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ABSTRAGT

Uranium-238 effective resonance capture integrals were meas-
ured in rods of UCs, UC, and U-metal, Rod diameters were 0.355,
0.500, 0,750, and 0.9%0 inch. Simultaneously activated thin foils
of 2381 metal were the reference standards. The integrals included
corrections for foil perturbation effects, counter efficiencies,
and neutron spectra, which were determined from detailed measure-
ments and computations. Analytical fits to the measured integrals,
excluding the 1/v component, were 3.5 + 25.1 J8/My barns fer
U-metal, 5.25 + 24,35 V8/Myg_ barns for UOp, and 5.05 + 26.2 VS Mye
barns for UC, with § in cem® gnd ¥ in grame. The integrals for the
different chemical forms could not be ccrrelated by any simple
application of the equivalence theorem.
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INTRODUCTION

The resonance integral for 23%U capture is an important
parameter in the design and analysis of thermal reactors fueled
with natural uranium. Despite a number of careful studies, 1?2
the effective resonance integrals found for uranium metal rods
st1ll disagree outside thelr quoted errcrs. Thils report gives
effective 2287 neutron capture integrals of uranium metal, dioxide,
and monocarbide rods of various diameters that 1nclude slgnificant
alterations not made in earlier measurements. These alterations
include an extension of the surface-to-mass range of the U-metal
measurements, careful consideration of the actual resonance flux
energy spectrum, and detalled investigations of corrections to
various experimental variables. The integrals were determined by
the cadmium ratlo-activation method. The dilute resonance integral
of gold® (RI = 1490 *40 barns) served as the primary standard.

EXPERIMENTAL

The resonance integral measurements were made in the 3.00-1inch-
dlameter central axis irradiation port of the Standard Pile* (5P}
at the Savannah River Laboratory {SRL). The SP i1s a 5-foot cube
of graphite containing an annular core loaded with fuel discs of
fully enriched uranium and filled with H,C. At the irradiation
position near the center of the 8B the eplthermal neutron flux
gpectrum is closely proportiocnal to 1/BE from 1 ev to 2 kev. Above
o kev the spectrum exceeds 1/E.

The test apparatus (Figure 1) consisted of two aluminum
eylinders (holders) covered by 32 mils of cadmlum sheathing and
rigldly held in a "Teflon"* and aluminum rod assembly. The
measurements were made by simultaneously irradiating a 0.002-1nch-
thick depleted {0.19% 2°5U) uranium sample foll in a rod sectlon
[or an assembled packet of 0.500-inch-diameter, ©.002-inch-~thick
depleted (0.19% 2%°U) uranium foils] located inside the larger
sample holder and an 1dentical 0.500-inch-diameter foil in the
smaller reference holder.

The effectlve rescnance integral for the sample foll(s) was
calculated (after approprlate correctlons to be discussed later)

by

epl
o
areff _ (Act) g LB geeff
5 (Act)R o€P% R
S

¥ Du Pont's trademark for its flucrocarbon plastic.
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where the subscripts S and R refer to the sample and reference
foils, respectively. The ratio of the incident epithermal fluxes
¢§pi/¢epi was obtained from separate flux callbration experiments
uging an isolated foil in the sample holder. The ratio of the
specific activations (Act)g/{Act)y was determlned by counting the
5.3-day decay of 23°Np in a 90 to 116 kev window of a Nal scintil-
lation spectrometer. The folls were counted in the interval from

2 to 4 days following irradiation because this timing minimized the
fisslon product background and the counter deadtinme coggections. The
effective resonance integral of the reference foil RI% was obtained
from the expression by Hellstrand,® rreff = 4,05 + 25.1 JS?MU barns,
with 8 in cm® and M in grams. This expression had been used in a
previcus study® to represent the effective resonance integral for
the reference foils. In that study, effective resonance integrals
for 2987 nad been determined for vS/M values of 1.54% to 200 em/gt/ 2
(infinite dilution) by the cadmium ratic-activation technlque using
the dilute resonance integral of gold as the standard. The experi-
ment had been performed by irradiating the foils on a spinner
apparatus located near the center of the 8P, The Hellstrand
expression had been found to fit the measurements precisely for
V&/M values of 1.5 to 5.5 cm/gl/e.

Integrals were determined for natural U-metal rods 4 inches
long, natural U0z rods 4 inches long, and UC rods <4 inches long
with diameters of 0.940, 0.750, 0.500, and 0.355 inch. Integrals
were also determined for U-metal with an S/M range intermediate
between rods and individual foils by assembling 0.500-1inch-dlameter
foils into packets of varlous length, irradiating the packet in the
sample holder, and determining the average specific activation of
the packet by counting the individual foils. The S/M value for
each packet was determined from the dimensions and weight of the

assembled packet.




CORRECTIONS

Non-1/E Epithermal Flux Spectrum

The definition of a resonance integral 1s based on
a neutron energy distribution that variles as 1/E. Any departure
from a 1/E flux spectrum produces an error component in the
measured resonance integral. The percentage error is largest for
small ~&/M values. Earlier measurements of rescnance integrals
in the center of the SP had indicated that the epithermal flux
spectrum is closely 1/F from 1 ev to 2 kev.® The spectrum at
higher energies was computed using the CASINO Monte Carlc code.®
The following assumptions were made in adapting and applying the
code to the SP:

a) The reactor is infinitely long in the axial direction,
i.e., there is nc axial leakage.

p) The axial reflector is an extension of the core region.

¢) The annular core, made up of Hz0, aluminum, and *°°y,
can be homogenized on a volume welghted basis.

d} The infinite length, square, parallelepiped model
assumed for the SP can be replaced by an equivalent
cylindrical model that preserves the geometrical buckling.

Because the limitations of the code require that the source
neutrons be intrcduced in only one discrete locatlon in the fuel
region, a run was made for each of three different source locations.
The functlonal shape of the true source distribution was obtained
by a separate diffusion theory calculation using slab geometry,
and the spectrum for the distributed source was obtalned by graphi-
cal and numerical integration of the separate discrete source
spectra. Figure 2 shows.the computed epithermal flux spectrum
for each region in the SP, The spectra are normalized at 4.9 ev
which corresponds to the dominant resonance of gold which was used
as the primary standard. The coarse geometrical grid structure,
shown in detail in Figure 2, was necessary to obtain good statigtics.
The strong flux peaking at high energies in the graphite region
indicates that a significant fraction of the fisslon neutrons reach
the core with little cor no energy loss.

The computed flux spectrum in the SP was experimentally
confirmed by using the spectrum to calculate the resonance integral
ratio between a 0,500-inch-diameter, 2-mll-thick U-metal foil and
a 0.500-inch-diameter, infinite length U-metal rod, and then com-
paring the ratio tc a measurement of the corresponding activation
ratlio. The activation ratio i1s sensitive to the flux sgpectrum

- 8 -
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FIG. 2 MONTE CARLO COMPUTED EPITHERMAL FLUX SPECTRUM IN SP

because the foll is preferentially actlvated by low energy neutrons,
and the rod by hilgher energy neutrons. The calculation and measure-
ment were made at several radial locations in the 8P. To calculate
the 228U capture at each location, the effective 238y regonance
capture integrals used for the foil and the rod had to be divided
into small lethargy intervals. Therefore, above 10 kev, the BNL”
directly measured cross sections were usedj from 1 to 10 kev,
Vernon's® shlelded cross sections were used; and below 1 kev, the
NDA® nine-group shielded cross sectlons were used. The comparlson
between the computed integral ratlos and the activatlon ratics is
shown in Figure 3. The dlscrepancy between the measured and
compubed ratics near the osutside boundary of the 8P is qualiltatively
explained by the reflection of epithermal neutrons from the con-
erete walls back into the reactor. This reflection causes a

" relative increase in the near-thermal neutron flux close to the
reactor surface which is not included in the calculatlons.
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FIG. 3 MONTE CARLO COMPUTED RESONANCE INTEGRAL RATIOS COMPARED TO
EXPERIMENTAL ACTIVATION RATIOS

Resonance integral measurements in an enriched uranium
lattice in the Dy0-moderated Process Development Pile'® (PDP) at
SRL further confirmed the Monte Carlo spectra calculations ahd
the resonance capture integrals used in each lethargy interval
to correct the measured resconance integrals to 1/E flux integrals.
The Monte Cario spectrum calculated for the test region in the
FDP is depleted in the high energy component and differs markedly
from the spectrum in the 3P (PFigure 4). The effective resonance
Integral was measured in both spectra using the same set of 0.940-,
G.750-, 0.500-, and 0.355-1nch-dlameter U-metal rods. The PDP and
SP resonance integrals for U-metal agreed very well after they were
corrected to l/E flux integrals (Table I). The slightly lcwer
rescnance integrals from the PDP with the large rods are caused by
diffusion depressicn of the flux in the adjacent fuel; this
depression is not observed in the cavity at the center of the SP.
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TABLE T

Uranium Metal Rescnance Integrals Measured in SP and PDP

Rod RI RI

Dia, NEVTS No Spectrum Correction,* barns With Spectrum Correction,* barns
inch cm/g*’2 SP FDF SP FDP

0.940 0.298 13.72 #0.11 11,63 +0.11 12.06 +0.2% 11.57 +0.13
0.750 0.333 14.98 +0.11 13,15 +0.15 13,31 £0.22 13,03 ¥0.16
0.500  0.%08 16.79 £0.08 15.29 +0,18 15,07 +0.20 15,17 *0.19
0.355 0.485 19,11 +0.13 17.50 0,18 17.44 +0,23 17.35 +0,19

* Resonance integrals shown 1n this table and the reported uncertalintles are
for the purpose of the comparison only and do not include corrections
common to both measurements.




Counting Corrections

Deadtime

Deadtime corrections for window counting depend on pulses lying
ocutside the window as well as those actually counted in the window.
The gtandard two source method, utilizing depleted uranium source
foils identical to the foils in the resonance integral measurements,
was used to determine the counter deadtimes for the 90 to 116 kev
window bias. The effective deadtime (based on window counts enly)
varied with time, reaching a minimum of 20 pszec in 40 to 90 hours
after lrradiation.

Fission Products

Tne fission product activity contribution to the count rate
in the 90 to 116 kev window had been investigated previously by
comparing natural and depleted uranium activities®, This activity
was also studied by observing the fission product activity
deposited on aluminum catcher foils placed adJacent to the depleted
uranium., The flssion product contribution to the count rate was
negligibly small (<0.2%) when the folls were counted in the interval
from 2 to 4 days after irradiation,

Foil B8ize - Counter Efficiency

The foll radiocactlvity data were corrected for the wvarilation
‘in counter efficlency with foll dlameter. Experimental efflciency
factors were determined by comparing the measured specific activity
of the 0.940-, 0.750-, and 0.355-inch-diameter folls with the
specific activity of the 0.500-inch-dlameter reference folls. The
various sized folls had uniform source densities obtained by simul-
taneous irradiation in a uniform rescnance flux. Auxiliary
experiments using a 0.940-inch-diameter foil that had been irradl-
ated 1in a rod section showed that the nonuniform radlal disftributlon
of activation in the foil 4id not significantly affect the magnitude
of the correction.

Correction for RIl/V Component

The 1/v component of the resonance integral, 1f an l1sotropic
1/E flux 1is assumed incident on a 1/v detector, is given by

RtV _oF o VEJE..
o o Cd
where EC(1 = cadmium cutoff energy
co = absorption cross section at EO = 0.02583 ev
F = epithermal flux depression in the sample (Self—shielding)

- 12 -
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To determine E d,the effective (equivalent slab geometry, isotroplic
flux incidenceq cadmium thicknessgs §,of the 32-mil cadmium covered
eylindrical sample holder must first be determined. A sensltlve
method for determining & was developed by measuring the ratio
cd
RIsica
Cu

RI6

where RICu = measured resonance integral of a copper foll

B
located at the sample pesition in the holder
u
RIg+CG = similarly measured rescnance integral with a
known thickness of cadmium added 1n slab
geometry to each side of the copper foll*

An initial value of & was estimated and a final value was determined
by an iteration procedure using the measured ratio RI " /RIg'u

and a computed curve of ngg versus cadmium thickness for the copper
foil. Thls procedure gave a value of © = 19 mils, which corresponds
to & cadmium cutoff energy of 0.55 ev. Thils wvalue of & was further
confirmed by comparing the resonance activation of a copper foll
irradiated at the sample position in the test apparatus with the
activation of a similar foll enclosed in a 32-mil cadmium pill box
in the. same eplthermal flux.

The 1/v component of the dilute resonance integral of U-metal
was calculated to be 1.17 barns by using a cadmium cutoff energy
of 0.55 ev. The epithermal depression factors glven in Reference
5 were used to compute the 1/v component for the rod and packet
regonance integrals.

Resonance Shielding Correctlon

The rescnance activatlon of the reference foll 18 reduced
because the rod section located in the adjacent sample holder
shields the foil. (However, the reference foll does not appreci-
ably shield the sample foil in the rod section.) The resonance

* The copper rescnance Iintegrals were corrected for the
resonance shielding effect on the high energy copper rescnances
prcduced by the added cadmium. This effect was determined by
suppresslng the l/v contribution to the copper resonance
integral with boron absorber.

- 13 -



neutron flux at the reference foil is depleted by an amocunt
dependent on the solid angle subtended by the rod sectlon. A
correction to the activation of 1.4% was computed for the rods of
largest diameter (0.940 inech).

Finite Length Rod Correctlion

Resonance integrals for rods are generally determined for
infinite length rods for which end effects are negiected. An
investigation was undertaken to determine what effect a finite
length rod would have on the activation of a foil at the rcd
midplane. A first order computation of the effect was derived by
assuming that S/M is a valld parameter and that the resonance
integral is given by the explicit relation RI = A + B~ S/M where
A and B are constants. The rescnance integral of a rod of radlus

R and length L is given by

2L
2 —
TR

pL

where p is the denslty of the rod. The resonance integral of the
same rod with a thin foll of thiclkness AL inserted at the midplane

is given by
5 4+ 2(L + AL
RI(L + AL) = .

p{L + AL

If the resonance integral of the rcd 1s assumed to be unchanged
by the insertion of the thin foll, the resonance integral of ‘the
combined foil and rod sections is the volume welghted average of
the foll resonance ilntegral and the rod resonance integral, 1l.e.,

AL

+ m RI( AL)

RI(L + AL) =

The resonance integral of the foll 1s given by

RI(AL) = A + B~(S/M)_ x F(R/L)
where F(R/L) = 1+ R/2L

~1+ R/L

(s/M)_ = 2/pR (The surface-to-mass ratio of an
infinite length rod.)




The validity of the agsumption is improved as R/L 18 decreased
(i.e., the length of the rod inereased) or as AL/L 1s decreased (1.e.,
the foil thickness is peduced) . The term F(R/L) is a correction
factor to convert the measured resonance integral of a finilte
length rod using a thin foil to the integral for the infinite
length rod. In Figure 5 the computed function F(R/L) is compared
with experimental values of F(R/L) obtained by measuring the
resonance integral of various length 0.940- and 0.500-inch-dlameter
rods using 0,002-inch-thick folls. To make the comparison, the
experimental pesults were normalized to the resonance integral of
a U-inch-long rod. A value of A = 4.1 barns was used. The data
and the computations agree ¢closely enough to confirm the use of
computed correction factors for small values of R/L, and to Justify
the conclusion that a negligibly small correction factor is needed
for the 4-inch-long rods. A numerical estimate of the effect of a -
finite length rod was also made for the O.500-inch-diameter rod by
numerical lntegration using & technique similar to that discussed
in the next paragraph. As seen in Figure 5 the measured values
agree somewhat better with the computed approximation than with the
numerical estimate.

I | I ] T

25 Numerico! Estimaote /
0.500-in.7dla JRod

F(R/L)

Ny 1+ R/2L
F R/]_- —r—
/§ ¢ ! vIi+R/L

3 0.500-in-dia. Rod

& 0.940-in.-dio. Rod
o Normalization ot L=4.00 In,

R/L

FIG. 5 COMPARSION OF COMPUTED AND MEASURED
FINITE LENGTH ROD CORRECTIONS
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Foil Gap Correctlon

A procedure was developed to compute the correction to the
foil resonance integral to compensate for neutrons passing through
small ailr gaps which remain after the measuring foll 1s inserted
into the fuel rod. This procedure is indicated in Figure 6 where
% is the foil thickness in mean free paths. In the equation at the
bottom of the figure, ARI is the correction to the foll resonance
integral, and RI(r) is the radial distribution of the rescnance
integral in the rod. The integration 1s over all allowed angles
and over the entire foill radius. The computations were simplified
by assigning a single "average” resonance peak absorption cross
section amplitude,.camax, to all resconances, This average Cross

section is multiplied by the 238U atom area density to give the
effective nuclear thickness, x, of the metal foll in the dlagram
below, The "average" cross sectilon, o ax? "85 derived from the

measured depression (Figure 10) for an isolated 0.002-inch foll.
Doppler broadening is not explicitly included in the model, but its
effect is implicitly included because of the experimental basis for
the effective thickness.

MET: ]
FOIL e ]

ROD SECTION ¥
2R

'" R

Y.

2n Smax

'ZTf [RI(x)-RI{r) Jrdr o= f do f ( 25”‘9) 1, (E%‘-rﬁ)sinecosede
o) 0

0

ARI =

nfe f __X_

2 2s51n0 X .

- f e I0 (Zsine) sin6coseda
0

FIG. 6 GEOMETRICAL MODEL FOR COMPUTING EFFECT OF GAPS AT MEASURING
FOILS ON RESONANCE INTEGRAL
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The procedure was tested by introducing known gaps using
aluminum spacers of various thicknesses adjacent to the foil in
0.940- and 0.355-inch-diameter rod measurements. The measured and
computed gap corrections are compared in Figure T. (The measure-
ments have been slightly corrected for scattering and moderating
in the aluminum to convert the results to those expected for a
true air gap.) The data fit the computation even for the widest
gaps. These measured corrections confirm small (~0.15 barn)
corrections for the gaps (~0.0003 inch) in the actual rod
experiments,

|.00'in. diO\

0.35~in. dia.

ARI, barns

///§ ——= COMPUTED
S %/// MEASURED: -

$ 0.355-in. dio.

% | 4 0.9a-in. dia.

0 | !
0 0.05 CIo

d/R

FIG. 7 COMPARISON OF COMPUTED AND MEASURED GAP CORRECTIONS




Correctlion for Use of Metal Foils in UO, and UC Rods

Resonance integrals for U0, and UC are hard to measure.
Thin U0, or UC foils are difficult to fabricate. Thick folls
necessitate large gamma-ray attenuation correctlons. UQp or UC
rods are difficult to dissolve and count. Experimentally, metal
foils may be usged in successively thinner layers to extrapelate
to zero perturbation, but calculations show that the perturbation
is strongly nonlinear as a function of foil thickness.

£

The models used to compute the perturbation of a U-metal foll
in an UO, rod are shown in Figure 8. Figure BA with a thin oxilde
segment is the desired model, In a hypothetical equivalent model
(Figure 8B) this oxide segment is separated intoc metal and oxygen
sections, The equivalent model is valid if the collision proba-
bility for neutrons in the oxygen layer is much smaller than
unity, * and if the perimeter surface of the oxygen layer is small
with respect to the rod cross-sectional area, Finally, if these
conditions are satisfied, a nearly equivalent foll model (Figure 8C)
forms when the oxygen is removed. Thus, as a first approximation,

A IDEALIZED UG, ROD WITH UO, FOIL
?—;' w,  |uo, 'M_uo'z_—'_w'%—

B HYPOTHETICAL EQUIVALLENT CONFIGURATION
WITH U AND Op SEPARATED (SAME AVERAGE
U AND O DENSITY}

U02

|
NO
|
!
CHl
C
T

€ NEARLY EQUIVALENT CONDITION WITH Op
REMOVED (SAME AVERAGE U DENSITY]

FIG. 8 MODELS USED TO DETERMINE URANIUM METAL FOIL PERTURBATION
IN UQ, RODS

=

* This probability has, as a corollary, the required physical
condition that the probability for twe successive collislons
be negligible compared to the probability for only one.

+ An auxiliary requirement is that the effect of crystallline
binding on Doppler brceadening be the same for U-metal as for
UQ,. Auxlliary experiments show the effects are closely the
gsame for the rod sizes used.

- 18 -



the metal foll properly should have an alr gap on elther slde. If
no air gap is present, the effect of the metal foll in an oxlde
rod should be considered equivalent to a negative alr gap. Thils
consideration allows the computations for the alr gap correction
discussed earlier to be carried over dilrectly. The effect of the
energy exchange in the missing oxygen 1s computed separately 1n a
conventional fashion.

Radial Misallgnment ¢f Foils

Radial misalignment of the folls relative to the solld rods
was restricted to a maximum of 0.002 inch from the clearance
between the rods and the aluminum holding tubes. Visual observa-
tions suggested that the actual misalignment was only a fraction
of this amount. An experiment was designed to estimate maximum
errors in the derived resonance integrals accurately due to such
misalignment. To eatimate these errors a set of 0.002-inch-thick
depleted uranium foils were fabricated with dilameters of 0.4950,
0.4975, 0.5000, 0.5025, and 0.5050 +£0.0002 inch. The different
folls were alternately positioned axilally between the two 0.500-
inch-diameter natural uranium metal rods, and irradiated under
cadmiuvm. The measured specific actlvities, corrected to the same
neutron exposure, are compared In Figure 9 to the activity of the
0.5000-inch-diameter folil. The measured activity fellows the
expected shape, a nearly linear increase with radial migalignment
for the oversize foils and an abrupt inltial decrease for the
undersize folls. The dashed curves of Figure 9 were used to
derive by numerical integration the speclfic activity of an off-
center C.500-inch-diameter foil {solid curve Figure g).

As expected, the actlvations lost -due to indentation are nearly
offset by those gained in the protruding section. The net effect '
of misalignment is to give measured resonance Integrals that are
lower than the correct values. The maximum error for the 0.500-
inch-diameter rod is approximately O.2%.
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RESULTS

The U-metal integral measurements are summarized in Tables II
and IIT and are shown in Figure 10. (The foil data polnts repre-
sented by the open circles were obtained previously5 and are re-
plotted here with spectrum 1/V corrections applied.) The U-metal
rod and foil data clogsely fit the expression 3,50 + 25.1/JS7MU
for 0.3 < J8/My < 6.0. The 0.500minch—diameter foil packet data
fall below this fit for 0.48 < V§/Mg < 2.0 which demonstrates 2
dependence on the detalled geomelry. At higher~JS7M values the
data fit calculations of the type proposed by Roe5’11 when normal-
ized to the experimental infinite dilutiocn integral of 277 barns.
The uncertainty 1o the data pointe 18 approximately +3%.

TARBLE IT

Uranium Metal Resonance Integral Results - Rods

corrections, barus

Rod V&M, mrrotal ¥oil Size -

Dia, cm/g% Uncorrected, Counter Resonance 1/8 1V rIRes,
inch  (p=18.9) barns Efficiency Shielding _G3p Flux _ RI barns
0,940  ©.298 13.07 +0.65 -0.18 .0.08 -1.65 -1.06 10.73
0.750  0.333 14,70 +0.28 -0.13 0.10 -1.68 -1,08 11.99
0.500  0.408 16.79 0.00 -0.07 -0.15 -1,70 -1.10 13.77
0.355  0.485 19,13 0.00 -0, 04 _0.p0 -1.73 -1.12 16.02

TABLE IIT

Urenium Metal Resonance Intgg;gl Results - 0.500—inch-Diameter Foll Packets

NE/, prroted 1/5 Flux rrd/Y RITSS,
em/g} /2 Uncorrected, barns correction, barns Correction, barns barns

4 46 114.0 -2, 17 -1.17 115.7

3.18 86,90 -2.15 -1.17 83,58
2,04 56,75 -2,13 -1.17 53.45
2.03 57.15 -2.13 -1.17 53.85
1,47 42.73 ~-2.08 -1.17 39.50
1,20 35.63 -2,03 -1.16 32,44
0.942 29.26 -1.95 -1.15 26.16
0.725 23.27 -1.85 -1.1% 26.28
0.50k 20.48 -1.77 -1.12 17.59
0,537 19.60 -1.75 -1.11 16.74
0.48C 18,06 -1.73 -1.10 15.23
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Effective Resonance Integral, barns
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FIG. 10 EFFECTIVE RESONANCE INTEGRAL FOR URANIUM METAL

The UC, rod integral measurements are summarized in Table IV
and are shown 1n Figure 11. The data fit the expression 5.25 +
24, 35/JS7MUO The uncertainty in the data polnts 1s approximately
+3%. The equivalence theorem2 has been used to compare the oxide
results with the metal. The comparison was made by use of the
expression

(s,/M)IEIq = (s/1~:12=*‘3)uo2 + 0.0101 o x £{A)

where Op is the potential scattering cross section of oxygen in
parns per 2280 atom 1n the oxide {04{0p) = 7.6 barns) and r{A) is

a factor that corrects for the scattering effectiveness of the
oxygen moderator in removing neutrons from the 288 pegonance.

The equivalence theorem comparisons are shown in Figure 11. The
0.94-inch-diameter rod data is best fit by f(A) = 0.4, but the best
overall agreement is with f(a) = 0.3. These values compare to a
computed factor of O, 5513 and a negative value obtalned from a
gimilar analysis of the Bettis experimental results?
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TABLE IV

Uranium Oxide Resonance Integral Results - Rods

Corrections, barns

Rod  ~E/Y,, rrrotal Foll Size -

Dia, em/gZ Uncorrected, Counter Resonance Metal 1/E 1/v RIRES,
inch (p=10.3) barns Efficiency Shielding Gap Foil FPlux RI barns
0.940 0.403 17.00 +0.76 -0.23 -0.08 +0.31 -1.59 -1.10 15.03
0.750 0.452 18.58 +0,36 -0.16 -0.10 +0.38 -3.61 -l,12 16.31
0.500 0,553 21.22 0.00 -0.,08 -0.15 +0.54 -1.6% -1,13 18.75
0,365 0. 656 23.47 0,00 -0.05 -0.20 +0,74 -1.69 -1l.1h 21,13

1 | I |
30 —

Effective Resonance Integral, barns

FIG. 1

25—

20 —
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I l | ] l | I I

(/MG = (5/M2*B)y0, + 0.0I0Ioy x F(A)

04 05 06 O7 c8 09 1.O i
v S/M, cm/gi/e

EFFECTIVE RESONANCE INTEGRALS FOR UO, AND EQUIVALENCE

THEOREM COMPARISON
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The UC rod integral measurements are summarized in Table v
and are shown in Figure 12. The uncertainty in the data points
is approximately *4%. The data fit the expression 5.05 + 26,2
NS/Myc. The equivalence theorem comparlscn shows that a value of
£{(A) > 1.0 1s required for UC to agree with the metal.

TABLE ¥

Uranium Carblde Resonance Integral Results - Rods

Correctlons, barns

Rod rrTotal Foil Size -

Dia, + 5/ Ps Uncorrected, Counter Reacnance Metal 1/E 1/% To = rIRes,
inch em/g g/m barns Efficiency Shielding _Gap Folil Flux RI Length barns
0.940 0.354 13,40 16.54 +0.53 -0,23 -0,08 40,19 -1.59 -1.10 -0.07 14,19
0,750 0.396 13.3% 17.97 +0.33 -0.16 -0,10 +0.2% -1,61 -1,12 -C.0T 15.48
0,500 0.483 13,52 20,34 .00 -0.08 -0.15 +0.3% -1.65 -1.13 0.00 17.67
0.355 0.5T4 13.47 22,80 0.00 -0.05 -0,20 +0.46 -1,69 -1.1% 0.00 20,18

\

= Carbide
= RI=505+26.2/5/My¢ \ oF
g‘ 15 — ox/ \Mefal _
3 o o RIe354+251/5/M,
o
G
£ .
~10 —
[=
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T o Eq.Thm. Comporison to Metal; f(a}=1
5 ($/MIE®=(S/ME38) + 0.0101 o, x f(A)
0 | ] l | ] ] |
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FIG. 12 MEASURED URANIUM CARBIDE RESONANCE INTEGRALS AND
EQUIVALENCE THEOREM COMPARISON TO URANIUM METAL
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