM~2384239,240,9241,242/ 14C0160e00+27C0y 7400, 5,00

URANTUM-235,238/ 0.20199,8C

CRITICAL PARAMETERS {KEFF=la0}
o e oK FOK R R AR e ok A Rk Xk R e RO ol 3k ok ook sk Rk R R Ok 30K R R 0k

WATER/FUEL AVoFUEL H TO PU K-INFINITY MATERIAL MIGRATION EXTR AP MASS OF VOLUME RADIUS RADIUS OF THICKNE SS
VOlLe RATIG DENSITY RATIC BUCKL ING AREA DISTANCE PLUTONIUM 0OF SPRERE 0OF SPHERE CYLINDER OF StAs
(GM/CCH {MEX=2) (CM*x*2) (CM) {KGH {LITERS) {TM} {CM) {CM)
0e1027 8,978 3487 1.0212 2e¢172 676 362 10. 109 55694906 8790, 902 128.031 954642 1174922
140000 44 950 37.¢€¢ lellel 366774 22,3¢8 Be 540 1iBe512 339,250 43, 266 314119 344725
240000 3300 7526 1e 2337 7S 3470 296453 Te 4S7 20.897 894729 27773 19,503 204275
440000 1,989 150.56 1e 3479 123,647 2Be 126 64619 54926 424408 214 633 154009 154,014
240000 1,100 301,18 1e 3804 1374 4C4 27+ 6 €5 6.048 20906 374439 206 753 144469 144705
1240009 Ca 762 451e71 103355 1214 €55 274518 50338 20614 484 643 224 545 154967 1648C 8
16,0000 Ce582 6026436 1, 2717 98¢ 808 274 500 Se 740 24979 724483 254 865 184455 204126
200000 Qe 7l 722455 1o 2048 T4e 694 27¢ 413 56691 44016 120713 304 659 224136 244967
25,0000 0,381 G4le18 le 1244 454583 27, 287 56655 74688 286,083 40s 876 29966 35e221

30,0000 0.319 1129442 1.0504 180548 27, 147 54648 2Be 775 12764739 674298 50195 61e%650



WATER/FUEL
VOLe RATIO

12,0000
1640000
2040000
25400090

30,0000

AVe FUEL
GENSITY
{GMr7CCY

TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR $5-316 INFe WATER REFLECTOR

BeD WTe PCTe PUG2 IN (U+PU)02 RODS AT (o18 1INe DIA,

ISCTCPIC COMPOSITIONS (WT.PLCT)
PLUTONIUM=238,239,2404+241,242/ 1e00560.00+27400,y 7400,y 5,00

URANIUM=235,2387 0420,99.80

SAFE PARAMETERS (KEFF=0.951
s o e ko ok o et sk ek s e ko ookt otk ook koo sl e sk Sk ok sk o ok ok skl R sk Ak kR X

H 70 PU K~INFINITY SAFE MIGRATICN EXTR AP, MASS OF VOLUME RADIUS RADIUS OF TRHICKNESS
RATIC BUCKLING AREA DISTANCE PLUTGONIUM OF SPHERE OF SPHERE CYLINDER OF Stag
(M3%=2) (CHxx2) {CM} (KG) {LITERS} {CM) (CM) (CM)

e mm v ——— ———— - — @ cmmemanm emsemmeen  ememmmm——— me——————— o ———— ve emmeeee =
3487 1.,0312 14,159 60,362 10,109 10484659 1655,087 73,380 536805 63,271
376¢E 1. 1191 544954 324358 84540 564697 162,299 33,838 234902 25. 298
7525 1. 2337 101, 3856 29« 4£3 Te497 124992 554784 23,703 16388 166206
150456 le 3479 1486 860 28,136 6e619 44097 294323 19 138 13,092 12,51¢
301l.18 1le 3804 1634 646 27+ 6€5 6. (48 2e062 264565 184 51¢C 12,752 124462
451e77 le 3355 147.142 27+ 518 5838 1818 33,819 20.C61 13,989 144224
60243€ 10 2717 123, 146 274 500 5¢ 740 1e 979 4B8e 161 224 570 15,933 164831
752495 1. 2048 97824 27. 413 54691 2479 746 235 266072 184625 20381
G4lel8 le 1244 674270 27, 287 5655 34917 1454768 324 648 234667 264993
112%442 1le 8504 38,911 27 147 50648 80440 37444949 G4e 715 32307 29,067

[



WATER/FUEL
v0i, RATIO

0s1027
1.0000
240000
440000
%4 0000
12,8000
1540000
2040000
25,0000
30+ 0000

AVe FUEL
DENSITY
{GM/CCH

- -

TYPICAL LMFBR CORE DISCHARGE FUEL

H T0 Py
KATIC

150.56
301.18
451e71

602.3¢

S41e18

1129642

Be0 WTe

PCT,

NO NITRATE OR SS-~316 INF, WATER REFLECTOR

PUO2 IN {U+PUID2 RODS AT CelQ INe DIA,

ISOTCPIC COMPOSITICONS {WTePCTel

PLUTONIUM=2384239,240+2614+242/ 1e00160e00,27.00, 7400y 5,00

K-INFINETY

1e3686
143515

le3142

URANTUM=235,238/ 0,20,99.80

MATERIAL
BUCKL ING
{M¥%¥~2)

40568
294079
664522

1104929
1344 €43
128,637
1134561
956671
724622

50, 288

MIGRATION
ARE S
{CM*%2)

604 348
324 140
29.128
27 786
27 277
27332
274 317
27,291
27237

274163

EXTR APs
DISTANCE
(CM)

106621
9.058
74935
6e930
6e247
54984
Se 849
5775
5724

545689

CRITICAL PARAMETERS {KEFF=1.0}
EEEE R EELES LRI ELELEEEEEELEL LTI RS ET TR

MASS OF VOLUME RAD IUS RAOIUS OF THICKNESS
PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
{XG) {LITERS) {C M) {CM) {(c™y

58754023 92724469 1206327 97.25890 11977 6
1744277 4984882 49, 201 354541 40a143
27905 119.822 306 583 216552 224648
74028 504294 224899 154905 154969
24938 374841 20, 827 144479 144580
25306 42,910 21,718 15223 15734
24272 554277 23,631 16,719 17782
24548 764581 264 244 18. 812 27 e 569
34399 1264505 31e 142 224498 25441 8
Se435 2414133 38e 612 284225 32923



WATER/FUEL
VOL, RATIO

Je 1027
1. 0000
20000
400000
84 0000
12, G000
1640000
200000
25,0000

3040000

AV, FUEL
DENSITY
EGM/CC)

84378
48350
34 300
le980
le100
0.762
0s 582
Qo471
0.381

0o 319

TYPICAL LMFBR CORE OISCHARGE FUEL

H TC PU
RATIC

1525
150659
3Cle 18
451e 7
60203¢
152455
941e18

1129,42

8e0 WTs

PCTe

NO NITRATE OR S5-316 INFe WATER REFLECTOR

PU02 IN {U+PUID2 RODS AT C(e1C INe DIA.

ISCTOPIC COMPOSITIONS (WTePCLT.

PLUTCNIUM=238,239,240,241,242/ 1e00:60400,27.00y 7400, 5.00

K=INFINITY

1. 03200
1.0%35
1. 1938
1, 3C82
le 3686
1, 3515
1+3102
le 2611
1, 1578

lal386

URANIUM=235,238/ 0e20,9980

SAFE
BUCKLING
{ ME2~2)
13,651
464585
884092
135+ 769
1604954
1544632
1384 804
119991
95,768

724311

MIGRATION
AREA
{(CM**x2)
60, 348
32, 140
29+ 128
27+ 7€6
274377
274322
274317
27+ 261
27237

27,163

EXTR AP,

DISTANCE

(CM)

22 o

SAFE PARAMETERS (KEFF=0,951
e e e ot e e e s skt o o ok ook ek O Sk R SO KK R e sk bl ok ROR KKK AOR K JoK

MASS OF VOLUME RADIUS  RADIUS OF THICKNESS
PLUTONIUM DOF SPHERE OF SPHERE  CYLINDER  OF SLAS
(KG} {LITERS) tcM {(CM) (CM)
1053,379 16624535 734490 53,769 62,869
724771 208,313 36e TT4 264028 27.716
164246 69,757 254537 17689 17,622
49709 33,703 20,038 134715 124159
24064 264588 184 515 124709 124268
le613 30,018 194 280 13,356 134296
14553 37,782 204816 1445 64 164967
1,875 50e334 224965 164180 174134
2,066 T6e 890 264379 18,852 204656
2.882 127,894 31,255 224593 254566

o
w



WATER/FUEL
VOLe RATIO

De1027
1 0000
240000
440000
Be OO0
1240000
161000
20. 0000
2540000
30.0000

AVe FUEL
DENSITY
(GM/CCH

TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRATE OR S$S~316 INFe WATER REFLECTOR

B0 WTse PLTe 2UD2 IN {U+PUID2 RODS AT Ce0 INe DiAe

1SOTQPIC COMPOSITIONS {WTePCTa)
PLUTCNIUM=238,23945240 241,242/ 1eCG0560e00+274C0y 7400, 5,00

URAN{UM=225,238/ 0a20+199480

CRITICAL PARAMETERS {KEFF=1.9)
Sk K e ok o sk e s o o ook ok o st ok o ko ek ok e o et ok o ok o ok ok ko SR oK O Rk R ORI K

H TD PU K~-INFINITY MATERIAL MIGRATION EXTRAP MASS OF VOLUME RADIUS RADIUS OF THICKNESS
RATIC BUCKL ING ARE R DISTANCE PLUTOMIUM OF SPHERE OF SPHERE CYLINDER QF SiA8
{MAx =29 (CM=*2) {CM) {KG) {LITERS) {C™) {Cmy {CM)

3487 100293 4e 863 604 309 114357 5980. 707 9439, 266 131. 104 S7.702 119,747
37e¢E 1. 0594 184688 21,799 Ye871 3624432 1037.494 624 801 454762 524920
7526 le 1271 444 439 28, €11 84671 554477 238,212 384456 2744086 29784
150459 12093 776267 27.0E3 Te590 13,056 934435 28, 150 19,770 2045640
30lei 8 1s 2630 99, 125 260529 6a792 44937 634 6011 24e 762 17,364 17.671
451677 1o 2628 996 £36 2&, 459 5451 34527 654 625 254022 17.5643 184572
68243¢€ 1s 2450 924 560 264470 66261 34165 774013 26,4 393 186737 224132
76255 le 2181 820328 264 462 64136 2e222 96,845 28, 4€8 20.370 224352
G41le18 16 1797 676781 26¢ 514 6,029 34733 138,935 324130 23,183 260101
1129e42 1, 1398 526 694 264522 50957 44508 2174749 37321 274174 314364



WATER/ FUEL
VOlL. RATIO

901027
1. 0000
240000
4o COOD
8409060
12,0000
160000
2040000
2540000
304 0000

AVeFUEL
DENSITY
{GM/CCH

o e b

€0 978
49950
3300
16980
16100
Ge762
Ge582
Qed 71
0e381

Qe319

TYPICAL LMFBR CORE DISCHARGE FUEL NO NITRAYE OR 55-316 INF, WATER REFLECTOR

Bel WTe PCTe PUC2 IN (U+PUIC2 RGDS AT (o0 INe DIAs

{SOTCPIC COMPOSITIONS (WTePCT, 1}
PLUTOMIUM=238,239,2404+241,242/ 1:.00,60,00,27,00, 7.00, S0

URANIUM~-235,238/ Ce20y 99480

SAFE PARAMETERS (KEFF=0,495}
ot e sl e oo e e s ok SRR R RO R ok ok R kol R ek okok ek Aok ok ek sk

H TO PU  K-INFINITY SAFE MIGRATION EXTR AP, MASS OF VOLUME RADIUS RACIUS OF THICKNESS
RATIC BUCKL ING ARER DISTANCE PLUTONIUM OF SPHERE (QF SPHERE CYLINOER OF stAas
{Mrx-2} (CM*=2) (CM) (KG) (LITERS) {C M) (CM} {CM

3487 1.0293 134 846 60. 329 11e357 10350493 1636,306 73,072 534276 6leT1 4
37e€5 100594 36e 223 21,799 90871 110,969 317.659 424 328 30,089 324457
15626 le 1271 654174 280 611 Beb71 264986 1154875 304 244 216120 21,573
150,58 1., 2¢S3 160,767 27,0¢€3 7,590 Te798 554804 234 706 164368 16,116
3Cl.1¢8 1e263C 1244182 266529 be 792 3,187 41.050 214 4G0 144790 14,628
45177 16 26326 1244772 26e 459 be451 20292 424 649 21e 674 15,08" 15,223
60243¢€ 1. 2450 117215 26¢ 470 6e261 2,025 496283 224 144 15,943 160483
782455 le2181 1064527 264 492 6e136 2,000 606122 244302 17,165 18,167
G41,.18 1o 1797 91199 264 514 64029 2183 81,244 264868 19,155 20839
1129642 1,1398 754311 264 522 54957 24612 1154877 30s 244 21756 244287

59



66

Fuel-Water-Stainless Steel Systems

The following tables present the calculated criticality data for the
fuel-water-stainless steel systems for the various fuel mixtures in 0.26-

in.-diam pins with a cladding thickness of 0.015 in.



WATER/ FUEL
VOL. RATIO

12,0000
1600000
2060000
2540000
3040000

AVy FUEL
DENSITY
{GM/CC)
Ts 256
49436
3,068
le 898
1077
Ce 752
Ce577
Oe 469
0e379

Ce 319

TYPICAL LMFBR CORE DISCHARGE FUEL

H ¥0 Py
RATIC

1s51
14496
29458
59455
119,90
179,85
239,88
25S675
3744 €9

449463

20eC WT,

PLTe

Cel1l5 INe SS

316 CLAD INFs

PU02 IN (U+PU)02 RODS AT Ce26 INe DIAe

{SOTOPIC COMPOSITIONS {WTePCTe!

PLUTCNIUM=238,239,240,241,242/ 1e00,60490:27+005 700y 500

K=INFINITY

la 4416
le 2642
le 2992
1a3775
1o 4046
le 3627
1. 3000
14 2304
1.1483

le 0721

URANIUM=235,238/ 0201435480

MATERIAL
BUCKL ING
(M**xe2}

P Y

6% 174
77.082
$Be 826
132,775
145,837
131703
105,338
B4e 245
S4e 467

260626

MIGRATION
AREA
{CM*%2}

- e e

€3, 836
344 275
30,277

280 421

27 542
276 442
27e¢ 347
27226

27« 052

EXTRAP,
DISTANCE
{CM1

MASS OF
PLUTONIUM
(KGH

153064
79,017
344603
124750

e 350
54575
6alab
Be65
14,116

3Ce TD7

WATER REFLECTOR

CRITICAL PARAMETERS (KEFF=1e0}
st e o e e R ok R R e e e ol ok oK Ok R ok o R R ek ook okok A ok ok

VOLUME
OF SPHERE
{LITERS)

1194565
100,969
634919
38073
334633
424040
604345
97e 562
210950

T06e 417

RACIUS
OF SPHERE
{C M}

30. 561
286 887
244 804
204 869
20+ 024
21. 570
24e 332
284 558
36e 929

554 249

RACIUS OF
CYLINDER
{CM)

- S s

176394
144477
13327
154152
17.288
206533
264948

4069 T4

THICKNE 5S
OF SLAB
{CM}

234350
21,991
18,005
140475
144043
1656766
184620
224889
31e289

[}
-3



TYPICAL LMFBR CORE DISCHARGE FUEL 06015 INo SS316 CLAD [INFs WATER REFLECTOR

20«0 WVe PCT, PUD2 IN (U+PUID2 RODS AT De2% INe DA,

ISOTOPIC CCMPOSITIONS {WTePLTe !
PLUTONIUM=23892394240,2419242/ 1400,6N40042760C, 7400, 5.00

URANIUM=235,238/ 0420,9%9.80

SAFE PARAMETERS {KEFF=04951
3520 3 e ok ok ok ok ook 3 K o sk SR ok ok ok sk ik ok ok Sk ook Skl s ok o ok ok kR ok

WATER/FUEL AVeFUEL H TO PU K= INMFINITY SAFE MIGRATICN EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
V0L, RAVIO OENSITY RATID BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SiAB
{GM/CC {Mzk=21 {CMm=2) {CM} {KG) {LITERS) {CH) {TM) {C¥

J.1278 1.256 le91 Yo 4416 816060 634 836 Te 21l 1134754 88¢ 858 276 682 19,501 206471
10000 4e 436 14496 1, 2€42 96e 454 344215 64896 5le748 664124 254086 17,587 1841990
240000 34068 2998 142992 121e 411 306 277 60798 236213 424880 21,713 154528 144915
440000 le898 59495 143775 1584 275 28e431 64395 Be 393 264 853 184577 124722 12,182

84 0000 e 077 119690 1, 4046 1724603 27 722 56981 44588 244150 174931 124325 11950
120000 0s752 179. 8¢5 le 3627 1574 744 274542 54804 34937 294 589 19. 209 134344 13.4C5
1640000 0e577 23980 1. 3000 1344272 27e442 5712 4e1681 41405C 21s 400 15,042 15688
20¢ Q0CC Qe 469 269475 1e 2204 107,925 276 347 50669 50137 624139 24e571 17.481 18902
2549000 Ce379 37446¢ 1, 1483 T6e 665 274 226 S5¢639 Te 752 1154 841 30,241 214828 244601

20,0000 Qe 310 449462 le G721 474 454 27062 54634 154736 2674498 39,971 294278 344337



WATER /FUEL
YOLs RATIO

12,0000
16,0000
2340000
25,0000

30,2000

AVe FUEL
DENSITY
{GM/CC)

70243
4e 428
320563
1,895
1,075
0s 750
0s576
Ce 468
0379

0s318

TYPICAL LMFBR CORE DISCHARGE FUEL

H T0 PUY
RATIC

- -

225171
300.22
375.2¢
489,10

5€2492

1660 WTe

PCTe

Cel115 INe SS

315 CLAD INF,

PUC2 IN (U+PUI02 RODS AT Q.26

1SOTOPIC COMPOSITIONS (wTePLTe !

INe DIAs

PLUTCNTUM-238,239,240 241,242/ 1eC04+606C0+2740Cy 7400y 5,00

K=INFINITY

_——— i

1.3129
le 2103
16 2717
le 3607
1. 3852
le 2389
1e 2706
1. 2007
1.1180

le 8414

URANTUM=-235,238/ 042099980

MATERIAL
BUCKL ING
(Mx*=2)

486 729
614294
89,410
1264388
138,610
122,847
984 543
T3s 642
434377

154292

MIGRATICON
AREA
{CM*%2)

£4e 211
344 310
304 3E5
284 541
274793
276 584
276 457
274 249
27+ 205

274 056

EXTRAP,
DISTANCE
(cMy

PP

Ta619
7205
50928
Ge 421
S5¢9386
52806
Be718
56677
Bs 627

S5¢ 665

MASS OF
PLUTONIUM
(KG}

2237432
934412
324926
11170

Se 635
5078
5939
Be183
164647

TBe285

WATER REFLECTOR

CRITICAL PARAMETERS (KEFF=1,0)
Sk e dededeok ek kot ok oloRsRaRoRRORAOR Mok gk R ko R R ok ok koK ok R e ok Aok

VOLUME
OF SPHERE
{LITERS)

2184866
149,473
762165
4le 769
374 145
476960
73.022
122,963
311le515

1744,085

RADIUS
CF SPHERE
(oM

324922
266 29¢€
21e 524
204698
224 539
254929
306 931
424 053

T4y 872

RADIUS OF
CYLINDER
(CM}
264833
23,514
18,506
144972
l4e 442
154893
18,509
224348
306869

5548356

THIC KNE SS
OF StA8
{CH)

- e an —maan

29,766
254718
19.368
15,103
144713
164733
206211
25.254
364406

£9,007

69



WATER/FUEL
VCL, RATIO

4e NODO
847900
1240000
16,0000
200000
25, C000

304 0G0D

AVe FUEL
DENSITY
{GM/CCH

TYPICAL LMFBR CORE DISCHARGE FUEL Def15 INe SS5316 CLAD INFe WATER REFLECTOR

H T0 Py
RATIT

T540€
150611
225411
300622
375428
4494 1C

5£2492

1640 WT, PCTe PU02 IN {U+PY;02 RODS AT 0426 IMe DlAe

ISOTOPIC COMPOSITIONS {WTePLTe)

PLUTONIUM~238,239,240,2419242/ 147046003127 0Cy 7eCl,y, 5400

K= INFINITY

1.3129
162103
142717
1. 3607
103852
1le 3389
le 2706

1a 2067

URANIUM=235,4238/ 04,20,9G,80

SAFE PARAMETERS {KEFF=0,95}
00 o ook ok ok ol ok ook ok oK o oK stk sl 3 oK 3 ok ook Sk e kR sk o ok 2k R K ok ek kol ok ok ok

SAFE MIGRAYTION EXTR AP MASS OF VOLUME RADIUS RACIUS OF THICKNESS
BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE 0OF SPHERE CYLINDER OF SLAB
{M¥x=2} (CMxx2y {CM3 {KG) {LITERS) {(CMy PEMY {CM3
...... tm mrmmtcmee e ev e mmeamcpme  cpmcemm—— memm—————  mm—— e o———————
59, 491 €b4e 211 Te619 1554454 1524065 33,112 234562 254492
794 861 344310 Te 205 574157 91a 459 274950 19,787 204745
1116437 30 3E5 6e928 21e552 494854 224 832 15,854 150503
15%e 481 28e £41 6o 421 Te811 294209 19+ 105 13,120 124684
1644 842 274793 56986 4e013 254450 186 483 124745 124498
1486 392 27e5€4 Se B4 345490 324429 1Ge 984 134937 144178
1224 858 274 457 5¢718 3943 48e 483 224 62¢ 154976 164932
G6e 833 274 249 5677 Se0G1 T5¢ 750 260 248 184763 274571
654006 27 205 5647 4279 1544920 334318 244182 274670
354550 27+ 956 54665 194552 4354592 47,025 344671 41.36"N

oL



TYPICAL LMFBR CORE DISCHARGE FUEL 04015 INe SS316 CLAD [INFe WATER REFLECTOR

1240 WTe PCTe PUCZ IN (U4PU)02 RODS AT De26 INe DIAs

[SGTOPIC COMPOSITIONS (WTePCTe}
PLUTONIUM=238,239,240 42414242/ 1e004160e00+927e0Cy Ta00y 5.00

URANIUM~225,238/ 0420+9%.80

CRITICAL PARAMETERS (KEFF=1e0)
ok s o o sk o o R 0K Rk ok FOR R RO 0K R A R AR R R R R R R A R ok

WATER/FUEL AVL.FUEL H TQ PU  K-INFINITY MATERIAL MIGRATION EXTRAP. MASS OF VOLUME RADIUS RADIUS OF THICKNESS
VOLs RATIO DENSITY RATIQ BUCKLING AREA DISTANCE PLUTONIUM OF SPHERE QOF SPHERE CYLINDER GF SLAB
(GM/CCH {M&kk=2) {CM*%2) (CM} {KG) (LITERS) {C M} (CM) (M

J.1278 Te 230 3420 le 1637 254 524 E4e 141 8e215 5034922 65Be 442 53¢ 569 39,389 454754
1.,0000 be 420 25.0¢ 1. 1551 454 160 344355 Te 570 117,659 2512912 3%. 179 284218 31,606
240000 3.057 50612 le 2441 79557 306 525 Te 045 3C. 043 92.828 284 0089 194851 2le 044
440000 le 891 1€0e23 1o 3402 11846690 284 671 6435 9432 476111 224405 154 6432 15,570

84 C0O0O 14073 2C0e 47 1e 3556 1274 623 27 E66 50979 4e 949 434578 21e 830 156310 15851
12,0000 Qe 749 36Ca.7C le 2658 1084572 27s €14 S5e 804 4792 EQe 448 24e 346 176277 184542
1640000 Ce 575 400052 162287 834 284 27¢ 457 Se 727 64,027 984 995 284 697 206626 22970
2040600 Qe 4667 501617 1le 1565 574268 274319 5S¢ 683 9523 1924 686 35, 831 264097 20.147
25,0000 Ce378 626046 1, 0713 264 252 274150 Se 664 28e 882 T2la960 556 651 4le275 494987

30, 0000 0317 751675 0w 9941 -24193 269971 e sdedop ok sokmAckRE  oRKREORRR kRl koK ARk R ook ok %

T)



WATER/FUEL
RATIO

V0L,

Jel278
1.0000
20000
440000
840000
1240000
1640000
230000
2540000
306 0000

AVe FUEL
DENSITY
(GM/7CCH

Te 230
4e 420
3,057
le891
1a073
Ge 749
Qs 575
De 467
De378

Qe 317

THIC KNE SS
OF SLAB
{CM)

364618
244485
17137
12,377
136422
154598
184940
234857
344488

ok ek X

TYPICAL LMFBR CORE DISCHARGE FUEL 06015 INe S$SS5S316 CLAD INF, WATER REFLECTOR
12.C WTe PCTe PUDZ2 IN (U+PU)D2 RODS AT (Ce26 INe DIA.
ISOTOPIC COMPOSITIONS (#TePCTe
PLUTONIUM=2384239,2401+241+2427 14C0,60400:27e0C, 700y 5.00
URANIUM=225,238/ 042Cy 99480
SAFE PARAMETERS {KEFF=0,95!
3 vl e e e o e e e e 2 Y e oot ke e e odeole ke e K ook ok Aok o s e e sk Aotk ok ok iR Aok o
H TO PU K-INFINITY SAFE MIGRATION EXTR AP MASS OF VOLUME RADIYUS RADIUS OF
RATIQ BUCKL ING AREA DISTANCE PLUTCNIUM OF SPHERE OF SPHERE CYLINDER
(M&xk=2] {CME*2) (CM) {KG) {LITERS) {CM) {CM}

3420 1e 1637 35073 by 141 8e215 28B4 880 377.46C 444833 324395
25406 1o 1551 624855 34e 355 Te570 646561 137.673 324055 224765
S50e 12 le 2441 101. 407 306 525 Te 045 19,099 59,015 244152 164838
100,22 1le 3402 1434262 284671 66435 6e522 324575 19,812 13.658
200e 47 1e 3555 1534 227 274 866 54979 30474 30 e 587 196 401 134457
300.7C 14 2568 1334346 27. €14 5804 36255 41a061 21e 402 154023
400692 1e 2287 1064 836 270 457 Se727 3.828 624 869 24e 667 176541
5Clel? le 1565 79+ 547 274319 5«5 83 5236 107.979 29e 540 21e282
626046 le 0713 474019 27. 150 56664 10e 847 271e142 49. 152 2%e4L9
751675 (e 9941 17 205 266G 3 e skok ke o o Fede Ak kA sk Rk k ERE TR 2 T EEEE RS S

-3
S}



TYPICAL LMFBR CORE DISCHARGE FUEL (6015 INe 55316 CLAD [NFe WATER REFLECTCR

B840 WYe PCTe PUDZ IN (U+4PUIOZ RODS AT 0e26 INe DlAe

ISOTCPIC CCMPOSITIONS {WTePCTs)
PLUTONIUM=238,239,2404241,242/ 1400:6069212740Cy 7400, 500

URANTUM=235,2387 N420,9980

CRITICAL PARAMETERS (KEFF=1s%1
o ook Rk ok ok R R ok ok R Sk ook Rk R Rk Rk ek ok R Rk Rkl B

WATER/FUEL AV.FUEL H TO PU K-INFINITY MATERIAL MIGRATION EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
V0oL, RATIO DENSITY RATIC BUCKL ING ARE2 DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF sLaB
(GM/CCH (MFx-2) {CMx%2) {CM) (KGH (LITERS} {CM) (M) {CM)
Nel1278 Ts217 4e81 Do 9845 ~-Z2e 455 6343219 e g e e K ek o Aok & Fesk gk Ak A R HxF k¥ B e Fededede Rk Tk wkk R
1. 0000 4o 412 37465 140586 28,639 34e 439 Te 952 17Ce 484 547e 584 50 752 364988 424830
240000 36052 15625 1le 2134 694470 30, 713 Tel2l 250779 1194696 30.572 214735 234453
440030 la 888 150e55S 1. 3068 1064 448 286 817 be4 16 Te747 58e 148 244033 16894 174617
B+ 0000 16071 3C0lel€ le 3011 107. 821 27.922 58961 46539 60058 240 294 174200 184232
120000 Qe 748 451e77 le2321 84,4050 27 £C6 50801 56096 96,4 500 28e 464 2Ce 430 224663
1640000 0e574 6023 ¢ 1. 1531 554882 274367 54730 20115 2004284 364295 260442 30566
200 0000 Qe 466 TE245E 1. 0765 284124 274216 Se701 21e141 6424816 53¢ 535 394649 474838
2540000 Ce377 941418 Qe 9889 -4e1l6 27.CC4 e A e o el L2 Ikt R ek %k L E L2 i o A R ook Ao ook %

30,0000 0e317 112%e42 0. 9116 -324975 264 800 HAEERRE  RRERXEEE wddckkckaok  hgopdkRololdk kAdkkkR ok kkxEXKE X

el



WATER/FUEL
VOL. RATIO

Je1278
140000
240060
440000
30000
1240000
160000
2040000
2540000
3040000

AVe FUEL
DENSETY
(GM/7CC)

70217
be4l2
3,052
1.888

ls071

TYPICAL

H 10 PU
RATIC

4o &1
27.¢€E
7526

150456
301.18
451e 77
602,3¢
752,95
941418

1129442

8e0 KTe

PLUTGNIUM=2384239,240,241,242/ 1,00,604%0,27400,

K=-INFINITY

Oe 9845
1. 0686
1.2134
1. 3068
le 3011
1e 2321
le 1831
1e 0765
Ce 9889

Te 9116

LMFBR CORE DISCHARGE FUEL

PCVe

0eD15 INe

$8316 CLAD

INFo

P02 IN {U+PUI02 RODS AT (e26 INe DIA.

ISOTOPIC COMPOSITIONS (WTePCTe)

URANTUM=235,238/ 0e20y99.80

SAFE
BUCKL ENG
{M#x-2)
56728
454429
90.262
130.314
1324345
1074550
780034
486942
154157

~154%72

MIGRATION
AREA
{CHM*x2}

634 319
346439
30. 713
284 817
274922
274 606
274 397
27216
27.0¢4

264 8BGO

EXTR AP,
DISTANCE

{CM)

sk Rk
76952
Tel20
6e&l6
5961
Se8C1
Se73C
Se 701
ook Aok

2% dx ok 3 kax

MASS OF
PLUTONYI UM
{KG}

R FRAEK K
75344
15,760
Se246
3,080
36246
49507
Be302
ook 30k ok

Kok Fxzx sk K

700,

5.00

SAFE

YOLUME

OF SPHERE
(LITERS)

foae e e
2424 D00
734176
394372
40e748
616 54D
1114229

2524424
ok kA K OR KOk

2ok 3 e e Ko sk

WATER REFLECTOR

RADIUS

OF SPHERE

{CMmy

o ok ok A
38,658
25 947
214104
2le 347
244492
29. 834

39, 206
ok K K

ek ek Rk B

PARAMETERS (KEFF=De951}
s e 3k e ook o e e e ok e 900 e Rk ol oK e R Rk %ok A gk ok s ok ok ook Sl sk

RAQIUS OF
CYLINDER
{CM)

EEEEE L]
274730
184194
144652
144944
174389
21495
284677

dodow wdok R

LR T2 32

THICKNESS
OF SLAB
(cm

KKK S
306706
18.828
14,688
150386
184691
244104
334505

Aok Aok X

EL B3

Wl



Fuel-8 M HNO» Systems

The following tables present the calculated criticality data for the
20 wt b PuO~U0- fuel-nitric acid systems with the various fuel pin

diameters considered.



WAYER/FUEL
VOi. RATIO

Je 1254
142205
204451
448822
9. 7644
144 6466
19.5288
2404110
3065137

3606165

AVe FUEL
DENSITY
[GM/LC)

Be 845
4e483
24893
le692
Je925
Qe 636
0.485
0e392
Ce31l6

0e265

TYPICAL LMFBR CORE DISCHARGE FUEL € MOLAR HNO3 INFe WATER REFLECTOR

20e0 WTe PLTe PLO2 IMN fU+PUIC2 RCOS AT 0426 INe DIAe

{SOTQGPIC COMPOSITIONS (WHT4PTTe
PLUTONIUM=-238,23912404+241,242/ 1a00+60e00+27400, 7400, 5.00

URANIUM=235,238/ 0¢207;9%9.80

CRITICAL PARAMETERS ({KEFF=140)
ek sk R R R oK e Rk R R R ok ok ok sk oK K ok Aok Sk ok ok ok R IR B AR gk

H TO PU K-iINFIN{TY MATERIAL MIGRATICN EXTRAP. MASS OF VOLUME RADIUS RADIUS OF THICKNESS
RATIC BUCKL ING AREA DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLUIMNDER OF SLAB
{MEk=2} (CM*%2) (CM) {KG) [LITERS) (CM} 1TM {CM)

lef4 145130 844 56Q &C0e 665 Te4 27 1244946 80,064 260 737 18,727 19.311
14466 le 2827 806 123 35,279 Tel65 724195 91284 276932 194703 20767
264G E 1e 3135 954539 32, 817 74795 334587 65,811 250456 174519 174951
£Ge9°% le 3835 1196 €40 32.0%2 5691 134373 444793 224031 150297 154342
119.9¢C le 3EQ7 113,055 21.6573 be282 Te 795 47,781 224511 154760 164229
179485 143072 96, 234 314926 60118 B8e175 724832 256 907 184398 19,789
239,80 1. 2177 68 465 3le 787 6,038 11.665 1364 360 31930 234028 254893
269,75 1. 1268 4061156 31610 54995 244002 3474285 434505 314975 37460 ¢
3744665 1. 0256 e 163 Zle 344 64053 2614844 46984 594 103,903 784122 974850
L494& 2 De 9367 =204 365 21,066 o3 e ek Ky A e ok kXK oo e I ok sk % ook e desx ok WAk Xk EEEE L LR

9l,



WATER/FUEL
VoL, RATIQ

Ja1254
le2205
204411
448822
Fe To44
144 64656
19.5288
2444110
3345137

36,6165

AVs FUEL
DENSITY
(GM/CCH

Bs 845
4e 483
24 893
le 692
Cs 925
Ce 636
Q. 485
o392
Qe316

0e265

TYPICAL LMFBR CORE DISCHARGE FUEL 8 MOLAR HNO3 INFe WATER REFLECTOR

H TQ PU

RATIC

le 54
14456
29458
5955

119,9¢C
179,685
239,80
25915
374465

449462

2040 WY, PCTe PUOZ IN {U+PUI02 RODS AT 0426 I[Ne DIA,

ISOYCPIC CCMPOSITIOMS (WTaPCTe!}

PLUTCONIUM=238+239,240+241,242/ 1400,6%400,27.00y 700, 5.00

K=INFINITY

1. 5130
1. 2€27
163135
163835
1. 3807
1, 3G72
1. 2177
le 1268
1e D256

O¢ 9267

URANIUM=-23254238/ 0e20,99480

SAFE PARAMETERS (KEFF=Ne95)
2 A R o e o R R ok K o oK Rl e o ok s ok o o e ke ok ok ek e ok

SAFE MIGRATION EXTRAPS MASS OF VOLUME RADIUS RADIUS OF THICKNESS
BUCKL ING ARE A OISTANCE PLUTONIUM CF SPHERE OF SPHERE CYLINDER OF SLAB
{ME*=2} {CH*%2) {CM) (KGH (LITERSY {C M) (CM {TH)
97,686 €0 €5 Tott 27 G44485 6046 545 2445 359 164967 168373
$Ge 259 254 279 Te 165 47,936 £Ne 610 24y 368 164975 17,203
1164605 32,817 Ta095 2264757 444 590 21,998 156177 144903
1424357 22,082 6o 6591 Geb T4 316733 19, 640 134465 12,949
1414782 31573 64282 5552 344028 20,102 13,916 13,821
117,784 21. 526 60118 54594 494837 220 829 166042 166711
88,621 312757 640138 To3l9 85, 549 27+ 334 19510 216297
58878 21. 610 S5e956 12.355 1786768 344946 25347 2849350
254384 31. 344 65,053 4165660 7474563 566301 41le682 50e249
-4 495 21,066 TRk RR Kok ERRKK AREkkRE R REXFEIX R EET T wdek K fokk K



WATER/FUEL
vOLs, RATIQ

0.,1254
122205
204411
4o 8822
e 7644
1460465
1945288
2444110
3045137

3646165

AVe FUEL
DENSITY
fGM/CCH

8. 845
4e483
20893
le 592
06925
Qe 636
0e485

06392

JYPELAL LU MFBR CORE DISCHARGE FUEL

H T0 PU
RATIC

1.54
14,969
294658
£9455

11946€C
179,85
239480
2694715
2744 €S

4494832

2060

WYe PCTe

8 MULAR HNO

3 INFe WATER REFLECTOR

PuU02 IN {U+PUJ02 RODS AT 0e13 INe DlA.

ISOTGPIC CUMPOSITIONS {WTePCTel

PLUTONIUM=238,239,24042411242/ 1400,60600427e009y 700y 5.00

K= {NFINITY

URANIUM=-235,238/ 0,20,99,80

MATERIAL
BUCKL ENG
{M¥%-2)

S4e 462
744305
856 646
111.984
1244782
114,033
954928
75368
506217

264515

MIGRATICN
AREA
{CM*x2}

—rm,——————

&le 640
354853
32.5C1
3le 711
2ie727
21, 800
2le 765
21e 729
2le5¢4

21,427

EXTR AP,
DISTANCE
iCM)

CRITICAL PARAMETERS (KEFF=140}
e ok o o oo ok oo ek ok ook Sk skl oK sk ok o s et e ek o ok ke e ok sk ook ok Rk

MASS OF YOLUME RADIUS RADIUS OF THICKNESS
PLUTONIUM 0OF SPHERE OF SPHERE CYLINDER GF SLag
{KG) {LITERSY {TM) {TH} iCM)
120,304 77089 264402 184387 184627
790,683 180,752 2Bs B6S 204321 21.287
394573 776540 264 453 1844654 184960
14,583 484845 224 677 154716 15,666
6511 424369 21e 625 15,031 1541256
54528 51927 23s 144 160246 164868
ba237 T29CH 254+ 916 18,395 19.75¢
T« 887 116,125 30,091 21,608 234994
13.£99 2354048 38, 285 274890 324236
324524 6964635 S4e 993 40e688 484975

QL



WATER/FUEL
¥0lL, RATIO

Da1254
142205
204411
448822
Ge 7644
144 6400
19,5288
2444110
3345137

3666165

AVe FUEL
DENSITY
(GM/CCH

8e845
44483
20893
1a692
0s925
Cu636
Ca4 85
0392
Co316

Ce 265

TYPICAL LMFBR CORE DISCHARGE FUEL

H 10 PU
RATIC

R g

1454
14469
29458
55465

119.5¢
179,82
239480
269475
374065

4494€3

2040 WTa

PLUTCNIUM-238,239,240,241,242/ 1.00,460400,27.C0,

K=INFINITY

- -

ts5122
1, 2605
le 2784
143551
le 3959
1o 3626
1le 3050
le 2361
le 1587

1. 0833

PCT,

8 MOLAR HNO3

INF,

WATER REFLECTOR

PUC2 IN {(U4PUI02 RODS AT 0618 INe DIAs

ISGTOPIC C(OMPOSITIONS (WTePCTe !

URANIUM=2325,238/ 0420,99.80

SAFE
BUCKLING
(M%%-2}

[P -

STe 586
934 230
1064347
1344475
147,938
1364585
1174530
954923
69.518

444658

MIGRATICN
AREA
{CM%22)

e 2m e v oy

604 640
354053
224 501
31. 711
214727
31. 800
21, 765
31l. 729
31.5%4

31,427

EXTR AP,
DISTANCE
{CM}

T.782
74579
Te4933
T.011
6e499
66276
5160
64097
6048

6018

7400,

5.00

SAFE PARAMETERS

(KEFF=0,35}

s o3 s o e st et R ok ok e ok ek ot ok e ok A ROk ok ook kR ok okt ke ok

MASS OF
PLUTONIUM
(K6}

904595
516499
254911
104126
44936
4e113
4,257
54076
74387

134472

VOLUME
OF SPHERE
{LITERS)

580052
654116
506 770
33,917
3N 256
36,647
490767
736452
132,560

2884563

RADIUS
OF SPHERE
(CM)

244020
240957
22+ 971
20.081
19.33¢C
20¢ 505
224818
256 98¢0
31le 631

40s 394

RADIUS OF
CYLINDER
(CM}

i6e 564
17.329
15,828
134729
124274
144303
164024
180459
224796

296971

THIC KNE SS
OF SLAB
(CM)

1602338
17378
15.477
13.070
12.832
144330
164658
19.883
254582

344976



TYPICAL LMFBR CORE DISCHARGE FUEL 8 MOLAR HNO3 INFe WATER REFLECTOR

2040 WTe PLYe PUD2 IN {U4PUJ02 RODS AT (el1C (Ne DIA.

ISOTCPIC CCOMPOSITIONS {nTePCTa}
PLUTONIUM—238,4239+24012414242/ 1a00,60600,27400y 7400, 5,00

URANTUM=2325,238/ 0.20,99.80

CRITICAL PARAMETERS (KEFF=1,0)
s 3 3o ook e o ook 3% o s R ok sk ok ofeoR ok ok oK sk ok ok dofoloRoR K ok #ox

WATER/FUEL AVGFUEL H TO PU K-INFINITY MATERIAL MIGRATICN EXTR AP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
VOL, RATIO ODENSITY RATIC BUCKLING ARE A DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF StAB
{GM/CCY {M¥x*¥=2) {CM=%2) [cM {KEI {LITERS) M)y (CM) {CM)
....... wme  memmmme  cmmmnc e e mcmammer e m o e mmm—eew  cmmmmem eaeemm e ma e~ ;e ———————— mmis e e ————————
Je1254 Be §45 1eZ4 le 5114 846372 60612 B8e285 1134798 724920 254917 17.898 174632
162205 40483 14495 12344 674916 344810 Gel72 884992 1124522 294546 21,011 21777
2e4411 24893 29468 1. 2346 73,012 224,124 840165 5Ca545 99.038 28701 20.081 204636
448822 1,692 £9.G¢ le 3056 97.730 21. 266 Te 49l 17.918 604015 244 2B8 164837 1664797
Ge 7644 De 925 119499 1e 3797 1214228 314325 5834 64982 424796 214 699 15.009 144865
1446466 06356 179.8¢% le 3859 122.51¢ 3le 487 64533 44904 434694 214 850 15195 150317
1945288 Ge4 85 2394 8C 143629 1144816 Zie8L2 66363 44335 506567 224 955 16,081 164592
2644110 0.392 269475 143270 1034 349 214648 64259 44333 624700 244 $45 174399 180386
3045137 Qe 316 37446 1. 2754 87.021 31 €45 54178 44854 87.106 276499 19.603 2le321

3646155 Qs 265 449462 le 2217 70e 16N 314 5%7 66132 64039 129,358 31374 224580 256241



WATER/FUEL

AVs FUEL

V0L, RATIO DENSITY

3a1254
142205
224411
4e 8822
Ge 7644
l4e 6466
19,5288
24e4110
3045137

3546165

{GM/CCH

8e845
“4e 483
24893
le692
0.925
0e636
0s 485
00392
Ge316

Ce 265

TYPICAL LMFBR CORE CISCHARGE FUEL

H TO PU
RATIC

1254
14495
29458
29465

119.9C
179485
239,80
269,78
374e€%

44906732

200 WTs

PLUTCNIUM~238,239,24%,241,2427 1e00,60400,27,00,

K= INFINITY

1. 5114
la 23¢4
10 2346
le 3056
103797
1. 3859
le 2629
1.3270
1 2754

142217

PCTe

8. MOLAR HNO3

INFo

WATER REFLECTOR

PUG2 IN {u+PU)02 RODS AT Cel0 IN, DIA.

[SOTCPIC COMPOSITIONS (WTePCTe)

URANIUM=~235,238/ 0,20,99 80

SAFE
BUCKLING
(ME5=2)
576456
864610
934234
119,707
1444410
1454677
1374516
1254409
1084232

90s 509

MIGRATION
AREA
{CM=x%2)

R e

60. 612

34, 810

3le 4¢7
2le6C2
3le 648
3le €45

21,557

EXTRAP,
DISTANCE
{(CHM}

84285
Bel172
82065
Te491
64834
64533
50363
64259
6,178

654132

MASS OF
PLUTONTUM
(KG}

85,183
5S¢ 484
316327
114955
44920
3,484
3,054
2937
34235

34802

7.001

5.00

SAFE PARAMETERS (KEFF=0,95)
e 30k e oo o o ok ok Ao o o Rk ok R R R KR Rk Rk g R gl ox ook Rk

VOLUME
GF SPHERE
(LITERS)

544584

70155

31041
354701
434362
584045

Blas 440

RADIUS
OF SPHERE
{C M}

P T e

236532
254585
244471
214223
19,309
19, 496
200 427
2le 7906
244019

264 890

RACIUS QOF
CYLINDER
(CM}

166072
17670
164842
144491
134179
13,393
144145
154217
164939

19.147

THICKNE SS
QF sLAB
(CH}

-

15,247
17413
16,406
13,732
124475
12,963
144063
154535
174841

20,757

13



TYPICAL LMFBR CORE DISCHARGE FUEL 8 MOLAR HNO3 INFe WATER REFLECTOR

2040 WTe PCTe PUD2 (N {U+4PUI0D2 RODS AT DeD INe DIA.

1SOTOPIC CCMPOSITIONS (WTePCTal
PLUTONIUM=-2384239424012414242/ 100,600 00+27.C0y T80y 5,00

URANIUM-2354238f 0420:;99.80

CRITICAL PARAMETERS (KEFF=la0}
ko o e e ek e ok ok ook ok ook Xfk el ok ek o sk i s ok o o B ok Bk 3k ek o ook kot

WATER/FUEL AVeFUEL H TO PU K-INFINITY MATERIAL MIGRATICN EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
VoL, RATIO DENSITY RATIC BUCKL NG AREA DISTANCE PLUTONIUM OF SPHERE OF SPRERE CYLINDER OF SLAS8
{GM/CC) {Mak=2) {CM*%2) {CM} {KG) {LITERSH {C My {CM} icm
e mm—rt  weemmme cmm—em=  mvemem——— - mmm—a——— e emamme.  mmm—e - am——- B e e ] —mr e e - s - 0]
N
0.1254 e B45 ie%4 i.5107 84,295 606 5£2 Ge151 1024960 654976 254067 17.044 154916
1.2205 b4e 483 14496 162053 59,523 344463 Ge226 103491 1304854 31e 494 216947 224289
204411 24893 29468 le 1654 524 390 31e 576 94139 85,000 168,509 344 265 24,088 254126
4o 8822 16692 £9¢55 1s 1802 624554 306410 84586 37,747 1264423 3le 135 21.822 224549
e 7644 Ce 925 119490 1e 245D Bl,115 30, 208 T4 800 134573 B3,197 27082 1849L3 194281
L4+ 6466 Ve 635 175,85 le 2654 88, 886 306314 Te378 84210 7461406 250 9% 4 184131 184566
19,5288 Ce 485 2394 8C 1e 2757 904 591 204434 Te115 54220 72.7C8 25 892 184153 18,777
2444110 0e392 269,75 le 2715 £84927 30e £37 64937 5313 Tée 872 264377 184566 19,440
3065137 Qo316 37446¢ 1e258¢C 844207 306 €36 64850 be T9% 864025 27, 385 194358 20535

3646165 De 265 449482 1le 2291 774 849 30, 7C7 6e7986 4e677 100,169 284 810 20e462 22415



WATER/FUEL
VOLe RATIC

Del254
142205
204411
4o 8822
Qo T644
14064686
19,5288
2444110
3045137

3be 61565

AVe FUEL
DENS ITY

8 845
4o 483
22893
le692
Ge925
Ce 636
0485
De392
0,316

0a265

Typ{CAL LMFBR CORE DISCHARGE FUEL

H T0 PU
RATIC

144655
295 8
£9:55
119.9¢C
179485
239,80
265478
274465

445663

PLUTONIUM-238,239,24252414242/ 1.00+60400:27.00,

K=ENFINITY

16 5107
1, 2053
le 1654
lels02
le 2450
1. 2654
1e 2757
1, 2716
1. 258C

le 2351

2040 WTe

PCT,

8 MOLAR HNO3

PUQ2 IN (U+PUI02 RODS AT (.0

ISOTCGPIC COMPOSITIONS

WTePCTei

URANIUM=235,238/ 0420,99.80

SAFE
BUCKL TNG
(M¥%=2)

97+ 419
77914
71le816
834 153
1024 807
110.926
112, €53
11C. 843
105,819

99,086

MIGRATION
AREA
{CM*%2)

60, 582
34,453
3le 576
30,410
306 208
306214

30.4 34

EXTR AP,
DISTANCE
(CM}

iINF,

7.00'

WATER REFLECTOR

INe DIA.

5.00

SAFE PARAMETERS

(KEFF=0495)

st ol s ok Stk SR SR Rk o ok SR R R K R ek R R R R SR ACHOK S KR oK K skl oK

MASS OF
PLUTONIUM
(KG}
766247
606717
466591
2le 642
Be516
54320
44073
24478
3,103

20970

YOLUME
OF SPHERE
{LITERS}

480858
76,771
91e290
724487
524196
479397
47,512
50,319
55688

634620

RAD EUS
OF SPHERE
(CM}

22,679
264 366
27933
254 866
234 184
224 450
22 484
22,802
23, 690

244765

RADIUS OF
CYLINCER
(CM}

PR

15,216
18,021
19,241
17.788
154919
15,457
150544
15,906
164529

17355

THIC KNE SS
OF Stasg
{CHM}

13,528
174140
184794
17,28¢C
15.384
15,072
15,369
15,965
164829

174969

€g
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Fuel-Water-Boron Systems

The following tables present the calculated criticality data for
the 20 wt % Pu0U0s fuel~water systems containing 0.3% M boron at the

various fuel pin diameters considered.



WATER/FUEL
VOLe RATIO

J.1027
1.0000
20 000D
440000
840000
12,3000
1640000
20. 0000
250000
300000

TYPICAL LMFBR CCRE DISCHARGE FUEL Qs 30 MOLAR BORON INFe WATER REFLECTOR

200 WTe PCTe PLUG2 IN (U+PUID2 RUDS AT Je26 INe DiAe

1SO0TCPIC COMPCSITIONS {(#TePCTel
PLUTCNIUM=2384239,240,241,242/ 1.00,60.00427,00, 7400, 5,3C

URANTIUM=-225,2387 0420799480

CRITICAL PARAMETERS {KEFF=1.0)
oo ok Ao Aok R KR 2 R R R RO R R OR ek AOR XKk R ok R R R AR K Rk ok

AVeFUEL H YO PU K-INFINITY MATERIAL MIGRATICN EXTRAP, MASS OF VOLUNME RADIUS RADIYS OF THICKNESS
DENSITY RATI1O BUCKL TNG ARE 2 DISTANCE PLUTONIUM OF SPHERE OF SPRERE CYLINDER OF SLAB
{GM/CT) (Mx*-2) (CM=%2) (CM) {KGI {LITERS) (CM} (CM} {CM)
Se027 1,54 le 5165 B86s 453 59, 741 T.372 1224972 77.213 264 416 184494 19,044
44977 14435 le 2€49 B82s 761 22,003 b5e874 77.827 88,632 27 559 194562 20,784
30318 29,58 1s 2424 844 695 28 6519 64756 5Ce336 85,586 270381 194377 204825
10991 £9.55 1e 1796 67333 264 680 He729 46q 234 131631 314557 224580 244828
14106 119.50 Qo 9649 ~-134581 25,121 oo Rk ke ook A K ok ook A e ek ook ok oK EEEE T etk g Aok
Qe 766 1794E¢ Cs 7806 =90, 390 24, 271 ok ook ok e e ek ok K Bk Aok ook % dof e ok K Jos ok Foge ok gk Bk X
0 586 239,80 Co 5438 -149,967 23,752 EEE LTS 3 LEFTE T sk ook X s e gk o o EEETETE R
Tele 74 269475 Oe S411 ~1G954 843 23,423 EEEEE L oo skt e oo A ek X e o sk o Sk xR Sk ROk X
0.383 3The 6 Qe 4499 ~2364982 23, 214 do et s 3 Aok ok oo ko oSt s ek ook Aokt X SR otk K
Oe321 449462 0. 3837 -266,726 23,118 EEE TS L] EEECEEE 3 ot o Aok Sk ook ok ok koK Ak ddk ¥



TYPICAL LMFBR CORE DISCHARGE FUEL Q¢3¢ MOLAR BCRON INFe WATER REFLECTOR

2040 WTe PCTe PUD2 IN {U+PUIT2 RTODS AY 0626 INe DIA.

{SOTCPIC CCMFOSITIONS {WTePCTe)
PLUTONIUM=2368,239+24042414242/ 1e00:60e00+27«00y 700, 5400

URANTUM-2325,2387 0.20+99.80

SAFE PARAMETERS (KEFF=0,95}
s e o ool s ok ok o el e et ek sk sk sk sl s ok R ok koo dee e okl ks ok

WATER/FUEL AVeFUEL H 7O PU K-INFINITY SAFE MIGRATICN EXTR AP MASS OF VOLUME RADIUS RADIUS OF THICKNESS
vOL, RATIO DEMSITY RATIC BUCKL ING ARE A DISTANCE PLUYONIUM CF SPHERE OF SPHERE CYL INDER OF SLAS8
{GM/L0) EMAEEeDy {CM=x2) {2M) (KG! {LITERS) (T M) {{M} {CM)
Ge 1027 Ge27 leC4 ie 5165 9% 813 5G. 741 Te372 93,074 53+ 440 244074 16,701 164702
13000 e 77 14eSS 1le 2649 1034563 32003 64874 506824 57. 8890 234996 164758 17,122
20060 34318 29658 le 2424 1074543 284 €19 6o 7556 314979 544628 234538 164435 16.782
44 0000 1991 £9455 1a 1796 90, 604 264 680 64729 264691 754969 264276 1E4537 19,547
540000 1e106 119498 Qe 9649 66234 25,121 soRoRkkE kool SRRk R kR K mmk kR kR RokX X
124 00G00 Qe 766 179485 9, 7806 ~73, 462 244 271 sk s et Rk % BAckEOREK K kR ok MRk gk ook okoRE K
16 GN00 0e 586 2394 6¢ Do 6438 -135, 701 23, 152 sk oo oK o ox kol K sk o dokd & ook fo kol ok o aodokdox KR SRRk %
20.06GCO Dot T4 269,75 0. 5411 ~1834 689 23,4323 Ftoskokok ek sopdRmak gdckkorsokk kkokRok ok k sk Rk KK sk o ok KK
25,0000 Ge383 37446€ 04 6499 -2264782 23,214 HlRkFRE Rk K FHORRRAK ARARR AR R sk R Kk koK Hok X

30, 2000 Ge321 449,632 04 3837 ~2574937 23, 108 EEET T ETECIELE ok Aok ok ok ok ok Sk ok Aokokokox kX ok o o ok oK



TYPICAL LMFBR CORE CISCHARGE FUEL 0430 MCLAR BORON INFe WATER REFLECTOR

2040 WY+ PCTe PUC2 IN {U4PUI0Z2 RODS AT D.18 INe. DlAa

[SATCPIC CCMPCSITIONS (WTePCTel
PLUTCNIUM=238,239,240,241,242/ 1.00,60.,30,27.00, 7,00, 5,00

URANIUM=225,4238/ 020499480

CRITICAL PARAMETERS (KEFF=1.01
A0k o oo e e e e ok ok e ool R ok e ol ek o ok ok oR ook dokosok ok ook ok

WATER/FUEL AV.FUEL H TO PU K-INFINITY MATERIAL MIGRATICN EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNE $S
VOLs RATIO DENSILTY RATIQ BUCKLING ARE A DISTANCE PLUTONIUM OF SPHERE 0OF SPHERE CYLINQER OF SLAB
{GM/CCH (MEx-2) (CM=%2) {CM) (KG) (LITERS) (CMy (CM} (T M)

e ———— - p——— —————— e g e m remmce mmmmm———. mmmm—ao— e en m—————— e
0.1027 Se 827 1s54 1. 5157 86,4355 59, T16 7,720 118.428 T4e 360 264087 18,160 18.3566

1. 0000 40977 14655 1e 2461 77330 31,821 Te262 844818 966 593 28s 463 206087 216231
240000 3,318 29eSE 1. 22189 T8 350 286425 Tel26 56374 966301 28, 435 20,097 214309

44 0000 1,991 £9eS5 1.1928 724432 260614 60741 404415 115,064 30e 173 214518 230432
80000 16106 11%.9€ le 0439 170334 254320 60 469 2684372 1375,329 68e 988 514296 6524515
1240000 e 766 17908°% 0. 8283 -454489 2445%4 o e ek RARkARRK  dokdokkok® Rk RE & RAAARRRE Rk Ak &
164 3OO0 Ce586 229,8¢ 0, 7603 =59, 715 244041 Sk LEXT EEEE o don ko % e g e ek R sk Kok ook ok e K
2040000 Ootr T4 299015 Qe 6577 ~1446523 234 684 Fg ety ok EEE LT LR e sk ek ek PSS L L T EEEEE LT E ]
25,0000 0e 383 374465 Go 5603 ~1870934 23,394 fopckokdokk SRRk dhfRkak foloRdok Rk A demkdlR od KoK Rk X

30,0000 0e321 4494672 0., 4863 -221a 280 230216 e ok ek e Ao A ok e Kok e ook X deix ek Aok & ook dde Ak dd K

Lg



WATER/FUEL
VOL. RATID

e 1027
140000
2,0000
449900
540000
12,0000
16,0000
20490000
254 G000
3040000

AVe FUEL
DENSITY
{GM/CL

-——————

9,027
44977
3,318
1a991
le106
Qe 766
e 586
Deb74
De383

e 321

TYPICAL LMFBR CORE DISCHARGE FUEL Do 30 MOLAR BIRON INFe WATER REFLECTCR

H T0 Py
RATIO

lef4
14465
29458
£9455
119.9¢C
179.8¢
239480
2G%9e7¢
37446¢

44G4£32

200 WTe PLTe PUCZ2 IN §U4PUIT2 RODS AT [D.18 INe DIA,

{SOTOPIC COMPOSITIONS (WTePCTe}

PLUTCNIUM=-238,239,240¢241+262/ 1400+60e0G127.00, To00y 500

K- INFINITY

1 5157
1o 24€1
1e 2219
1.1628
le 0439
0. 8883
Ge 7603
06 6577
Qe 5603

0. 4863

URAMIUM=225,238/ De271499489

SAFE PARAMETERS (KEFF=(4951
e s o Bk ok ROk ok ok ook o sk ok ok RoR sokok ok ok ok kR o ok TRk Rk KX FK KK

SAFE MIGRATION EXTR AP MASS OF YOLUME RADIUS RADIUS OF THICKNESS
BUCKL ING AREA DISTANCE PLUTONIUM {OF SPHERE OF SPHERE CYLINDER OF StASB

[ ME%=2) {CM*%2) {CM} EKG) {LITERS? {C™) {CM} {CM) o™
ecmemm—e  mememm——e  m———— rme mmmmceam—e  emmemmem~  —emmemm e mmmememm—— —o——————— ot

99, 713 554 716 Te 720 894264 56048 234741 16,3 €4 1640290

974940 3l 821 Te262 534977 6le 470 244483 17,040 176221

1004 673 284425 Tel26 344688 594256 244 185 166844 17059

96020 264614 64741 234862 67994 25e 329 17.803 184579

394033 254320 60459 68,757 3524359 434 816 324026 376347
-264449 244 554 kK KK EER e EoRRKRRKE KKK KK kKKK KK sor ok oKk %

~83,071 244041 SRk FE EEE e T ETE T Sk kg gk % ok o R
-129.907 234 684 ook kx sk o Sk ok K EEETEE Y ok ok ok ok kKRR K EEET TR
-175.327 234 394 EEET T EEAKKHEKE EET T ok Aok Hok EERE P ook 3 Bk %
~23104 235 234216 EEET LS S Sk KKK KK KKK K 3 8RR 3 ok kKoK oK s ok Kook %



WATER/FUEL
¥0ts RATIO

0.10G27
1.0000
2.0309
440000
8,0000
1240000
16,0000
2040000
2540000
32.0000

A¥as FUEL
DENSITY
(GM/CCH

Se027
4a977
3,318
1,991
le10s
Qe 766
Ge586
Ga4 74
06383

Ge321

TYPICAL LMFBR CORE DISCHARGE FUEL

H T0 Pu
RATIC

25458

59.GE
119450
179,85
239. 8€
299475
23740 €S

449662

2060 WT,

PLUTCONIUM=238,239,2404+241,2427 1400,6N,00,27.60,

K= INFINITY

1. 5149
1e 2251
le 1911
1. 18320
le 1623
Gs 9901
0. 8845
Qe 7931
De 6986

0, 6219

PCTe

0630 MOLAR BORON

INFo

PUC2 IN (U+PUIO2 RODS AT DelC INs DIA,

ISOTOPIC COMPOSITIONS {WTePCTs)

URANIUM=225,238/ Ca2(y 99480

MATERIAL
BUCKLING
{(M%x=2)

86, 265
11172
674832
69221
40 296
-3,972
~47e422
—86e 143
=127, 184

-161,129

MIGRATION
AREA
(CMEXx2)

59, 689
31, €22
280178
264443
25, 3€9
244 803
24e 352
244 013
234 697

23,467

700y 5400

WATER REFLECTOR

CRITICAL PARAMETERS {KEFF=1,0)
ek B ook ok ok e iAot o oot Rk ok SRl e oo o e Xk o oot ot et ol ok ek ik

EXTRAP, MASS OF VOLUME
CISTANCE PLUTONIUM OF SPHERE
(CM) {KG) ({LITERS)
Ba2ls4 112,064 T0. 364
74817 93,682 1Nnbe 687
Te 656 69¢ 495 118,713
Tl 70 424116 119,906
64736 636876 3276347
HREKEAE kKR RERE Sk ok ok ok
ek Aok AT AR ok ek He ok K
dwddokad RokAdkoRRRk TRk AR &
Wbk kEk ok K ok fek Aok ok
AR K o g Kok o ET T T

RADIUS
OF SPHERE
{CM}

25,611
29, 422
30,489
304 590
424 754
ok fedk ok &
wdkokd
oo e K
ARk ok X

A ok Rk ok %

RADIUS OF
CYLINDER
{CM)

- s > o

17.6890
20,591
214545
21737
31.150
Ak knk sk
Jo e e Aok
Fol ok kK
L EL T

$ok otk Kk Bk

THICKNE SS
OF StAB
(O

w——————
174397
21060 ¢
224833
23,421
36,017

Stk ok R

il ook

skxedox ok %

Aok Ak X

g ek &

Co
\&



TYPI{aAL LMFB8R CORE DISCHARGE FUEL 0e30 MOLAR BORON INFse WATER REFLECTOR

200 WTe PCTe PUO2 IMN (U-PUI0Z2 RODS AT D610 INe DIA,

ISOTCPIC COMPOSITIONS {WTePCT,)

PLUTONIUM~-238+239,240+24%+242/ 1400,60e00+27.00, 7.00, 5.00

URAMIUM=225,238/ 0.20,99,8¢C

SAFE PARAMETERS (KEFF=0.951}
ot e sk ok K ok ok sk sk ook ok ook ok ok ek ok ok Rk ok oo e ok Rk

WATER/FUEL AVeFUEL H YO PU K~INFINITY SAFE MIGRATICN EXTR AP, MASS OF VOLUKE RADIUS RADIUS OF THILKNESS
VOLe RATIO DENSITY RATIC BUCKLING AREA DISTANCE PLUTCNIUM OF SPHERE OF SPHERE CYLINDER OF StAS8
{GM/CC) A Mx*=2) {CM*x =2} {CM {KG3 {LITERS) {C™) {CM} {CMy
e mcmmo=  ememces e e —m-e—————— - ————— drmrmmmm  mmm—————  mm—————— ————— e mmmmmemee  mmmmmcv——  ———————
Je 1027 Se 027 le54 1. 5149 G964 623 £9, 689 Be2 14 834968 524723 234261 154882 154048
10000 44977 14466 le 2251 9le 562 334 €22 Te817 574575 654 568 25,015 176317 17,198
200000 34318 2968 le 19113 90, 080 284 178 7656 404395 69,004 254 445 17.684 17,789
49000 14991 9,65 1. 1830 924768 264443 Ts170 246247 69,032 25¢ 44 8 17.800 184279
64 0000 1.10C6 119.6C 1. 1023 630147 254389 66736 284837 147,783 32.798 23,528 264061
12 0000 De 766 1796 £5 e 95901 17.039 24, 803 Stk %K Stk sk Kok sk ok KAk X Ak Kk X kKK Rk Jox XAk KA K
166 0000 0e586 2364 8¢ Os 8845 -284305 244 352 s ok skl o o 3 EP e e T 33 ek oK % EEE TR Rk ok %
2040000 De T4 2S94 75 0e 7931 -684 7159 244013 Foede ek ek e s Aok ok ok ok 7 3ok K 3K sete e 33y Aok X EET T TR ook doxk &
250 0000 0.383 374e4S 0. 5986 -1114 667 23, 657 oo feox e K e Kook sk demoond K EEES TR EERT IR ok Rk %
30,0000 Ce321 449,43 046219 -147.181 23e 467 KAk 3k 2k Ak e s R ok o ok ok ok 3% A dx 3K etk ek Aok ¥ Aok Aok ok ok 2ok Kok X

\O
o



WATER/FUEL
YOL, RATIO

be1027
1,0000
240000
4e 0000
84000
1240000
166 0000
20400092
25, 0000
300000

AVe FUEL
DENSITY
{GM/CCH

[

S+027
4s 977
3s318
14591
1106
Oe 766
Us 586
Cas74
0.383

0s321

TYPICAL LMFBR CORE DISCHARGE FUEL

H TO PU
RATIC

1s54
14455
29458
£945E
119.50
179,85
239,80
259675
374465

%494632

2000 WTe

PCT.

e 3¢ MOLAR BORCN INFe HWATER REFLECTCR

PUOZ IN (U+PUI02 RODS AT (a0 INs DIA.

ISGTCOPIC COMPOSITIONS {WTePLTe!

PLUTCNEIUM=238,239,4240+241,2427 1.00,60.00,27.005 700, 5,00

K- INFINITY

—— e e

1e 5142
le 1570
1.1352
161120
1. 0720
1e0135
0. 9509
0., 8507
Ce 8219

0. 7€10

URANTUM-235,238/ 0.20499,80

MATERTAL
BUCKLING
(MEx=2)

864 188
624 822
4By 577
434154
28,775
S5¢ 492
-20.1389
~454411
~T4e 696

~101.051

MIGRATION
AREA
{CMEx2)

59 659
214356
27, 767
256 947
25.01%4
244 5%3
240 304
244076
23, 841

23,653

EXTR AP,
DISTANCE
(CM)

9065
Le795
Be 647
Belal
7+ 530
Tolll
oo ek
o ok
e gk

Bgpdon ko

CRITICAL PARAMETERS (KEFfF=la01)
208 e e ok ok A A o 0K ok ok ok i ook o o e ol Rk ok ok o sk e e ok

MASS OF YOLUME RADTIUS RADIUS OF THICKNESS
PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
{KGH (LITERS} (CM} (CH) ECM)
1601451 634700 244775 16,841 15,711
107.3903 1224 882 30,841 2le 548 224046
118,082 201,722 360382 25,824 27735
91.932 2516737 39, 682 286469 31,34C
1084652 5564808 516 036 37e3CH 43450 4
1157.524 45684398 1264942 G56511 119,831

Ak ekt K oo seode okt e e ok ook R Aok Kok KR I &

A ok oo Ao e K S0 e ok sk Zeale o ke ook X e xc e Ko e 3% Aok Kok Xk

AR e e de e R de Rk K ek Je e ke dede e e ek ek ke Fodesk ok oo i

EEE LS 1 Hede ook Kk A % WA ok kxR o Sedek e LI R N



TYPICAL LMFBR CORE DISCHARGE FUEL Oe 30 MOLAR BORON INFs WATER REFLECTOR

2060 WTe PCTe PUDZ IN (U+PUID2 RODS AT (eQ (Ne DIA,

ISOTOPIC CCMPOSITIONS {WTePCTe)
PLUTONIUM=-238,239,240,241+1242/ 1400+160e00,27e00, Te00,s 5,00

URANIUM~2325,2387 G420,99,80

SAFE PARAMETERS (KEFF=0,95%
s s o oo ol ok o e ok 3 3ok Kok ek ok ok sk Kok R0k o K o ks St X oK Rk R sk ok ok

WATER/FUEL AV4GFUEL H TO PU K-INFINITY SAFE MIGRATION EXTRAP, MASS OF VOLUME RADIUS RADIUS OF THICKNESS
VOL, RATIO DENSITY RATIC BUCKLING ARE A DISTANCE PLUTONIUM OF SPHERE OF SPHERE CYLINDER OF SLAB
{GM/CCH {Mx%-2) {(CMx23 (LR ] (G} {LITERS) {CMy {CM} (CM)
............. dmce mmamemm e mmeces  cmmmeeme  —memeecee  cmmmemme e mema  mmamemam e e mmm e e cmamm————  ——————
Deil27 SeD27 leS4 ie5142 994 546 594659 9.06% 754211 474225 224 423 154049 134358
140000 44977 14456 1e16790 224913 21e 356 Be 795 524482 Tiel5& 25, 706 17617 154911
20000 34318 2GS 8 1e1352 70 154 274767 Be 647 584885 100,589 284851 204,059 204204
440000 16991 £9455 le 1120 €54 709 25647 Bel41 42,215 1204189 304614 214527 2244713
30003 1,106 119.5C 1. 0720 510337 254 LG8 74530 394150 20N 4632 354316 264036 284787
12490030 0.766 179.85 1.0135 27182 244 5G3 7elll B4,4943 6284778 534 146 33,018 464035
164 G000 0586 2394 8C Qe 9509 Go 404 244 304 3ok 3ok ok kax B sk e e et ok e o ke ok ke de e LELLET LS ookl ke 5k
20,0000 Co & T4 269475 0. 8907 ~254 940 244016 EEE T CE T AHAKKEE K ok ok R eAkEROR KK ORRE EER
254 0000 0383 374466 Os 8219 ~564 552 234 841 EETE LR Sk et e o e I ] SefRggckd xEdioRRk K

30,0600 0.321 449463 Ue TELD -B844117 23, €53 SoRRR Ak REREORRER  ERERRRR KRR KRR RRRARRKR goRlR ol %
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