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1. INTRODUCTION

The paucity of experimental data for the nuclear criticality control
of low enriched uranium operations necessitates the use of computed para-
meters, even for clean homogeneous spherical or cylindrical systems. It has
not been practicable to determine experimentally the critical parameters of
all geometric configurations and/or fuel concentrations that can occur
while processing or fabricating low enriched uranium compounds. Therefore,
computed critical parameters are widely used for guidance in establishing
nuclear criticality safety specifications. Under these conditions the
accuracy and reliability of the nuclear data and computational methods
must be assessed,

Because of the recent report by Thomas (1969) on the many, and sometimes
severe, discrepancies that exist between the calculated critical data reported
for plutonium systems, it was decided to survey the literature on 5 wt. rer
cent uranium dioxide systems to determine if similar discrepancies exist
in this data (Section 3). Preceding this survey is a discussion on the
experimental critical data (Section 2) used to check the nuclear cross
section data and computational methods used. Section 4 contains new cal-
culated data using the transport code ANISN (Engle, Jr. 1967) and revised
Hansen & Roach lé-group cross section data (ORNL ANISN XS Library X7210).

2. EXPERIMENTAL CRITICAL DATA ON LOW ENRICHED URANIUM SYSTEMS

Critical experiments with small concentrations of uranium-235 in
uranium-238 (4.89 wt.% uranium-235) have been made at Oak Ridge National
Laboratory (Johnson & Cronin 1964). The first set of experiments was on bare
and water reflected cylinders of U0,F, - water solutions. The uranium
concentrations in these experiments were in the range 0.5 g{(U) cm™ ® to
0.95 g(U) cm”®. The range was extended to higher uranium concentrations
with experiments on bare and water reflected U,0,~Sterotex mixtures (Stratton
1967) . Sterotex is a glycerol tristearate, (C;,Hy5C00),C4Hs, of Qensity
0.862 g em” ? and molecular weight 891.5. The density of the hydrogen in
Sterotex is 0.1072 g em™ ®. The two powders were well blended and packed
in thin-walled (0.159 cm) aluminium boxes whose outside dimensions, in om,
were 20.32 x 20.32 x 20.32; 20.32 x 20.32 x 10.16; 10.16 x 10.16 x 10.16.
Thus, all experiments were parallelepipedal in shape and required a calculated
conversion to spherical geometry. The range of uranium concentrations now
covered by experiment extends to about 4.0 g(U) cm 3.

Experiments have been carried out also on uranium enriched to 2 wt.

per cent uranium-235. The critical assemblies were constructed of blocks



of UF, dispersed in paraffin to produce essentially homogeneous mixtures with
/U atomic ratios ranging from 4 to 20. The assemblies were self-supporting
rectangular parallelepipeds and contained no internal controls. The experi-
ments were performed both bare and reflected with hydrogencus material
(Michalczo & Lynn 1960). Also, two careful k experiments (Michalczo &
Neeley 1962) were carried out with U({2 wt.% uraniumj235)Fu—paraffin compacts
with an H/235U moderation ratio of 195,

Experiments at 3 wt. per cent uranium-235 consist of a single critical
assembly of UFu—paraffin {(Thomas & Lynn 196l) and a series of measurements of
km, the infinite multiplication factor, at several moderations for a uranium
trioxide {(UO,)-polyethylene (CH,) mixture (Neeley, Handler & Masterson 1961).
3. SURVEY OF PUBLISHED CALCULATED LOW ENRICHED OXIDE DATA

For this report, 5 wt. per cent enriched uranium dioxide systems have
been considered and, for easy comparison, the published critical data have
been reproduced in one format and presented in a number of tables and figures.
The calculated data are for uranium dioxide-water mixtures on an atom to atom
ratio and no consideration has been given to the resonance self shielding
effect of finely dispersed uranium dioxide particles in water (homogeneous
slurries).

3.1 UKAEA Handbook Data

The UKAEAR Handbook of Criticality Data (Chalmers, Walker & Pugh 1965)
contains provisional data for U(5 wt.% uranium—235)02—water mixtures. The
calculations were based on four group diffusion theory with the cross section
data being derived from the MUFT code for the three epithermal group and from
the SOFOCATE code for the thermal group (Chalmers & Walker 1964).

Very little information is available on the experimental data used by
Chalmers, Walker & Pugh to check the calculational method and cross section
data. In the preamble to the UKAEA Handbook of Criticality Data, the authors
say that data checks against known critical systems gave excellent agreement
at 5 wt. per cent uranium-235 but overestimated the reactivity by 3 per cent
at 2 wt. per cent uranium-235, It seems likely, therefore, that the above
experimental data describing uranium enriched to 4.89 wt. per cent uranium-235
and 2.0 wt. per cent uranium-235 were used as experimental data checks. The
method and cross section data were therefore checked over a range of systems
and enrichments to demonstrate their adequacy for calculating critical
data for U(5 wt.% uranium-235)0,-water mixtures.

3.2 calculated Data by Wallis

Critical data for U(5 wt.% uranium-235)-water systems (Wallis 1964) were



derived from transport calculations (DSN or DTK code} using the older set

of Hansen & Roach cross sections (1261). These cross sections were designed
for fast and intermediate critical assemblies and are considered inadequate
for most systems containing low or low-to-intermediate enriched uranium.
Tables 1 and 2 present the calculated data in the same format as in the UKAEA
Handbook of Criticality Data.

The calculational method and cross section data were checked (Stratton
1967) against the two sets of experiments on 4.89 wt. per cent uranium-235
over the range 0.5 g(U}) cem™ ? to 3.0 g (U} em 3. The experimental material
contains fluorine, carbon and aluminium and, as near as possible, the correct
amount of each of these was included in the homogeneous calculations. As
all the calculated data presented are in the one-dimensional form, the need
to convert the experimental configuration of right cylinders or parallelepipeds
to spheres is apparent; the means for doing this shape conversicn is based
on leakage calculations using theoretical buckling expressions. The important
guantity in the buckling expression is the effective extrapolation distance,
6', which is the sum of an extrapolation distance, §, and a reflector saving,
AR. For low enriched systems, the extrapolation distances are poorly known
but the errors from this source are expected to be small compared to the
average error of + 2 per cent on the experimental critical radius (Stratton
1967).

For the bare UO,F, systems, the ratio of calculated to 'experimental'

235

radius is 2.2 per cent high for low H/ U ratics but 1 per cent low for

high H/23SU ratios. For water-reflected UO,F, systems the calculation seems

238

excellent where the H/ U ratio = 524 but 2.6 per cent low where the H/235U

ratio = 1,025. For the U,0,-Sterotex mixtures also the calculation seems

relatively high for the lower g2 3%

235U.

U ratios and relatively low for the higher

values of H/

3.3 Calculated Data by Newlon

Newlon (1965) calculated the minimum critical cylinder diameters of
U(4.9 wt.% uranium-235)0,-water systems, with water reflection, using the one-
dimensicnal transport code, DTK, and the Hansen & Roach cross section data
(1961). The calculations included the effect of a 0.16 cm aluminium wall
cylinder (Table 3}.

The method and cross section data were checked for H/U = 24.6 against
the uo,F, solution experiment discussed above. A buckling method was used
to relate the experimental dimensions to the diameter of an infinite length

cylinder; the ratio of calculated to 'experimental' cylinder diameter was



1.0168. The calculation included the effect of the experimental aluminium
cylinder and the fluorine in Uo,F,.

3.4 Calculated Data by Habiger & Breton

Critical diameters of infinite cylinders of uranium dioxide (5 wt.%
uranium-235) -water mixtures were calculated by Habiger & Breton (1968),
assuming a 30 cm water reflector. The calculations were performed using the
transport code ANISN in the S4 approximation with l16-group modified Hansen
& Roach cross section data (see below). The results are presented in Table 4.

The modifications to the 1961 Hansen & Roach data were adopted by
Habiger & Breton because, prior to calculating the critical diameters of
the infinite cylinders, the uranium cross sections were checked by comparing
the results of computer calculations for uranium systems with the results of
critical experiments. The lé-group Hansen & Roach cross sections (1961)
tended to predict low values of k, for ORNL and PCTR experiments on slightly
enriched, undermoderated UF,-paraffin mixtures and uranium trioxide (003)—
polyethylene (CH2) mixtures. The theoretical value of k  for a U(Z wt.%

233 moderation ratio of 195 was

uranium-235)F,-paraffin assembly at an H/
~ 4 per cent lower than the experimental measurements. To improve the
agreement, the basic uranium-238 abscrption cross section in groups 8 to 12
was adjusted by applying reduction factors ranging from 0.49 to 1.0 (Newlon

& Mallet 1966), such that the computed and experimentally determined k., values
were in agreement. Groups 8 to 12 include the uranium-238 resonance region.
These reduction factors, which vary with the scattering cross section per
uranium-238 atom, I/Npg, are given in Appendix 1 of Newlon & Mallet (1966).

3.5 Calculated Data by Dubovskiy

Using a multigroup Pn transport code, Dubovskiy et al. (1967) calcﬁlated
the critical parameters for mixtures of U(5 wt.% uranium-235)0, and water,
with full water reflection. Two oxide densities were chosen to give an
indication of the influence of U0, density on the critical parameters. The
calculated data are summarised in Table 5.

The calculational method and cross section data were apparently checked
against the ORNL uo,F, experiments for 4.89 wt. per cent uranium-235.

4. AAEC CALCULATIONS

Criticality calculations (keff) have been carried out using the transport
code ANISN in the 54 approximation with lé-group revised Hansen & Roach cross
section data (ORNL ANISN XS Library X7210).

ANISN solves the one-dimensional Boltzmann neutron transport equation

in slab, sphere, or cylindrical geometry. The source of neutrons, defined



by the uranium-235 fission spectrum, and the neutron velocities used in the
code aregiven in Hansen & Roach (1961).

Accuracy can be improved by increasing the number of spatial points in
a problem, by increasing the number of angular segmentations, by imposing
rigid convergence criteria on the solution and by the inclusion of anisotropic
scattering for hydrogen. Calculational surveys are usually done with the s4
approximation, moderately tight convergence criteria and sufficient space
regions so that fractional changes in ﬁeutron flux per space interval are
about 10 per cent.

The revised Hansen & Roach cross sections were obtained from a cross
section tape (ORNL ANISN XS Library X7210) which contains two sets of cross
sections for uranium-235 and uranium-238; the 'R' (revised) is the preferred
set. To take into account resonance shielding, the tape contains labelled
sets of lé-group cross sections of fissionable isotopes corresponding to a
range of Sig P values (Sig P specifies the total scattering cross section per
absorber atom). The cross section data used for isotropic and anisotropic
hydrogen were averaged over a 1/E spectrum,

To obtain an indication of the effect of cross section data changes on

calculations for low enriched uranium dioxide systems, k calculations

(54 approximation, convergence criteria of 10'3, 150 mesgf;oints) on a
spherical U{5 wt.% uranium-235)02~water mixture were carried out with a
number of data assumptions; the results are presented in Table 6. The
critical radius taken for the reflected uranium dioxide sphere was that given
by Wallis (1964). The potential scattering cross section of the absorbing
mixture per atom of uranium-235 and uranium-238 (Sig P) was calculated to be
4,050 barns and 213 barns respectively.

Runs 1 and 2 indicate the different effect of using Connolly's (1964)
tabulated form of Hansen & Roach data, and the revised Hanszsen & Roach data
(ORNL ANISN XS Library X7210) for uranium-238, For the Sig P values applicable
to this case, the only difference is a decrease in the absorption cross section
in group 10 from 8.8 barns to 6.2 barns. As would be expected, the lower the

uranjium-238 absorption cross section the higher the value of kef Therefore

the preferred data set (B. McGregor, AAEC private communication)ffor a
critical size search would give a lower critical mass.

The recent cross section libraries basgd on Hansen & Roach data are in
tabular form and contain uranium-238 cross sections for Sig P = 20, 40, 60,
100, 200, 400, 600 etc. barns. If the potential scattering cross section of

the absorbing mixture per atom of uranium-238 lies between 100 barns and



200 barns, then there will be an associated error should either 100- or
200-barn uranium-238 cross sections be used. An indication of the difference
is shown in runs 2 and 4. The same effect is apparent in the use of uranium-
235 cross sections (runs 2 and 3) but to a lesser degiee for low enriched
uranium dioxide-~water systems. Runs 2 and 5 indicate the effect of using P0
and P, cross section data for hydrogen for this water reflected U0, ~water
mixture. 7

In the éalculational survey, the total uranium concentration was chosen
to give exact values of Sig P, available in the ANISN cross section library,
for uranium-238. The uranium-235 cross section data used were those nearest
the calculated Sig P value for the absorbing mixture. The cross section
identification numbers used in the calculations are contained in Appendix A.
Tables 7, B and 2 contain the AAEC critical values forxr bare and water
reflected U(5 wt.% uranium—235)02-water mixtures.

5. CONCLUSION

The results obtained from the literature search and the AAEC calculations
are presented in Figures 1 to 8.

Comparison of the critical volumes for reflected and bare systems (Figures
2 and 6) shows the difference between the calculated critical values. The
difference is significant for critical values obtained by using anisotropic
hydrogen and isotropic hydrogen for total uranium concentrations less than
2 gem B,

The critical cylinder diameters, for bare and water reflected systems are
shown in Figures 3 and 7. At 4 g(U) cmfa, a discrepancy of 4.1 cm exists
between the values of Habiger & Breton (1968) and the AAEC anisotropic values
At 4.21 g(U) cm 3, the uranium-238 cross section used had a Sig P value of
100 barns. Habiger & Breton used Hansen & Roach cross section data (196l1)
with the uranium-238 absorption cross sections in groups 8 to 12 multiplied
by a reduction factor of 0.7l. The total uranium concentrations used by
Habiger & Breton to produce their critical diameter curve do not have Sig P
values available in the Hansen & Roach cross section library,and it is most
likely that interpolation was used to cbtain the absorption cross section
for the calculated Sig P value of the mixture. The data used for the AAEC
calculations alsc used Hansen & Roach cross sections with the uranium-238
absorption cross sections revised in groups 8 to 12. For Sig P = 100 barns,
the significant difference occurs in groups 8, 11 and 12 as shown in Appendix
B. The smaller critical diameterwould be expected from Habiger & Breton

because of the overall smaller absorption cross sections in groups 8 to 12,



which includes the resonance region.

If Habiger & Breton's uranium-238 modified cross sections (JKR modification)
are correct, then the critical cylinder diameters calculated by the other
groups are not conservative. Likewise, the critical masses and volumes for

uranium concentrations above approximately 1.5 g(U) em 3

are not conservative.
Experimental checks above 1.5 g(U) cm™® are based on the U, 04~ Sterotex
assemblies. According to checks by Stratton (1967), the calculated critical
radius using Hansen & Roach cross sections (1961) was about 5 per cent high
at a total uranium concentration of about 3 g em 3. Habiger & Breton's modi-
fied Hansen & Roach cross sections would reduce the critical radius at

3 g(u) em” ¥, but additional experimental checks are required before the JKR
modified data are accepted.

It may be necessary to do additional homogeneous criticality experiments
on low enriched uranium systems to check the applicability of the Hansen &
Roach data sets outside the ranges of enrichments and concentrations already
having experimental data.

This study of 5 wt. per cent uranium-235 calculated criticality data
demonstrates a clear need to check and intercompare published calculated data
for all types of systems before they are applied to practical situations.
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TABLE 1

URANIUM DIOXIDE - WATER MIXTURES

FULL WATER REFLECTED SPHERES

Atomic | Total U 233y Critical | Critical | Critical | Critiecal
Ratio [Conc. Densit Radius Volume Mass Mass
H/U (g em™ ) (g em ) (cm). . | (litre) | (kg 2%°0) | (kg W)
0.55 7.95 0,.3973 94.73 3,560.801{ 1,414.7 28,294.0
0.91 7.16 0.3580 51.28 564,85 202.22 4,044 .4
2.74 4.78 0.2389 25.98 73.45 17.55 351.0
8.37 2,38 0.1190 19.70 32.02 3.810 76.2
19.53 1l.19 0.0597 19.91 33.06 1.974 39.44
39.20 0.60 0.0299 24.95 65.06 1.945 38.9

Uranium contains 5.0 wt.% uranium-235; 20.3 cm water reflector.

TABLE 2

URANIUM DIOXIDE -~ WATER MIXTURES

UNREFLECTED SPHERES

Atomic | Total 235y Critical| Critical |Critical | Critical
Ratio Conc. |Densit Radius Volume Mass Mass
H/U | (g em™ )| (g em™ ) (cm) (litre) |(kg ?35u)| (kg U)
0.75 7.49 0.3745 70.08 1,442.00 539.92 10,798.4
1.25 6.55 0.3275 48.04 464 .43 152.10 3,042.0
2.5 4.98 0.2493 32,92 149.45 37.26 745.2
5.0 3.37 0.1687 26.17 75.08 12.67 253.4
10.0 2.05 0.1025 23.63 55.27 5.67 113.4
20.0 1.15 0.0574 24.00 57.21 3.324 66,48
30.0 0.80 0.0399 26,20 75.34 3.006 60.01
45.0 0.55 0.0273 31.03 125.16 3.417 68.34

Uranium contains 5.0 wt.% uranium-235.




TABLE 3

CRITICAL DIAMETERS OF INFINITE CYLINDERS OF URANIUM

DIOXIDE - WATER MIXTURES, FULL WATER REFLECTION

Atomic Total U | Cylinder
Ratio Conc. Diameter
B/U (g em 3 (cm)

3.05 29.72

2.50 27.94
10 2.15 27.43
12 1.85 26.92
15 1.55 27.18
18 1.30 27.69
24 1,02 29.46

Uranium Dioxide Density

Water Density

= 9.7 g cmi

3

= 0.998 ¢ cm °

Uranium contains 4.9 wt.% uranium-235

Aluminium cylinder wall thickness = 0.16 cm.

TABLE 4

CRITICAL DIRMETERS OF INFINITE CYLINDERS OF URANIUM

DIOXIDE - WATER MIXTURES, FULL WATER REFLECTION

Uranium | Atomic Total U |Cylinder
Dioxide | Ratio Conc.  |Diameter
Volume % | H/U (g em™ %) | (cm)
5 52.25 0.4804 50.60
10 24.75 0.9608 29.21
20 11.00 1.9216 25.60
30 6.40 2.8824 26.19
40 4.10 3.8432 28.40
60 1.85 5.7648 38,61
Uranium Dioxide Density = 10.9 g cm ®
Water Density = 1.0g cm®

Uranium contains 5.0 wt.%

30 cm water reflector.

uranium-235




TABLE 5

URANIUM DIOXIDE - WATER MIXTURES

FULL WATER REFLECTED SPHERES

U0, Density = 3.0 g em ? U0, Density = 8.45 g em” 3
U Conc. | Critical | Critical] U Conc. | Critical | Critical
(gem™ )|  Mass Volume | (gem™ ?)| Mass Volume

(kg ) (litre) (kg U) {litre)
2.40 - - 5.40 1,400 260
2.00 - 500 4,00 320 86
1.88 - 300 3.60 180 58
1.80 370 200 3.20 130 48
1.36 120 20 2.00 58 32
1.08 74 70 1.44 42 32
0.90 58 67 1.16 38 35
0.76 54 72 0.86 36 41
0.68 52 81 0.80 38 50
0.58 54 25 0.72 40 59
0.54 58 120 0.64 42 70
0.50 62 140 0.58 48 85
0.46 74 180 0.52 56 160

TABLE 6
URANIUM DIOXIDE - WATER MIXTURES
FULL WATER REFLECTED SPHERES
Run | Revised Hansen & Roach P0 or P1 keff R Core
Cross Section Data {cm)

1 U235~-10R  U238-5 Pg 0.9956] 19,7

2 U235-10R  U238-5R Py 1.0045{ 19.7

3 U235-9R U238-5R Py 1.0048] 19.7

4 U235-10R  U238-4R Py 1.0467 19.7

5 U235-10rR U238-5R P 1.0059 19.7

Uranium contains 5 wt.% uranium-235

20.3 cm water reflector

Water cross sections consist of Hansen & Roach H & O data

H/U atomic ratio 8.4

2.38 g(U) cm ®.




T O 6 £*0T = Aarsusg sprxoTg umIURIf

I009TIBT ISIBM WD (*0F

“GEZ-UNTURIN %*3M G SUTPIUOD UNTURIN

"eIEp O ¥ H Yoroy ¥ UISUPH FO ISTSUOD SUCTIOAS SSOID I93EM

C'99F | 97LLY| TT'8Y | 0S°8F | O°ELZ | €°PEE|SC°0F | Q0°E%| ¥#°T iv°'9 Jdz-8£zn ¥g-geezn
S"9TT| 9°€CT| OE°0E | T6°0E] 8709 9765 |OF°¥Z | 99°¢tC S°¢ 2% |jav-seen ¥e-S€eN
€19 | 6°TL L9°%Z | 08°92] L°EgE 6°Ct |¥8°6T 88°6T| 8 0g°z |as-sezn dq0T-5¢2ZN
- - - - - 6°9¢ - 9% 02| (LT B8E'T [y¥9-8E£Zn gz1-seen
S FS T°TL €8°EC | 0OL°GZ| £70¢ | T°9¢ |oz'el AR 414 LT 8€°T {d¥9-g8gen YIT~SEZN
€°G99 (0°€6 | 86 PT | O¥ 8Z| 8°LE | TI°¥S |£8°02 9% te =14 S6°0 [dL-sgen dcT-cEe2h
T°€TT | T°CTIC| TO'0E | 00" LE| T ¥L I°TFT [P0 92 0£°zZ¢ v 65°0 8-8£Z0 | FUT ¥x-9gZN
la 03 g 0a I3 0q ta 04 do-ggzn do-ggzn
(®13717) {ud) {@23171) (m2)
SumMT oA snTped aumytoA SnTpEY 0/H (¢ wo 5)
TeOTITID TeOT3ITID Te2TI3TID TEDTITID or3ed -ouop| ¥IEA UOROH ¥ USSUEH
axedg axeg poloeTIaN pa3oaTIod oTWO3V | N Te3oL

SHYEH4S Tavd ANV JEIOTIINE JALUM TInd

STINIXTW YII¥M - FAIXOIA WOINWYN

L dT9YL




TABLE 8

URANIUM DIOXIDE - WATER MIXTURES

INFINITE CYLINDERS

Total U | Atomic Reflected Bare
Conc. Ratio Critical Critical
(g em™ ) H/U Diameter Diameter
(cm) (cm)
Pl Py P Py
0.59 41 36.7 | 45.8 45,0 55.4
0.95 26 29,3 ]132.4 37.4 42.3
1.38 17 26.6 | 27.8 35.0 38.1
2.50 8 27.3 ) 26.4 36.8 38.2
4.21 3.5 33.9 | 31.2 45.5 46,1
6.41 1.4 56.1 | 50.3 72.7 73.1

Uranium contains 5 wt.%

30 cm water reflector

uranium-235

Uranium Dioxide Density = 10.7 g cm °.

TABLE 9
URANIUM DIOXIDE -~

WATER MIXTURES

INFINITE SLABS

Reflected Bare
, Critical Critical

Total U Ato?lc Thickness Thickness
Conc., Ratio (cm) (cm)
(g em ¥ | H/U

Py Pp P Pg
0.59 41 20.6 24.9 28.2 34.8
0.95 26 15.2 l6.1 23.2 26.3
1.38 17 13.3 13.0 21.7 23.6
2.50 8 13,2 11.4 22.8 23.6
4,21 3.5 16.6 13.6 28.4 28.8
6.41 1.4 29.4 24.8 46.2 46.4

Uranium contains 5 wt.% uranium-235

30 cm water reflector

Uranium Dioxide Density = 10.7 g cm
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APPENDIX A
CROSS_SECTION IDENTIFICATION NUMBERS USED
IN THE AAEC CALCULATIONS

Identification Material l Source of Data
Number

11 Hydrogen Hansen & Roach
12 Hydrogen ANISO 1 Hansen & Roach
13 Hydrogen ANISO 2 Hansen & Roach
20 Oxygen Hansen & Roach
92 U-238-5 §Sig P = 200 Hansen & Roach
a5 U-238~8 sig P = 1,000 [ Hansen & Roach
107 U-235-YR Inf Hansen & Roach
115 U~235-8R Sig P = 1,000 | Hansen & Roach
1le U-235-9R Sig P = 2K Hansen & Roach
117 U-235-10R Sig P = 4x Hansen & Roach
128 U-235~11R Sig P = 6K Hansen & Roach
129 U-235-12R Sig P = 10K | Hansen & Roach
119 U-238-2R Sig P = 40 Hansen & Roach
121 U-238-4R Sig P = 100 { Hansen & Roach
122 U-238-5R Sig P = 200 | Hansen & Roach
123 U-238-6R Sig P = 400 Hansen & Roach
124 U-238-7R 8Sig P = 600 Hansen & Roach







URANIUM-238 ABSORPTION CROSS SECTIONS IN GROUPS 8 TO 12

AFPENDIX B

FOR SIG P = 100 BARNS

Group |Hansen & | Hansen & Hansen &
Roach Roach Roach (R)*
JRK Mod.
0.923 .
- 2.059
10 . 5.112
11 . 3.195 .
12 - 5.822 .

* ORNL ANISN cross section library,

preferred data.
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