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* SUMMARY

As part of the Advanced Fuel Recycle Program, critical mass measurements

.fhave been made -of severa1 lattices cons1st1ng of mixed ox1de (Pqu-UOZ) fuel

" pins in water (1) “In add1t10n to prov1d1ng a re]1ab]e techno]og1ca] basis

for nuclear cr1t1ca]1ty control, these measurements are des1gned to prov1de

benchmark ‘data for validation of cross sectlons and calcu]at1ona1 techn1ques

used for m1xed p]uton1um and uran1um systems 1In order to character1ze some

of the ]att1ces more thorough]y, spatial fission rate distributions were

measured using solid state track recorders (SSTR). These fission rate traverses

cannot on]y be compared with ca]cu]ated shapes but since SSTR observat1ons

‘ prov1de abso]ute f1ss1on rates, the .data were a]so used as 1nput to the

‘.mu1t1p1e f011 unfo1d1ng code SAND II (2) to der1ve adJusted neutron spectra

The extreme]y h1gh sens1t1v1ty of the SSTR method affords in-situ d051metry

for crltlca] mass measurements with negligible spatial -and spectral perturbations.
The SSTR measurements were carried out using‘mica'track recorders with

isotopic f1ss1on dep051ts of 235U 238y, 232Th, and 237Np. Fissions in the

deposit create damage tracks in the mica, wh1ch can be counted under an optwcal

m1croscope after su1tab1e etch1ng (3) To measure spat1a1 and 1sotop1c fission
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rates simultaneously, it was necessary to adjust deposit thicknesses to obtain
-track densities.as close as possible to the optimum range for manual scanning.

The opt1mum range for h1gh .accuracy. results varies from 10% tracks/cm?:(to

‘ obtaln stat1st1ca1 accuracy) up to 2 x 105 tracks/cm2 (to avoid track pile- up)

-——-——_*_.,_,_,

In order to obtaln these densities, two types of depos1ts were used Th1n
deposits provide low fission track densities with negligible fission fragment
self.absorption. -The exact’maSS‘of such deposits‘must.be determined and, if
only part.of the‘track recorder'is_to he counted, the deposit must.be highly
uniform. The second.deposit type.is one'with a thichness greater than the
range of all tission‘fragments The sensitivity of these "asymptotic" foils
is 1ndependent of the thickness and has been previously determ1ned (3 4)

Results from exposures at the middle of the 1att1ce are Shown in Tab]e I
for two.p1tches;. In these measurements, each SSTR. was scanned by two independent
observers. Each~observer scanned roughly 103‘tracks so ‘that the statistical‘
prec1s1on~of the measurements is sl1ght1y greater than 2% Errors due to the )
| _uncertalnty in the mass of the f1ss1on dep051t as wellcas the error in the
opt1ca1 eff1c1ency of mica must a]so be cons1dered . In th1s manner, an overall
error-of roughly 3-5% (at the lo 1eve]) was attained for SSTR abso]ute fission
rate observat1ons 1n these cr1t1ca1 fac1]1ty stud1es. .

The measured f1551on rates were- 1nput to the SAND-II code together with
a starting- spectrum( ) ca]cu]ated w1th the KENO( ) Monte Carlo code.  The
SAND-II code produced an adJusted calcu]ated spectra] "shape wh1ch agreed with
the measured data Tab]e 1 presents these SAND II results for the thermal
~flux, flux of neutrons w1th energy greater than 0 ] and ] MeV total flux,and
the mean neutron energy. A detailed error ana]ys1s was not made, but .on ‘the
basis of similar.analyses, uncerta1nt1es in these spectra] va]ues are est1mated

to be 10-15% (1g).




. The extent of modifications in the calculated spectra may be inferred

by a comparison of measured and calculated 235y (n,f) to 23§U (n,f) ratios.
For.the 0.77 cm pitch lattice this?ratio was measgred to be 107 as compared
with the calculated (KENO) value.of 119, anlﬁlli difference. For the 1;90 cm
pitch these were 1140 measured and 1236 calculated, an.8% difference. At

other lattice positions, comparable.dfffereﬁces were observed. As indicated

by this one sbectra] index, therefore, the KENO ca]cylations produce a reasonable

approximation to tﬁe neutron spectrum. - Hdwever,:improvements in flux- spectrum
va]ues can be .obtained from SAND- II which may then be used for compar1sons
with ]att]ce calculations or in perturbat1on ca]cu]at1ons to derive effects
of poison or geometry changes

The resu]ts of this program to date have shown that accurate SSTR
measurements .of fission rates can be made in critical mass facilities at
very low exposure.levels. Such heasurements‘when cpmbined with the multiple
foil technfque have great potential for use es.additional behchﬁerkfdata L

for improvement;ahd validation of calculational techniques. -
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) Mid-Latticé-Fission.Rates and Group Neutron Fluxes

JESR . [

Irradiation CS2 Irradiation €S6

Lattice Pitch - 0.77 cm 1.90 cm
Relative Fission Rates: -~ . . ’ .

(fissions/atom-sec) = 15 . 1s

235 (p,f) ' ‘ _ - 1.28 x 10 2.28 x 10
. : : ‘ _17 _18

238y (n,f) ' ' S 1.19x 10 2.00 x 10
' : ; ' -18 ) -19

232Th (n,f) _ 3.60 x°10 4.00 x 10
o ' _17 : -18

237Np (n,f) - . 8.52 x 10 9.50 x 10

Relative Flux (n/cm2-sec)

Thermal 1.85 x 107 4.31 x 100

E> 0.1 MeV | ©9.04 X 10’ | 9.32 x 10°

E> 1 MeV 3.8 x 10 448 x10°

Total o ,.,“1;25Vx*1087' 2 x10

Average Energy (MeV) - _ 0.92 0.70
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