NUREG/CP-0028

Vaol, 2

Proceedings of the Fourth ASTM-EURATOM Symposium
on Reactor Dosimetry

RADIATION METROLOGY TECHNIQUES,
DATA BASES, AND STANDARDIZATION

National Bureau of Standards
Gaithersburg, Maryland
March 22-2€, 1982

Volume I
8209230011 820831
PDR NUREG
CP-0029 R PDR






NUREG CP-0029

Vol. 2
CONF-820321/'Vv2
Dist. Category AN

Proceedings of the Fourth ASTM-EURATOM Symposium
on Reactor Dosimetry

RADIATION METROLOGY TECHNIQUES,
DATA BASES, AND STANDARDIZATION

Volume 11

National Bureau of Standards
Gaithersburg, Maryland
March 22 26, 1982

Edited by
F. B K Kam

Manuscript Completed: May 1982

Date Published: July 1982

Prepared for the U S. Nuclear Regulatory Commission
Office of Nuclear Regulatory Reseerch
Under Interagency Agreements DOE 40-551-75 and 40-552-75
NRC FIN No. Bo415

Sponsored by

ASTM, Subcommitiee E10.05 on Nuclear Radiation Metrology
Joint Research Center of the Commission of the European Communities
U.S. Nuclear Regulatory Commission

U.S. Department of Energy, Office of Fusion Energy

US. Department of Energy. Office of Light Water Reactors
Electric Power Researc e
National Bureau of Sta ds

International Atomic Energy Agency

prepared by

Oak Ridge National Laboratory
Ouak Ridge, Tennessee 37830
operated by
Umion Carhide Corporation
for the
U.S. Department of Energy
Contract No. W-7405-¢ng-26




CONTENTS OF VOLUNME 11

SESSION B.2: BENCHMARKS AND NUCLEAR DATA

NBS ISNF and Cavity Fission 1.235 Standard Newtron Fields
", l' ”l(ull!\ el '1/

Neutron Spectrum Investigation in the Reterence Spectrum TEITN by Means
ol Recoll Proton Spherical Counters
I Alberr ot al

CFRMF Spectrum | pdate and Apphcation to Dosimeter Cross-Section Data Testing
R. A Aaderl et al

Average Neutron Cross Sections in the CF.252 Benchmark Field
W Mannhart

lllll‘l'l'nnﬂ~-H'I~Htl of the DLO-Moderated . Sources at the
N.B.S and at the SEFOR Calibration Center
W. E. Brandon et al

\ll.‘llnurnu;' Processing of ENDF 'B Dosinetry Covariances
D W Muir e al

The MOL Cavity Fission Spectrum Standard Neutron Field and its Apphications
i Ill-;"\ et al

Suprlementary Neutron Flux Caleulations for the ORNL Pool Critical \ssembly
Pressure Vessel Facility

P J. Maudlin and R. k. Macrker

\ Benchmark Experiment for Neutron Fransport i Iron. Carbon Steel and Sodium
J. Burian et al

ASTM Standard Recommended Guide on \ppheation of ENDF A Cross Section
and Uncertamty File: Establishment of the File
E P /1/:/;1 wott and W. N MeElroy

\ Benchmark Gamma-Ray Skyshine Experiment
I\' R \«l\ull et al

Companson of Measured and Fvaluated Spectrum-Averaged Cross-Section Data

W1 /1//: el el

Characterization of Reactor Neutron Spectra and Measurement and Evaluation
of Resonance Integrals
I. Ahmad et al

U pdated Results for the MOL-3X Benchmark and First Results of the
Connected | et EXperument
G De Leeww Gierts and S. De Leeun

597

619

655

665

689

699

(1]
ot



SESSION B.3: FUSION-I

Proposed Neutron Diagnostic Systems for JIET
O N Jarvis et al

Neutzon Flux and Spectral Measurements to Charactenize Irradiation Facilines
tor Fusion Materials Studies
I R Greenwood

Displacement Damage Calculations Using ENDF/B-V Cross Sections Including
Ihermal Capture and Beta Decay Effects
K. KA Smither and [. B Greenwood

SESSION €. 1: DAMAGE CORRELATION

Review of TAEA Specialists” Meeting on Irradiation Embrittlement and Surveillance of
Reactor Pressure Components, Vienna, Austria, 1921 October 1981
1. E. Steel

Investigation. on the Dependence of RPV Steel Embnittlement on Irradiation
Temperature and Neutron Exposure
J. Akl et al

standards for Materials Behavior Under Neutron Irradiation
P D Hedgecock and ] S. Perrin

Influence des Neutrons Thermiques sur la Fragihsation de L’Acier de Peau
D Etancheite des Reacteurs a Haute Temperature (H.T.R.)
{. Alherman et ul

Charactenisation D'Emplacements D' Irradiation en Spectres Neutroniques
et en Dommages
P Mas and R. Perdreau

Fvaluation and Uncertamty Estimates of Charpy Impact Data
F W Stallmann

Comparison and Limitation of [ neertainties in Surveillance and Lifetime
Prediction of LWR Pressure Vessels
W Schnewder

SESSION €.2: NUCLEAR DATA NEEDS AND PROBLEMS

Highlights from the 1AEA Advisory Group Meeting on Nuclear Data for Radiation
Damage Assessment and Related Safety Aspects
\ " AIN ’I"HH

Experience in Using the Covariances of Some ENDF B-V Dosimietry Cross Sections:
Proposed Improvements and Addition of Cross-Reaction Covanances
C Y. Fuand D. M. Hetrick

Spectrum - Integrated Helum Generation Cross Sections for °Li and '"B
m the Sigma Sigma and Fission Cavity Standard Neutron Fields

B. M. Oliver et al

- -
o

783

793

809

819

829

839

8ol

873

-~

i

889



Re-Evaluation of the Dosimetry for Reactor Pressure Vessel Surveiilance Capsules
R L. Simons et al

The TAEA International Reactor Dosimetry File (IRDF-82)
D. E. Cullen et al.

PSE Interlaboratory Comparison
L. S Kellogg and E. P Lippincott

SESSION C.3: FUSSION-1I

Tokamak Fusion Test Reactor Fusion Reactor-Products Diagnostics

H " Hendel et al.

Neutron Dosimetry for the TFTR Lithium Blanket Module Program
Y. D Harker et al

Fusion - Blanket Dosimetry Program at the Idaho National Engineering Laboratory
F Y. Tsang et al.

Fast Neutron Dosimetry of Spallation Neutron Sources
k- Hegediis
A Review of Helum Accumulation Neutron Dosimetry for Fusion Neutron Test

Environments

bW, I\qu” et al.

SESSION DU LIGHT WATER REACTORS-11I

Status of Regulatory Demands in the U.S. on the Appheation of Pressure
\essel |)1ne~|t!l¢'!r)

P N Randall

Neutron Exposure Parameters for the Fourth HSST Series of Metallurgical
Irradiation Capsuales

F B K. Kam et al

Charactenzation of the Neutron Environment Inside the Primary Contamment of
Caorso Nuclear Power Plant

E. Rorioli et al

Spectral Analvsis of a BWR Vessel
E. B. Norns

Mesure et Interpretation des Flux de Dommages dans le Simulateur de Cuve
P.W R. d'Oak-Ridge (ORR-PSF)
1. Alberman et al
A Briel Account of the Effect of Overcooling Aceidents on the Integrity
of PWR Pressure \essels
R D Cheverton

LWR Pressure Vessel Monitoning: Absolute or Relative Dosimatey?
W. Schneider

903

929

949

959

995

1011

1023

1035

1043

1051

1061

1071




SESSION D20 ADJUSTMENT CODES AND UNCERTAINTIES

SESSION HIGHLIGHTS




C.3: Fusion 11, Intense Neutron Sources for Fusion Radiation Damage Studies
R. Dierckx and I.. Greenwood

D.1: Réacteur a eau Légere 111
P Mas

D 2: Adjustment Codes and Uncertainties

V. Peulli and F. Schmatiroth

WORKSHOPS

Adjustment Codes and U neertainties
F.- W Stallmann

Spectrum Adpstment Procedures

W. L Ziyp and F. W. Stallmann

Nuclear Data and Benchmarks
I. Fabry et al.

LWR Survellance and Dosimetry
lrt Lowe and H. Tourwe

Nentron and Gamma - Ray Transport Methods

K. F Maecrker and M. Austin
A\LTHOR INDEX

ATTENDEES




Session B.2

Benchmarks and Nuclear Data




NBS ISNF and Cavity Fission U-235 Standard Neutron Fields

E. D. McGarry, G. P. Lamaze, C. M. Eisenhauer,
D. M. Gilliam, and F. J. Schima

National Bureau of Standards
Gaithersburg, Maryland

SUMMARY

A brief review and an update of the status has been given for the
standard U-235 fission neutron field and the Intermediate-energy Standard
Neutron Field (the ISNF) at the National Bureau of Standards. Recent im-
provements primarily deal with measurements and calculations done to better
understand uncertainties. Two basic nuclear-data measurements are reported.
The first, for an experiment in progress, is a 101 + 3 mb U-235 spectrum-
averaged cross section for the Ni-58(n,p)Co-58 reaction. The second is a

final but prepublication value of 0.513 + 1.8% for the Pu-240/U-235 fission
rate ratio in the ISNF.

INTRODUCTION

This paper discusses two standard neutron fields developed and
maintained at NBS, Gaithersburg, Maryland. The first is a U-235 fission
neutron spectrum. It is frequently referred to as the Cavity Fission
Source[]] because the neutron field is created by fissions in U-235
discs undergoing thermal neutron irradiation in a 30-cm diameter cavity
in the thermal column of the NBS reactor. The second standard field is
the Intermediate-energy Standard Neutron Field, referred to as the
ISNF.[Z] This field has most of its neutrons in the higher keV energy
range, similar to spectra within a fast nuclear reactor. The ISNF also
operates within the cavity in the thermal column.
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The emphasis of the present paper is on work in progress to
better understand these fields and to report briefly on results of

several recent experiments.

It is first necessary to realize that the fluxes or fluences in the
above mentioned fields are always measured with reference to two other
fundamental types of neutron standards: the Cf-252 fission sgectrum
from spontaneously fissionable, nearly jdeal! point swrces.[3 and source
strengths measurements by comparison with an international radium-in-
beryl1ium photo-neutron standard source in a manganeous-sul fate bath.

The Cf-252 sources provide the fundamental standard neutron fields.

Based upon knowledge of the well-known Cf-252 neutron energy spectrum, a
measured source strength, and a simple time and distance measurement,
fluences in the near vicinity of these sources can be certified to
nominally one percent accuracy. Such certification provides the means

for calibrating instruments or other neutron sensors in terms of neutron
flux units.[5] The calibrations, in turn, provide the means to accurately
measure fluences in the Cavity Fission and ISNF neutron fields.

THE CAVITY FISSION U-235 NEUTRON FIELD

Fig. 1 shows the source-detector capsule in detail. It also depicts
the capsule positioned, on the end of an aluminum rod, at the center of
the cavity in the graphite thermal column. Two disks of U-235 metal
(16 mm dia X 0.13 mm thick) are placed above and below a cylindrical
cadmium box, which encloses the passive detectors for exposure. Fission
neutron fluxes of ~ 2 x 10!9 n/cm?sec are obtained between the source
disks at a separatio,. distance of 1 cm. The neutron sensors, usually
thin (< 0.254 mm thick) foils up to 12 mm in diameter, are held in the
center of the cadmium pill box by an aluminum insert foil holder. This
insert is item A in Fig. 2 which shows the flux gradient between the two
fission disks as a function of distance from the bottom of the foil
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Relative Specific Activity of 58Co
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Measurement of the Flux Gradient
- Between the Fission Disks in the NBS
U-235 Cavity Fission Source. Experimental
Points Obtained with 0.076-mm Nickel
1660 Foils. Least-Squares Fitted Curve
Given by A =2091—9.015X + 0.0377X2

/ A = Relative Activity of 58Co
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F1o. 2. Distance in Mils (0.001 inches) from the Bottom (see Item A)
of the Aluminum Foil Holder Insert.
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holder. The gradient was measured by simultaneously irradiating[]3]

nickel foils each 0.076 mm thick. The total mass of nickel invelved is
representative of a characteristic loading of three or four 0.25 mm

foils and two 0.12 mm flux monitors, as shown in Fig. 1. This is important
because the effects of scattering within this small irradiation volume

must be addressed. Note also, the NBS cavity fission source is generally

not used for ron-threshold integral detectors when high accuracy is
required.

Scattering in the Cavity Fission Source

Tables IA and IB summarized a significant effort on the part of the
Monte Carlo Group, Los Alamos Scientific Laboratory to obtain scattering
corrections by the Monte Carlo transport theory method. The Cavity
Fission source contained the exact elements shown in Fig. 1. Table IA
gives the contributions to flux perturbations because of the inscattering
(as opposed to removal) of neutrons. The data in the table refer to
calculations at the location of the bottom fndium foil (see Fig. 1),

Table IB combines the inscattering effects into inscatter contributions

by material type and gives the total removal and the net flux perturbation
effect, which is 4,09 percent. Because of inelastic scattering, predominatly
in uranium and aluminum, there is an energy shift in the spectrum as

shown in Fig. 3. As before, this is the spectrum at the bottom indium

foil. By integrating the perturbed spectrum over cross sections of
pertinent neutron sensor materials one can determine the effect on a
particular isotopic reaction rate. Such effects may be negative or

positive. For example, a negative result may be obtained whenever

inelastic scattering decreases the neutron energy below the threshold of

a reaction. Fig. 4 is an attempt to graphically represent the trend in

the perturbation versus effective Tow-energy thresholds. The five data
points (open circles) are, from left to right, for the reactions Np-237(n,f),
In-115(n,n"), Ni-58(n,p), A1-27(n,x) and Cu-64(n,ux).
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Table IA. Monte Carlo Calculations of Neutron Scattering in the

HBS U-235 Cavity Fission Source
(Results as Determined at the Bottom Indium Foll)
s Flux Inscattered Eraction Part
Free Field Flux of Total (%) Thickness (mm)

Top Cadmium Box 0.0145 13.61 0.97
Bottom Cadmium Box 0.0140 13.15 0.61
Foil Holder, Alum. 0.0137 12.86 0.56
Bottom Nickel Foil 0.0135 12.68 0.25
Bottom Indium Foil 0.0097 9.1 0.13
Bottom Source Disk 0.0097 91 0.15
Second Nickel Foil 0.0069 6.48 0.25
Top Source Disk 0.0064 6.01 0.13
Third Nickel Foil 0.0063 5.91 0.25
Top Nickel Foil 0.0040 3.76 0.25
Bottom Source Holder 0.0025 2.34 0.28
Top Source Holder 0.0021 1.97 0.28
Top Indium Foil 0.0016 1.50 0.13
Sides Cadium Box 0.0011 1.03 0.76
Aluminium on Source 0.0005 0.48 0.03

Sum = 0.1065 Sum = 100.0

Table !B. Breakdown of Monte Carlo Scattering and
Removal Effects for Cavity Fission Source

Summary of Inscattering

(F lux lnscattered\)

Material
Free Field Flux

Nickel 0.0307
Aluminium 0.0231
Cadmium 0.0296
U-235 0.0161
Indium 0.0113
Total Inscattering 0.1108
Total Removal -0.0699

Net Effect 0.0409
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A Measurement of the Ni-58(n,p)Co-58 Integral Cross Section

Because of the frequent use of the Ni-58(n,p) reaction for materials
dasimetry(b] and because of a possible discrepancy between calculated
and measur 11ues.[7] NES is measuring the spectrum averaged cross
section for U-235 fission spectrum. Brief details of the experiment are
as follows:

1. Using the In-115(n,n')In-115* 4 5-hour half-1ife reaction, a germanium-
lithium (GeLi) detector was calibrated in terms of its response to
C§-252 flux. The indium reaction is used because of its reasonably
good sensitivity to a 2 X 10% n/sec Cf-252 source; also because the
ratio of spectrum averaged cross sections in the Cf-252 and U-235
fields is nearly one (e.g., 1.05) and is believed known to one
percent.

2.  Nickel was irradiated in the cavity fission source to a fluence of
5 X 10'5n/cm?. The In-115(n,n') reaction was used as the flux
level monitor and a fission chamber monitored the reactor power
level,

3.  One of us (F. Schima) determined the absolute specific activity of
the 70.78-day 810-KeV Co-58 activity in the nickel foil.

4. The U-235 fluence was determined from a time and the indium-115*
activity as measured on the Geli counter.

5. The ratio of the two results is the desired spectrum averaged cross
section.

The results of the subject measurement are summarized in Table II.
The necessary corrections and adjustments are indicated with the sources
of uncertainty. The present value of 101 * 3 mbarns is significantly
less than the current best accepted experimental value of 108 + 5 mbarns.
On the other hand, calculated values whose variation depends more on the
choice of the form of the U-235 spectrum than particular cross section
set, range from 100 to 105 mbarns. Investigation of Ni-58(n,p) cross section
continues.

(8]



Table Il. Results of 58Ni (n, p) Cross Section Measurement
OUQ558N§(D. p) = 101 = 3 mb
Summary of Uncertainties

Source Contribution (%)

Source Strength of Cf

Cf Source to In Foil Distance
Statistics of In Activity Counting
OCfJOUQS of In (n, n’)

Scattering Correction for In at Cf
Scattering Correction for In in Cavity

1.1
0.4
0.5
1.0
0.8
0.8

|

N
(=

Total Uncertainty in Fluence

Efficiency of y Counting of 58Co
Statistics of y Counting of 58Co
Isotopic Abundance of 58N

Flux Gradient in Cavity

Scattering Correction for Ni in Cavity

NI OO0 O0O
(&) (0 o I “Ni ¢ o QRO Y
o ~~N O
o

Total Uncertainty in o
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THE INTERMEDIATE-ENERGY STANDARD NEUTRON FIELD

The important details of the ISNF are shown in the upper half of
Fig. 5. There are eight U-235 disks mounted symmetrically in the thermal
column cavity. They collectively produce about 6 X 10'in/s (fission
spectrum flux). In Fig. 5, the four disks not shown are directly behind
those depicted. Light-weight aluminum structures hold the boron-10 sphere
in the center of the cavity. The spectrum at the center of the ISNF is
shown in the bottom half of the figure. The total fast flux in the
central region is 7 X 10% n/cm?.s. The spectrum can be visualized as
follows. Fissioning in the eight J-235 sources would produce a pure
U-235 fission spectrum at the center of the cavity if it were not for
the thermal neutrons driving the disks and moderated neutrons from the
graphite. Scattering in the graphite produces a large spectral component
below ' MeV which further moderates to a near 1/E spectrum below 1 keV.
The thermal and 1/E components can effectively be removed by a boron-10
spherical filter.

Because the system has, essentially, a one-dimensional spherical
geometry and is composed of elements having weli known cross sections,
the spectrumtg] and its covariances[’ol are well known from discrete
ordinates calculations. Sensitivity studies and associated density and
dimensional measurements have now stimulated a refinement of these
calculations according to a slightly revised physical description of the
ISNF (see Fig. 6). Fig. 5 lists the changes made for the latest cal-
culations by LASL. Table III shows the effects of those changes. The
top part of Table 3 summarizes the most significant changes. The lower
portion of the Table lists absolute fluxes and spectrum averaged cross
sections for a variety of calculational models for both the older,
ISNF(1), and newer, ISNF(3), physical descriptions.
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PLUTONIUM-240 MEASUREMENTS IN THE ISNF

As for the ISNF Benchmark Field, we here report a new measurement

of the Pu-240 fission cross section relative to that for U-235. Table IV
gives the pertinent details, corrections made, basic experimental results
and uncertainties, and finally a comparison of the derived experimental
to calculated fission rate ratio for Pu-240(n,f)/ U-235(n,f). The

result is 0.513 + 1.8%(10 uncertainty).

Note:

upon

The experiment was conducted as follows:

The fiscionable deposits on 0.127 cm-thick steel backings wr

irradiated back-to-back in the NBS dua! fission chamber.

Although the ratio of Pu-240 to U-235 was desired, the experiment

was performed relative to U-238 to avoid difficulties with the low

energy response of U-235.

The irradiations were accomplished with the boron-10 shell in place

and with and without the eight U-235 fission sources. The difference

between the two types of irradiations experimentally compensates

for:

3.1 the effects of spontaneous fissions;

3.2 thermal neutron leakage;

3.3 response to reactor gamma rays and any unwanted fast neutron
contamination;

3.4 electronic background noise;

3.5 a small neutron contribution which is thought to be due to (n,a)
reactions producing alphas on boron-10, which in turn yield
neutrons.

Typical total backgrounds varied from 1.3 to 2.8 percent depending
the isotope.
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The final table (Table V), is given to further explain our interest
in the fission rate Pu-240/U-235 ratio rather than a direct comparison
of the Pu-240/U-238 ratio. There is a long-standing, unexplained, five
percent discrepancy in fission rate ratios relative to U-238. The data
in Table V, where available, support this contention. The experimental
uncertainties are on the order of 1.5 to 2.5 percent.

CONCLUDING REMARKS

Highlights of this paper are the new experimental results foi the
Ni-58(n,p) and the Pu-240(n,f) reactions. Both results demenstrate a
need for further investigations.

The value of 101 + 3 mb for the cross section of Ni-58(n,p) reaction
in a standard, U-235, fission-neutron spectrum is significantly different
than .he long-standing value of 108 + 5 mb measuremen®. by Fabry.
Additional work is in progress to try and further reduce the uncertainty
on our 101 mb value for the U-235 spectrum and we are performing a
comparable experiment in the even better known Cf-252 spectrum. Furthermore,
because our U-235 measurements are tied to the ratio of the In-115(n,n")
reaction in the U-235 and Cf-252 fields, we are planning to investigate
the indium measurements in these two spectra relative to the better
known response of Np-237(n,f).

The experimentally determined Pu-240/U-235 fission rate ratio of
0.513 + 1.8% for the ISNF fast reactor spectrum is in good agreement with
tne calculated result using ENDF/B-V cross sections.






10.

1.

614

REFERENCES

J. A. Grund), et al. "Compendium of Benchmark and Test Region Neutrom Fields for Pressure vessel
Irradiation Surveillance,” in LWR Pressure Vessel Irradiation Surveillance Dosimetry Quarterly
Progress Report,* July-September 1980, NUREG/CR-0551 (December 1978). i

€, M. Eisenhauer and J. A. trundl, “Neutron Transport Calculations for the Intermediate-Energy |
Standard Neutron Field (ISNF) at the National Bureau of Standards,” Proceedings International

ympos fum on Neutron Standa=ds and Applications, NBS Special Publ ication 493, U.S. Dept. of Commerce,

Washington, D.C. (March 1977).

J. A, Grundl, V. Spiegel, C. M. Eisenhauer, H. T. Heaton 11, D. M. Gi11iam, and J. Bigelow, "A
californium-252 Fission Spectrum Irradiation Facility for Neutron Reaction Rate Measurements,”
Nuc. Tech. 32, (March 1977).

R. H. Noyce, E. R. Mosburg, Jr., 5. Garfinkel, and R. 5. Caswell, “Absolute Calibration of the
National Bureau of Standards Photoneutron source. 111 Absorption in a Heavy water Solution of
Manganese Sulphate,” J. Nucl. Energy A/8, 17, 313 (1963).

J. A. Grundl and C. M. Efsenhauer, “Fission Spectrum Neutrons for Cross Section Validation and
Neutron Flux Transfer,” Conf. on Nuclear Cross Sections and Technology, Washington, p.C.; N8BS
special Publication 425, Vol. 1, p. 250 (March 1975).

¥. N. McElroy, et al., "LWR Pressure Vessel Surveillance Dosimetry Improvewent Program 1979 Annual
Report,” NUREG/CR-1291, HEDL-SA 1949, Hanford Engineering Development Laboratory, Richland, WA
(February 1980).*

A. Fabry, et al., "Review of Microscopic Integral Cross Section Data in Fundamental Reactor Dosimetry
Benchmark Neutron Fields,” Contribution to “Neutron Cross Sections for Reactor Dosimetry,” Technical
Report 1AEA-208, Vol. I, review papers, p. 233 (IAEA, Vienna, 1978).

A. Fabry, (CEN/SCK, Mol, Belgium), J. A. Grundl and C. Eisenhauer, (NBS, USA); “Fundamental Integral
Cross Section Measurements in the Thermal-Neutron-Induced Uranium-225 Fission Neutron Spectrum,”
Proceedings of a Conference on Nuclear Cross Sections and Technology, N8BS special PUblications

425, U.S. Dept. of Commerce, Washington, D.C., p. 254 (March 1975).

p. D. Soran, R. J. LaBauve, and D. C. George (LASL), and C. M. Eisenhauer (NBS), "Neutroni. “.alysis
of the NBS Intermediate-Energy Standard Neutron Fleld (ISNF)," Trans. Am. Mucl. Soc. 32 (June 1979).

8. L. Broadhead, J. Wagschal, “The NBS Intermediate-Energy Standard Neutron Field (ISNF) Revisited,”
Trans. Am. Nucl. Soc. 33 (November 1979).

W. L. 2ijp and J. H. Baard, “Nuclear Data Guide for Reactor Neutron Metrology. Part I: Activation
Reactions (1979 Edition)”; scientific Report of Commission of the Europea. ommunities, Nuclear
science & Technology, EUR 7164 EN, Luxembourg, Office of 0fficia) Publications of European Communities

(1981).

*Available for purchase from the NRC/GPO Sales Program, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555 or the National Technical
Information Service, Springfield, VA 22161.



NEUTROT SPECTRUM INVESTIGATION IN THE REFERENCE SPECTRUM
23-ITN BY MEANS OF RECOIL PROTON SPHERICAL COUNTERS
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Academy
of Scienceg of the GDR, Rossendorf near Dregden,
DDR=-8051 Dresden, POB 19, German Democratic Republic

= and
I. Garlea, Chr. Miron, Cs. Roth
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Committee of Nuclear Energy, Piteqti, POB 78,
Socialis* Republic of Roumania

ABSTRACT

In the fast neutron reference assembly XI-ITN
neutron spectra meagurements were carried out by
means of the Rossendorf recoil proton counter
gpectrometer. Spherical proportional counters were
applied. The enerpy range of 8.,,1400 keV wag cove
ered, containing about 85 % of the total lethargy
fluxo
The results have been compared with other experi-
mente (carried out by Marurele and Karlsruhe
groups), with calculations (ANISN, 100 groups,
ENDF/B-iII) and with the recommendead 2T -neutron
spectrum. The agreement with the results of other
experiments is rather good. The low energy limit
could be decreased from about 20 keV - as reuched
up to now = to 10 keV. In the low energy region
there are deviations from the recommended spectrum,

1. INTRODUCTION

Fast critical assemblies asg well as internationally
accepted reference confipurations are necesgsary for the
estimation, validation and adjustment of nuclear data
which are used for calculations of faat breeder reactors and
for reactor materials dosimetry.

In 1969, A. Pabry suggested a configuration! congisting of
spherical shells of natural uranium metal and of B4C which
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¥ige 1. Experimental ar=-
rangement of TI ~IT™ with a
spherical recoil proton coun-
ter in the centre

“e5 om thick; it is covered
from both sides by 1 mm
aluminium. As the T I -Mol
and the 22 -ITN assemblies
ghould be identical, the
B4C vibrocompacted spheri=-
cal shell was supplied
from Belgium. Teet meas=-
urements showed that 3T -
Mol and Z£ <-ITN are iden-
tical, also with regard tz
the neutronic parameters. 7

The Rossendorf Meas-
urements in ZT «ITN have
been carried out using
three different spherical
counters, i.e. a counter
with 100 kPa Hp (counter
of British origin 3P9), a
counter with 400 kPa H?2
(counter of British origin
SP2-4) and a counter with
1 MPa Hﬁ (counter of Polish
origin NOK 1043). As a power
monitor, a BFj counter was
placed in the outer part
of the pgraphite column at
a distance of 85 cm from
the centre of the TL ~ITN
assembly.

In the TI-ITN the gamma background was comparatively
high (about 1.5{uGy/a) 8o that the low energy limit of

leee2 keV usual

y attained in fast critical assemblies could

not be reached here, But nevertheless the value of 10 keV is
an improvement with respect to previous lower limits.

3¢ EVALUATION, RESULTS, COMPARISON AND DISCUSSION

The evaluation of the experimental data
ried out using the codes SUBTRA and DIPF-2,9,1

ag been car=
In order to

check the Rossendorf evaluation procedure our primary ex=
perimental data (multichannel spectra, results of enerry
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calibrativa) have 2 2n evaluated using the Mapurele proce=-
dure (code SPEC 4)11 as well., Within the usual error limits
(¢ 10 % above 40 keV) agreement could be reached, Purther
details about the measurements and the evaluation are re-
ported in ref, 12.

de take 100 group ANISN uoing ENDP/B-III data’ %
basis of calculation in order to compare different ZZ spec-
trum experiments with galculations. We make use of the
Karlsruhe measurements® and of the Magurele meagsurements.’
All the results have been related to the Rossendorf results
and have baeq normalized in enorg{ regions (represented in
ABBN groups))2 as broad as possible: ANISN calculation in
ABBN groups 6...11, Karleruhe experiments in groupe 6eee9,
Magurele measurements in groups eee10., Deviations from
Hossendorf experimental results are given in the table.

Table. Deviations from Rosasendorf experimental
results, given in percent

No. of E E E c
ABBN=- E!l&; -1 Eﬁill; - 4 EI!SEE& -1 ggﬂlﬁl -1
grgup Ross. 0883 Rogs. og8.

1 - - 2401 23.4
10 -606 - 2202 55.6
9 -705 -5.1 0.5 16.2
8 =544 =843 =643 =3e1
7 6.8 4.0 -1.4 -106
6 105 306 -100 -1400

It can be seen that all the experimental results a?ree
2§1te well, eppecially below 800 keV. The calculation by

ISN and ENDF/B-III gives a systematically too soft spec=
trum, i.e. too few neutrons about 1 MeV and too many neu=
trons below 100 keV.

Pogsibly the deviations of the ANISN calculation from
the Rossendorf results could be remgggd by a variation of
the inelastic scattering matrix of U in ENDF/B-I1II, @O
that the total inelastic scattering cross section wili be
decreagsed with decreasing energy. Concerning the influence
of such variations see ref 14.
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The Rossendorf experimental results hgvo also been
compared with the recommended Z =gpectrum y Which has been
normalized to the Rossendorf results in ABBN groups 6...11;
gee also the table and fig, 2, In the onorginrango

90¢e+800 keV the agreement is rather goad, group Ko. 10
(21.544446.5 keV) the recommended spectrum has been sube
stantially decreased in comparison to ANISN, but it is
8till higher than the results obtained by Magurele and
dossendorf groups. In group No. 1i (10...21.5 keV) the
recommended spectrum is higher than the Rossendorf results.
The reason for this is that in group No. 11 onli Belgéag
and Dutch measurements have been available unti now,”?»
which might be unreliable,

borw [ndem's(8u 1)
|

2l

J |
{ 0 2 o 2 | 8§
s T _y -

He

A -

R i T 7 & 5 Eled

Fige. 2. Comparison of Rossendorf experi-
mental results with recommended T2 gpectrum
and ANISN calculation.
ess Experiment Rossendorf, =--- Recommended

gpectrum, = « = ANISN calculation

4. CONCLUSIONS

In the $Z -ITN assembly measurements by means of the
Rlosgendorf recoil proton counter spectrometer have been
carefully carried out and eveluated.
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CFRMF SPECTRUM UPDATE AND APPLICATION
T METER CROSS~SECTION DATA TESTING*

R. A, Anderl, Y, D, Harker, D, A, Millsap,
J W Rogers and J, M, Ryskamp
EG&C Idaho, Inc,
Idaho National Engineering Laboratory
Idaho Falls, Idaho 83415 U,S,A,

ABSTRACT

The Coupled Fast Reactivity Measurements Facility (Cr¥RMF)
at the Idaho National Engineering Laboratory (INEL) is a
Cross Section Evaluation Working Group (CSEWG) beachmark for
data testing of dosimetry, fission=product and actinide cross
sections important to fast-reactor technology. In this paper
we present the results of our work in updaticg the CFRMF
spectrum characterization and in applying CFRMF integral
data to testing ENDF/B-V dosimeter cross sections, Updated
characterization of the central neutron spectrum includes
the results of neutronics caleulations with ENDF /B~V
nuclear data, the generation of a fine=group spectrum
representation for integral data-te.ving applications, and
a sensitivity and uncertainty analysis which provides a flux-
spectrum covariance matrix related to uncertainties and
correlations in the nuclear data used in a neutronics cal-
culation, Our application of CFRMF integral data to cross
section testing has included both conventional integral testing
analyses and least-squares-ad justment analyses with the
FERRET code., The conventional integral data-testing analysis,
based on C/E ratios, indicates discrepancies outside the
estimated integral test uncertnintx for the LLi(n,He).
1B(n,He), “"Tiln,p), ““Feln,y), "7Auln,y) and “Th(n, )
cross sections, The integral test uncertainty included
contributions from the measured integral data and from the
spectrum and cross sections used to obtain the calculated
integral data, Within the uncertainty and correlation specif-
ications for the input spectrum and dosimeter cross sections,
the least-squares-ad justment analysis indicated a high degree
of consistency between the measured integral data and the

ENDF/B-V dosimeter cross sections for all reactions except
“Bln,He),

* Work supported by the U.S, Department of Energy under
DOE Contract No, DE-ACO7-761D01570,
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1. INTRODUCTION

Ihe Coupled Fast Reactivity Measurements Facility (crrur) 02,
which is located at the Idaho National Engineering Laboratory (INEL),
is a zoned-core critical assembly with a fast neutron spectrum zone
in the center of an enriched 235y, water moderated thermal driver.
Approximately 95% of the neutrons in the central spectrum are between
4 keV and 4 MeV and the median and mean energies are 370 keV and 760
keV, respectively. The central neutron spectrum is & Cross—Section
Evaluation Working Group (CSEWG) benchmark field.

Measurements of integral reaction rates in the CYRMF have been
made and integral cross sections have been derived for fission-product,
actinide and dosimetry class materials of importance to fast reactor
technology. These integral data play an important role in the eval-
uation and testing of cross-section information for evaluated nuclear
data files. The dosimetry integral data, measured as part of the
Inter-Laboratory Reaction Rate Program’, are of specific importance
to dosimetry data development and testing for reactor fuels and
materials which are key topics for this symposium.

is to present the results of our work

in updating the CFRMF spectrum characterization and to demonstrate
the application of CFRMF integral data to dosimeter cross-section
data testing for ENDF/B-V. Characterization of the central neutron
spectrum is discussed in section 2 of this paper. This discussion
covers neutronics calculations, generation of a 620-grouE spectrum
entation, and sensitivity and uncertainty analysis' for the CFRMF,
The application of CFRMF integral measurements to cross-section data

h conventional integral testing and least~

testing has included bot
squares adjustment anzlyses with the FERRET code’. A discussion of

the conventional integral testing analysis is given in section 3.
Section 4 presents preliminary results of the least-squares—analyses.
Finally in Section 5 we present the conclusions of our work.

The purpose of this paper

repres

2. SPECTRUM CHARACTERIZATION

The CFRMF central neutron spectrum recommended for past data~
testing ana.yses” has been specified to be that resulting from a
transport calculation with ENDF/B-IV nuclear Jata. Generally, the
measured spectra have not been used because they cover a limited range
of the neutron energy spectrum, However, the measured spectra have
provided a means to assess, at least qualitatively, the accuracy in
the shape of the calculated spectrum over the applicable energy ranges.
In view of the complexities involved with using a benchmark spectrum
which is a composite of calculation and measurement, use of a calcul~-
ated spectrum for data testing provides a consistent framework in
which to evaluate different versions of ENDF/B, The major drawback
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to this approach is that the spectrum shape is subject to change because
the nuclear data used for the neutronics calculations vary from one
version of ENDF/B to another, In principle, this is also true for
measured spectra which rely on cross-section nuclear data in the
analysis of the spectrometer response,

The present work does not deviate from the above philosophy in
recommending calculated spectra for data-testing applications, In the
following three subsections we present an overview of our work in up-
dating the central neutron spectrum with respect to spectrum shape
and uncertainty specification,

2,1 Neutronics Calculations

A series of transport calculations has been done which utilizes
a limited set of ENDF/B-V nuclear data in selected regions of the
nuclear model for the CFRMF, Wherever ENDF/B-V data were not used,
ENDF/B~1V data were used., The primary purpose of the calculations
was to investigate the changes in the central spectrum shape due to
"ENDF/B=1V to ENDF/B=V" changes in the fission-spectrum shape

. : : 235y 238 10

representation and in the cross sections for o, U and ‘"B,

A secondary outcome of thesz calculations was a suitable "Version=
V" spectrum for data testing applications. The reasoning bzhind this
is as follows, The isotopes “*°U, “?5U and !B are major consitituents
of the uranium sleeve and boral which comprise the fast fi.ter aasenblyx.
As such their cross sections, along with the fission-spectrum shrpe for
“9U, are dominant factors in determining the shape of the neutron
spectrum at the center of the facility (see sensitivity analysis,
section 2,3), Although ‘!B, aluminum, and stainless steel are also
present in the filter assembly, their cross sections have a relatively
minor effect on the central spectrum. In addition, the only isotopes
in the thermal driver which have some impact on the central spectrum
are hydrogen, oxygen and aluminum and their cross sections are essent=-
ially unchanged for ENDF/B-V, Finally, the “’°U and ‘™ atom densities
in the driver are relatively low and they affect primarily the source
level at the driver-filter assembly boundary,

The calculational model used was a full core, 24 region, 193 mesh
point, one dimensional cylindrical representation of the CFRMF re-
actor”. Microscopic shielded cross sections for the materials in B
each region of the computational model were generated with the SCRABL’
and PHROG” codes using ENDF/B-IV and, as discussed above, ENDF/B-V
nuclear data. Central flux spectra were obtained from eigenvalue cal-
culations with SCAMP ' , a one dimensional Pl transport code, using an
$=6 approximation. The calculations were made in 65 eaergy groups with
0.25 lethargy spacing from 1,125 eV to 10.0 MeV., SCAMP calculations
were made for various combinations of input nuclear data, starting
from ENDF/B-IV based nuclear data for all regions ("Version-IV" cal~
culation) to utilizing ENDF/B-V nuclear data for 235y, “38y and 0B
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Figure 2, Ratio of group fluxes from transport calculation with
ENDF/B~IV nuclear data to group fluxes from transport caiculation
with ENDF/B-V nuclear data,

The broad-group spectra (65~group) generated in the transport
calculations with ENDF/B-IV and ENDF/B-V nuclear data were used as
base data for subsequent data-testing applications, Prior to their
use in the generation of the fine group spectra for integral data-
testing applications (sce section 3,), the spectra obtained from the
transport calculations were extended from 10,0 MeV to 20,0 MeV using
a Maxwellian fission function extrapolation for the "Version-1V"
case and a Watt fission function extrapolation for the "Version-V"
case,

2,2 Fine-Group Spectrum Representation

Conventional integral data testing requires the use of fine
group representations (e.g., 620~group energy structure) of benchmark
neutron field spectra, These representations are needed to derive
accurate computations of spectrum-averaged cross sections. Discrep-
ancies between measured and calculated spectrum—averaged cross—
sections can, in some cases, be attributed to the use of incorrect
weighting functions for cross—section collapsing computations or to
inaccuracies, because of interpolati%nlﬁcheme deficiencies, in the
fine-group spectrum representations  * .
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compilation of up-to-date integral reaction-rate data
measured as part of the ILRR program’ and derivation of
a consistent set of spectrum-averaged cross sections,

(2) characterization and specification of the CFRMF central
neutron spectrum along the lines presented in section 2.
of this paper,

(3) computation of spectrum—averaged cross sections using
"Version-IV" and "Version-V" spectrum representations anl
dosimeter cross sections from ENDF/B-IV and ENDF/B~V,

(4) estimation of the spectrum and dosimeter cross-section un-
certainty contributions to the uncertainty in each computed
integral cross sections,

(5) comparison of calculated to measured integral cross sections
and a consistency assessment of the integral test,

(6) characterization of the energy response for each dosimeter
reaction in CFRMF, and

(7) an evaluation of sources of discrepancies for such integral
data testing analyses,

A tabulation of up-to-date CFRMF integral data which was made
in the above study is given here in column 2 of Table 1, These
integral data correspond to a flux level in neutrons/cm’=s of
7.9 x 107 (+ 2,7%) for the HEDL-VI® irradiation. Spectrum-averaged
cross sections are then computed as the integral reaction rate data
divided by the flux,

Calculated spectrum-averaged cross sections were determined from
computations with group-average quantities for the neutron spectra
and the dosimeter cross sections as expressed in the 620-group energy
structure, The 620-group CFRMF central neutron spectra were derived
from transport calculations with ENDF/B-IV and ENDF/B-V nuclear
data as discussed in section 2 of this paper. The 620-group averaged
dosimeter cross sections were generated at Bsgoﬁmaven National Lab-
oratory for both ENDF/B~IV and ENDF/B-V data * ",

A comparison of the ratios of calculated to experimental integral
data fo. ENDF/B-V dosimeter data and the "Version-V" spectrum is
given in column 3 of Table 1. The values in parentheses are estimated
percent errors in each calculated integra' datum with the first vrlue
including only spectrum uncertainties and the second value includ ng
both spectrum and cross-section contributions. The spectrum unce ‘tainty
contribution was determine! by utilizing the flux covariance matr.x
generated in the sensitivity and uncertainty analysis discussed in
subsection 2,3, Dosimeter cross-section covariance matrices usea in
References 11 and 16 to estimate the cross-section contribution to the
calculated integral datum uncertainty were generated from ENDF/B-V
using the PUFF2 code'”, The cross-section uncertainty contribution,
as included in the second value in column 3 of Table 1 was generated
using dosimeter covariance matrices as generated by F, Schmittroth !’
in an effort to improve on deficiencies in the ENDF/B-V dosimeter
covariance files,
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Table 1. Summary of Integral-Testing and FERRET Analyses

for Dosimeter Reactions in CFRMF

Measured Ratio of

Integral Calculated-to-Experimental

Reaction Rate” Integral Data
Reacticn (rps/a) x 1015 Unad justed? Adjusted©
“Li(n,He) 74,82(1.1) 0,945 (3.3,3.9) 0.997(1.7)
Ug(n,He) 146,9(2,4) 0.864(3,5,3.7) 0,924(1,6)
“7A1(n,p) 0,06856(2,1) 1.087(8,7,11) 1.004(3,4)
“7Al(na) 0,01267(1.3) 0,991(9.1,11) 0,999(5,1)
458c(nyy) 1.841(1.9) 1.007(3,6,12) 1.002(2,6)
““1i(n,p) 0,2046(2,1) 0,952(8,8,12) 0,994(3,5)
““Tiln,p) 0,327(4,0) 1.287(3,.5,12) 1.034(4,4)
““Tiln,p) 0,00540(2,1) 0,911(9,1,14) 0.996(5.1)
““Feln,p) 1.368(1.1) 1.069(8,6,9.4) 1.001(2.9)
““reln,y) 0,480(1.5) 1.093(3,6,8.1) 1.007(2,3)
“Igaln,y) 7.18(2.4) 0,937(4.,0,6,6) 0,997(3.3)
““Niln,p) 1.886(1.1) 1.019(8,5,11) 0,999(3,0)
63Culn,y) 3,44(5.5) 1.020(3,6,9.5) 1.020(4.9)
HS5Inln,n’') 4,02(2,8) 1.015(7.3,14) 0,998(3,.8)
1 51aln, v) 21,4(2,5) 1,014(3,4,5.0) 1.018(2.,4)
97 Auln, ) 33,3(1.1) 0.9065(3.6,5.4) 0.997(2,0)
235Thin,f) 1.56(4,4) 0,973(8,1,10) 0,971(4,2)
¢32Th(n, v) 23.00(2.2) 0.870(3.4,12) 0,995(3,0)
235y(n, f) 122,1(1,4) 1.009(3,0,3,6) 1.014(1.6)
“350(n,f) 5.96(1.9) 1.059(8,0,8.7) 1.000(3,0)
2350(n,y) 17.2(2.5) 1.001(3,4,5.7) 1.011(2.6)
“37Np(n,f) 43,5(1.9) 1.106(4,7,11) 1.003(2,8)
239Puln,f) 142,3(1.6) 0.989(3,0,3.5) 1.006(1.7)
.676

Reduced £2

AMeasured rgaction rate corres
7.94 x 1017 (+ 2,77),

16.6

Values in parent

percent errors in measured integral data.

bUnadjusted Ratio:
"Version=5" CFRMF
Values in parentheses are est
first value i

integral data:

ponds to a flux level in n/caz-l nf
heses above are l-sigma

Calculated integral reaction rate is based on
spectrum and ENDF/B-5 dosimeter cross section,

contribution, second value includes

contributions.

cAdjusted Ratio:
CFRMF spectrum and dosimeter ¢
Values in parentheses are errors compu

analysis,

imated percent errors in calculated
ncludes only spectrum uncertainty

both spectrum and cross-section

Calculated integral reaction rate is based on using

covariance matrices,

ross sections as adjusted in FERRET
ted from adjusted
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Separate analyses were made in which the input spectrum used was
based on ENDF/B=1V nuclear data and on ENDF/B-V nuclear data as dis-
cussed in section 2, The 53-gioup epuctra werc gener=ted by collansing
the "Version=IV" and "Version-V" 620-group spectra specified in section
2, The spectrum covarianze matrix used was derived from the flux co~
variance matrix generated in the gensitivity and uncertainty analysis
described earlier., An interpolation program'’ was used to convert the
26 x 26-group covariance matrix into the 53-group energy structure
used for the FERRET analyses. In addition to making ad justment analyses
with this base spectrum covariance matrix, analyses were made in which
additional normalization uncertainty was included in the covariance
matrix specification,

Dosimeter cross sections in the 53-group energy structure were
generated by collapsing the 620-group ENDF/B-V cross sections with
the 620-group "Version-V" CFRMF epectrum. Covariance matrix spec~
ification for the dosimeters was accomplished in two ways: (1) pro-
cessing the ENDF/B-V covariance files with the PUFF2 code'” and (2)
utilizing a 53-group covariance library generated by F. Schmittroth® .

Most analyses weve made with the Schmittroth covariance library.

Partial results of the least-squares—ad justment analysis utilizing
all 23 measured integral data, the "Yersion-V" input spectrum, the
spectrum covariance matrix which includes an additional 3% normalization
uncertainty, and the Schmittroth covariance library are presented in
Table 1 and in Figures 3 and 4, The fourth column of Table 1 tabulates
the ratios of calculated-to-experimental integral data for which
adjusted spectra and ad justed dosimeter cross sections were used to
obtain the calculated integral data. Clearly, the least--quares
ad justment analysis indicates a high degree of consistency between
the measured integral data and the evaluated ENDF/®-V dosimeter cross
sections within the uncertainty specification and correlation con=
straints for the input spectrum and cross sections. The 'UB(n,He)
reaction is the only exception to this statement, This high degree
of consistency is indicated by the reduced x° of 0,676 for the ad~
justed integral data as compared to a reduced % of 16,6 for the
unad justed integral data. It should be emphasized that in the FERRET
analysis, both group fluxes and group cross sections are ad justed to
achieve consistency. For those cross sections with significant C/E
discrepancies and relatively large a priori uncertainties, ad justments
as large as 15% were made in group values,

Ad justments made to the input spectrum for the above analysis
are illustrated in Figure 3, It can be observed that the least~
squares analysis tends to soften the input spectrum somewhat. In
fact, the shape of the plotted ratio of adjusted to unadjusted
spectra is remarkably similar to the plot comparing the "Version-1V"
and "Version-V" spectrca in Figure 2, ,The reduction in the group wise
uncertainties, especially between 10  and 10 MeV demonstrates how

several dosimeter reactions with significant response in this energy
range improve the spectrum specification,
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Figure 3, Ratio of ad justed-to-unad justed group fluxes from FERRET
analysis with "Version-5" input spectrum. Input spectrum uncertainties
are indicated by the upper and lower bounds. Adjusted uncertainties
are illustrated by vertical lines through the group mid-energy points,

As an example of the impact of the least-squares adjustment
analysis on a somewhat poorly known dosimeter cross section, we show
the adjustments for the “°“Th(n,y) cross section. As noted from
Table 1, prior to adjustment there was a significant discrepancy
between the measured and calculated integral data., However, after
ad justment there was no discrepancy. To achieve this consistency,
a significant upward adjustment, as illustrated in Figure 4, was
made in the capture cross section within the a priori uncertainty
specification, This figure indicates both the energy range and the
magnitude of the adjustments required to make future evaluations of
the “““Th(n,,) cross section consistent with the CFRMF measured
integral data.

5. CONCLUSIONS

Conventional integral data testing analyses, based on C/E ratios,
reported here in Table 1 for ENDF/B-V dosimeter cross scctions indicate
discrepancies outside of the estimated integral test uncertainty for
“Li(n,He), 19B(n,He), “7Ti(n,p), S58Fe(n,), **/Au(n,y) and “3h(n, v).
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Figure 4, Ratio of ad justed-to-unad justed 2327Th(n,y) cross sections
from FERRET analysis. Input cross-section uncertainties are indicated
by upper and lower bounds, Adjnsted uncertainties are illustrated

by vertical lines through the group mid-energy points.

The integral test uncertainty includes contributions from the measured
integral data and from the spectrum and cross sections used to obtain

the calculated integral data.

Subsequent least-squares ad justment analyses with the FERRET code
indicate a high degree of consistency can be achieved between the
measured integral data and ENDF/B-V dosimeter cross sections for all
reactions except '“8(n,He). The flux and cross-section adjustments
made to achieve consistency in this analysis are all within the input
uncertainty specifications, It appears, however, that the a priori
uncertainty specification is too tight for '“B(n,He) in the keV to
MeV region. As illustrated in this paper for the - "“Th(n,y) reaction,
this type of analysis provides a good tool to specify both the energy
range and the magnitude of the adjustment required to make future eval-
uations of discrepant dosimeter cross gsections consistent with the
CFRMF measured integral data.

For the preliminary least-squares ad justment analyses reported
here, the input "Version-V" spectrum was ad justed in such a way that
the new spectrum is closer to the "Version-1V" representation than
were the input data, Furthermore, in a least-squares analysis in
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AVERAGE NEUTRON CROSS SECTIONS IN THE CF-252 BENCHMARK FIELD

W. Mannhart
Physikalisch-Technische Bundesanstalt (PTB),
3300 Braunschweig, FR Germany

ABSTRACT

Californium-252 spectrum-averaged cross sections were
measured for the reactions Mg-24(n,p), Mn-55(n,2n),Co-59(n,p),
Co-59(n,a), Co-59(n,2n), Ni-58(n,2n), N1-58gn,np), Ni-60(n,p),
Cu-63(n,u) and Zr-90(n,2n). The experimental results were
compared with calculations based on ENDF/B-V data and other
recent evaluations. Some of the results of this comparison
were used asa test for the shape of the californium neutron
spectrum above 8 MeV. In addition, the recent evaluation
of a best set of spectrum-averaged cross sections has been

expanded to 23 different reactions of importance in reactor
dosimetry.

INTRODUCTION

Integral data, i.e. neutron cross sections averaged over simple and
well-known neutron spectra, are of some use as additional information about
energy-dependent cross section data. In the case of the neutron benchmark
field of californium-252, a lot of experimental integral Aa+: is meanwnile
available. However, in investigating the situation in more detail, one
finds relatively often that our present knowledge of the integral value
of a specific reaction is based only on a single experiment /1/. In such
cases, there is an urgent need for additional experiments, particularly

because, as the present work demonstrates, some of these data have
to be regarded with caution.

The Cf-252 neutron spectrum is relatively well-established below 8 MeV
neutron energy. At higher energies, the direct spectrum measurements show
a large divergence, mainly due to intensity problems with the low number
of neutrons at these energies. The present measurementsof responses of
integral detectors at high neutron energies give valuable additional in-
formation about the spectral shape of Cf-252 at high neutron energies.

Careful integral experiments in the Cf-252 neutron field can be done
with relative uncertainties of the order of 2 %, whereas it is relatively
seldom that the uncertainties of energy-dependent cross section measure-
ments are better than 5 %. It is therefore of some advantage to include
such integral data more extensively in future evaluations of energy-depen-

6137
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dent cross section data. At the last ASTM-EURATOM Symposium, an evaluation
of a best set of integral Cf-252 data with regard to the data covariances
was presented for these purposes. This evaluation has been expanded and
updated. The result is given below.

EXPERIMENT

The irradiations were conducted at the PTB low-scattering outdoor
irradiation facility /2/. Instead of the formerly applied combination of
two californium sources, only a single source was used. The source was
encapsulated in a double zircaloy cylinder with outer dimensions of 10 mm
in diameter and 10 mm in height. The encapsulation was 1.5 mm thick. The
neutron source strength was approximately 2.0 x 108 s-1 on July 1, 1981.
Disk-shaped samples of high-purity metallic foils, 10 mm in diameter and
between 0.125 and 0.25 mm thick, were used. Irradiations were performed
with the sandwich method, i.e. each sample placed between two foils of
either aluminium or nickel acting as neutron flux density monitors. The
sandwich packets were almost touching the convex surface of the source
cylinder. The neutron fl?x densitx at the position of the middle foil was
of the order of 2.6 x 10 cm=2 s=1, For a sandwich packet consisting
of 0.25 mm thick foils, the neutron flux density gradient between the
outer foils was 17 %. Control measurements gave a high reproducibility,
i.e. the uncertainty of the neutron flux density at the position of the
middle foil due to geometrical effects was 0.3 %.

An essential advantage of the sandwich method is a cempensating
effect in most corrections. Only the ratio of ccrrections of a similar
order of magnitude influences the final results, and not the absolute
magnitude of corrections for scattering and absorption effects in the
source and the sample. The main corrections were perturbations of the
neutron spectrum emerging from the californium source due to scattering
and absorption processes in the source encapsulation, and absorption and
scattering events in the sample. Besides weak absorption, inelastic
scattering in the source encapsulation is mainly responsible for the
perturbations of the neutron spectrum. The result of a first analysis
is shown in Table 1. The ratio of the number of neutrons emerging from

the source encapsulation to that
fote §  Perturbations of the CF-252 nevtron spactrim e to - of a pure californium spectrum is
ST elastic seatiariog ond sbiorgton processen [ (RS SOV given as a function of the neutron
energy. A more detailed analysis of
‘ these effects is in progress. Where
WCA SN Nawir of o w1 sample and neutron monitor reactions
- - have similar energy response ranges,

i P the effect of spectrum perturbations

$ _— becomes fully compensated. Experi-
ki . mentally determined ratio measurements
B e of the reactions Ti-48(n,p) and

Au-197(n,2n) relative to Ni-58(n,p)

































INTERCOMPARLSON OF THE D»0-MODERATED 252Cf SOURCES
AT THE N.B.S. AND AT THE SEFOR CALIBRATION CENTER

W. E. Brandon, C. 0. Cogburn, R. R. Culp,
W. W. Sallee, J. G. Williams*
University of Arkansas
Fayetteville, AR 72701

C. M. Eisenhauer, J. A. Grundl, E. D. McGarry, R. B. Schwartz - N.B.S.

ABSTRACT

The Dy0-moderated 2°?Cf source at the N.B.S. was developed as a
calibration test source, whose spectrum simulates that found in the
vicinity of light water reactors.! The D;0/Cf-252 source is to be used
for calibrating neutron personnel dosimeters and for LWR research. One
of the requirements involved in the choice of a suitable reference source
for this purpose is that a number of testing laboratories should be able
to reproduce the source based on the N.B.S. model.

A source based upon the N.B.S. prototype, consisting of a 30 cm
diameter spherical stainless steel tank covered with a cadmium shell, has
been fabricated for use at the University of Arkansas SEFOR Calibration
Center. The Arkansas source differs from the N.B.S. model in some small
details, mainly concerning tuae method of loading the californium capsule
into the central stem. In addition to minor differences between the
sources used at SEFOR and at N.B.S., it was necessary to consider also
the different irradiation cells in which the two scurces are used, and
to investigate the possible influence of wall-return neutrons on the
spectra at the irradiation positions. Compatibility of measurement
techniques is discussed, as well as the extent to which the desired repro-
ducibility of the source spectrum has been achieved.

INTRODUCTION

The University of Arkansas calibration facility is located in the
refueling cell of the decommissioned SEFOR fast reactor. The room, shown
in Figure 1, has 1.2 m thick concrete walls, lined with 1.27 cm of steel.
The principal dimensions of the room, neglecting a shelf and fuel transfer
port at the top of the room, are: length 5.2 m, width 4.1 m, height 8.5m.
The D0 moderated source is located 1.4 M above the floor.

- Present Address: Imperial College, University of London.
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The dose equivalent rate H is given by
H = 0.89 x K x Q

4dnr® (5)
where Q is the source emission rate
K is the fluence-to-dose equivalent conversion factor
and 0.89 accounts for absorption of thermal neutrons in the Cd shell

of the D0 sphere

For the NBS room:

- 0.89 x 9.3 x 10-6 (mrem cmz) x 1.75 % 109 a-l
4rr? (m?) x 10° cm?/m?

Therefore, the normalized free field value of C/H is

C/H = Cr?/Hr? = —%%% = 2.6 x 10® counts/mrem
The 252Cf source capsule used in the D0 sphere for the SEFOR measure-
ments has been calibrated at NBS using a MnS04 bath to establish its
neutron emission rate within + 1.3%. The emission rate at the time of the
remmeter measurements was 4.19 x 109 n/s. This value gives:

How 0:89 % 9.3 x 107° (mrem em®) x 4.19 x 10° s~}
4nré(m®) x 10% cm?/m?

H= 0,276 mrem/s

The normalized C/H ratio for the measurements at SEFOR is

vy = 038 _ 3
C/H 276 2.3 x 10° counts/mrem

This value agrees well with the NBS results, considering that the measure-
ments were made with an ordinary health physics instrument.

It is hoped that a further intercomparison of the two D20 moderated
sources can soon be made using an NBS dual-fission chamber. Other inter-
comparisons are planned.
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MULTIGROUP PROCESSING OF ENDF/B DOSIMETRY COVARIANCES

D. W. Muir, R. E MacFarlane, and R. M. Boicourt
Los Alamos National Laboratory
Los Alamos, New Mexico, U.S.A.

ABSTRACT

The methodology of multigroup processing of
ENDF/B dosimetry covariance (uncertainty) informa-
tion is discussed, with specific veferences to the
ERRORR covariance amodule of the NJOY nuclear data
processing system. Also discussed is the recent
application of ERRORR to the generation of a 137-
group, 35-material covariance library for dosimetry
applications, and a compact format for storing and
transmitting fine-group covariance libraries is
introduced.

THE ERRORR COVARIANCE PROCESSING MODULE

The NJOY nuclear data processing system! is used at los Alamos and
elsewhere to process data from ENDF/B into forms useful in various
applications. A new version, NJOY (10/81), was released to the U. S.
Code centers in November, 1981. The particular module of NJOY used for
preparing multigroup covariance matrices is called ERRORR. In addition,
the module COVR 1s included in the NJOY system to plot and re-tormat
multigroup covariance matrices produced by ERROKR. As with the other
+JOY modules, ERROKR and COVR can be operated either as parts of the
NJOY system or as stand-alone programs.

Basic Methodology of ERRORR

ERRORR is a flexible program which allows the user several choices
in the particular method used to calculate covariances. The first
method, the "pointwise" approach, is used when one has access to a data
set containing resonance-reconstructed and linearized cross sections in
the NJOY "point-ENDF," or PENDF format. The user can produce such a
data set using the RECONR and BROADR modules of NJOY. This step is
unnecessary for most dosimetry applications, because a PENDF tape contain-
ing all of the reactions on the ENDF/B-V dosimetry file, with all reso-
hances reconstructed and Doppler broadened to 300 K, has been produced
recently at Los Alamos and is available from the Los Alamos Nuclear Data
Group. In order to keep the size of this data file down to a manageahle

65%






657

The final step, if the user requests it, is to convert the absolute
Covariances, Eq. (2), to relative covariances,

cov(xi,x.)

relcov(xi,xj) = »w-;{“i} i ) @

Group Input Option

A slightly different calculational path is followed if one wishes to
start from a multigroup cross section library rather than pointwise data.
ERRORK will accept such multigroup cross section input, but only in the
format produced by the NJOY group-averaging module GROUPR. Such a li-
brary contains both multigroup cross sections and group integrals of the
weight function used to produce the cross sections.

In the multigroup input mode, the required union-grid cross sections
and fluxes are obtained by collapsing (or expanding) the cross sections
and fluxes on the input library. At present, no provision is made for
replacing the library group fluxes with a set more appropriate for a
given application. If a "library" group is subdivided by a union-group
boundary, ERRORR assumes the cross section and weighting function are
both energy-independent, in order to estimate ¢, and z,_ above aud below

the point of subdivision. The remainder of the calculgtion proceeds as
with pointwise input.

A 620-group (SAND-11) GROUPR cutput library has been produced re-
cently for the ENDF/B-V dosimetry materials, using a constant welght
function. This library is also available on request .

Recent Extensions
In some materials, and in certain energy regions, the cross section
uncertainty is dominated by the uncertainty in resolved resonance para-
meters. One noteworthy example is ®3Cu(n,y)®4Cu (ENDF/B-V Material 6435)
in the energy range from 10 eV to 15.9 keV, where the entire cross-section
uncertaintly is represented by means of resonance-parameter uncertainties.
The same is true of 237Np(n,f) (ENDF/B-V Material 6337) frem 0 to 10 eV.

Beginning with the (10/81) version of ERRORR, the resonance-para-
meter contribution to the uncertainty in infinite-dilution fission and
capture cross sections is included automatically when cross section co-
variances are processed.

This contribution is obtained from the Breit-Wigner formula for
the fission and capture areas of a resonance, A. and Ay. By differ-
entiating this formula with respect to the resogance parameters, one
obtains a set of sensitivities. With these sensitivities and the
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covariance matrix of the parameters from ENDF/B, one can apply a propa-
gation-of-errors formula, similar to Eq. (2), to obtain the covariances
cov(Ay,Ay), cov(Ay,Af), and cov(Af,Af). These results then are added

to the ENDF-specified "long-range" cross section covariances.

The resonance contribution is properly weighted with the isotopic
abundance and the ratio of the weight function at the resonance to the
average weight in the group. It is assumed, however, that the area of
a resonance lies entirely within the gioup which contains the resonance
energy E_. Because of this assumption, and because ENDF/B provides no
correlations between parameters of different resonances, the calculated
resonance-parameter contribution affects only the diagonal elements of
the affected matrices.

With the implementation of this feature, the uncertainty in the
capture cross section of 63Cu, for example, computed for a group which
contains the large 577-eV resonance is 3.0%, rather than zero, as in
earlier ERRORR versions.

The (10/81) version of ERRORR also handles explicit cross-material
covariances. The only explicit cross-material covariances appearing 1in
ENDF/B-V pertain to fission Vv values, but there is a clear need for mere
information of this type in future versions of the Dosimetry File.

A third, more recent, extension of the program allows the process-
ing of covariances in cases when one Cross section is measured relative
to a well-known "standard" cross sectien. In such a case, the evaluator
may represent the uncertainty in the first cross section as being the
sum of two components. The first compcnent is described by an explicit
statement of the uncertainty in the measured ratio, whereas the second
component, due to uncertainty in the standard, is represented impli-
citly, with the details provided only in the ENDF/B evaluation fer the
standard reaction.

In the dosimetry file, this situation occurs for the 238%U(n X)
reaction (ENDF/B Material 6398), which was measured relative to i B(n,a)
from 4 keV to 20 keV, and the 259[’\1(11,0 reaction (ENDF/B material
6399), which was measured relative to 235y(n,f) from 0.2 to 15 MeV.
when ERROKR was modified to include the uncertainty in the standard,
there was little effect for 238U(n,y), but there was a noticeable in-
crease in the uncertainty of 2%%Pu(n,f), from about 2% to 4=5% in the
MeV region. This ratio-to-standard capability is not implemented in the
distributed version of ERRORR, but a set of code changes to accomplish
this is available from the authors on request.

PRODUCTION OF FINE-GROUP COVARIANCE LIBRARIES
In the above discussion, it is assumed that ERRORR is being used to

generate the needed covariances directly in the user's group structure,
which is the normal use of the program.
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However, one can also use ERRORR to generate a library in a fine-
group structure, and then use auxiliary collapsing programs to produce
coarse-group libraries later. Such auxiliary programs would duplicate
the parts of ERRORR which perform the sums shown in Eqs. (1) and (2).
However, such auxiliary programs could be much smaller than ERRORR be-
cause they need not deal with the considerable complexities of the
ENDF/B-V covariance formats.

In order to study the feasibility of generating and using fine-
group covariance libraries, we have used ERRORR to produce a 137-group
covariance library (containing energy group boundaries, cross sections,
reiative standard deviations, and relative covariance matrices) con-
taining all of the materials and reactions in the ENDF/B-V Dosimetry
File (Tape 531). A 1/E weight function was used for group averaging.

The energy grid employed is the same for all reactions, and was
constructed by forming the union of all energy grids used by evalua-
tors in the covariance files of Tape 531. The resulting master grid
is listed in Table I. For these 137-group calculations, the union
grid is in all cases identical to the "user" grid, Fig. 1, because any

ENDF energies found in a particular evaluation must match one of the
"aser"” energies

The choice of this group structure for an archival fine-group
covariance library was made on the basis of minimizing the number of
energy groups, subject to the constraint that information content of the
ENDE/B covariance evaluations be preserved. The use of a coarser group

structure would irreversibly average away at least some of the detailed
correlation st -ucture.

In addition, there is little economic incentive to g0 choose a
Coarser structure for the archival library. The computing time required
to generate the 137-group 35-reaction library was rather modest, namely
about i m:nutes of CDC-7600 ceutral-processor time. This is only about
20% of the time required to produce the input resonance-reconstructed
(PENDF) cross section set.

The library thus produced is, as expected, rather bulky. Even
though the normal ERRORR output format suppresses zeros, the library
contains over 38 000 card images. For this reason we have developed a
new format for compact representation of covariance matrices which
eventually will be an output option of the COVR module. Tue design of
this format, called the "Boxer" format, proceeds from a simple fact:
the ENDF/B-V covariance evaluations define certain rectangular regions
(boxes) in energy space, over which the relative covariance is constant.
(The ENDF/B format allowing a constant absolute covariance is rarely used
and is not used at all in the ENDF/B-V Dosimetry File). Thus one expects
that an element of a multigroup relative covariance matrix derived from
ENDF/B frequently will be identical either to the element before it in
the same row, or to the element above it in the same column. Thus, the
Boxer format allows a combination of "horizontal" and "vertical" repeat
operations. Further details of the format are given in Appendix A,

,






The 137-group library in Boxer format is called the RDC (Reactor
Dosimetry Covariance) Library. The library and a short retrieval pro-
gram, TRIEVR, which reads the library and reconstructs full 137 x 137
matrices, are available on request.

Because of the compactness of the library, the retrieval program
Tuns very fast. For example, to search through to find the last reac-
tion in the library and reconstruct the covariance matrix requires less
than 2 seconds of CDC-7600 time. To reconstruct all 35 matrices and
write them onto a binary disk file requires only 17 seconds of 7600 time.
By adding collapse algorithms (see next section) to TRIEVR, one could
avoid the cost of permanently storing the large output file.

Coarse-Group Collapse of the RDC Library

We next consider the subject of "collapsing” the RDC multigroup co-
variances to a relatively coarse user-defined energy grid. Typically
one needs covariances on an energy grid which is not exactly a sub-set
of the fine-group grid. Thus, we are back to a situation essentially
identical te that shown earlier in Fig. 1, provided that the "ENDF/B
Grid" is relabelled the "RDC Grid." While the ENDF grid in fig. 1 re-
ferred to the (material-dependert) evaluator's grid, the ROC grid is a
characteristic ¢f the entire fine-grovp library, being the same for all
materials. Thus the union grid is also the same for all materials, and
it can be determined in advance of any collapse calculations. Also one
can calculate in advance the union group fluxes ¢ , using any weighting
function @(E) of interest. Finally, the y_values in Fig. 1 can be
identified with the fine-group cross sections in the RDC Library.

[t is -convenient to re-cast Eq. (2) in terms of relative covari-
ances,

(ov\xi,x ) =3 £ f cov(zk,zg) (5)
—— S | —_—
x, X kel 2 2
y k "¢
£ej
where
¢, 2z
f ‘ = --...E_._I_(.‘.____ (6)
ik 2 0, z
. 'k "k
kei

is the fractional contribution to output group constant X from unioa
group k.

The fact that the energy grid of the RDC Library includes all energy
grids used ia the ENDF/B-V dosimetry covariance files implies that the
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When the first row (i = 1) is being loaded, the row "above" is defined
to be a row coutaining all zeroes.

In constructing the compressed data set, the choice between using
the "repeat-new-vaiue" method or the "carry-down" method is made dynami-
cally on the basis of taking the longest possible "step." If m = n, the

"carry-down" method is chosen, as it does not require an entry in the
data list.

As an additional compression feature, one may indicate by a "flag"
that the matrix C(i,j) is symmetric, hence only the upper right triangle
15 given explicitly in the compressed data library. These various as-
pects of the Boxer format are illustrated by a simple example in Fig.
A-1. Here a, b, ¢, and d are arbitrary nou-zero data values.

Original Data Set

j—>

Boxer Format, Symmetry Flag On
a b ¢ d

=2 <2 14 -2 =

Fig. A-1. Illustration of Boxer Format




THE MOL CAVITY FISSION SPECTRUM STANDARD NEUTRON FIELD
AND ITS APPLICATIONS

A. Fabry, G. Minsart, F. Cops and S. De Leeuw
SCK/CEN, Boeretang 200, B-2400 Mol, Belgium

SUMMARY

The uranium-235 fission spectrum standard neutron field in the
one-meter diameter spherical cavity of the vertical thermal column
of the Belgian BR1 reactor is being revisited. The work is still
in progress. No bias in excess of 0.5 % has been found in pre-
viously published integral fission cross section ratio measurements
and benchmark field referencing of passive and active dosimetry
sensors except for high threshold reactions i.e. ~ 3 % for
27A1(n.c). On ancther hand, significant advances in unravelling
better all neutronic and gamma-ray features of the field do encom-
pass :

1) the identification of the importance of low-energy (< 3 eV)
neutron upscattering effects on the cavity wall return reaction
rates for non-threshkold dosimetry sensors

2) considerably improved insight into assessing the space-energy
perturbations caused by the structural c¢ylindrical cadmium
thimbie into which the field is generated

3) the more detailed assessment of reactor core leakage background
radiation fields.

It is confirmed in particular that the hackground response of

threshold fission sensors is purely induced by gamma-rays, making

integral checks of the relevant nuclear data possible. A novel
approach to reactor gamma-ray dosimetry, spectroscopy and micro-

calorimetry standardization is proposed, using this facility. A

novel Grazing-Angle Transmission Experiments (GATE) method is

also suggested as further asset of the facility to test the ade-

quacy of neutron angular scattering data; for a material as iron,

these nuclear data are believed, on basis of the PCA reactor
pressure vessel benchmark results, to be largely responsible jor
the remaining discrepancies and trends presently observed in
reaction rate and neutron flux steel traverses.

Finally, the procurement of a removable pneumatic transfer

system opens the facility to scme fast neutron activation analysis,
delayed-neutron and other calibration applications.
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unperturbed flux per unit total source streng th
bn 2 for the considered source-sensor geometric a' =
rangement; this is calculable exactly, in actual
practice by means of an NBS-code, INTRAN [18];

Z defines the "effective'" source-sensor separation

'
T
JJ
Rl

distance
- Px(z) : virgin neutron field perturbation by the structu=-
' ral thimble (fig. 3)
- 8, : virgin neutron field perturbation by the sensor(s)

rw(o) : central reaction rate induced by neutrons gene-
rated through virgin neutron collisions, energy
degradation and backscattering from the graphite
cavity walls (wall-return, fig. 4 and table 2)

gy(z) @ relative space-variation of rylo) (fig. 5, left)

fy(Eg) : effective cadmium cut-off dependency of ru(o)
(fige 5, right)

- Sw : wall return neutron field perturbation by the
8ensors
- B(z) : background respcnses, see all items referred to

footnote (e) in table 1.

Equation [1] essentially expresses separability properties which
are not mathematically exact but are very uczcurate approximations
to the "physice" of most experiments in this standard.

In particular, the equation implicates that the three-dimen-
sional geometry of fig. 1 can be analysed by superposition cof one-
dimensional spherical transport theory solutions to the cavity
wall-return neutron "problem" and one-dimensional cylindrical or
two-dimensional (R,Z) solutions to the thimble perturbation
"problem'".

As with any approximation, there are limiiations tc this "rosy"
picture. On another hand, insofar as the Sy correction is small or
does not involve excessive local heterogeneity, the wall-return and
thimble effects can be handled hy a more complete two-dimensional
(R,2) model.

At neutron energies above ~ 3.5 MeV, wall return neutron fluxes
are negligible. At energies below = 10 keV, the cavity wall return
neutron field ie spatially and angularly uniform, fige 4 and refe-
rence [19]. The second property is fundamentally traceable to the
neutron "memory loss" after nnumerous wall collisions and cavity
crossings.
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SUPPLEMENTARY NEUTRON FLUX CALCULATIONS FOR
THE ORNL POOLC CRITICAL ASSEMBLY

PRESSURE VESSEL FACILITY*

P. J. Maudlin
Los Alamos Scientific Laboratory
Los Alamos, New Mexico, USA
R. E. Maerker
Dak Ridge National Laboratory
Oak Ridge, Tennessee, USA

ABSTRACT

A three-dimensional Monte Carlo calculation using the
MORSE code was performed to validate a procedure previously

adopted in the ORNL discrete ordinate analysis of measure-
ments made in the ORNL Pool Critical Assembly Pressure
Vessel Facility. The results of these flux calculations
agree, within statistical uncertainties of about 5%, with
those obtained from a discrete ordinate analysis employing
the same procedure, This study therefore concludes that
the procedure for combining several one-and two-dimensional
discrete ordinate calculations into a three-dimensional
flux is sufficiently accurate that it does not account for

the existing discrepancies obse-ved between calculations
and measurements in this facility.

INTRODUCTION

The Pool Critical Assembly Pressure Vessel Facility (PCA-P'F) was
instituted to serve as a benchmark facility for validating calcu’ational
procedures in predicting neutron fluences in reactor pressure vessels for
estimation of damage.l A description of the various calculations carried
out for the PSA-PVF by an international group of analysts has been
documented.2s3 An underprediction (10 to 20%) seems to persist
throughout a majority of the calculation-versus-experimental comparisons,

and the source of this discrepancy is presently a point of speculation
and controversy.

With one exception, all the analysts used one-and two-dimensional
discrete ordinate transport methods and combined them in some way. The
one exception used a continuous energy forward Monte Carlo method with
importance sampling and biasing to perform a three dimensional
calculation, but unfortunately the results had fairly large statistical
uncertainties at times,%»

*This work was sponsored by the Electric Power Research Institute under
research project 1399-1, under Union Carbide Corporation contract
W-7405-eng-26 with U.S. Department of Energy.
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A tenable procedure first suggested by Combustion Engineeringz-3 and
adopted by Oak Rid9e2'6 for scaling the discrete ordinate calculations
may be summarized by the following flux synthesis equation:

o(x.y.Z.E.ﬁ) H o(x.y.E.E)o(y.Z.E.5)/¢(y.E.5). (1)

or, more conveniently,

exyz = exy [eyz/ey] (2)

where in the preszent application the accuracy of this approximation needs
only to be evaluated at locations alony the y-axis (i.e., for x=2=0 in
Fig. 2 appearing in next section). Equation (2) states that a three-
dimensional flux, éxyz» can be constructed from two two-dimensional
calculations, ¢yy and ¢yz, and a one-dimensional calculation, ¢y, by
simply scaling the ¢xy calculation by 2 properly normalized z-correction
term appearing in the brackets. The ¢xy, ¢yz,» and ¢y calcvlations have
geometry of infinite extent in the z-direction, x-direction and
x,z-directions respectively. An inspection of Eg.(2) shows that the
assumption underlying this particular flux synthesis is that the vertical
(i.e.,2) flux profiles are the same for al! x locations, i.e., the three-
dimensional fluxes are separable in x and 2.

In the PCA-PVF calculations, the source per unit height for the
midplane XY calculation is normalized in such a way that when integrated
over x, v, and z yields a value of unity (i.e., there is one fission

-

neutron in the core). The effects of finite z essentially arise as a
result of a source limited to the height of the core and with a measured
cosine distribution peaking in the vicinity of the centerline. The nor-
malization of the source distribution in z for the ¢y; calculation rela-
tive to the source per unit height for the ¢y calculation, with the

4yy source the midplane source as described above, must be set equal to
the ratio of the average to the midplane values as pictured in Fig. 1.

INTEGRATED SOURCE PER UNIT
BASE CASE: X-Y HEIGHT NORMALIZED 70O
MEASURED MIDPLANE SOURCE

Y-2 COS (82Z) SOURCE

CORRECTION FACTOR:

SOURCE PER UNIT /
v HEIGHT SAME AS ‘ )
IN Y=2 CASE AT

220 o 2

Fig. 1. Correcting Two-Dimensional Calculations for Finite Core
Height and Measured Fission Density Distribution.
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The object of this work is to evaluate the accuracy of Eq. (2) by
calculating directly the three-dimensional flux #xyz via a Monte Carlo
traisport code and to compare these results with the flux approximeted by
the ,i1ght hand s}de of Eq. (2). For this purpose, the multggroup Monte
Carlo code MORSE’ was used to calc.late ¢xyz and the DOT-IV® discrete
ordinates code was used to calculate $X7s0yZs and gy,

PHYSICAL DESCRIPTION OF THE PCA-PVF

The PCA-PVF was designed to simulate within intensity constraints the
geometry and arrangement of materials that exist within a commercial
pressurized water reactor pressure vessel. The geometry illustrated in
Fig. 2 shows the locations of the PCA core, aluminum window (in analogy
to the geometry of the Poolside Facility (PSF) in which high intensity
measurements using the ORR were also performed), appropriate water gaps,
and steel slabs representing the thermal shield and pressure vessel wall,
This geometry is a slight simplification of the actual configuration, but
should not compromise the present analysis. Values of 8.4 and 6.7 cm.
respectively for the large water gap dimensions in Fig, 2 were used in
this analysis. This "8/7 configuration" was chosen over the “12/13
configuration," which was more extensively measured, to reduce the sta-
tistical uncertainties in the MORSE calculations,

A refiective boundary condition exists on the left face of the core
(i.e., the xz plane at y=0), and a vacuum boundary condition exists on
the right face of the pressure vessel in Fig. 2 (i.e., the xz plane at
y=66.7 cm). All remaining slab faces are reflected with water,

Seven neutron flux detectors designated D1 through D7, with coor-
dinates as shown in Fig, 2, include all the locations along the y-axis
where measurements were made along with the additional ones D2 and D4,

The spatial zones in Fig, 2 are identified by the cross-section
medium numbers Ml through M8, In the pressure vessel there are three
sets of cross sections, each weighted over a different region of the car-
bon steel with fluxes from a one-dimensional discrete ordinates
calculation., Similarly, the two large water gaps have slightly different
cross sections,

The fixed neutron source distribution has been documented,z'3 and for
the present purposes can be approximated as

Sxyz(x,y,2) = Sxy(x,y) cos (.0442z), -30cm < z < 30cm, (3)

where Syy(x,y) has quarter core symmetry and appears in Fig, 3. The
average to centerline value for the z distribution in Eq. (3), which is
the relative normalization of the ¢yz to ¢y calculations, becomes
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An adequate comparison of the results from the
be strongly influenced by the particular cross sect

2s they are the same in each method.

nal discrete ordinate calculations enp
comparison calculations were performed
structure for which is shown in Table 1
sufficient to encompass all threshold reac
generation of this cross se
Note also that the

PCA-PVF,

Details of . t
described elsewhere.%,

calculations described here are not in any d

S1-group DOT calculations used in the

CALCULATIONAL DETAILS

TABLE 1. NEUTRON GROUP STRUCTURE AND

GROUP UPPER ENERGY (eV) SUURCE FRACTION?®
1 1.8640€ 07 5.5B41E-D4
2 1.1052€ 07 4.7115E-03
3 8.1873E 06 2.0686€~02
& 6.0653E 06 E.1625E-02
5 4.0657E 06 1.0843E-01
€ 3.0118E 06 6.6245£-02
7 2.5824E 06 8 4196E-02
8 2.1225E 06 7.1393E-02
) 1.8268E 06 8.1620€-02

10 1.4957E 06 8.3815E-02

n 1.2246E 06 1.0632E~01

12 8.0718E 05 1.0401E-01
6.0810€ 05

SOURCE ENERGY DISTRIBUTION

two methods should not
ion sets used, as
Consequently, although the ory.
loyed 51 and 171 groups, these
with only 12 groups, the energy
Note that the energy range is
tion rates measured in the
ction library are
12-group discrete ordinate
irect way connected with the
PCA-PVF analysis by ORNL.2-6

*DERIVED FROM THE ENDF/B-V WATT THERMAL
FISSION SPECTRUM FOR 235

Although the calculation of the denominator in Eq. (2) is
one-dimensional, the use of the two-dimensional code DOT to calculate
¢y by inserting appropriate reflecting surfaces is preferable to the use
of a one-dimensional code for this purpose because it preserves the same
anjular quadrature as is used in the calculation of the numerator Y7+

The PCA-PVF problem features a large neutron source volume emitting
neutrons which impinge upon essentially point detectors at Tocations Dl
through D7 in Fig. 2. The penetration distance from the core to detector
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07 is of the order of 10 mean free paths for 2 MeV neutrons. Running
MORSE in the forward mode with next flight statistical estimators is pro-
hibitively expensive without the application of sophisticated biasing
techniques. The use of boundary crossing or finite detector volume esti-
mators reduces the expense substantially, but yields troublesome averaged
fluxes rather than point fluxes. On the other hand, running MORSE in the
adjoint mode not only permits tne use of a track length estimator which
scores over the entire core volume, but also avoids the singularity and
associated poor statistics inherent in a point detector estimator. The
disadvantage of using the adjoint mode is that a separate calculation is
required for each detector location and, for reliable statistics, for
each energy group as well, However, for the PCA-PVF problem the advan-
tages of operating in the adjoint mode far outweigh the disadvantages.
Hence, operating in the adjoint mode with orly standard biasing tech-
niques (i.e., Russian roulette, splitting, and pathlength stretching) was
selected as the method for calculating the three-dimensicnal fluxes.

RESULTS

The units chosen for the fluxes (really fluences) presented in this
section are neutrons per square centimeter per source neutron emitted
from a cubic centimeter of the core. This particular normalization
arises naturally from the Monte Carlo scoring nrocedure over the core
volume as weli as from treating the use of infinite dimensions in the DOT
calculations., Multiplication of these results by the space-averaged
neutron source density (in units of neutrons per second per cubic
centimeter) would yield absolute fluxes.

Before Eq. (2) was tested, the presence of any possible bias in one
method relative to the other was first investigated. Both MORSE and DOT
were applied to identical one-dimensional and two-dimensional problems
for several detectors. Table 2 shows a comparison of the total fluxes
(group fluxes summed over all twelve groups) calculated with DOT (columns
two through four) and with MORSE (columns five through seven). The
uncertainties in the MORSE results represent one standard deviation, and
are, of course, only themselves estimates. The comparisons shown in
Table 2 are consistent with the fact that roughly 2/3 of the MORSE fluxes
fall within one standard deviation of the DOT results. Although there is
perhaps evidence of a small but unimportant bias, Table 2 serves to vali-
date the equivalence of the two methods and provides confidence in the

three-dimensional comparisons that follow.
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Nuclear Research Inctitute,
Rez near Prague, Czechoslovakia

ALSTRACT

A description of an experiment providing the
verification of the accuracy of the avzilable neutron
cross cections for use in transport ¢ :lculations of
the deep penetration of neutrons is pi esentede The
neutron leakage spectra from a set of spheres having
different diamcters /20, 30, 50 cm for iron, 40, GO,
70 ¢m for carbon steel, 50, 100 cm for sodium/ with a
€52¢f neutron source in the sphere centre were rica-
sureds The cet of spectrometers concicted of a stil-
ben scintilator, a h drogen proportional counter and
Bonner ballse The ca{culation of the experiment was
perforned with the modified version of AHISH - JR
code using the multigroup cross section libraries OLC 2
and EURLIC 4. The conparison of the calculations using
the CURLIE 4 library with the experiment indiceates
a good agreenent of rcsults for all used materials,

INTRODUCTION

The sodium coolant which surrounds a fast reactor
corc and iron ac e construction material constitute the
major portion of the shields Thercfore it is essential
that accurate experimental results be obtained to verify
transport calculation of neutrons through sodium and irone
To test such calculations benchmark experinents for sodi-
um and iron_were carried out in the Huclear Rescar ch
Institute, ReZ with collaboretion of the FGI - Obninsk,
USSR 1,2, Comparisons of the calculated and experimental
results for several spectromcters and integral detectors
have been utilised to determine the accuracy of the trans-

port calculations using two different cross-section data
Setse
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Furthermore, in neutron dosimetry and damage analysis work, standardized
techniques and data mgst be established to characterize a diversity of irra-
diation environments. The techniques must be implemented in such a manner
that fuels and materials data from the different environments can be inter-
compared, and the environments are sufficiently characterized so that the
fuels and materials data can be properly correlated, and then interpolated
and extrapolated to different reactor design conditions. The need of such
ctandardization is clear when the high cost of the replacement of fuels,
materials, and components (including surveillance and irradiation tests) for
light water reactor (LWR), fast breeder reactor (FBR), or magnetic fusion
reactor (MFR) nuclear power systems are considered. Derived irradiation
effects data, therefore, must have as much general applicability as possible
to effect the highest benefit to cest ratio. For U.S. reactor programs key
test irradiation facilities, adequately characterized and labeled as "Bench-
marks", are being utilized for the validation and calibration of dosimetry,
damage analysis, and the associated reactor analysis procedures and data. A
provisional list of such benchmarks is given in Reference 6 as well as a
discussion of goal accuracies. More recent information for LWRs is given in

References 7, 8, and 9.

The need for a standardized approach is accentuated by the variety of
dosimetry monitors and techniques used for the various applications. Con-
sistency from one set of measurement conditions to another must obviously
start with a consistent cross section file. To meet this need for LWR
pressure vessel surveillance dosimetry, an ENDF/A cross section and uncer-
tainty file is being established t?aether with an ASTM Standard recommended
guide for application of the file. The file will be issued as ENDF/A
because it may contain cross sections different than those on ENDF/B.
(ENDF/B files are evaiuated files officially approved by the Cross Section
Evaluation Working Group (CSEWG) after suitable review and testing.) In
addition, the ASTM ENDF/A file will contain damage Cross sections [e.q.
displacements per atom (dpa)] for steel, graphite, silicon, sapphire,
quartz, etc. for which reaction mechanisms are only known theoretically and
differential cross section measurements do not exist.

Differences with the ENDF/B dosimetry file will be created by the
need for a standardized, self-consistent cross section set, At present,
re-evaluatigns and testing of many dosimetry reactions have reduced
discrepancies between the evaluatiens and integral data. Thus only a few
cross sections need significant adjustment from the ENDF/B file to achieve
self-consiscency with benchmark integral data. In general, these cross
sections are ones for reactions in enerqy regions in which present differ-
ential measurements are limited or non-existent and theoreticgl calculations
have been used to fill the gap. An important example is the BFe(n,y)
reac%&gn. Table 1 shows the present status of cross sections measured in
the U thermal neutron induced fission spectrum compared with calculated
values using tne 620 point ENDF/B-V dosimetry file cross sections. It is
seen that most reactions agree within about the qxgted exper imental error
?g% discrepancieg ctill exist with the reactions */Ti(n,p), 27A1(n,p),

I(n,2n), and 5Mn(n,2n).












|
1

710

TABLE 1

COMPARISON OF MEASURED AND CALCULATED CROSS SECTIONS

IN THE U-735 FISSION NEUTRON SPECTRUM

Quoted Error in
Effective Measured Value Measured \(alue Caleculat Calculated/

React ton Threshald (MeV) (m)(i‘ lw Value (mb)(b Measured
1500 )" " 1n 13,5 45 124.7 0.93
197 4 (n oy ) %800 83.5 6.0 78.3 0.94
63¢,(n,y)%cu 9.30 15,1 9.87 1.06
235y(n,1) 1215 1.8 123 1.02
23%,,(n.1) 1826 1.0 1791 0.98
23y (n, 1) 0.6 1340 4.0 1347 1.01
1500 tn,nt) 15™1n 1.2 191 3.7 179 0.94
2321y (n 1) 1.4 8 6.7 75.0 0.93
238)(5,1) 1.5 308 2.7 05 0.99
715in,0)" 5¢ 2.2 7.0 6.0 22.5 1.32
By (n,p) 8o 2.8 109 5.5 105.0 0.9
35(n0)%%p 2.9 66.8 5.5 70.5 1.06
e in,0) ' m 1.1 83 6.5 81.0 0.98
861 (n.p)*0sc 3.9 1.5 7.0 1n.2 0.97
2Ta1(n,p)" Mg 4.4 1,86 6.5 4.% 1.10
56¢e(n.p) Omn 6.0 1,035 7.2 1.036 1.00
590 (na) oM 6.8 0.143 7.0 0.150 1.08
63¢,(n,0)%%0 6.8 0.58 7.0 0.558 0.96
271 (n o0 ) Na 7.2 0.708 7.0 0.719 1.02
4805 n,0)%8sc 1.6 0.269 7.0 0.282 1.08
127} (n,2n) 1281 10.5 1.08 6.2 1.21 1.5
S (n,20) 'm0 1.6 0.244 6.1 0.201 0.82

(a)Taken from data updated by J. A. Grund), March 1982, or Reference 4.

values .
(b)ys ing ENDF/B-V dosimetry file 620 point cross sections

fission spectrum.

Uncertainties are lo

and the EYDF/B-V Watt form for the 2350
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different source configurations: first with the source radiation
collimated into a 150-deg upwardly directed conical beam and then with
the sources shielded vertically by 21.0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>