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1. Criticality of Pu-U Nitrate Solution Con-
taining Glass Raschig Rings, R. C. Lioyd, E. D.
Clayton (BNW)

Criticality data on the effect of Raschig rings is needed
to more accurately establish nuclear criticality safety
limits in storing and processing fissile solutions. Experi-
ments being performed provide data on Pu-U systems
typical of the LMFBR fuels. These experiments make
use of Raschig rings in Pu-U nitrate solutions. The data
help establish the effectiveness of the fixed neutron poison
as a method of criticality control. The use of Raschig
rings permits handling larger quantities of material both
safely and economically. These experiments also provide
experimental benchmarks for validating calculational
techniques and cross-section sets.

The experiments were performed utilizing a 61.03-cm-
i.d. cylindrical vessel which was fully reflected with

stainless-steel cylinder was 0.079 cm. (A diagram of the
experimental setup is shown in Fig. 1.)

The Pu-U nitrate solutions contained between 30 to
38 wt% Pu in the Pu+U (**°Pu content of ~5.7 wt% and **u
content of U, 0.66 wt%). The Pu concentrations in the
nitrate solutions ranged between 83 to 92 g/liter. The
glass Raschig rings were 1.5-in. 0.d., 1.25-in. i.d.,, and
1,7 in. long. The glass contained boron in the form of
B20s; (1.5 wt%). This is equivalent to a nominal iwt%
boron loading in the rings. This concentration was chosen
for the experimental program instead of the more com-
monly used 4 wt% boron glass so that criticality could be
achieved with vessel sizes compatible with available
system equipment; i.e., 61,03-cm-diam cylinder. The
volu%le displacement of these rings in the vessel was
19.3%.

The criticality data are summarized in Table I where
the critical solution height is given for the various solu-

water on the sides and bottom. The wall thickness of the tions used. The isotopic analyses for the fissionable
TABLE I
Criticality of U-Pu Solutions in Raschig Ring-Filled Tank*
Total Critical
Experiment wt% Pu Pu Conc®P U Conc® Acid NO; Specific Height
No. in U+Pu (g/liter) (g/liter) Molarity (g/liter) Gravity (cm)
106 38.6 92.3 147 4.2 433 1.4691 57.56
107 36.4 89.9 157 4.1 425 1.4778 63.98
108 33.2 86.1 173 3.9 418 1.4820 70.48
109 31.6 83.7 181 3.8 414 1.4850 76.07
110 30.1 82.4 191 3.6 409 1.4995 79.78
111 30.5 81,7 186 3.5 394 1.4856 79.93
112 30.4 80.8 185 3.5 391 1.4812 81.51
113 30.4 79.4 182 3.4 384 1.4731 85.70
*Description of glass Raschig rings:
Boron Dimensions, in. Chemical Composition, wt%
Nominal Density Ring
{wt%) i.d. o.d. Length | (g/cm®) Si0. B:0s | AlOs Fez0s Naz0: | K.0 | Displacement
0.5 1.25 | 1.50 1.70 2,51 91,55 1.5 2.25 0.05 3.50 1.15 19.3%
AGd _ -4 Fe _ -2
ﬁ‘2'4XI0 bywt,ﬁ-l.Gb‘xlO by wt.
bysotopic analysis of plutonium in the fissile solution (wt% of Pu):
CIsotopic analysis of
Sample 692 Sample 694 Sample 697 uranium in the ﬁssll?
(Exp. 106-109) (Exp. 110) (Exp. 111-114) solution (wt% of Uk
29pu 93.951 93.901 93.840 28y _ 99,3117
#op 5.621 5.663 5.710 26y . 0.012
#lpy 0.348 0.362 0.376 28y . 0,665
242 0.061 0.059 0.058 2y - 0.008
*py 0.019 0.015 0.016
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0. 1379 materials, and the chemical composition of the glass
30.495 [ Raschig rings, also, are included in the table.

ALL DIMENSIONS INem There are currently few data for the effectiveness of
Raschig rings on the criticality of Pu~bearing solution
systems. The measurements reported herein provide the
only available data for code validation on Pu-U nitrate

RASCHIG solutions with Raschig rings.

RINGS

2. The Criticality Implications of Pu-U Carbide
and Pu-U Nitride Fuel Mixtures, S. R. Bierman,
B. W. Howes, E. D. Clayton (BNW)

UOINOL). - To date, the principal emphasis has been on the devel-

277732 WATER opment of mixed-oxide fuels for LMFBRs, and the criti-
H PmN03)4 cality safety efforts have been directed toward providing
data for criticality control on mixed oxides in the fuel
AND cycle. However, other types of fuels that may prove to
RASCHIG have advantages over the oxides are currently being con-
RINGS sidered. Two of these consist of mixtures of either
plutonium-uranium monocarbides or plutonium-uranium
mononitrides.

CYLINDRICAL
REFLECTOR TANK Although there are some limited calculational results

304-L STAINLESS STEEL available' for plutonium carbide and for plutonium nitride
l CYLINDRICAL VESSEL in the undermoderated range (0 to 20 H/Pu), there is no
information for plutonium-uranium carbide or nitride

49.53 | mixtures, No experimental criticality data that are
j appropriate to fuel cycle operations outside reactors exist
as yet for either fuel. To provide the necessary insight

AXIS OF for selecting and planning experiments, and to provide the
SYMMETRY interim guidance needed in development of the carbide and
nitride fuels, a series of survey calculations was initiated,

Fig. 1. The results of these calculations are described and com-
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Fig. 1. Spherical critical mass 15 wt% Pu + U.



