


Sigla di identificazione Rev. | Distrib. | Pag.  di
m Centro Ricerche Bologna | sicNUC-P9H6-004| 0 L 2 206
INDEX
1- INTRODUCTION p.4
2 - IRON-88 EXPERIMENT p.6
2.1- ASPIS Shielding Facility p.6
2.2- Iron-88 BenchmarkexperimentalArray p.6
2.3- Iron-88 BenchmarkFission Plate p.13
2.4 - Activation DosimeteMeasurements the Iron88 Experiment p. 20
3 - CROSS SECTION LIBRARIES AND NUCLEAR DATA p.23
3.1- BUGJEFF311.BOLIB Cross Section Library p.23
3.2- BUGENDF70.BOLIB Cross Section Library p. 23
3.3- BUGLE-B7 Cross Section Library p.24
3.4 - BUGLE-96 Cross Section Library p. 24
3.5- IRDF-2002Dosimeter Cross Sections p.28
3.6 - U-235 Fision Neutron Spectra p. 57
4 - TRANSPORT CALCULATIONS p.61
4.1 Transport Calculation General Features p. 61
4.2 Neutron Source Normalization p.75
5 - DISCUSSION OF THE RESULTS p.76
CONCLUSION p.121
ACKNOWLEDGEMENTS p.122
REFERENCES p. 123
APPENDIX A Input Data of ADEFTA4.1- Generation of the
Compositional ModedUsed in the Calculations
with theBUGJEFF311.BOLIB, BUGENDF70.BOLIB
BUGLE-B7 and BUGLE96 Libraries p.127
APPENDIX B Input Data of BOT3F5.3- Generation of the

Geometrial Model Used in the Inhomogeneous
Fission Neutron Source Calculations with the




Sigla di identificazione Rev. | Distrib. Pag. di
ENELN.  cCentro Ricerche Bologna | sicNUC-P9H6-004| 0 L 3 296
BUGJEFF311.BOLIB, BUGENDF70.BOLIB
BUGLE-B7 and BUGLE96 Libraries p.136
APPENDIX C Input Data of TORT3.2- Inhomogeneous
Fission Neutron Source;#5 Calculatiors
with theBUGJEFF311.BOLIB, BUGENDF70.BOLIB
BUGLE-B7 and BUGLE96 Libraries p. 156
APPENDIX D Neutron Spectra Calculated along the Horizontal Axis Z
with theBUGJEFF311.BOLIBR.ibrary p.237
APPENDIX E Neutron Spectra Calculated along the Horizontal A&xis
with theBUGENDF70.BOLIBLibrary p. 252
APPENDIX F Neutron Spectra Calculated along the Horizontal Axis Z
with theBUGLE-B7 Library p. 267
APPENDIX G Neutron Spectra Calculated along the Horizontal Axis Z
with theBUGLE-96 Library p. 282




Sigla di identificazione Rev. | Distrib. Pag. di
ENELN.  cCentro Ricerche Bologna | sicNUC-P9H6-004| 0 L 4 296

Iron -88 (Fe) Neutron Shielding Benchmark Experiment
Deterministic Analysis in Cartesian (X,Y,Z) GeometryUsing the
TORT-3.2 3D Transport Code and the BUGJEFF311.BOLIB,
BUGENDF70.BOLIB, BUGLE -B7 and BUGLE-96
Cross Section Libraries

Massimo PESCARINIRoberto ORSI

February2019

1-INTRODUCTION

The ENEABologna Nuclear Data Group generated twoadgroup coupledeutron/photon

(47 n + 20 g working cross section libraries in FIDANISN /1/ format, named
BUGJEFF311.BOLIB /2/ and BUGENDF70.BOLIB /3ind respectively based on the
OECDNEADB JEFF3.1.1 /4/ (see also /5/) and US ENDFM®.0 /6/ evaluated nuclear
data libraries. The same neutron and photon energy group structure of the ORNL BJGLE
/71 (US ENDF/BVII.O evaluated nuclear data) and BUGRE B/ (US ENDF/B-VI.3 /9/
evaluated nuclear data) working cross section libraries was adoptdee ENEABologna
libraries together with the sam&IDO-ANISN data format andsimilar dataprocessing
methodology. All thes&NEA-Bologna and ORNL libraries we specifically conceived for
LWR shielding and pressure vessel dosimetry applications and contain padyemdent
parameterized sets of salielded neutron cross sectipapecifically prepared for BWR and
PWR applications.

It was considered a meanfagtest to validate the two ENEBologna libraries and thiesvo
ORNL libraiies on the Iron-88 [0/ singlematerial (iron) neutron shielding benchmark
experiment (Winfrith, 1988, UK)included in particular in the SINBAD REACTORY /12/
international datdbase of neutron shielding benchmark experiments, dedicated to nuclear
fission reactorsin fact the previously cited experiment permits to verify the neutron deep
penetration (decades of neutron flux attenuatiorihe mild steelslabs of the Irof88 shidd,
having a totathicknessof about 67 cmin particularit is underlined that the performance of
the iron nuclear data are obviously essential for any fission reactor applicatidast it is

well known that, for example, the LWR pressure vesselstlamaocalled reactorinternals

are made of different types of steeldis implies thatin any casgthe iron cross sections,
and in particular those of F6 with an isotopic abundance of about 92% in natural iron, play
a crucial role in the accurateegliction of the EoL (Enaf-Life) neutron fluence of the steel
reactor components @er examplethe reactor pressure vessel.

Thefour citedworking libraries were alternatively used in fixed source transport calculations
performed in Cartesian (X,Y,Zgeometry with the TOR-B.2 /13/ threadimensional (3D)
discrete ordinates (% transportcode, included in the ORNL DOORS /14/ system of
deterministic transport code$he ENEABologna ADEFTA4.1 /15/ and BOT3P5.3 /16/
(see also 71/, /18 and 19) codes were respectively employed for the calculation of the
isotopic atomic densities and for the automatic generation of the spatial mesh grid of the
geometrical model.
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The calculated dosimetrieaction ratesvere compared with the corresponding experimental

data, obtained using neutron activation dosimefBng neutronactivation dosimeter cross

sections used in the calculations were processed Z86efrom the IAEA IRDF2002 21/

reactor dosimetry file. In particulathe activation cross sections fie Au-1 9 8 ( n-198 ) A u
dosimetersand the threshold activation cross sections for Re103(n,n")RR103m,
In-115(n,n")Ir115m, S32(n,p)R32 and A2 7 ( n ;24 Jlobiraeterswere involved in the
presentnalysis of the Iroi88 experiment.

Finally, it is underlined that the results obtained using the BUGGHibrary permitted to

obtain in particular a reliable reference comparison with the results of the Somiéar

libraries employed in the present transport calculatidnssed on more recent evéale

nuclear data. In fact BUGL-B6 was widely and successfully used all over the world in the
previously cited applications since 1996. In particular it is specifically recommended by the
American National Standar@dZ of t he Amer i c atrondnd Ganemdkay Soci e
Cross Sections for Nucl ear Radiation Protec
(ANSI/ANS-6.1.21999, R2009) fotWR shielding and radiation damage applications

Parts of the present resultgerealready published in the referesd@3/ and /24/.
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2 - IRON-88 EXPERIMENT

The ASPIS shielding facility of the Winfrith NESTOR reactor, the Ire88 benchmark
experimental array, the activatiorogimetermeasurements and the fission plate neutron
source are described, taking the relativi@rimation integrally from referenc&@ and from
the document othe Iron88 benchmark experimergection of SINBAD REACTOR 11/,
entitled fiGener al De&scription

2.1- ASPIS Shielding Facility

of the Experinm

The ASPIS shielding facilitysee FIG. 21) wasinstalled on the NESTOR react(presently
dismantled)at Winfrith. NESTORwas a light water cooled, graphite and light water
moderated reactor which operatat powers of up to 30 kW andas used as a source of
neutrons for a wide range of applicais. The core of the reactor, which compili2é MTR
(Materials Test Reactor) type fuel elementas contained within an annulus formed by two
concentric aluminium vessels through which water circdlake inner vessetlasfilled with
graphite to forman inner reflector. The outer tamkas surrounded by an external graphite
reflector in the form of a block having dimensions 182 €m82 cm?3 122 cm which
contairedthe control plate slots adjacent to the vessel wall. Leading off each of the four faces
of the external reflectowasan experiment cave whicloald be isolated from the reactor by
shutters composed of boral or combinations of neutron/garaynashield materials.
ASPISwaslocated in the NESTOR cave C. Shield components, whéarein themain slabs

or tanks,weremounted vertically in a mobile tank whichdan internal crossectional area

of 1.8 m3 1.9 m and a length of 3.7 m. A fission plataslocated within the experimental
shield array. The loaded tamkasmoved into the cave whetkermal neutrondeaking from

the outer graphite reflector of NESTORereused to drive the fission plate to provide a well
defined neutron source for penetration measurements. The neutron flux levels within an
ASPIS shield conta@d contributions frommsources in the fission plate and from the NESTOR
core and itwas essential that the NESTOR contributiams subtracted from all measured
responses to arrive at the response resulting from the fission plate sources.

2.2 - Iron-88 Benchmark Experimental Ay

The Iron88 benchmark experimental arrayradiated in the ASPIS shielding faciljitys

shown schematically in side elevation ifGF 22. The array comprigethree regions; the
source region containing moderator and the fission plate, the shieldfroad&3 mild steel

plates, each of approximately 5.1 cm thickness, and a deep backing shield manufactured from
mild and stainless steel. To allovosimeteraccess within the shield mm spacersvere

placed between each slab component. In practice thth déphe air gaps varkowing to
positional uncertainties of the plates and their flatness. The 6 mmwagtherefore nominal

and an average gap of 7.4 mm was measured for the experiment. The axial dimensions of the
experimental components are givenTiAB. 2.1 The outer boundaries of the experimental
regionwereformed by the walls and floor of the ASPIS trolisge FIG. 2.1and by the roof

of the ASPIS cave. The floor and walls of the troNesre manufactured from 1.91 cm thick

mild steel plate. Té trolley base htha 25 cm high steel chassis-filed with concrete.

The structure of NESTOR surrounding the trolley comprisencrete bulk shielding blocks
except on the NESTOR core side of the trolley front face wherasgraphite. This grapte
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exteneed away from the trolley to the external graphite reflector of the reactor.
The compositions of the materials used inltbe-88 experimentare given inTAB. 2.2.
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FIG. 21 The Shielding Facilities of the NESTOR Reactor
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FIG.2.2

Iron-88 - Schemat SideElevation of the Shield
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(%) Figurederived fom Figure 1of reference10/.
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TAB. 2.1

Iron-88 - Shield Dimensions.

Material Coordinate at Material
Component Thickness End of Region Reference
[cm] [cm] Number

Trollev Face 3.18 -16.62 1&2
Void 0.52 -16.10 -
Graphite 15.00 -1.10 3
Void 1.10 0.00 -

Fission Plate 2.90 2.90 4&5
Void 0.74 3.64 -
Mild Steel 5.10 8.74 6
Void 0.74 9.48 -
Mild Steel 5.12 14.60 6
Void 0.74 15.34 -
Mild Steel 5.12 20.46 6
Void 0.74 21.20 -
Mild Steel 5.10 26.30 6
Void 0.74 27.04 -
Mild Steel 5.20 32.24 6
Void 0.74 32.98 -
Mild Steel 5.15 38.13 6
Void 0.74 38.87 -
Mild Steel 5.20 44.07 6
Void 0.74 44.81 -
Mild Steel 5.20 50.01 6
Void 0.74 50.75 -
Mild Steel 5.25 56.00 6
Void 0.74 56.74 -
Mild Steel 5.18 61.92 6
Void 0.74 62.66 -
Mild Steel 5.07 67.73 6
Void 0.74 68.47 -
Mild Steel 5.12 73.59 6
Void 0.74 74.33 -
Mild Steel 5.18 79.51 6
Void 0.74 80.25 -
Mild Steel 5.10 85.35 6
Mild Steel 5.25 90.60 6
Mild Steel 5.00 95.60 6
Mild Steel 4.67 100.27 6
Stainless Steel 22.41 122.68 7
Concrete 100.00 222.68 8
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Notes
1. For material compositions see TAB. 2.2.
2. The trolley face is manufactured from mild steel with arcemtt al umi ni um

3.

of radius equal to 56.1 cm.
The construction of the fission plate is shown in FIG. 2.

All slab components are 182.9 cm wide by 191.0 cm high and fill the full width and

height of the ASPIS trolley.

i wi

n



Sigla di identificazione Rev. | Distrib. Pag. di
ENELN.  cCentro Ricerche Bologna | sicNUC-P9H6-004| 0 L |12 296
TAB. 2.2
Iron-88 - Material Canposition
Material . Weight
Material Reference Dfns"_g’ Element Fraction
No. [g3 cm”] Isotope [%]
Mild Steel 1 7.835 Fe 0.9865
Mn 0.0109
C 0.0022
Si 0.0004
Aluminium 2 2.700 Al 1.0000
Graphite 3 1.650 C 1.0000
Fuel 4 3.256 Al 0.7998
U-235 0.1864
U-238 0.0138
Aluminium 5 2.666 Fe 0.0056
Si 0.0015
Al 0.9929
Mild Steel 6 7.850 Fe 0.9903
Mn 0.0074
C 0.0023
Stainless Steel 7 7.917 Fe 0.6695
Mn 0.0157
Cr 0.1677
Ni 0.1166
C 0.0006
Si 0.0050
P 0.0003
S 0.0002
Mo 0.0244
Concrete 8 2.242 Fe 0.0141
Si 0.3369
Al 0.0340
H 0.0100
@) 0.5290
Ca 0.0379
K 0.0200
Na 0.0161
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2.3 - Iron-88 BenchmarkFission Plate

A schematic diagram of the fission plate is shown I&.R2.3. It compriss an aluminium
frame whichfill s the height and width of the ASPIS trolley. Located within the franed 3
separate fuel elements. A schematic view of an individual fuel element is showa. 2.4

Each element has two 12 mm thick aluminium cover plates which attach on aithef e

top and bottom locating end pieces leaving a 5 mm separation in which U/Al alloy fuel strips
are located. The fuel strips are 80% by weight aluminium and 20% by weight of uranium
enriched to 93% having a density of 3.256 cm*. Each strip is aminally 30.5 mm wide

and 1 mm thick and is fixed to the rear cover plate by M5 screws.

Three columns of fuel strips laid side by side fill the width of the element. There is depth for 4
fuel strips within each element leaving a 1 mm clearance gap néx¢ toont cover plate.

In the current configuration only the central two strips in each column contain U/Al alloy, the
outer two are both blanks manufactured from aluminium. To approximate to a disc fission
neutron source the axial fuel loading witheach element has been arranged to the
specification shown in I6. 25 by the substitution of aluminium blanks for fuel where
necessary giving 4 mm of aluminium in the unfuelled regions.

The position of the fission plate is shown ilGF26. The centre othe fuel is at a height of

889 mm from the floor of the trolley and at 889 mm from the right hand wall of the trolley
when looking towards the NESTOR core. The measurements were made on this Z horizontal
nuclear axis passing through the centre of trsedisplate

The approach taken to obtain the absolute power distribution within the fission plate is
summarised as follows:

1. Mn-55(np)Mn-56 reactiorrates are measured over the front surface of the fission plate
to define a thermal flux profile in X and Y.

2. The distribution of the k235 content within the fuel is assessed.
3. 1. and 2 are combined to provide a relative fissiae profle in X and Y.

4. The relative fission profile in the Z direction through the fuel is obtained from absolute
measurements of fissioate in the plate as described below.

5. The fissionrate profile is normalised to absolute measurements of the fissi@ner
NESTOR Watt in the plate which are made by counting fission product decay rates in
samples taken from the central strip of the central element at the centre, bottom and
halfway between the centre and bottom of the fuel.

6. The neutron source distributiadmobtained from the absolute fissicte distribution.

The manganese reactioate measurements on the front face of the plate were input to the
CRISP code25/ to define the manganese reactrate surface covering the plate. From this
surface the avage manganese reactimte within the elements of any source mesh overlaid
onto the fission plate can be defined. The fisgiate profile in X and Y is taken as the
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manganese reactioate profile on the front face of the fuel plate. This has been nigaddb

give a plate power of 1 Watt and the resulting neutron source distribution is shown in
TAB. 2.3. Constants of 3.121E+10 fissions per Watt and 2.437 neutrons per fission have been
used in this derivation.

The absolute fissiomte in the fuelvas found to be between 5% and 16% higher in the strip
nearer to NESTOR. This difference is caused by the attenuation of thermal neutrons from
NESTOR through the 1 mm fuel strips. However, the attenuation of the neutrons produced by
fission is small overhis distance so an assumption of no Z dependence in the source strength
has been made.

The absolute power in the fission plate, expressed as plate Watts per NESTOR Watt, has been
determined by combining measurements of the absolute fissi®erat spot Maes, gained by

fission product decay line counting, with the fissicte profile data derived in CRISP.

The analysis is rather involved and the result was an absolute plate power 605.8&tts

per NESTOR Watt. The uncertainty on the plate pawé% at the two standard deviations
(20) Il evel
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TAB. 23

Iron-88 - Source Distribution on the Fission Plate.

0O 0 O O 0 29732994285 0 0 0 0 O O
0 0O O O 3.1733.4963.537 3.404 2975 0 0 0O O O
0 O O 3.1763.7114.0884.1494.0153.52928%0 0 0 O O
0 O 3.1863.5004.092 4.514 4.587 4.446 3.9253.2402.886 0 0 O
0 3.249 3.635 3.999 4.696 5.197 5.2 86 5.130 4.555 3.807 3.4223.009 0 O
0 3.150 3.575 4.003 4.412 5.202 5.770 5.870 5.699 5.080 4.282 3.873 3.4312.970 0O
3.040 3.322 3.769 4.223 4.660 5.505 6.110 6.215 6.034 5.387 4.559 4.133 3.673 3.188 2.850
3.132 3.427 3.893 4.364 4.815 5.684 6.304 6.412 6.227 5.563 4.710 4.270 3.792 3.287 2.932
3.026 3.325 3.784 4.239 4.669 5.491 6.079 6.183 6.009 5.364 4.523 4.084 3.607 3.103 2.751
0 3.136 3.574 4.001 4.400 5.157 5.701 5.802 5.643 5.031 4.221 3.795 3.331 2.843 0

[cNoNoNoNe]

0 0 3.1823.562 3.912 4572 5.053 5.149 5.013 4.461 3.7133.3172.887 0 O
0O O O 3.0043.299 3.8554.267 4.357 4.247 3.7663.1012.748 0 0 O
0O 0O O 0 2.8963.3963.7703.8553.7583.3202.712 0 O O O
0O 0 O 0O 0 2.7453.0723.1503.067268 0 0O O O O
O O O O O 0 245825252448 0 0 O O O O
Units are neutrons x cm® x second "' x 1.0E+07.
The plate power for this distribution is 1 Watt.

Coordinate boundaries for source distribution.
Units are cm.

X -5225 -49.08 -4592 -3958 -36.42 -30.08 -14.25 -4.75
4.75 14.25 30.08 36.42 39.58 45.92 49.08 52.25

Y -5144 -4763 -4064 -3556 -31.75 -19.69 -1588 -5.29
5.29 15.88 19.69 31.75 35.56 40.64 47.63 51.44
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FIG. 23
Iron-88 - Schematic Diagram of the Fission Pfate
A
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(® Figurederived fom Figure 3 @ reference10/.
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FIG. 24

Iron-88 - Schematic Diagram of the Fuel Element of the Fission Plate

(® Figurederived fomFigure 4 ofreference10/.
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FIG. 25
Iron-88 - Disposition of the Fuel Elements in the FissRiate.
A
- 119 cm — 9
A
191 cm 142 cm
Y
il 182.9 cm -
\ ALUMINIUM BODY

(® Figurederived fom Figure 5 ofreference10/.
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FIG. 26

Iron-88 - Details of the Fuel Loading Pattern in the Fission Plate
when Viewed Looking towards the NESTOR ReactoreCor

Section Normal to the Z Horizontal Axis at the Fission Plate Centre.

Position of the Fission Plate with Respect to the ASPIS Trolley.
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24 - Activation Dosimeter Measuremenisthelron-88 Experiment

The neutron distribution through the experimental shiedd mapped using activation foils
attached to thin aluminium carriers (0.5 mm thick by 9 cm wide) located between the slab
components. The dsimeter set comprised activation foils to measure the
Au-197(np)Au-198Cd eprcadmium reaction rates and the Rh103(n,n)RR103m
In-115(n,n")In115m S-32(n,p)R32 and Al-27(n)Na24 threshold reaction rates.

In particular the epcadmium activation reaction rate measurements wererpggtl using
cylindrical gold foils with a diameter of 12.7 mm, a thickness of 0.05 mm, a typical mass of
0.12g + 0.13 g and a cadmium cov#ricknessof 50/1000 inches, equivalent to 1.27 mm.
Penetration measurements were made along the nuclear cemtrgHiohwasthe horizontal

axis of the system passing through the centre of the fission plate. Lateral distributions were
also measured at various positions in the shields, the foils being located at intervatsnof 25
up and down from the nuclear centmee. The labelling convention for the measurement
locations is given in k. 2.7.

A fraction of the neutrons present in the experimental array origifiate leakage from the
NESTOR core. To obtain a true comparison between measurement and a calasiagjdhe

fission plate source, the NESTOR core component must be subtracted from the measurement.
There are two methods by which the background component can be estimated.

The best method is to repeat the measurement with the fissile content of ire fisse
removed, ie. an unfuelled measurement. This is a time consuming method as measurements
have to be made twice at every point, once with the fuel and once without. The combination
of low fluxes and low sensitivities of integrabsimeterscan makeforeground fuelled
measurements difficult at deep penetration with the result that unfuelled measurements
become impossible.

Background corrections of acceptable accuracy can be made for the high energy threshold
reactions by a second method using thdrbgen filled proportional counters of the TNS
systenv26/ in integral mode. Here measurements of the neutron -catet in the shield with

the ASPIS shutter open and closed are required together with a measure of -th@vshut

ratio of the fission platevhen the neutron shutter is closed. This technigas used for
determining the background correction for the proportional counters; the correction was found
to be around 2% throughout the shield and a value of 2% is recommended for the four
thresholdactivationdosimetersat all positions in the shield.

The unfuelled technique for background correcti@sadopted for the gold measurements as
therewasa significant component of the low energy flux whigt dot arise from the fission
plate particularlynear the fission plate itself where the fuelled to unfuelled ratidddoe as
low as 3.

The reaction effective threshold energies for Rte103(n,n), In-115n,n), S-32(n,p) and
Al-27 (n, U) d o s i28befissem seytroni spectram dumilar to that of the 488n
experiment, are respectively 0.88eV, 1.30 MeV, 2.8 MeV and 7.30 MeV (see27/).
Nevertheless, since the effective threshei@rgyis nota completely satisfactory parameter
for the characterization of the energy dependent cross section functionspadniedvalues

give only a rough indication of the start of the response for the specific dosimeter.
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If one wishes to chacterize the dosimeter response energy range more accurately, the energy
range corresponding to 90% of the response and the median energy of the response should be
taken into account. The median energy is defined such that, in the specific spectrum, the
responses below arabovethis energy value are equal. Secondly, the definition of the energy
range corresponding to 90% of the total response of a dosimeter implies that 5% of the
response is below the lower boundary and iS%bove the upper boundary ofighenergy
range.A synthesis of these dafar the fourthreshold activatiordosimetersused in the
Iron-88 experimenwastaken from referenc&®7/ and itis reported in AB. 2.4 to give more
specific detailed informatigraddressed to obtain a moregise analysis in the comparison of

the experimental and calculated dosimetric results.

In practice the experimental results coming from-IRB(n,r), In-115(n,n) (see 28/),
S-32(n,p) andAl-27(n)J) correspondrespectivelyto neutron fluxes ab@ about0.1 MeV,

1.0 MeV, 3.0 MeV and 8.0 MeV.

TAB. 2.4

Iron-88 - Threshold ActivatiorDosimeter Parameters ila235 FissiorNeutron Spectrum.

Effective _
Dosimeter TE;e(esrg(;/Id 90% Resp[o'\z:\e/]Energy Rang Med[||\a/1||; \If]nergy
[MeV]
Rh-103(nn’) 0.69 0.72+5.8 2.3
In-115(n,n) 1.30 11+59 26
S-32(n,p) 2.80 23+73 4.0
Al-2 7 ( n, 7.30 64+12.0 8.6
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3 - CROSS SECTION LIBRARIES AND NUCLEAR DATA

The four working cross sgion libraries (BUGJEFF311.BOLIE2/, BUGENDF70.BOLIB
/3/, BUGLE-B7 /7/ and BUGLE96 8/) andthe nuclear datati{e reactor dosimetry cross
sections 20/ derived from IRDFR2002 /21/ and the JEFR.1.1, ENDF/BVI..O and
ENDF/B-VI.3 U-235 fission neutno spectra in the BUGLE6 neutrorenergystructure) used
in the present deterministic transport analysis are briefly describethis chapter.
It is underlined that the ENERologna BUGJEFF311.BOLIB and BUGENDF70.BOLIB
libraries and theORNL BUGLE-B7 library adopt the same neutron (see TABL) and
photon (see TAB3.2) energygroup structuré47 neutron groups + 20 photon group}he
ORNL BUGLE-96 library. The cited libraries arbroadgroup coupled neutron/photon
working cross seathn libraiesin FIDO-ANISN /1/ formatwith parameterized cross section
sets of problerdependent sefhielded neutron cross sectipedicated to LWR radiation
shielding and radiation damage applications and, in particular, tedotor pressure vessel
(RPV) dosimetry analyse#it present they are the only freeleased BUGLHype libraries at
OECD-NEADB and ORNLRSICC.

3.1- BUGJEFF311.BOLIBCross Section Library

BUGJEFF311.BOLIB /2/ is an ENERologna broaejroup (47 neutron groups + 20 photon
grougs) coupled neutron and photon working cross section library in FARNGN format,
generated in 2011 in the same energy group structure of the ORNL BOGIEE similar
library. It is based on the OEGREADB JEFF3.1.1 /4/ /5/ evaluated nuclear data library
The BUGJEFF311.BOLIB broagroup library was obtained through problelependent
cross section collapsing and ssffielding from the ENEAologna VITJEFF311.BOLIB &
fine-group coupled neutron and photon psepdablenmindependent litary in AMPX format

for nuclear fission applications. VITJEFF311.BOLIB adopts the s&nesgroup energy
structure (199 neutron groups + 42 photon groups) of the ORNL VITABBNS/ library
(mother library of BUGLES6) and it is based othe Bondarenko3(/ (f-factor) method for

the treatment of neutron resonance-sklelding and temperature effects.

BUGJEFF311.BOLIB, dedicated to LWR shielding and pressure vessel dosimetry
applications, was generated using BNEA-Bologna 2007 Revision31/ of the ORNL
SCAMPI 32/ nuclear data processing system, able to treat double precision data and freely
released at OEGDIEADB and ORNLRSICC.

The BUGJEFF311.BOLIB library was firstly freely released to OBTPADB and then to
ORNL-RSICC, assuming respectively the desitjons NEA1866 ZZ BUGJEFF311.BOLIB

and DLG254 BUGJEFF311.BOLIBIt is underlined that BUGJEFF311.BOLIBasthe first
BUGLE-type multigroup working library, based on OEENEADB JEFF nuclear data.

3.2- BUGENDF70.BOLIB Cross Section Library

BUGENDF7QBOLIB /3/ is an ENEABologna broaegroup (47 neutron groups + 20 photon
groups) coupled neutron and photon working cross section library in-ARIBISN format,
generated in 2013 in the same energy group structure of the ORNL BOGIEE similar
library. It is based on the US ENDFMIIL.O /6/ evaluated nuclear data library.
The BUGENDF70.BOLIB broagroup library was obtained through probleiependent
cross section collapsing and ssifielding from the ENEAologna VITENDF70.BOLIB /3/
fine-group coupled neutron and photon psepdablemindependent library in AMPX format
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for nuclear fission applications. VITENDF70.BOLIB adopts the sdme-group energy
structure (199 neutron groups + 42 photon groups) of the ORNL VITABBNS/ library
(mother library of BUGLE96) and it is based othe Bondarenko30/ (f-factor) method for

the treatment of neutron resonance-shlelding and temperature effects.

BUGENDF70.BOLIB, dedicated to LWR shielding and pressure vessel dosimetry
applications, waggenerated using thENEA-Bologna 2007 Revision31/ of the ORNL
SCAMPI 32/ nuclear data processing system, able to treat double precision data and freely
released at OEGDIEADB and ORNLRSICC.

The BUGENDF70.BOLIB library was firstly freely released to GENEADB and then to
ORNL-RSICC, assuming respectively the designations NBA2 ZZ BUGENDF70.BOLIB

and DLG262 BUGENDF70.BOLIB.

3.3- BUGLE-B7 Cross Section Library

BUGLE-B7 /7/ is an ORNL broadjyroup (47 neutron groups + 20 photon groups) coupled
neutra and photon working cross section library in FHA®ISN format, generated in 2011

in the same energy group structure of the ORNL BUGBHES/ similar library. It is based on

the US ENDF/BVII.0 /6/ evaluated nuclear data library. The BUGBE broadgrouplibrary

was obtained through probledependent cross section collapsing ands@klding from the
ORNL VITAMIN-B7 [7/ fine-group coupled neutron and photon psepdablem
independent library in AMPX format for nuclear fission applications. VITAMBR adgts

the samdine-groupenergy structure (199 neutron groups + 42 photon groups) of the ORNL
VITAMIN -B6 /8/ library (mother library of BUGLES6) and it is based othe Bondarenko

130/ (f-factor) method for the treatment of neutron resonanceskidfdingand temperature
effects.

BUGLE-B7, dedicated to LWR shielding and pressure vessel dosimetry applications, was
generated through the ORNL AMPG¢1.0 /34/ nuclear data processing system (not freely
released at the time of the library generation in 2011} ak® to produce the VITAMINB7
fine-group mother librarpf BUGLE-B7.

The BUGLEBY7 library was firstly freely released to ORMRSICC and then t@ECD-
NEADB, assuming respectively the designations E#45 VITAMIN-B7/BUGLE-B7 and
DLC-0245 ZZVITAMINB7/BUGL EB?7.

3.4- BUGLE-96 Cross Section Library

BUGLE-96 B/ is an ORNL broadyroup (47 neutron groups + 20 photon groups) coupled
neutron and photon working cross section library in FHBXISN format generated in 1996.

It is based on the US ENDFRMI.3 /9/ evaluated nuclear data library. BUGIES was
obtained through problemependent cross section collapsing and-daklding from the
ORNL VITAMIN-B6 /8/ fine-group (199 neutron groups + 42 photon groups) coupled
neutron and photon pseugooblemindependentibrary in AMPX format. VITAMIN-B6
was generated through the NJOX.15 nuclear data processing system and it is basddeon
Bondarenko 30/ (f-factor) method for the treatment of neutron resonanceskafding and
temperature effect8UGLE-96, dedicatd to LWR shielding and pressure vessel dosimetry
applications, was generataging the version othe ORNL SCAMPI 32/ nuclear data
processing systeravailablein 1996. This librarywas freely released to ORNRSICC and
then to OECBNEADB where respectilg assumed the designations DI0C85 BUGLE96

and DLGO0185 ZZBUGLE-96. It is underlined that BUGL-B6 and the fingroup mother
library VITAMIN -B6, became reference standards (8¢ ANSI/ANS-6.1.21999 (R2009)
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as multigroup librariesrecommendedor shielding applications and they were successfully
used all over the world.
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TAB. 3.1

Neutron Group Energgnd Lethargy Boundarider the BUGLE-Type Libraries

Group Upper Energy

Upper Lethargy

[MeV]

1 1.7332E+07 -5.4997E - 01
2 1.4191E+07 - 3.5002E - 01
3  1.2214E+07 - 2.0000E - 01
4 1.0000E+07 O.
5 8.6071E+06 1.5000E -01
6 7.4082E+06  3.0000E -01
7 6.0653E+06  5.0000E -01
8 4.9659E+06  7.0000E -01
9 3.6788E+06  1.0000E - 00

10 3.0119E+06  1.2000E+00

11  2.7253E+06  1.3000E+00

12 2.4660E+06  1.4000E+00

13 2.3653E+06  1.4417E+00

14 2.3457E+06  1.4500E+00

15 2.2313E+06  1.5000E+00

16 1.9205E+06  1.6500E+00

17 1.6530E+06  1.8000E+00

18 1.3534E+06  2.0000E+00

19 1.0026E+06  2.3000E+00

20 8.2085E+05  2.5000E+00

21 7.4274E+05  2.6000E+00

22 6.0810E+05  2.8000E+00

23 4.9787E+05  3.0000E+00

24 3.6883E+05  3.3000E+00

25 2.9721E+05  3.5159E+00

26 1.8316E+05  4.0000E+00

27 1.1109E+05  4.5000E+00

28 6.7379E+04  5.0000E+00

29 4. 0868E+04  5.5000E+00

30 3.1828E+04  5.7500E+00

31 2.6058E+04  5.9500E+00

32 2.4176E+04  6.0250E+00

33 21875 E+04  6.1250E+00

34 1.5034E+04  6.5000E+00

35 7.1017E+03  7.2500E+00

36 3.3546E+03  8.0000E+00

37 1.5846E+03 8.7500E+00

38 4.5400E+02  1.0000E+01

39 2.1445E+02  1.0750E+01

40 1.0130E+02  1.1500E+01

41 3.7266E+01 1.2500E+01

42 1.0677E+01  1.3750E+01

43 5.0435E+00 1.4500E+01

44  1.8554E+00  1.5500E+01

45 8.7643E -01 1. 6250E+01

46  4.1399E -01 1.7000E+01

47 1.0000E -01  1.8421E+01

1.0000E -05 2.7631E+01
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TAB. 3.2

Photon Group Energy Boundaries for Bl@GLE-Type Libraries.

Group Upper Energy

[MeV]
1 1.4000E+07
2 1.0000E+07
3 8.0 000E+06
4 7.0000E+06
5 6.0000E+06
6 5.0000E+06
7 4.0000E+06
8 3.0000E+06
9 2.0000E+06
10 1.5000E+06
11 1.0000E+06
12 8.0000E+05
13 7.0000E+05
14 6.0000E+05
15 4.0000E+05
16 2.0000E+05
17 1.0000E+05
18 6.0000E+04
19 3.0000E+04
20 2.0000E+04

1.0000E+04
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35- IRDF-2002Dosimeter Cross Sections

The activation dosimeter cross sections for the ALO7( n, 3lP8Anuclear reactions
(see KGs. 3.1+3.7 and TABs. 3.33.4) and the thresholdctivationdosimeter cross sections
for the Rh-103(n,MRh-103m (see FGs. 3.8+3.9 and TABs. 3.53.9), In-115(n,n)In-115m
(see HGs. 3.10+3.11 and TABs. 3.5-3.9), S32(n,p)R32 (see KGs. 3.12+3.13 and
TABs. 3.5:3.9) and AF2 7 ( n ;28 js@¢affiGs. 3.14+3.17 and TABs. 3.5-3.9) nuclear
reactiors, usedin the presentiron-88 transport analys, were derived (se®r example'2/, /3/
and 20/) from the IAEAIRDF-2002 21/ International RactorDosimetryFile.

The nuclear reaction cross sections for the-1A8 7 ( n-198,) R&R103(n,)Rh-103m,
In-115(n,H)In-115m, S32(n,p)R32 and Ai2 7 ( n ;2d@3ctNationdosimeters were obtained
in the 47group neutra energy structurésee TAB. 3.1), typical of the BUGJEFF311.BOLIB
12/, BUGENDF70.BOLIB/3/, BUGLE-B7 /7/ and BUGLE96/8/ libraries.

The dosimeter cross sectior®r the calculations using the BUGJEFF311.BOLIB,
BUGENDF70.BOLIB, BUGLEB7 and BUGLE96 librarieswere obtained from IRD2002
through the GROUPIE module of the PREPR8%/ nuclear data processing system
Two typesof neutronweightingspectum in the 199groupneutron energy structurgypical

of the VITIJEFF311.BOLIB /29/, VITENDF70.BOUB /33/, VITAMIN-B7 /7/ and
VITAMIN -B6 /8/ correspondingmother libraries were used in GROUPIE to generate the
47-group dosimeter cross sectioms particularthe sameflat weightingspectrumwasused to
generate theorresponding}7-groupactivation asimeter cross sectiaetto be usedvith all
the four BUGLE-type librarieswhilst four 1/4 T PV weightingspecta, separatelygenerated
throughthe use(see for example /ahd /3) of each VITAMIN-type motherlibrary, were
employedto produce the correspdingfour 47-groupactivation dosimeter cross sectionsset
to be singularlyusedwith eachcorrespondindBUGLE-type library.

In particular, a flat neutron weighting spectrurthe constant numerical value of unisas
attributed toall the neutron grougof the 199group flat neutron spectruosedin GROUPIE

to generate five flat weighting dosimeter cross section sets (one for each of the tayaiefive

of dosimeters employed in Ire88), obviously used by all the four BUGLikpe libraries.

On the conary, the four 1/4 T PV neutron weighting speatrused to generate thfeur
dosimeter cross sectiorsets separately employed in the calculations with the
BUGJEFF311.BOLIB BUGENDF70.BOLIB, BUGLEB7 and BUGLE96 libraries were
obtained (see for example /2/3/ and /20y through four fixed sourceonedimensional
transport calculatiors. These 1D transport analysesusng respectively the
VITIJEFF311.BOLIB, VITENDF70.BOLIB, VITAMINB7 and VITAMIN-B6 corresponding
fine-group mother libraes were conceived talescrile the invessel and exessel radial
geometry of a PWRIn particular tle four previously cited1/4 T PV neutron weighting
spectawerecalculatedn a steel zonghereactor pressure vessel (PV) dP®WR,at a spatial
position corresponding to enquarter of the thickness (T) of the reactor pressure vessel
(/4 T PV).

Concerning theéwo 1/4 T PV weightingdosimeter cross secti@ets, separatelgmployedin

the transport calculationsising BUGLE-B7 and BUGLE-96, they were obtained in
ENEA-Bologna for the present transport analysis with the s&R&PRO calculation
procedure previouslited In this case the two original 199-group 1/4 T PV neutron
weighting spectra, calculated at ORNL in the same PV spatial position through the
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VITAMIN -B7 and VITAMIN-B6 fine-group mother libraries of BUGLB7 and BUGLE96
respectivelywere alternatively used GROUPIE

The 47-group dosimetercross sectionsobtained with both the flat weighting and the
1/4 T PV weightingheutronspectrawere in generalemployed in all the calculations but, for
the transport analysis dedicated to the B singlematerial (iron) neutron shielding
benchmarkexperiment the dosimeter cross sections obtained with fihe 1/4 T PV
weightingspecta were conslered moreppropriate In facttheseneutron weighting speéyr
obtained withina reactor PVsteelregion areobviously more similar to the neutron speotr
presenin thelron-88 experimental region made rofld steel

It is underlined that unique fat weightingcross section set in the 4foup neutron energy
structure for each specific dosimeternuclear reaction was employedn the transport
calculations usingthe BUGJEFF311.BOLIB BUGENDF70.BOLIB, BUGLEB7 and
BUGLE-96 libraries as already mviously reported

On the contraryfor each specific dosimetemuclear reactionthe correspondinggroup
numerical values ahefour 1/4 T PV weighting cross section satespectively usetb obtain
the reaction rate results in the calculations with the BUGJEFF311.BOLIB
BUGENDF70.BOLIB, BUGLEB7 and BUGLE9G6 libraries are slightly differentIn fact the
four 1/4 T PV weighting dosimeter cross section sedspectively useth the calculations
with  BUGJEFF311.BOLIB BUGENDF70.BOLIB, BUGLEB7 and BUGLE96, were
obtainedthrough GROUPIE using separatelyour slightly different 199-group 1/4 T PV
neutron weighting speetr The last citedneutron spectraprevicusly calculatedusing the
VITJEFF311.BOLIB, VITENDF70.BOLIB, VITAMINB7 and VITAMIN-B6 correspoding
mother librariesbased respectively on JERBFL.1/4/, ENDF/B-VII.0 /6/, ENDF/BVII.O and
ENDF/B-VI.3 /9/ nuclear dataare in particular slightly different since they were obtained
from calculations usingdjbraries based odifferent nuclear datar libraries processed with
different nuclear data processing systems. For example, for the twagréup mother
librariesVITENDF70.BOLIB and VITAMIN-B7 based on ENDF/A&11.0, the LANL NJOY-
99.259/36/ and theORNL AMPX-6.1 /34/ data processing systemgre respectively used
for their generatiorand so slightly different99-group 1/4 T PV neutron weighting spectra
were calculated

It is then underlined that, differently from the four threshold activation dosimeters used in the
Iron-88 experiment, theAu-19 7 ( n ;198)cwss sections must be sshHielded for the
neutron resonance absorption through a methodology desbebeidafter.

For theAu-1 9 7 ( n-198 hndAi-2 7 ( n ;24 YloBimeter cross sections, characterized by
the highest differences betwethe flat weighting andhe 1/4 T PV weightingcross sections,

the ratios of the 1/4 T PV weighting cross sections divided by the corresponding flat
weighting cross sectiongsed in the calculations with the BUGJEFF311.BOLIB and the
BUGLE-96 libraries arereported. In particular theselfshieldedcross section ratios for
Au-1 9 7 ( n-198 ) akeureported in the FIGs. 36 and 37, respectively for
BUGJEFF311.BOLIB and BUGLE6, whilst the correspondingcross section ratio$or

Al-2 7 ( n ;24 arBr@spectivelyshown inthe FIGs. 316 and 317. In particular the
sef-shielded cross section ratios reproducetherIGs. 36 and 37 for Au-1 9 7 ( n-198 ) Au
are derived respectively from tleerrespondingross section data shown in the FIG4.&d

35 and tabulatedin the TABs. 3.3 and 3.4. Thecross sectiorratios preentedin the
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FIGs. 316 and 3.17 for Al-2 7 ( n ;2@ Jarh anstead derived respectivelyfrom the
correspondingross section dat@epresentedh the FIGs. 314 and 315 and tabulatedn the
TABs. 35,3.6 and 3.9

The Au-1 9 7 ( n-198 )fl& uweightihg activation cross sectionswith appropriate
self-shieldingwerecomparedn FIG. 3.1 with the correspading cross sections without self
shielding

Comparisons ofhe Au-1 9 7 ( n-198 J/4ATUPV weighting cross sectiomsth and without
selfshielding are shown in FIG.Band FIG. 33, exclusively for the BUGJEFF311.BOLIB
library and the BUGLED6 reference libraryespectively Comparisos of flat weighting vs.
Au-1 9 7 ( n-198 )/4ATuPV weighting neutron sedhielded cross sections are egented

in FIG. 34 and FIG. 3, respectively for the cross sections used in the calculations with the
BUGJEFF311.BOLIB andhe BUGLE-96 libraries. With respect to theelf-shieldedcross
sections shown in FIG. 8.and FIG. 3, the ratios of the A197(n 2 )-1A&11/4 T PV
weighting cross sections divided by the corresponding flat weighting cross sections are
reported in FIG. & and FIG. 37, respectively for the seffhielded cross sections used in the
calculations with the BUGJEFF311.BOLIB atite BUGLE-96 libraries

Finally it is reported herewith in detail the methodology used to-sbidld the

Au-1 9 7 ( n-198 rréss sectionand to identify theappropriatenumerical value of the
cadmium cutoff energyfor the Au-1 9 7 ( n-198GdAepicadmium reaction rate
measurements, taking into account the thickness of the cadmium cover employed together
with the gold dosimetey#n thelron-88 experimenspecific conditionsThe generation of the

Au-1 9 7 ( n-198 yehshielded cross sectionswas performed througtihe GROUPIE
modul e of the PREPRO nuclear data progessi ng
equal to 169® barns to take into accoynh paticular, the neutronselfshielding in the
resolved resonancenergyregion. The remrted numerical value of the background cross

s e ¢ t ¢ washobtdinecassuming that théotal background cross section for a lump with
finite dimensions is given bfsee B7/, pages9-41 and 942) the sum of a first component

given by the background crosection dependingn the dilution rate of a specific nuclide in

the isotopic material mixture of the lupus a second componegiven by an escape cross
section from the lump. For the gold ®ilcomposed by a monoisotopic material, the first
componehis a negligible quantitgqual to 0.0 or 1.086 barns, as commonly assumed in the
data processingalculationproceduresThe second component is calculated herewith and can

be considered equivalent to the total background cross section, useesties@lproperly the

gold cross sections, since the first component is negligible.

For a lump of resonance material (gold foil) embedded in a large moderating region, escapes
from the lump also increase the background cross seciah the Wigner rational
appoximation is used to obtain an effective escape cross sefitisn g ma e Bhisa p e 0
additional escape cross section is given by:

sigmaescape = 1/(N< a > )
where the mean chord length of the lump is giverldy > = wherd:/ S
S = Total area of the surface of the cylindrical gold foil (lump);

V = Total volume of the cylindrical gold foil (lump)
N = Atomic density of gold
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ThereforedV/S =43 “r*h /2" r* = 2h, where h (0.005 cmi} the thickness (or height) of the
cylindrical gold fois used inthelron-88 experimentexpressed in cm.

So we have 4V/$ 23 0.005= 0.01 cm = mean chord length of the cylindrical lufmg: a >
gold foil), considering negdiible the area of the lateral cylindrical surfa¢ehe gold foils

Then we have:

sigmaescape = S/4¥/1/N = 1/2h3 1/N.
Taking into account that (u-197) = gold density® Avogadro constantgold gram atomic
weight, we have:

N(Au-197) = 19.3 x 0.60224129 / 196.967 = 5.982 atoms barns'3 cm™
where:

gold density = 19.3/3 cm;
Avogadro constant = 0.60221414129.0E+24 atom3 mol™;
gold gram atomic weight = 196.967agn-atom

Finally we have:
sigmaescape = 1/0.011/5.9E02 = 10® 169949 = 16950 barns

The epicadmiumreaction ratemeasurements with gold dosimeters were perforomadg
gold foils inserted in cadmium covemble to absorlihe thermal neutrons below a cutoff
energy depending on the cadmium cover thickness.

Taking intoaccount that the cadmium cover thickness for the gold dosimeters employed in
the Iron-88 benchmark experimemwas equal to 50/1000 inches (1.27 mm), the cadmium
cutoff energyfor a thin 1/vneutronabsorber, as a gofdil dosimeter, is about 0.73 eV, ac

be deduced from reference 8/3 (specifically from Figure 12.2.5 at page 27%
Theidentificationof an energy value for the effective experimental cadmium cutoff energy
necessary to decide how many neutron groups oBW8LE-type 47-group neutron energy
structure must be excluded to calculate correctlytoked eptcadmiumreaction ratesf the
gold dosimeters in th&éon-88 benchmark experiment.

Eliminating in particular, in the calculations with the BUGIti#pe libraries, thewo last
neutron groups No. 46 and No. 47 of the BUG&kRe neutron energy structure (see
TAB. 3.1), the effective cadmium cutoff energy is implicitly assumed at the classical 0.414
eV neutron energythe classicalipperenergythresholdof the themal neutronsEliminating

an additioral neutron groupj.e. the neutron group No. 45, theffective cadmium cutoff
energy igmplicitly assumed at 0.876 eV, tlwver energy limit of the neutron group No4.4
Probably the most correct choiage this casgadoptedin the present wotkis to eliminate
from the calculatios the gold dosimeterreaction rate contributions of thiaree previously
cited lowest energyneutron groupsin fact the energy value nearer to 0.73 e¥, the
experimentakffective cadmim cutoff energy corresponding aoccadmium cover thickness of
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1.27 mm is 0.876 eVthelower energy limit of the neutron group No4 4h a BUGLE-type

neutron energgroupstructure.
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FIG. 31

Comparison otheAu-1 9 7 ( n-198BlabWeightingNeutronCross Sections
with and withoutSelf-Shielding Used in the Calculations with the BUGJEFF311.BOLIB,
BUGENDF70.BOLIB, BUGLEB7 and BUGLE96 Libraries
47-Group Neutron Energy Structufepical of the BUGLETYype Libraies.
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FIG. 32
Comparison otheAu-1 9 7 ( n-198 Y4A WPV WeightingNeutronCross Sections
with and withoutSelt-Shieldng Used in the Calculations
with the BUGJEFF3L.BOLIB Library.
47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
SeltShi el ding Calcul ated AssupeledhpOlan8ackgr ou
Au-1 9 7 ( n-198 Y4A PPV Weighting Neutron Cross Sections

Obtained through Data &tessing Using the 198roup Neutron Spectrum
Calculated in the 1/4 T PV Positiavith the VITIEFF311.BOLIB Library.
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FIG. 33

Comparison otheAu-1 9 7 ( n-198 y4A &PV WeightingNeutron Cross Sections
with and withoutSelf-Shielding Used in the Callations
with the BUGLE96 Library.

47-Group Neutron Energy Structure Typical of the BUGL¥pe Libraries.
SeltShi el ding Calcul ated AssupeledhpOlan8ackgr ou
Au-1 9 7 ( n-198 Y4A PPV Weighting Neutron Cross Sections

Obtaned through Data Processing Using the-B38up Neutron Spectrum
Calculated in the 1/4 T PV Positiovith the VITAMIN-B6 Library.
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FIG. 34

Comparison oAu-1 9 7 ( n-198BlaAWeighting vs. 1/4 T PV Weighting
Neutron Cross Sections with S&hieldirg Used in the Calculations
with the BUGJEFF311.BOLIB Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
SeltShi el ding Calcul ated AssupeledhpOlan8ackgr ou
Au-1 9 7 ( n-198 Y4A PPV Weighting Netron SelfShieldedCross Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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FIG. 35

Comparison oAu-1 9 7 ( n-198BlaAWeighting vs. 1/4 T PV Weighiy
Neutron Cross Sections with S&hielding Used in the Calculations
with the BUGLE96 Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
SeltShi el ding Calcul ated AssupeledhpOlan8ackgr ou
Au-1 9 7 ( n-198 Y4A PPV Weighting NeutroSelfShieldedCross Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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Au-197(n,y) Cross Section Ratio
(1/4 T PV Weighting Spectrum / Flat Weighting Spectrum)

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.

FIG. 36

Ratio(1/4 T PV Weighting / Flat Wighting) of theAu-1 9 7 ( n-198 ) Au
Neutron Cross Sectiongith SelfShieldingUsedin the Calculations
with the BUGJEFF311.BOLIB Library.

Au-1 9 7 ( n-198 Y4A PPV Weighting Neutron 18@ss Sections
Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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FIG. 37

Ratio(1/4 T PV Weighting / Flat Weightingf theAu-1 9 7 ( n-198 ) Au
Neutron Cross Sdoins with SelfShielding Used in the Calculations
with the BUGLE96 Library.

47-Group Neutron Energy Structufepical of the BUGLEType Cross Section Libraries.
Au-1 9 7 ( n-198 Y4A' PV Weighting NeutroSelfShieldedCross Sections

Obtained through Bta Processing Using the 1@oup Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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FIG. 38

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting
Rh-103(nn)Rh-103mDosimeter Cross Sections
Used with tle BUGJEFF311.BOLIB Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
Rh-103(nn)Rh-103m1/4 T PV Weighting Neutron Cross Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 PV Position with the VITJEFF311.BOLIB Library.
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FIG. 39

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting
Rh-103(nn)R-103m Dosimeter Cross Sections

Used with the BUGLEDG6 library

47-Group Neutron Energy Structufgpical of the RJGLE-Type Libraries.

Rh-103(nn)Rh-103m1/4 T PV Weighting Neutron Cross Sections
Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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FIG. 310

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting
In-115(nn’)In-115m Dosimeter Cross Sections
Used with the BUGJEFF311.BOLIB Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
In-115(nn’)In-115m1/4 T PV Weighting Neutron Cro&ections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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FIG. 311
Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting
In-115(nn’)In-115m Dogmeter Cross Sections
Used with the BUGLED6 Library.
47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.
In-115(nn’)In-115m1/4 T PV Weighting Neutron Cross Sections

Obtained through Data Processing Using the @8&up Neutron Speatm
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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S-32(n,p) Cross Section [barns]

FIG. 312

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting

47-Group Neutron Energy &ictureTypical of the BUGLETYype Libraries.

S-32(n,p)R32 Dosimeter Cross Sections
Used with the BUGJEFF311.BOLIB Library.

S-32(n,p)R321/4 T PV Weighting Neutron Cross Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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FIG. 3.13

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting

S-32(n,p)R32 Dosimeter Cross Sections

Used with the BUGLED6 Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.

S-32(n,p)R321/4 T PV Weighting Neutron ©ss Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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FIG. 314

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting

Al-2 7 ( n ;24 DokimeteCross Sections
Used withthe BUGJEFF311.BOLIB Library.

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.

Al-2 7 ( n ;241/4N @V Weighting Neutron Cross Sections
Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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FIG. 315

Comparison of théRDF-2002Flat Weightingvs. 1/4 T PV Weighting

47-Group Neutron Energy Striwre Typical of the BUGLETYype Libraries.

Used with the BUGLED6 Library.

Al-2 7 ( n ;2@ Dolimeter Cross Sections

Al-2 7 ( n ;241/4N @V Weighting Neutron Cross Sections

Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITAMIBG Library.
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Al-27(n,a) Cross Section Ratio

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.

FIG. 3.16

Ratio (1/4 T PV Weighting / Flat Weighting)
of theAl-2 7 ( n 2@ Nehteon Cross Sections
Used with the BUGJEFF311.BOLIB Library.

Al-2 7 ( n -2d1/4NT@V Weighting Neutron Cross Sections
Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Position with the VITJEFF311.BOLIB Library.
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Al-27(n,alpha) Cross Section Ratio
(1/4 T PV Weighting Spectrum / Flat Weighting Spectrum)

47-Group Neutron Energy Structufgpical of the BUGLETYype Libraries.

FIG. 317

Ratio(1/4 T PV Weighting / Flat Weighting)
of theAl-2 7 ( n 2@ Nehteon Cross Sections
Used wth the BUGLE96 Library.

Al-2 7 ( n -2d1/4NT@V Weighting Neutron Cross Sections
Obtained through Data Processing Using the G8&up Neutron Spectrum
Calculated in the 1/4 T PV Figen with the VITAMIN-B6 Library.
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TAB. 3.3

IRDF-2002Au-1 9 7 (An-198Hlat Weighting Neutron Dosimeter Cross Sections [barns]
Used in the TORT3.2 Calculations with the BUGJEFF311.BOLBUJGENDF70.BOLIB
BUGLE-B7 and BUGLE96 Libraries

TheCrossSectionsVereSelf-Shielded Assuming Backgr ound (€639 barnSect i

Group Upper Energy Au - 197
[ Me V] (n, 92)

1 1.7332E+01 6.8138E -04
2 1.4191E+01 1.6063E -03
3 1.2214E+01  1.6769E -03
4 1.0000E+01 1.1792E -03
5 8.6071E+00 9.1672E -04
6 7.4082E+00  2.9908E -03
7 6.0653E+00 6.0619E -03
8 4.9659E+00 1.0673E -02
9 3.6788E+00 1.9494E - 02

10 3.0119E+00 2.7032E -02

11 2.7253E+00 3.1752E -02

12 2.4660E+00 3.5656E -02

13 2.3653E+00 3.7624E - 02

14 2.3457E+00 4.0070E - 02

15 2.2313E+00 4.9391E -02

16 1.9205E+00 6.0152E - 02

17 1.6530E+00 6.7842E -02

18 1.3534E+00 7.5077E - 02

19 1.0026E+00 8.4031E -02

20 8.2085E -01 9.0899E -02

21 7.4274E -01 9.8907E -02

22 6.081 OE-01 1.2061E -01

23  4.9787E -01 1.5148E -01

24 3.6883E -01 1.8519E -01

25 2.9721E -01 2.3553E -01

26 1.8316E -01 2.7527E -01

27 1.1109E -01 3.2852E -01

28 6.7379E -02 4214 5E- 01

29 4.0868E -02 5.3159E -01

30 3.1828E -02 5.9625E -01

31 2.6058E -02 6.3013E -01

32 2.4176E -02 6.5349E -01

33 2.1875E -02 7.6339E -01

34 1.5034E -02 1.1561E+00

35 7.1017E -03  1.8461E+00

36 3.3546E -03 2.9907E+00

37 1.5846E -03 8.0657E+00

38 4.5400E -04  1.2390E+01

39 2.1445E -04  1.0332E+01

40 1.0130E -04  1.8528E+01

41 3.7266E -05 6.5715E - 01

42 1.0677E -05 9.5267E+01

43 5.0435E -06 3.6192E+02

44  1.8554E - 06 2.5048E+01

45 8.7643E -07 2.5505E+01

46  4.1399E -07  3.5582E+01

47  1.0000E -07  9.4230E+01

1.0000E - 11
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TAB. 34
IRDF-2002Au-1 9 7 (Ano-1981Y4 T PV WeightingNeutronDosimeter Cross Sections [barns]
Used in the TORT3.2 Calculations with the BUGJEFF311.BOLIBUGENDF70.BOLIB
BUGLE-B7 and BUGLE96 Libraries

The Cross Sections Were Sélfiielded Assuming Background CrosS e ¢ t §=d605.dibarns

Group Upper Energy  Au -197( n, 2) Au- 197 (n, 2) Au- 197 (n, 2) Au- 197 (n, 2)
[MeV] BUGJEFF311.BOLIB BUGENDF70.BOLIB BUGLE B7 BUGLE 96

1 1.7332E+01  8.3799E -04 83 465E-04  8.3467E -04 8.3919E -04
2 1.4191E+01 1.6630E -03 1.6633E -03 1.6632E -03 1.6616E -03
3 1.2214E+01  1.6244E -03 1.6248E -03 1.6248E -03 1.6250E -03
4 1.0000E+01  1.1555E -03 1.1551E -03  1.1551E -03  1.1556E -03
5 8.6071E+00 9.2183E -04 9.2211E -04  9.2202E -04  9.2147E -04
6 7.4082E+00 3.2177E -03  3.2299E -03  3.2297E -03  3.2356E -03
7 6.0653E+00 6.1638E -03 6.1612E -03 6.1632E -03  6.1508E -03
8 4.9659E+00 1.0778E -02 1.0768E -02 1.0773E -02 1.0751E -02
9 3.6788E+00  1.9894E -02  1.9964E -02  1.9964E -02  1.9986E -02

10 3.0119E+00 2.70 81E-02 2.7109E -02 2.7108E -02 2.7108E -02

11 2.7253E+00 3.1738E -02 3.1753E -02 3.1751E -02 3.1751E - 02

12 2.4660E+00  3.5740E -02 3.5716E -02 3.5718E -02 3.5716E - 02

13 2.3653E+00 3.7624E - 02  3.7624E -02  3.7624E -02  3.7624E -02

14 2.3457E+00  4.0129E -02 4.0110E -02 4.0112E -02  4.0106E - 02

15 2.2313E+00  4.9455E -02  4.9426E -02 4.9418E -02  4.9422E -02

16 1.9205E+00 6.0480E - 02  6.0528E -02  6.0528E -02  6.0532E -02

17 1.6530E+00 6.7970E -02 6.7956E -02 6.7951E -02  6.7955E -02

18 1.3534E+00  7.5320E -02  7.5386E -02  7.5396E -02  7.5395E -02

19 1.002 6E+00  8.4390E -02 8.4235E -02  8.4230E -02  8.4227E -02

20 8.2085E -01  9.0962E -02  9.0947E -02  9.0943E -02  9.0945E -02

21 7.4274E -01 9.9387E -02 9.9769E -02  9.9846E -02  9.9849E -02

22 6.0810E -01 1.2037E -01 1.2016E -01  1.2009E -01 1.2010E -01

23 4.9787E -01 1.5320E -01 1.5300E -01 1.5274E -01 1.5274E -01

24  3.6883E -01 1.8579E -01 1.8581E -01 1.8589E -01 1.8589E -01

25 2.9721E -01  2.3642E -01 2.3623E -01  2.3622E -01 2.3630E -01

26 1.8316E -01 2.7531E -01  2.7556E -01 2.7570E -01 2.7571E -01

27 1.1109E -01 3.3518E -01 3.3608E -01  3.3595E -01  3.3596E -01

28 6.7379E -02  4.2224E -01 4.2233E -01 4.2222E -01  4.2224E -01

29 4.0868E -02  5.3069E -01 5.3060E -01 5.3060E -01 5.3060E -01

30 3.1828E -02 6.0536E -01 6.0556E -01 6.0555E -01 6.0555E -01

31 2.6058E -02  6.3008E -01 6.3011E -01 6.3015E -01 6.3015E -01

32 2.4176E -02 6.5264E -01 6.5271E -01 6.5269E -01 6.5269E -01

33 2.1875E -02  7.5910E -01  7.5889E -01  7.5886E -01 75 881E-01

34 1.5034E - 02 1.1317E+00  1.1324E+00 1.1326E+00  1.1323E+00

35 7.1017E -03 1.8736E+00 1.8761E+00 1.8761E+00 1.8760E+00

36 3.3546E -03 3.1830E+00  3.1791E+00  3.1787E+00 3.1792E+00

37 1.5846E -03 85877E+00 8.5846E+00  8.5835E+00  8.5832E+00

38 4.5400E -04 1.2102E+01 1.2102E+01 1.2102E+01  1.2102E+01

39 2.1445E -04 1.0530E+01 1.0530E+01 1.0532E+0 1 1.0530E+01

40 1.0130E -04 2.0634E+01 2.0632E+01 2.0635E+01 2.0632E+01

41 3.7266E -05 8.3767E -01 8.3750E -01 8.3772E -01 8.3730E -01

42 1.0677E -05 1.1673E+02 1.1670E+02 1.16 64E+02  1.1666E+02

43 5.0435E -06  2.9092E+02  2.9102E+02  2.9157E+02  2.9075E+02

44  1.8554E -06  2.4922E+01  2.4922E+01  2.4930E+01  2.4925E+01

45 8.7643E -07 2.5685E+01  2.5684E+01 2.5694E+01  2.5727E+01

46 4.1399E -07 3.8156E+01 3.8169E+01  3.8151E+01  3.8000E+01

47  1.0000E -07 6.7837E+01  6.7849E+01  6.7693E+01  6.8829E+01

1.0000E - 11
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TAB. 35

IRDF-2002Rh-103(nn')Rh-103m, Ir115(n,r)In-115m, S32(n,p)R32and Al2 7 ( n ;28) Na
Flat Weighting Neutron Dosimeter Cross Sections [barns] Used iRQRE-3.2 Calculations
with the BUGJEFF311.BOLIB, BUGENDF70.BOLIBBUGLE-B7 and BUGLE96 Libraries

Group Upp er Energy Rh- 103 In -115 S -32 Al -27
[MeV] (n,n) (n,n) (n.p) (n, U

1 1.7332 E+01  2.3466 E-01 5.8133 E-02 1.7639 E-01 9.7222 E- 02
2 14101 E+01  3.8742 E-01 9.1680 E-02 3.0787 E-01 1.2398 E- 01
3 1.2214 E+01 8.1816 E-01 2.0239 E-01 3.8051 E-01 1.0678 E- 01
4 1.0000 E+01  1.2190 E+00 2.7381 E-01 3.3979 E-01 7.727 9E- 02
5 8.6071 E+00 1.2753 E+00  3.0859 E-01 3.2202 E-01 4.1475 E- 02
6 7.4082 E+00 1.2305 E+00 3.3417 E-01 3.1380 E-01 1.1792 E- 02
7 6.0653 E+00 1.1732 E+00  3.3897 E-01 2.4629 E-01 4.6528 E- 04
8 4.9659 E+00 1.1091 E+00 3.2538 E-01 2.7592 E-01 2.6020 E- 06
9 3.6788 E+00  1.0370 E+00 3.3341 E-01 1.9108 E-01 1.5730 E- 07

10 3.0119 E+00 9.8735 E-01  3.5259 E-01 1.0053 E- 01 0.

11 2.7253 E+00 9.5185 E-01 3.5385 E-01 6.8686 E- 02 0.

12 2.4660 E+00 9.2536 E-01 34311 E-01  7.2417 E- 02 0.

13 2.3653 E+00 9.1570 E-01  3.3654 E-01 6.6472 E- 02 0.

14  2.3457 E+00 9.0494 E-01  3.2759 E-01 6.1245 E- 02 0.

15 2.2313 E+00 8.6764 E-01 29012 E-01 2.1377 E- 02 0.

16 1.9205 E+00  8.0955 E-01  2.3022 E-01  4.1502 E- 03 0.

17 1.6530 E+00  7.4452 E-01 1.7096 E-01 5.9998 E- 04 0.

18 1.3534 E+00 6.6193 E-01 1.0336 E-01 6.0917E -05 0.

19 1.0026E+00  5.8044E -01  4.9401E -02 1.6785E - 06 0.

20 8.2085E -01 4.9269E -01 2.7891E -02 0. 0.

21  7.4274E -01 3.3867E -01 1.5489E - 02 0. 0.

22 6.0810E -01 1.9319E -01 6.3893E -03 0. 0.

23 4.9787E -01 1.3801E -01  2.2558E -03 0. 0.

24  3.688 3E-01 1.0374E -01 1.6310E -04 0. 0.

25 2.9721E -01 6.6383E -02 0. 0. 0.

26 1.8316E -01 2.3291E -02 0. 0. 0.

27 1.1109E -01 5.8219E -03 0. 0. 0.

28 6.7379E -02 1.6581E -03 0. 0. 0.

29 4.0868E -02  3.4572E - 06 0. 0. 0.

30 3.1828E -02 0. 0. 0. 0.

31 2.6058E -02 0. 0. 0. 0.

32 2.4176E -02 0. 0. 0. 0.

33 2.1875E -02 0. 0. 0. 0.

34 1.5034E -02 0. 0. 0. 0.

35 7.1017E - 03 0. 0. 0. 0.

36 3.3546E -03 0. 0. 0. 0.

37 1.5846E -03 0. 0. 0. 0.

38 4.5400E -04 0. 0. 0. 0.

39 2.1445E -04 0. 0. 0. 0.

40 1.0130E -04 0. 0 . 0. 0.

41 3.7266E -05 0. 0. 0. 0.

42 1.0677E -05 0. 0. 0. 0.

43 5.0435E - 06 0. 0. 0. 0.

44  1.8554E - 06 0. 0. 0. 0.

45 8.7643E -07 0. 0. 0. 0.

46  4.1399E -07 0. 0. 0. 0.

47  1.0000E -07 0. 0. 0. 0.

1.0000E - 11
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TAB. 3.6

IRDF-2002Rh-103(n,)RN-103m,In-115(n,r)In-115m, S32(n,p)R32 and AR27( n, 2% N a
1/4 T PVWeighting Neutron Dosimeter Cross Sections [barns]
Used in the TORT3.2 Calculations with thBUGJEFF311BOLIB Library.

Group Upper Energy Rh- 103 In - 115 S- 32 Al - 27
[MeV] (n.,n) (n,n) (n.p) (n, U)

1 1.7332 E+01 2.4762 E-01 5.9192 E-02 1.9546 E-01  1.0459 E-01
2 14191 E+01  4.0937 E-01 9.8480 E-02 3.1934 E-01 1.2390 E-01
3 1.2214 E+01  8.8683 E-01 2.1539 E-01 3.7876 E-01 1.0305 E-01
4 1.0000 E+01 1.2278 E+00 2.7598 E-01 3.3761 E-01 7.5681 E- 02
5 8.6071 E+00 1.2744 E+00 3.1011 E-01 3.2276 E-01  3.9827 E- 02
6 7.4082 E+00 1.2262 E+00 3.3546 E-01 3.1147 E-01  1.0004 E- 02
7 6.0653E+00 1.1713E+00 3.3869E -01 2.4085E -01  4.0899E -04
8 4.9659E+00 1.1079E+00 3.2516E -01 2.7606E -01 2.4394E - 06
9 3.6788E+00 1.0344E+00 3.3444E -01 1.8725E -01 1.3764E -07

10 3.0119E+00 9.8700E -01 3.5268E -01 1.0010E -01 0.

11  2.7253E+00 9.5196E -01 3.5387E -01 6.8656E -02 0.

12 2.4660E+00  9.2492E -01 3.4283E -01 7.2333E -02 0.

13 2.3653E+00 9.1570E -01 3.3654E -01 6.6472E -02 0.

14 2.3457E+00 9.0468E -01 3.2736E -01 6.1061E -02 0.

15 2.2313E+00 8.6739E -01 2.8986E -01 2.1176E -02 0.

16 1.9205E+00 8.0741E -01 2.2810E -01 3.8470E - 03 0.

17 1.6530E+00 7.4261E -01 1.6934E -01 5.7068E -04 0.

18 1.3534E+00 6.5961E -01 1.0148E -01 5.6340E -05 0.

19 1.0026E+00 5.7702E -01 4.7963E -02 1.2101E -06 0.

20 8.2085E -01 4.9153E -01 2.7746E -02 0. 0.

21  7.4274E -01 3.2977E -01  1.4938E -02 0. 0.

22 6.0810E -01 1.9398E -01 6.4499E - 03 0. 0.

23  4.9787E -01 1.3615E -01 2.1316E -03 0. 0.

24  3.6883E -01 1.0322E -01 1.5017E -04 0. 0.

25 297 21E-01  6.5599E -02 0. 0. 0.

26 1.8316E -01 2.3237E -02 0. 0. 0.

27 1.1109E -01 5.3946E -03 0. 0. 0.

28 6.7379E -02 1.6350E -03 0. 0. 0.

29 4.0868E -02 3.5663E - 06 0. 0. 0.

30 3.1828E -02 0. 0. 0. 0.

31 2.6058E -02 0. 0. 0. 0.

32 2.4176E -02 0. 0. 0. 0.

33 2.1875E -02 0. 0. 0. 0.

34 1.5034E -02 0. 0. 0. 0.

35 7.1017E -03 0. 0. 0. 0.

36 3.3546E -03 0. 0. 0. 0.

37 1.5846E -03 0. 0. 0. 0.

38 4.5400E -04 0. 0. 0. 0.

39 2.1445E -04 0. 0. 0. 0.

40 1.0130E -04 0. 0. 0. 0.

41 3.7266E -05 0. 0. 0. 0.

42 1.0677E -05 0. 0. 0. 0.

43 5.0435E - 06 0. 0. 0. 0.

44  1.8554E - 06 0. 0. 0. 0.

45 8.7643E - 07 0. 0. 0. 0.

46  4.1399E - 07 0. 0. 0. 0.

47  1.0000E - 07 0. 0. 0. 0.
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TAB. 3.7

IRDF-2002Rh-103(n,)RN-103m, Ir115(n,r)In-115m, S32(n,p)R32and Ai2 7 ( n ;28) Na
1/4 T PVWeighting Neutron Dosimeterr@ss Sections [barns]
Used in the TORT3.2 Calculations with th BUGENDF70.BOLIBLibrary.

Group Upper Energy Rh- 103 In -115 S-32 Al - 27
[MeV] (n,n) (n,n) (n,p) (n, U

1 1.7332 E+01 2.4736 E-01 5.9174 E-02 1.9504 E-01  1.0443 E- 01
2 14101 E+01  4.0943 E-01 9.8495 E-02 3.1939 E-01 1.2391 E- 01
3 1.2214 E+01  8.8628 E-01  2.1529 E-01 3.7877 E-01  1.0308 E- 01
4 1.0000 E+01  1.2280 E+00 2.7602 E-01 3.3756 E-01 7.5654 E- 02
5 8.6071 E+00 1.2743 E+00 3.1014 E-01 3.2279 E-01 3.9795 E- 02
6 7.4082 E+00  1.2259 E+00  3.3553E -01 3.1134E -01  9.9044E -03
7 6.0653E+00 1.1713E+00  3.3870E -01  2.4087E -01  4.0980E -04
8 4.9659E+00 1.1080E+00  3.2519E -01  2.7597E -01  2.4639E - 06
9 3.6788E+00  1.0340E+00 3.3463E -01 1.8679E -01  1.3485E - 07

10 3.0119E+00 9.8681E -01 3.5274E -01  9.9856E -02 0.

11 2.7253E+00 9.5184E -01 3.5384E -01  6.8690E -02 0.

12 2.4660 E+00  9.2505E -01  3.4291E -01 7.2357E -02 0.

13 2.3653E+00 9.1570E -01  3.3654E -01 6.6472E -02 0.

14 2.3457E+00 9.0476E -01  3.2744E -01 6.1120E -02 0.

15 2.2313E+00 8.6750E -01 2.8997E -01  2.1288E -02 0.

16 1.9205E+00  8.0709E -01 2.2780E -01 3.8128E -03 0.

17 1.6530E+00  7.4285E -01  1.6955E -01 5.7288E - 04 0.

18 1.3534E+00 6.5898E -01 1.0098E -01 5.5136E -05 0.

19 1.0026E+00  5.7853E -01  4.8555E -02  1.3091E - 06 0.

20 8.2085E -01 4.9180 E-01 2.7780E -02 0. 0

21  7.4274E -01  3.2413E -01  1.4595E -02 0. 0

22 6.0810E -01 1.9458E -01 6.4916E -03 0. 0

23 49787E -01  1.3637E -01  2.1464E -03 0. 0

24  3.6883E -01 1.0321E -01 1.5024E -04 0. 0

25 2.9721E -01 6.5947E -02 0. 0. 0.

26 1.8316E -01 2.3120E -02 0. 0. 0.

27 1.1109E -01  5.3290E -03 0. 0. 0.

28 6.7379E -02 1.6314E -03 0. 0. 0.

29 4.0868E -02 3.5772E - 06 0. 0. 0.

30 3.1828E -02 0. 0. 0. 0.

31 2.6058E -02 0. 0. 0. 0.

32 2.4176E -02 0. 0. 0. 0.

33 2.1875E -02 0. 0. 0. 0.

34 1.5034E -02 0. 0. 0. 0.

35 7.1017E -03 0. 0. 0. 0.

36 3.3546E -03 0. 0. 0. 0

37 1.5846E -03 0. 0. 0. 0.

38 4.5400E -04 0. 0. 0. 0.

39 2.1445E -04 0. 0. 0. 0.

40 1.0130E -04 0. 0. 0. 0.

41 3.7266E -05 0. 0. 0. 0.

42 1. 0677E- 05 0. 0. 0. 0.

43 5.0435E - 06 0. 0. 0. 0.

44  1.8554E - 06 0. 0. 0. 0.

45 8.7643E -07 0. 0. 0. 0.

46  4.1399E -07 0. 0. 0. 0.

47  1.0000E -07 0. 0. 0 0

1.0000E - 11
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TAB. 3.8

IRDF-2002Rh-103(n,)RN-103m, Ir115(n,r)In-115m, S32(n,p)R32and Ai2 7 ( n ;28) Na
1/4 T PVWeighting Neutron Dosimeter Cross Sections [barns]
Used in the TORT3.2 Calculations witlthe BUGLE-B7 Library.

Group Upper Energy Rh- 103 In -115 S -32 Al -27
[MeV] (n,n) (n,n) (n.p) (n, U

1 1.7332 E+01 2.4736 E-01 5.9174 E-02 1.9505 E-01 1.0443 E- 01
2 14191 E+01 4.0941 E-01 9.8489 E-02 3.1938 E-01 1.2391 E-01
3 1.2214 E+01 8.8634 E-01 2.1530 E-01 3.7877 E-01 1.0308 E- 01
4 1.0000 E+01  1.2280 E+00 2.7603 E-01 3.3756 E-01 7.5651 E- 02
5 8.6071 E+00 1.2743 E+00 3.1013 E-01 3.2278 E-01 3.9809 E- 02
6 7.4082 E+00 1.2260 E+00 3.3553E -01  3.1134E -01  9.9059E -03
7 6.0653E+00 1.1713E+00  3.3869E -01  2.4087E -01  4.0921E -04
8 4.9659E+00 1.1079E+00  3.2518E -01  2.7593E -01  2.4602E - 06
9 3.6788E+00 1.0340E+00  3.3463E -01 1.8679E -01  1.3486E - 07

10 3.0119E+00 9.8681E -01  3.5274E -01  9.9856E -02 0.

11 2.7253E+00 9.5186E -01 3.5385E -01 6.8685E -02 0.

12 2.4660E+00  9.2504E -01  3.4290E -01  7.2355E -02 0.

13 2.3653E+00 9.1570E -01  3.3654E -01 6.6472E -02 0.

14 2.3457E+00  9.0475E -01  3.2743E -01 6.1113E -02 0.

15 2.2313E+00 8.6753E -01  2.9001 E-01 2.1310E -02 0.

16 1.9205E+00  8.0709E -01  2.2779E -01 3.8115E -03 0.

17 1.6530E+00  7.4292E -01 1.6961E -01  5.7404E -04 0.

18 1.3534E+00 6.5889E -01 1.0091E -01 5.5072E -05 0.

19 1.0026E+00  5.7858E -01 4.8572E -02 1.3126E - 06 0.

20 8.2085E -01 4.9188E -01  2.7790E -02 0. 0.

21  7.4274E -01 3.2311E -01  1.4534E -02 0. 0.

22 6.0810E -01  1.9478E -01 6.5064E -03 0. 0.

23 4.9787E -01 1.3666E -01  2.1655E -03 0. 0.

24  3.6883E -01 1.0314E -01  1.4951E -04 0. 0.

25 2.9721E -01  6.5980E -02 0. 0. 0.

26 1.8316E -01  2.3024E -02 0. 0. 0.

27 1.1109E -01  5.3402E -03 0. 0. 0.

28 6.7379E -02  1.6344E -03 0. 0. 0.

29 4. 0868E-02  3.5772E - 06 0. 0. 0.

30 3.1828E -02 0. 0. 0. 0.

31 2.6058E -02 0. 0. 0. 0.

32 2.4176E -02 0. 0. 0. 0.

33 2.1875E -02 0. 0. 0. 0.

34 1.5034E -02 0. 0. 0 0

35 7.1017E -03 0. 0. 0. 0.

36 3.3546E -03 0. 0. 0. 0.

37 1.5846E -03 0. 0. 0. 0.

38 4.5400E -04 0. 0. 0. 0.

39 2.1445E -04 0. 0. 0. 0.

40 1.0130E -04 0. 0. 0. 0.

41  3.7266E -05 0. 0. 0. 0.

42 1.0677E -05 0. 0. 0. 0.

43  5.0435E - 06 0. 0. 0. 0.

44  1.8554E - 06 0. 0. 0. 0.

45 8.7643E -07 0. 0. 0. 0

46 4.1399E -07 0. 0. 0. 0.

47  1.0000E -07 0. 0. 0. 0.

1.0000E - 11
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TAB. 3.9

IRDF-2002Rh-103(n,)RN-103m, Ir115(n,r)In-115m, S32(n,p)R32and Ai2 7 ( n ;28) Na
1/4 T PVWeighting Neutron Dosimeter Cross Sections [barns]
Used in the TORT3.2 Calculations with thBUGLE-96 Library.

Group Upper Energy Rh- 103 In -115 S -32 Al - 27
[MeV] (n,n) (n,n) (n.p) (n, U

1 1.7332 E+01  2.4772 E-01 5.9202 E-02  1.9559 E-01  1.0463 E- 01
2 14101 E+01  4.0865 E-01 9.8250 E-02 3.1902 E- 01 1.2392 E-01
3 1.2214 E+01  8.8555 E-01 2.1510 E-01 3.7870 E-01  1.0309 E- 01
4 1.0000 E+01  1.2278 E+00 2.7598 E-01 3.3761 E-01  7.5687 E- 02
5 8.6071 E+00 1.2744 E+00  3.1003 E- 01 3.2271 E-01  3.9922 E- 02
6 7.4082 E+00 1.2258 E+00 3.3556 E-01 3.1129 E-01 9.8648 E- 03
7 6.0653E+00 1.1715E+00  3.3873E -01  2.4137E -01  4.1534E -04
8 4.9659E+00 1.1082E+00 3. 2521E-01 2.7623E -01 2.4751E - 06
9 3.6788E+00 1.0339E+00  3.3469E -01 1.8660E -01 1.3384E -07

10 3.0119E+00 9.8682E -01 3.5273E -01 9.9863E -02 0.

11 2.7253E+00 9.5186E -01  3.5385E -01 6.8684E -02 0.

12 2.4660E+00  9.2505E -01  3.4291E -01 7.2357E -02 0.

13 2.3653E+00 9.1570E -01  3.3654E -01 6.6472E -02 0.

14 2.3457E+00 9.0478E -01  3.2745E -01 6.1132E -02 0.

15 2.2313E+00 8.6752E -01  2.8999E -01  2.1297E -02 0.

16 1.9205E+00  8.0707E -01  2.2777E -01  3.8088E -03 0.

17 1.6530E+00  7.4286E -01  1.6956E -01 5.7312E -04 0.

18 1.3534E+00 6.5890E -01 1.0091E -01 5.5073E -05 0.

19 1.0026E+00 5.7861E -01 4.8582E - 02  1.3126E - 06 0.

20 8.2085E -01 4.9185E -01 2.7786E -02 0. 0.

21  7.4274E -01 3.2307E -01  1.4531E -02 0. 0.

22 6.0810 E-01 1.9477E -01 6.5054E -03 0. 0.

23 4.9787E -01 1.3666E -01  2.1654E -03 0. 0.

24  3.6883E -01 1.0314E -01  1.4947E -04 0. 0.

25 2.9721E -01 6.5891E -02 0. 0 0.

26 1.8316E -01 2.3016E -02 0. 0 0.

27 1.1109E -01  5.3395E -03 0. 0. 0.

28 6.7379E -02 1.6339E -03 0. 0. 0.

29 4.0868E -02 3.5776E - 06 0. 0. 0.

30 3.1828E -02 0. 0. 0. 0.

31 2.6058E -02 0. 0. 0. 0.

32 2.4176E -02 0. 0. 0. 0.

33 2.1875E - 02 0. 0. 0. 0.

34 1.5034E -02 0. 0. 0. 0.

35 7.1017E -03 0. 0. 0. 0.

36 3.3546E -03 0. 0. 0.

37 1.5846E -03 0. 0. 0.

38 4.5400E -04 0. 0. 0 0

39 2.1445E -04 0. 0. 0. 0.

40 1.0130E -04 0. 0. 0. 0.

41 3.7266E -05 0. 0. 0. 0.

42 1.0677E -05 0. 0. 0. 0.

43 5.0435E - 06 0. 0. 0. 0.

44  1.8554E - 06 0. 0. 0. 0.

45 8.7643E -07 0. 0. 0. 0.

46  4.1399E -07 0. 0. 0. 0.

47  1.0000E -07 0. 0. 0 0.

1.0000E - 11
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3.6 - U-235 Fission Neutron Spectra

The U235 fission neutron

ORNL-RSICC.

Graphical representations of the-235 total

S p 8% rneutranso(ree )in the fixedd
source transport calculations (see Chapter 4) are reported in TAB. 3.
It is underlined that, whereas the235 fission spectrum data included in the packade¢he
ORNL BUGLE-B7 /7/ andBUGLE-96 B/ librariesrefer only to prompt ngrons The U235
fission spectrum datacontained respectively in the packages of the EN#&fogha
BUGJEFF311.BOLIB /2/ and BUGENDF70.BOLIB /3/ similar librariese insteadtotal
fission spectra, i.e. they include the contributions of both prompt dagedeneutrons. This
option was made available through the use of the EBBigna 2007 Revisior81/ of the
ORNL SCAMPI B2/ nuclear data processing system, freely released at ENEADB and

fis i on neutron

spectr a

BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGLB7 and BUGLE96 libraries are
reported in FIG. 38. An enlargement of the cited fission specirathe 10E+00 eV +
di f fer enuesae higmerist h e

1.0E+04 eV energy ranggvh er e
represented in FIG3.19.

t he

t

(0]

G

(
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TAB. 3.10

Total or Prompt LR35Fission Neutron Spectfa) Used in the TOR3.2 Calculations
with theBUGJEFF311.BOLIBBUGENDF70.BOLIB, BUGLEB7 and BUGLE96 Libraries

Group Upper Energy Total 6(W235) Total (U 235) Prompt 6(U-235) Prompt c(U 235)
[MeV] BUGJEFF311.BOLIB BUGENDF70.BOLIB BUGLE B7 BUGLE -96
1 1.7332E+01 4.9847E -05 4.9839E -05 4.8822E -05 5.0179E -05
2  1.4191E+01 2.0032E -04 2.0031E -04 2.0162E -04 2.0166E -04
3 1.2214E+01 1.1384E -03 1.1384E -03 1.1459E -03 1.1460E -03
4 1.0000E+01  2.5055E -03 2.5055E -03 2.5220E -03 2.5222E -03
5 8.6071E+ 00 5.6193E -03 5.6195E -03 5.6564E -03 5.6568E -03
6 7.4082E+00 1.6040E - 02 1.6041E -02 1.6146E -02 1.6147E -02
7 6.0653E+00  3.0508E -02 3.0511E -02 3.0711E -02 3.0712E -02
8 49 659E+00 7.9978E - 02 7.9986E - 02 8.0511E - 02 8.0512E -02
9 3.6788E+00 7.6252E -02 7.6258E -02 7.6758E -02 7.6758E -02
10 3.0119E+00 4.3722E -02 4.3728E -02 4.4010E -02 4.4010E -02
11 2.7253E+00 4.6381E -02  4.6388E -02 4.6685E -02 4.6685E -02
12 2.4660E+00 1.9899E - 02 1.9903E - 02 2.0029E - 02 2.0028E -02
13 2.3653E+00  4.0004E -03 4.0013E -03 4.0263E -03 4.0262E -03
14 2.3457E+00 2.4188E - 02 2.4193E -02 2.4344E -02 2.4344E -02
15 2.2313E+00  7.3086E -02 7.3105E -02  7.3548E -02  7.3547E -02
16 1.9205E+00 7.1516E - 02 7.1538E - 02 7.1947E - 02 7.1946E -02
17 1.6530E+00 8.9032E -02  8.9083E -02 8.9497E -02  8.9495E -02
18 1.3534E+00 1.1467E -01 1.1474E -01 1.1503E -01 1.1503E -01
19 1.0026E+00 6.2706E -02 6.2734E -02 6.2687E -02 6.2685 E- 02
20 8.2085E -01 2.7337E -02 2.7329E -02 2.7240E -02 2.7239E -02
21  7.4274E -01 4.7125E -02 4.7130E -02 4.6852E -02 4.6851E -02
22  6.0810E -01  3.8049E -02  3.8038E -02 3.7617E -02 3 .7615E - 02
23  4.9787E -01  4.2477E -02  4.2436E -02 4.1772E -02 4.1771E -02
24  3.6883E -01 2.1827E -02 2.1807E -02 2.1390E -02 2.1390E -02
25 2.9721E -01 3.0837E -02  3.0779E -02 3.0048E -02 3.0048E - 02
26 1.8316E -01 1.5950E -02 1.5922E -02 1.5408E -02 1.5408E -02
27 1.1109E -01 7.7421E -03 7.7147E -03 7.4253E -03 7.4251E -03
28 6.7379E -02 3.7043E -03 3.6943E -03 3.5462E -03 3.5461E -03
29 4.0868E -02 1.0482E -03 1.0459E -03 9.9809E -04 9.9806E -04
30 3.1828E -02 6.0737E -04 6.0374E -04 5.6978E -04 5.6977E -04
31 2.6058E - 02 1.8654E -04 1.8501E -04 1. 7337E- 04 1.7337E -04
32 2.4176E -02 2.1922E -04 2.1735E -04 2.0306E -04 2.0305E -04
33 2.1875E - 02 5.9716E -04 5.8781E -04 5.4039E -04 5.4037E -04
34 1.5034E -02 5.3875E -04 5.3054E -04 4.8421E -04  4.8419E -04
35 7.1017E -03 1.7068E -04 1.7033E -04 1.5747E -04 1.5746E -04
36 3.3546E -03 5.7556E -05 5.7386E -05 5.1157E -05 5.1156E -05
37 1.5846E -03 2.4994E -05 2.4884E -05 1.4763E -05 2.0827E -05
38 4.5400E -04  3.4437E -06 3.4200E -06 0. 2.5484E - 06
39 2.1445E -04 1.2527E -06 1.2414E -06 0. 8.2729E - 07
40 1.0130E -04 5.5078E -07 54 440E- 07 0. 3.0900E - 07
41 3.7266E -05 1.7589E - 07 1.7323E -07 0. 5.9997E - 08
42 1.0677E -05 2.2718E -08 2.9006E -08 0. 5.4050E - 12
43 5.0435E - 06 1.2140E - 08 1.3842E - 08 0. 0.
44  1.8554E -06 3.7279E -09 3.8754E -09 0. 0.
45 8.7643E -07 1.7610E -09 1.7694E -09 0. 0.
46  4.1399E -07 1.1957E -09 1.179 OE- 09 0. 0.
47 1.0000E - 07 3.8080E -10 3.7167E -10 0. 0.
1.0000E - 11
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4.0- TRANSPORT CALCUL ATIONS
4.1- Transport Calculation General Features

Fixed source transport calculations in Cartesian geometry were performed for #88 Iron
neutron shielding benchmark experiment using the ORNL TGRTL3 threedimensional
discrete ordinates (% code, included in the ORNL DOORS.2 14/ system of deterministic
transport codes he whole Iror88 experimental array (s@e2and/10/) was reproduced with
the TORTF3.2 code using the realistic inhomogeneous fission neutron source Zee 2.
TAB. 2.3and FIG. 4.) emitted by the fission plate.

The TORT3.2 code was used on a personal computer (CPU: INTEL PENTIUM D 3.40 GHz,
3.10 GB of RAM) under Linux openSUSE 10.2 (i586) operating system with FORTRAN
compiler g77, version 3.3.58.

The ENEABologna ADEFTA-4.1 /15/ program was employed (see APPENDIX A) in the
calculation of the atomic densities of the isotopesl natural elementsvolved in the
compositional models of th&on-88 benchmark experiment, on the basis of the atomic
abundances reporteéd the BNL-NNDC database /40/, included in ADEFTA. The H&8

atomic densities were calculated using the material densities and the element/isotope weight
fractions reported in the Table 2 of reference /10/ (see TAB. 2.2).

The automatigeneration of th spatial mesh gridnd the graphical verification of then-88
benchmark experiment geometrical model for TGRZ were performe(see APPENDIX B)
through the ENEABologna BOT3P5.3 A& (see alsoX7/, /18 and 49/) pre/postprocessor
system.

The retrence system adopted in the present calculations has its origin on the Z horizontal
axis passing through the centre of the fission plate (Kés.E.6 and2.7) and normal to it.

It is underlined that the centre of the fission plate is not alignddthwe centre of the trolley

face. In fact the centre of the trolley face is shifted-®¥%5 cm in the X horizontal axis
direction and by +6.6 cm in the Y vertical axis direction.

The wholeIron-88 threedimensional experimental array was reproducedhm (X,Y,Z)
Cartesian geometry and adopted in all the calculations in order to assa@pmopriate
detailed description (sedl@. 4.1) of the spatial inhomogeneity of the neutron source (see
TAB. 2.3) emitted by the fission platdn particular it was desibed a parallelepiped
geometrywith a 69X 86Y327& fine spatial mesh gridheingZ the horizontal nuclear axis
(see FG. 2.7) where thedosimetricmeasurement positions were locatédlumetric meshes
with sides always inferior to 1.0 cm were describleai@the Z axis,n correspondence of the
steel slabmeasurement region, to obtain the best calculated result acciMaleynetric
meshes with sides always inferior to 0.25 cm were used in the measurement pdsitigns a
the Z axis, i.ein the 0.74 cm aigaps between each mild steel slab component.

The torizontal section (at the vertical axis position Y = 0.0 cm) of the-&mrompositional

and geometrical modeteproduced in all the TOR3.2 (X,Y,Z) calculationsis reported in

FIG. 4.2together withthe dosimeter location8). A detail of the FG. 4.2is repoducedin

the HG. 4.3 representin@n enlargement of the compositional and geometrical model in the
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measurement regipomwhere it is possible to see better the 0.74tlick air gaps between the
various mild steel slab components and the related dosimeter measurement locations.

The mild steel floorthe roof andthe trolley lateral wallswith 1.91 cm thickess ¢ee 2.2)
were simulated in the TORT calculations since they were originally repeelsenthe input
data of the Monte CarlMCBEND /39/ codecalculation example, reported in the 88
benchmark experiment section of refererice./

The adopted calculation model includes a 1.0 m long graphite region IGeetB to
represent the regmoof the NESTOR reactor behind the trolley face and the fission plate
(i.e. towardsthe NESTOR reactor from the fission plate), not contained ABT2.1 and

FIG. 2.7 where only thesteel slab measuremerggion in front of the fission plateis
indicatedup to the end of the trolley. As confirmed in thieginal Iron-88 report (seeld,

page 4), the realistic presence dktiraphite zone permit to obtain more accucsieulated
results for theAu-197(ng)Au-198Cd epicadmiumreaction rats, paticularly in the first five
measurement positions (seksF2.7, measurement positions A2+-A6oncerning this, it was
decided to introduce the previously cited additional graphite region in all the calculations
(producing in particulamore accuratgold reaction rate results) to compare all the reaction
rate results in a consistent way.

The BUGJEFF311.BOLIB2/, BUGENDF70.BOLIB/3/, BUGLE-B7 /7/ and BUGLE96 /8/
working cross sectiorlibraries were alternatively useih the transport calculations with
TORT-3.2(see APPENDIXC), consideing BUGLE-96 asawell tested reference library.

The calculations ofhe epicadmiumreaction rates fothe Au-1 9 7 ( n-198QdAativation
dosimetes were performed (see more detail iB and TABs. C2+-C®f APPENDIX O using
the cross sections e first 44 neutron groups (se@dB. 3.1) of the BUGLEtype libraries.
This implicitly assumeghat the0.876 eVlower energy limitof the group No. 44 of the
BUGLE-type libray energy structurés the nearst energyboundaryvalue to the0.73 eV
experimentalcadmium cutoff energyfor the gold dosimeter&mployedin the Iron88
benchmark experimentn particular asalready mentionedhis latter cutoff energy value
dependg(see /38/)on thethickness(1.27 mn) of the cadmium covercontaining the cited
dosimetergsee2.4, 3.5and Table 3 of referenc&0/).

Moreover the epircadmium reaction rates for theAu-1 9 7 ( n-198GdAactivation
dosimetes were also calculated (see APPENDIX C, TAB. C1)exclusively with the
BUGJEFF311.BOLIB libraryusingthe cross sections the first45 groups Thisimplicitly
assumethe 0.414 eVlower energy limit of the grouplo. 45 as theadmium cutoff energy
for thecalculation of theyold dosimetettotal reactiorrates atthe classicalupper threshold of
the thermal neutron energy. Thigs performed in order uantify, in a consistent wayhe
differences in thecalculded total epicadmium reaction rates of the gold dosimeters
assuming two different cadmium cutoff energies, 0.876 eV for the 44roup calculation
and0.414 eV for the 4group calculation.

All the calculated reaction rate for the RR103(n,NRh103m, In-115(n,r)In-115m,

S-32(n,p)R32 and Al2 7 ( n 2@ thrBishold activation dosimeters welsained taking into
accountonly the first 29 neutron groups (se@B. 3.1) of the four BUGLEtype libraries
employed above 3.1828E+04 eV, sinc# the neutron threshold energies of the faited

dosimeters are above this neutron energy value.
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It is underlined that it was not possible to use the same set of atomic densities in all the
calculations with the four BUGLEype previously cited libraree In fact the
BUGJEFF311.BOLIB and BUGENDF70.BOLIB libraries include all the needed processed
cross sections for all the isotopes of each natural element involved irrahé&8
compositional model whereas, on the contrary, this possibility is not alassysed for the
BUGLE-B7 and BUGLE96 libraries. Several processed cross sections needed in the
description of the Irof88 compositional model are in fact availgbie BUGLE-B7 and
BUGLE-96, only as natural element cross section files. In particular tdmenwmn set of
atomic densities used in the calculations with the BUGJEFF311.BOLIB and
BUGENDF70.BOLIB libraries is reported in TAB. 4.1 whilst different sets of atomic
densities shown inthe TAB. 4.2 and TAB. 4.3were respectively used in the calculations
with the BUGLEB7 and BUGLEY96 libraries.The lasttwo sets of atomic densities are
different because some eleme(®a, K and Si)of the mixtureof nuclidesof the material
Aconcreted ar e s peciHB7(seealAB. 4.2) asxossisdcteoidatadilesi n B UC
of their componenisotopes whilst the cited elements in BUGRE are available (see
TAB. 4.3) only as natural element cross section data files.

Both infinite dilution and selghieldedneutroncross sections were selectesppropriate
self-shieldedneutroncross sections from thfieur BUGLE-type library packages were used
when available. In particular it is underlined that the mild steel and stainless steel regions of
Iron-88 are characterized by atomic densities quite similathdse used to calculate the
background cross sections, employed in thedg#lding of theneutron cross sections of the
four cited BUGLEtype libraries Grouporganized files of macroscopic cross sections,
requested by TORB.2 and derived from th#our cited BUGLEtype working libraties in
FIDO-ANISN format, were prepared through tO&NL GIP (see /4/) program, specifically
dedicated to theliscrete ordinatesransport codes (ANISMDRNL, DORT, TORT) of the
DOORS system. The ENEBologna ADEFTA4.1 prggram was usedot onlyto calculate
the atomic densities for tHeon-88 compositional modébut alsoto handle them properly in
order to automatically prepare the macroscopic cross sectigiosdtse materialmixturesof
elements/isotopes the formarequired by GIP.

Fixed source transport calculations with one source (outer) iteratior60 inner iterations
were performed using fyllsymmetri@l discrete ordinates directionguadrature setfor the

flux solution The R-Sg approximation was adopd as a standardin all the calculations
using alternativelythe four cited BUGLEtype libraries. Py corresponds to the order of the
expansion in Legendre polynomials of the scattering cross section @tk represents
the order of the flux angulaliscretizationlt is underlined thathe Ps-Sg approximationis the
most widely used option in the fixed source calculations dedicated to LWR safety analyses.

The thetaweighted difference approximation was selected for the flux extrapolation model.
The same numerical value (1.dB), for the pointwise flux convergence criteriprwas
employedn all the calculations

The vacuum boundary condition was selected at the left, right, inside, outside, bottom and top
geometricaboundaries.

The calculated redion rates were obtained in all the experimental dosimeter positions in the
0.74 cm air gaps (see®s. 27, 4.2 and 4.8 between each mild steel slab component.
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It is pointed out that, in order to calculate watbpropriateaccuracy the neutron fluxebave

0.1 MeV, 1.0MeV, 3.0 MeV and 8.0MeV with the fourBUGLE-type libraries, the neutron

flux contributions of the groups No. 27, No.,Mo. 10and No. 5were respectively corrected

by multiplying the cited grougdluxes by specific constantsin particdar the following
numerical factorsreported herewithtake into account that the lower energy limits of the
cited neutron groups do not correspond exactly to the 0.1 MeV, 1.0 MeV, 3.0 MeV and 8.0
MeV neutron energiesespectively(see TAB. B1 and page$1-162 of reference /2/; see
TAB. B1 and pages 167168 of reference /3/; see TAB. 3.14 and page 66 of refer8f)ce /

Neutron Flux > 0.1 MeV
Group No. 27 Factor = 2.1034H = In(&/Ey)/ In(Ey+/Eg) where:
Eo=0.1 [MeV];
Eg= 1.1109E01 [MeV] (Uppe energy limit group No. 27);
Eg+1=6.7379E02 [MeV] (Lowerenergy limit group No. 27).
Neutron Flux > 1.0 MeV
Group No. 19 Factor £.3000E02 = In(&/Ey)/ In(Ey+/Eg) where:
Eo= 1.0 [MeV];
Eg = 1.0026 [MeV] Upper energy limit group No. 19);
Eg+1 = 0.82085 [MeV] (Loweenergy limit group No. 19).
Neutron Flux > 3.0 MeV
Group No. 10 Factor 3.959E02 = In(&/Eg)/ In(Eyg+/Ey) where:
Eo = 3.0 [MeV];
Eg = 3.0119 [MeV] Upper energy limit group No. 10);
Eg+1=2.7253 [MeV] (Lowerenergy limt group No. 10).
Neutron Flux > 8.0 MeV
Group No. 5 Factor = 4.8764®L = In(Eo/Eg)/ IN(Ey+1/Ey) Where:
Eo = 8.0 [MeV],
Eg = 8.6071 [MeV] Upper energy limit group No. 5);
Eg+1= 7.4082 [MeV] (Lowerenergy limit group No. 5).

Finally, the input dda files ofthe ADEFTA-4.1, BOT3P5.3 and TORT3.2 codes involved
in the present Iro@8 analysis, are reported in the Appendixes AnNBC listed herewith

APPENDIX A Input Data of ADEFTA4.1 - Generation of the Compositional Model
Used in the Calcutons with the BUGJEFF311.BOLIB,
BUGENDF70.BOLIB, BUGLEB7 and BUGLE96 Libraries;
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APPENDIX B  Input Data of BOT3F5.3 - Generation of the Geometrical Model Used in

the Inhomogeneous Fission Neutron Source Calculations with the
BUGJEFF311.BOLIB,

BUGLE-96 Libraries;

BUGENDF/780LIB,

BUGLE-B7

and

APPENDIX C Input Data of TORT3.2 - Inhomogeneous Fission Neutron Source
Ps-Sg Calculatiors with the BUGJEFF311.BOLIBBUGENDF70.BOLIB,
BUGLE-B7 and BUGLE9G6 Libraries
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FIG. 4.1

Iron-88 - Vertical Setion of the Fission Plate Neutron Source Distribution
Described in the TORB.2 (X,Y,X) Calculations.

Vertical Section atZ=1.5cm.
69X3 86Y3 278Z Spatial Meshes.
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FIG. 4.2
Iron-88 - Compositional and Geometrical Model in the TOR2 (X,Y,Z) Calculabns.

Horizontal Section at Y = 0.0 cm.
Dosi met er 30,0 GRBAYINMBDH Ipatiél Meshes.
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FIG. 4.3
Iron-88 - Compositional and Geometrical Model in the TORZ (X,Y,Z) Calculations.

Enlargement of the Measurement Region, Horizontal Sectigrn=a2.0 cm.
Dosi met er 30,0 GRBAYINMBDH Ipatiél Meshes.
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TAB. 4.1

Iron-88 - Atomic Densities Used in the TORT.2 Calculations
with the BUGJEFF311.BOLIB and BUGENDF70.BOLIB Libraries.

Material Isotopic ; ;
Material Density Ellseortr;ent Abundance i Ato;mt(): Din35|ty 1
[g2 cm] e [%] [atoms® barn3 cm]
Mild Steel in Trolley Face 7.835 C-naf 1. 8.64238E04
Si-28 0.92230 6.19784E05
Si-29 0.04683 3.14697E06
Si-30 0.03087 2.07446E06
Mn-55 1. 9.36145E04
Fe54 0.05845 4.87178E03
Fe56 0.91754 7.64765E02
Fe57 0.02119 1.76618E03
Fe58 0.00282 2.35046E04
Aluminium in Trolley Face 2.700 Al-27 1. 6.02626E02
Graplite 1.650 C-nat 1. 8.27286E02
FueP 3.256 Al-27 1. 5.81233E02
U-235 0.93 1.55501E03
U-238 0.07 1.13670E04
Aluminium in Fission Plate 2.666 Al-27 1 5.90813E02
Si-28 0.92230 7.90847E05
Si-29 0.04683 4.01555E06
Si-30 0.03087 2.64702E06
Fe54 0.05845 9.41022E06
Fe56 0.91754 1.47720E04
Fe57 0.02119 3.41151E06
Fe58 0.00282 4.54009E07
Mild Steel in Shield 7.850 C-nat 1. 9.05252E04
Mn-55 1. 6.36765E04
Fe54 0.05845 4.89990E03
Fe56 0.91754 7.69180E02
Fe57 0.02119 1.77637E03
Fe58 0.00282 2.36403E04
Air 1.205E0%° N-14 0.99634 3.95960E05
N-15 0.00366 1.45454E07
0O-16 1. 1.05642E05

(® Ex t e n-gaidefers td natural elements

(*) Uranium enriched to 93 w% in-235.

(9 Air density at the temperature of 200t a k e n

f r omt i Ansvw.enBimeeripgéolbox.com
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4.1 Continued

Iron-88 - Atomic Densities Used in the TOR3I.2 Calculations
with the BUGJEFF311.BOLIB and BUGENDF70.BOLIB Libraries.

Material Isotopic ; :
Material Density Ellseortr;enet Abundance [ato/or\rgzg]lk?a?nills?r/n‘l]
[g° cm?] P [%]

Stainless Steel 7.917 C-nat 1. 2.38168E04
Si-28 0.92230 7.82837E04
Si-29 0.04683 3.97487E05
Si-30 0.03087 2.62021E05
P-31 1. 4.61784E05
S32 0.95020 2.82570E05
S-33 0.00750 2.23034E07
S 34 0.04210 1.25197E06
S-36 0.0020 5.94758E09
Cr-50 0.04345 6.68135E04
Cr-52 0.83789 1.28843E02
Cr-53 0.09501 1.46098E03
Cr-54 0.02365 3.63668E04
Mn-55 1. 1.36250E03
Fe54 0.05845 3.34089E03
Fe-56 0.91754 5.24448E02
Fe57 0.02119 1.21118E03
Fe58 0.00282 1.61186E04
Ni-58 0.68077 6.44795E03
Ni-60 0.26223 2.48372E03
Ni-61 0.01140 1.07976E04
Ni-62 0.03634 3.44196E04
Ni-64 0.00926 8.77066E05
Mo-92 0.14840 1.79944E04
Mo-94 0.09250 1.12162E04
Mo-95 0.15920 1.93040E04
Mo-96 0.16680 2.02255E04
Mo-97 0.09550 1.15799E04
Mo-98 0.24130 2.92591E04
Mo-100 0.09630 1.16770E04

Concrete 2.242 H-1 1. 1.34221E02
0O-16 1. 4.47309E02
Na-23 1. 9.47430E04
Al-27 1. 1.70478E03
Si-28 0.92230 1.49675E02
Si-29 0.04683 7.59976E04
Si-30 0.03087 5.00971E04
K-39 0.932581 6.45379E04
K-40 0.000117 8.09681E08
K-41 0.067302 4.65753E05
Ca40 0.96941 1.24021E03
Ca4d2 0.00647 8.27739E06
Ca43 0.00135 1.72712E06
Ca44 0.02086 2.66872E05
Ca46 0.00004 5.11740E08
Ca48 0.00187 2.39238E06
Fe54 0.05845 1.99653E05
Fe-56 0.91754 3.13412E04
Fe57 0.02119 7.23806E06
Fe58 0.00282 9.63253E07
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TAB. 4.2

Iron-88 - Atomic Densities Used in the TOR3I.2 Calculations
with the BUGLEBY Library.

Material Isotopic ; :
Material Density Ellseortr;enet Abundance [ato/?‘\]:(;g“k?alt?nirls?r/n‘l]
g2 cm] i [%]
Mild Steel in Trolley Face 7.835 C-naf 1. 8.6423&-04
Si-nat 1. 6.7199&-05
Mn-55 1. 9.3614%-04
Fe-54 0.05845 4.8717&-03
Fe-56 0.91754 7.6476%-02
Fe57 0.02119 1.7661&-03
Fe58 0.00282 2.35046-04
Aluminium in Trolley Face 2.700 Al-27 1. 6.02626E02
Graphite 1.650 C-nat 1. 8.27286E02
FueP 3.256 Al-27 1. 5.81233E02
U-235 0.93 1.55501E03
U-238 0.07 1.13670E04
Aluminium in Fission Plate 2.666 Al-27 1. 5.9081E-02
Si-nat 1. 8.5747F-05
Fe54 0.05845 9.4102E-06
Fe56 0.91754 1.4772E&-04
Fe57 0.02119 3.4115E-06
Fe58 0.00282 4.5400€-07
Mild Steel in Shield 7.850 C-nat 1. 9.05252E04
Mn-55 1. 6.36765E04
Fe54 0.05845 4.89990E03
Fe56 0.91754 7.69180E02
Fe57 0.02119 1.77637E03
Fe58 0.00282 2.36403E04
Air 1.205E03 N-14 0.99634 3.95960E05
N-15 0.00366 1.45454E07
0O-16 1. 1.05642E05
(® Ex t e n-pabdwefers td natural elements
(®) Uranium enriched to 93 w% in-235.
(© Air density at the temperature of 200t aken f r om A Aiww.engneeipgeooldox.cers 0 i n
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TAB. 4.2 Continued

Iron-88 - Atomic Densities Used in the TRY-3.2 Calculations
with the BUGLEBY Library.

Material Isotopic ; :

Material Density Ellseortr;enet Abundance [ato/or\rgzg]lk?a?nills?r/n‘l]
[g° cm?] P [%]

Stainless Steel 7.917 C-nat 1. 2.3816&-04

Si-nat 1. 8.4878&-04

P-31 1. 4.61784£-05

S-nat 1. 2.9737E-05

Cr-50 0.04345 6.6813E-04

Cr-52 0.83789 1.2884F-02

Cr-53 0.09501 1.4609&-03

Cr-54 0.02365 3.6366&-04

Mn-55 1. 1.3625@-03

Fe54 0.05845 3.3408€-03

Fe56 0.91754 5.2444&-02

Fe57 0.02119 1.2111&-03

Fe58 0.00282 1.6118@&-04

Ni-58 0.68077 6.4479%-03

Ni-60 0.26223 2.4837E-03

Ni-61 0.01140 1.0797&-04

Ni-62 0.03634 3.44196-04

Ni-64 0.00926 8.7706-05

Mo-nat 1. 1.2125@&-03

Concrete 2.242 H-1 1. 1.34221E-02

0O-16 1. 4.4730F-02

Na-23 1. 9.4743E-04

Al-27 1. 1.7047&-03

Si-28 0.92230 1.4967%-02

Si-29 0.04683 7.59976-04

Si-30 0.03087 5.0097E-04

K-39 0.932581 6.4537%-04

K-40 0.000117 8.0968E-08

K-41 0.067302 4.6575F-05

Ca40 0.96941 1.2402E-03

Ca42 0.00647 8.2773%-06

Ca43 0.00135 1.7271E-06

Ca44 0.02086 2.6687E-05

Ca46 0.00004 5.1174&-08

Ca48 0.00187 2.3923&-06

Fe54 0.05845 1.9965F-05

Fe56 0.91754 3.1341E-04

Fe57 0.02119 7.2380€-06

Fe58 0.00282 9.6325E&-07
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TAB. 4.3

Iron-88 - Atomic Densities Used in the TOR3I.2 Calculations
with the BUGLE96 Library.

Material Isotopic ; :
Material Density Ellseortr;enet Abundance [atoﬁzg]ga?nirls?r/n‘l]
[9° cm?] P [%]
Mild Steel in Trolley Face 7.835 C-naf 1. 8.6423&-04
Si-nat 1. 6.7199&-05
Mn-55 1. 9.3614%-04
Fe54 0.05845 4.8717&-03
Fe-56 0.91754 7.6476%-02
Fe57 0.02119 1.7661&-03
Fe58 0.00282 2.35046-04
Aluminium in Trolley Face 2.700 Al-27 1. 6.02626E02
Graphite 1.650 C-nat 1. 8.27286E02
FueP 3.256 Al-27 1. 5.81233E02
U-235 0.93 1.55501E03
U-238 0.07 1.13670E04
Aluminium in Fission Plate 2.666 Al-27 1. 5.9081F-02
Si-nat 1. 8.5747F-05
Fe54 0.05845 9.4102E-06
Fe-56 0.91754 1.4772E&-04
Fe57 0.02119 3.4115E-06
Fe58 0.00282 4.5400€-07
Mild Steel in Shield 7.850 C-nat 1. 9.05252E04
Mn-55 1. 6.36765E04
Fe54 0.05845 4.89990E03
Fe56 0.91754 7.69180E02
Fe57 0.02119 1.77637E03
Fe58 0.00282 2.36403E04
Air 1.205E03 N-14 0.99634 3.95960E05
N-15 0.00366 1.45454E07
0O-16 1. 1.05642E05

(® Ex t e n-sabefers tinatural elemerst
(®) Uranium enriched to 93 w% in-235.
(© Air density at the temperature of 200t aken f r om A Aiww.engneeipgeooldox.cers 0 i n
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TAB. 4.3 Continued

Iron-88 - Atomic Densities Used in the TOR3I.2 Calculations
with the BUGLE96 Library.

Material Isotopic ; :

Material Density Ellseortr;enet Abundance [atopr\r::;n 'kfa?ﬁ%rlsgn_l]
[g° cm?] P [%]

Stainless Steel 7.917 C-nat 1. 2.3816&-04

Si-nat 1. 8.4878&-04

P-31 1. 4.61784€-05

S-nat 1. 2.9737%-05

Cr-50 0.04345 6.6813%-04

Cr-52 0.83789 1.2884F-02

Cr-53 0.09501 1.4609&-03

Cr-54 0.02365 3.6366&-04

Mn-55 1. 1.3625@-03

Fe54 0.05845 3.3408%-03

Fe56 0.91754 5.2444&-02

Fe57 0.02119 1.2111&-03

Fe58 0.00282 1.61186&-04

Ni-58 0.68077 6.4479%-03

Ni-60 0.26223 2.4837E-03

Ni-61 0.01140 1.0797&-04

Ni-62 0.03634 3.44196-04

Ni-64 0.00926 8.7706&-05

Mo-nat 1. 1.2125@&-03

Concrete 2.242 H-1 1. 1.3422E-02

0O-16 1. 4.4730€-02

Na23 1. 9.4743E-04

Al-27 1. 1.7047&-03

Si-nat 1. 1.62284-02

K-nat 1. 6.9203%-04

Canat 1. 1.2793%-03

Fe54 0.05845 1.9965F-05

Fe56 0.91754 3.1341E-04

Fe57 0.02119 7.2380@&-06

Fe58 0.00282 9.6325E-07




Sigla di identificazione Rev. | Distrib. Pag. di
ENELN.  cCentro Ricerche Bologna | sicNUC-P9H6-004| 0 L |75 296

42 - Neutron Source Normalization

With respecto the fission neutron source normalizatidre following approach was adopted.
Taking into account that the fission plate neutron source is given in umieisbng cm>3
second 3 1.0E+07(see PB. 2.3), corresponding to 1 Watt of fission platenss, hefi x n f o
normalization factor in TORB.2is given by:

xnf = 5.68E043 3.0E+04° 1.0E24 =1.704E25
where
5.68E04 (see 10/) are the fission plate Watts per NESTOR reactor Watt,
3.0E+04 Wattgsee 10/) is the NESTOR reactor powand

1.0E24 is a conversion factor taking into account that the atomic densitiexiuced in
TORT-3.2 wereexpressed in atonisbarn® 3 cm*.
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5 - DISCUSSION OF THE RESULTS

The Iron-88 epicadmiumreaction rate for the Au-1 9 7 ( n-198GdAativation dosimeters
andthe reaction ratefor the RR103(n,)Rh-103m, Ir115(n,n)In-115m, S32(n,p)R32 and

Al-2 7 ( n -2@thrésholdactivationdosimetergsee 24), calculated usinglternativelythe

BUGJEFF311.BOLIB /2/, BUGENDF70.BOLIB /3/, BUGLB7 /7/ and BUGLES6 /8/

libraries, were compared with the corresponding experimental results.

The experimental dosimetric results were obtainediram-88 using the five types of
previously citedactivation dosimeters locate@ee 2.4, FIG. 2.7 and TABs. 5.1+5.6) in
fourteen measurement positionfA2+A15). In particularthe Aul 9 7 ( n-198GdAand
S-32(n,p)R32 dosimeters were positioned in all the fourteen measurement positions located
in the air gapsbetween the mild steel slalomponentsthe RR103(n,MRh-103m dosimeters

in thirteen positions, thén-115n,n)In-115m dosimeters in ten positiomsd finally, the

Al-2 7 ( n -249dodimeters only irolir positions.

The calculated reaction rate results obtained with flat wieigrdnd 1/4 T PV weighting
dosimeter cross sectionare respetively reported in TABs. 5.1 and 5.2 for

Au-1 9 7 ( n-198GdA in TAB. 5.3 for Rh103(n,ARh-103m, in TAB. 5.4 for
In-115(n,M)In-115m, in TAB. 5.5 for S-32(n,p)R32 and in AB. 5.6 for Al-2 7 ( n ;24.) Na
In the previously cited tableghe calculated (C) reaction rate results are compared with the
corresponding experimental (E) reaction rate results through the C/E reaction rate ratios.
The total experimental uncertaintiies the fivetypes of activatiorosimeers at the specific
measurement positions aatithe confidence level of ostandard deviationl((} yere taken
from the AGener al D e s & document, ocluded fn thé IreBB Ex per
benchmark experimensection of the SINBAD REACTOR /11/ databaseand were
correspondinglyeportedon the previously cited TABs. 5.1+5.6

The experimentaleaction rategor all the fve activation dosimeteraererespectively taken
from thereference X0/ and, in particular, from th&able 8 for the sulphurdosimetersfrom
theTable9 for theindium dosimetersfrom the Table10 fortherhodiumdosimetersfrom the
Table 11 forthe gold dosimetersand finally, from the Table 12 for the aluminium
dosimetersilt is underlined thathe experimental resulfsr the gold dosimeterpresented in
the Table 11 of referencé&, take into accouna correction fothe NESTOR cor@eutron
leakagebackground whilst, on the contratyh e fias measuredo efarperi me
the other four threshol@ctivation dosimetersreported in the previously cited table$
reference 10/, contain a contribution from thESTOR coreneutron leakagéackground
(see2.4). Consequentlysince thecalculated (C) reaction rates refer only to the neutrons
produced in the fission plate h e @ as experanental(E r@action rate values in the
C/E ratios reported inthe TABs. 5.3+5.60f the present wotkwerereduced by 2%Thisto
eliminate the NESTOR reactor background compoifremb the experimental reaction rates
of thefour threshold activation dosimetarsall the measurement positigres recommended

at page? of reference/10/.

The TAB. 5.1 shows the differencekthe calculatedepicadmiumreaction rateor the gold
dosimetersobtained through transport calculationgh the BUGJEFF311.BOLIB library
using (see Chapter 4the cross sectionsf the first 44 oy alternatively the first 45 neutron
groups of the BUGLHEype neutron energy structure (see TAB. 3lt)other wordsti was
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intended in this way to verify the impact of two different cadmium cutoff energe.876

eV with the 44group calculation and.414 eV with the 4%yroup calculation, on the
correspondingotal reaction ratesalculated in each measurement position

Taking into account the experimental cadmium cutoff energy of 0.73(se¢ 3.5)
corresponding to the cadmium cover thickness of @7, used for the gold dosimeters
employed in the Iroi88 benchmark experiment, it was decided to assume thgrodph
calculation(corresponding to a cadmium cutoff energy of 0.876 eV) as the most appropriate
reference choice. This was specifically suppog¢gee TAB. 5.2+5.6) not only for the
calculations with the BUGJEFF311.BOLIB library but also for those with the other three
BUGLE-type librariegBUGENDF70.BOLIB, BUGLEB7 and BUGLE96) used.

In this way it was obtainedin particular, better agreemeénwith the experimental
eprcadmiumreaction ratesf the gold dosimeter©n the other hand it was verified and it is
underlined that, summing up alternatively tieaction ratecontributions of the first 44 or 45
neutron energy groups (se TAB. 3.1) in the Iror88 calculations using the
BUGJEFF311.BOLIB library, the goldosimetertotal reaction rate differencbetween the

two calculationsin eachmeasuremergosition is limited to few percents (se\B. 5.1).

Each of he HGs. 5.%5.10shows the intercomparisons of th€/E reaction rate ratioesults
obtained throughthe calculations with the BUGJEFF311.BOLIBUGENDF70.BOLIB,
BUGLE-B7 and BUGLEYS6 libraries using alternatively flat weighting or 1/4 T PV
weighting dosimeter cross skixts. In particular the II6s. 5.1 and 5.2for the gold
dosimetersrespectively reportin€/E results obtained through flat weighting and 1/4 T PV
weighting dosimeter cross sectiogsrrespond to AB. 5.2 In a similar waythe HGs. 5.3
and 5.4for the hodium dosimeterseferto TAB. 5.3 the HGs. 5.5 and 5.6or the indium
dosimeters to AB. 5.4, the AGs. 5.7 and 5.8or the sulphur dosimeters toAB. 5.5 and
finally, the HGs. 5.9 and 5.1@r the aluminium dosimeters tAB. 5.6.

Comparisons of # C/E reaction rateratio results obtained usingalternatively the flat

weighting and the 1/4 T PV weighting dosimeter cross segtiars reportedin the
FIGs. 5.11+5.30 for each of thefour corresponding BUGLE-type librares
(BUGJEFF311.BOLIBBUGENDF70.BOLIB, BUGLEB7 and BUGLE96) and for each of
the five types of activation dosimeterJAu-1 9 7 ( n-198GdA Rh103(n,)RhH103m,
In-115(n,)In-115m, S32(n,p)R32 and A2 7 ( n -24))udéad in the Iror88 benchmark
experimentIn paticular the FIGs. 5.11+54lreferto theAu-1 9 7 ( n-198Gd&AE reaction
rate ratios and similarly, the FIGs.5.15+5.18 tothe Rh-103(n,MRh-103m C/E ratios the
FIGs. 5.19+5.22 tothe In-115(n,N)In-115m C/E ratios the FIGs. 5.23+5.26 tothe
S-32(n,p)R32 C/E ratiosand, finally, the FIGs5.27+5.30 taheAl-2 7 ( n -2@Q/Eratios

Gold DosimeterResults

TheAu-1 9 7 ( n-1989GdA(E (CalculatedExperimental)eprcadmiumreaction rateatios
obtainedusing thefour BUGLE-type libraries are completely represented in TAB. 5.2 whilst
the C/Eratios obtained from calculatedeaction rate using 1/4 T PV weighting and flat
weighting dosimeter cross sectipage respectively shown in FIG. 5.4daFIG. 5.2.

The Aul 9 7 ( n-198(QdAalculated reaction rategsing 1/4 T PV weighting dosimeter
cross sectionscorresponding tdhe Iron88 epicadmiumreaction ratemeasurementsith
gold dosimeterspresent deviationgsee TAB. 5.2 and FIG. 5.1 from the corresponding
experimental resultsontained withint15% and a gstematic trend to overestimate the
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experimental resulisWhen flat weighting dosimeter cross sections are employed, the
deviations(see TAB. 5.2 and FIG. 5.2 of the calculated egtadmium reaction rates are
within an increased25%. Meaningful differences between tleE results obtained with flat
weighting dosimeter cross sections and those calculated with 1/4 T PV weighting dosimeter
cross sectionsarefound In fact with flat weighting dosimeter cross sections, the devnat
from the corresponding experimental results are systematically overestitetiedenabout

6% and 10% with respect to the corresponding results obtained with 1/4 T PV weighting
dosimeter cross sectionshich permit to have calculated resubgynificantly more in
agreement with theorrespondingxperimental result§he HGs. 3.6 and3.7, referring to the
Au-1 9 7 ( n-198 heAitton cross sectignespectively used in the calculations with the
BUGJEFF311.BOLIB and BUGLA6 libraries, showfor exampé, groupcross section ratios
which permit in particular to appreciate the differences betwberilat weightingand the

1/4 T PV weightingself-shieldedneutroncross sections

As previously mentioned (seen particular 3.5), he neutron cross sectionfor the
Au-197(np)Au-198 dosimetersvereproperlyself-shieldedthrough theGROUPIEmodule of

the PREPRO/35/ nuclear data processing systaming abackground cross section equal to
16950 barns The experimental effectiveadmium cutoff energyas assumed to be about
0.73 eV, taking into accounthe thicknessof 0.127 cmof the cadmium coverfor the gold
dosimeters. Thegold calculatedreaction rates obtained withe cross sections tiie first 44
neutronenergygroups(i.e. assuming implicitly a cadmium cutoff energly0.876 eV, the
nearest energy value in th&JBLE-type neutron energy group structure to the 0.73 eV value
previously cited) of the four BUGLIEy/pe librariesgave reduced results kabout1%+2%

with respect to theorresponding results obtained with thestf 45 groups(i.e. assuming
implicitly a cadmium cutoff energy of 0.414 e¥t theclassicathermal neutron energy upper
threshold.

RhodiumDosimeterResults

The RR103(n,MRN-103m C/E CalculatedExperimental)reactionrate ratios using the four
BUGLE-type libraries are completely represented in TAB. 5.3 whilst the C/E ratios obtained
from calculated reaction rates usiting 1/4 T PV weighting andhe flat weighting dosimeter
cross sections are respectively shown in FIG. 5.3 and FIG. 5.4.

The Rh103(n,MRh-103m calculated reaction ratgwesent deviationgsee AB. 5.3 and

FIGs. 5.3 and 5) from the corresponding experimental results contained with(96 and

are characterized by trend to overestimation, independertfythe use othe flat weighting
orthe1/4 T PV weighting dosimeter cross sectidnsreasing the neutron penetration depth,
the calculated results coming from the ENBAlogna libraries (BUGJEFF311.BOLIB and
BUGENDF70.BOLIB tend to overestimate those obtainédm the ORNL ibraries
(BUGLE-B7 and BUGLE96). It is noted in particular that, in the C/E results obtained with
BUGENDF70.BOLIB, the deviatisifrom the corresponding BUGIL-B7 values reach about

15% of overestimatiorat about 60.0 cm of neutron penetration depth inltte-88 steel
shield. This was found despite the fact that both libraries are based on the same
ENDF/B-VII.0 evaluated data byit is underlinedthey werenot generated througthe same
nucleardata processing systemm factthe LANL NJOY-99.%59 /36/ and theENEA-Bologna

2007 Revision /317 of ORNL SCAMPI /32/ systems were used to generate
BUGENDF70.BOLIB whilst the ORNL AMPX-6.1 /34/ systemwas employed to produce
BUGLE-B7.
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Indium DosimeterResults

The In115(n,M)In-115m C/E CalculatedExperimental) reactionrate ratios using the four
BUGLE-type libraries are completely represented in TAR.\Bhilst the C/E ratios obtained
from calculated reaction rates usiting 1/4 T PV weighting andhe flat weighting dosimeter
cross sections arespectively shown in FIG. 5and FIG. %6.

The In115(n,M)In-115m calculated reaction rates show deviations (s&B.15.4 and
FIGs. 55 and 56), from the corresponding experimental resudtmtained withint15%+20%

and presenta trend to under&mation with increasing neutron penetration depth,
independentlyof the use ofthe flat weighting orthe 1/4 T PV weighting dosimeter cross
sectionsAlso in this case, as in the case of thedium results, the calculated results coming
from the ENEABologna libraries (BUGJEFF311.BOLIB and BUGENDF70.BOLIB) tend to
overestimate those obtained from the ORNL libraries (BUBIKE and BUGLE96),
increasing the neutron penetration depth. It is noted in particular that, in the C/E results
obtained with BUGENDF7®OLIB, the deviations from the corresponding BUGBE
values reach abou®®-10% of overestimation at about 45.0 cm of neutron penetration depth
in the Iron88 steel shield.

SulphurDosimeterResults

The In115(n,M)In-115m C/E CalculatedExperimental)reactionrate ratios using the four
BUGLE-type libraries are completely represented in TAB. 5.5 whilst the C/E ratios obtained
from calculated reaction rates usitingg 1/4 T PV weighting andhe flat weighting dosimeter
cross sections are respechwvshown in FIG. 57 and FIG. 8.

Concerning theS-32(n,p)R32 calculated reaction rateghe results obtainedvith the flat
weightingandthe 1/4 T PV weighting dosimeter cross sections give devia(ees AB. 5.5
andFIGs. 5.7 and 5)8 from the correponding experimental resyligithin £15%+20% and
showa systematic trend to underestimatitiris noted that the BUGJEFF311.BOLIB library
gives results apparently less underestimated (of abétit16%) with respect to the
corresponding resultsbtainedthroughthe other three BUGLHype libraries used.

Aluminium DosimeterResults

Finally the Ak2 7 ( n 24 /B @alculatedExperimentalyreactionrate ratios using the four
BUGLE-type libraries are completely represented in TAB. 5.6 whilst the C/E ratios obtained
from calculated reaction rates usitgg 1/4 T PV weighting andhe flat weighting dosimeter
cross sections are respectively shown in FIG. 5.9 and FIG. 5.10.

The Al-2 7 ( n ;24 palNualated reaction rate®btained with the 1/4 T PV weighting
dosimeter cross sectignsverestimatesystematically(see AB. 5.6 and FIG.5.9) the
correspondingxperimental results up to +30%.s underlinedthat only for thesethreshold
activation dosimetes, with the highest effective thresho&hergyof 7.30 MeV, there are
meaningful differences betwedhe results obtainedvith the flat weighting dosimetercross
sectionsaandthose calculated witthe1/4 T PV weightinglosimetercross sections.

In fact with the flat weighting dosimeter cross sectipnge deviationsfrom the
corresponding experimental results are systematically direeded (see B. 5.6 and

FIG. 5.10 by about 8%with respect to the corresponding results obtained theéi/4 T PV
weighting dosimeter cross sectioiitie AGs.3.16and3.17, referringto thedl-2 7 ( n ;28) N a
neutron cross sectioneespectively ged in the calculations with the BUGJEFF311.BOLIB
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and BUGLE96 libraries, showfor examplegroup cross section ratios whichermit in
particular to appreciate the differences between tla fweighting and thel/4 T PV
weightingdosimeteicross sections

The absolute values of thexperimental and calculatedeaction rates forthe
Au-1 9 7 ( n-198GdA Rh-103(n,HRN-103m, Ir115(n,N)In-115m, S32(n,p)R32 and
Al-2 7 ( n ;24 xctivation dosimeters arespectivelyshownin the FIGs. 5.3%5.35 where
subjective trend ling for the experimental reaction rajese represertl Thesetrend lines
connect in particular all the experimental reaction ratés the cited dosimeterand the
experimental reaction regere compared with the corresponding calculated reactiors,rate
obtained using the BUGJEFF311.BOLIB library.

The spatial distributions of the neutron fluxabove different neutron energy thresholite
spatial distributions of the dosimeter reaction ratesexasinples ofepresentativealculated
neutron spectra in different measurement positions, obtaisiadthe BUGJEFF311.BOLIB
library and the TORJ3.2 code in RSg approximation, are respectively reported tire
FIGs. 5.36-5.40for the neutron fluxesn the FIGs. 5.41+5.4%r the dosimeter reaction rates
and inthe FIGs5.46-5.47for the calculated newin spectra

The spatial distributionsf the neutron fluxes for neutron energies above 0.414 eV, 0.1 MeV,
1.0 MeV, 3.0 MeV and 8.0 MeV are respectively presemetthe FIGs.5.36:5.4Q in the
Iron-88 horizontal section at Y = 0.0 cm (sd&F4.2.

The spatial distributions of the reaction rates fdahe Au-1 9 7 ( n-198GdA u
Rh-103(n,AHRN-103m, In115(n,)In-115m, S32(n,p)R32 and Al2 7 ( n 24 pchivation
dosimeters are shown respectivelyhe FIGs. 5.41+5.45n the ron-88 horizontal section at
Y = 0.0 cm(see FIG. 4.2)

It is underlined that, n practice, the reaction rate results coming from the
Au-1 9 7 ( n-198GdAlasimeterscorrespond to neutron fluxes above about 0.414s8¢
3.5), the results coming fronthe Rh-103(n,nRh-103m dosimeterscorrespond to neutron
fluxes above about 0.1 MeV, the results coming ftomin-115(n,n)In-115mdosimetergo
neutron fluxes above about 1.0 MeV, the results coming fh&8-32(n,p)R32 dosimeersto
neutron fluxes above about 3.0 MeV and, finally, the results coming fthen
Al-2 7 ( n -2ddodineeterdo neutron fluxes above about 8.0 MeV (see alSpBAB. 2.4
and TABs. 34+3.9).

A comparison of the calculated neutron spedtsove 0.414 e)V at various Iror88
measurement position&2, A4, A8, A12 and Al5)is shown in FG. 5.46 An enlargement
of the previous figure is reported inG= 5.47 for neutron energies above 0.1 MeV. The
different black and red coloufer the histograms repducedin the previouslycited figures
are here alternatively used only to distinguishdyeéhedifferent spectralrends.

The neutron spectra calculated with the BBUIGLE-typelibraries in the fourteeen (A2+A15)
measurement positions (SEKs. 2.7) are reported in the AppendixBs(see TABsD1+D14),

E (see ABs. E1+E14), F (see TABs. F1+Fl14and G (see TABs.G1+G14), referring
respectively to the calculations wusing théour libraries BUGJEFF311.BOLIB,
BUGENDF70.BOLIB BUGLE-B7 and BUGLE96.

All the calculatedesultsreported in the previously cited figuraad tables areorresponding
to the NESTOR reactor maximum power of 30 landwere obtained using tHeur libraries
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BUGJEFF311.BOLIB, BUGENDF70.BOLIBBUGLE-B7 and BUGLE96 together with the
TORT-3.2 code in RSg approximationusingainhomogeneous nawin source.

Finally, the following conclusive statements can be formulatedhe Iron88 calculagd
results obtained in the present analysis

1. Thel/4 T PVweightingdosimeter cross section filesbtained using neutron weighting
spectra calculated imé steel of a PWR pressure vessel, permit to obtain reaction rate
results with the four BUGLE-type libraries in general more adherent to the
corresponding experimental resutts&an those obtained through the use of the flat
weightingdosimeter cross seach files.

2. The mpactof the 1/4 T PV weighting dosimeter cross section files the present
transportcalculationsis in particular meaningful forthe Au-197(np)Au-198/Cd and
Al-2 7 ( n ;24)) ddleulated reaction rate resultxbtained through the four
BUGLE-typelibraries.

3. The 1/4 T PV weightingdosimeter cross section fileasedtogetherwith the four
BUGLE-type libraries give calculated reaction rate resylfer the Al-2 7 ( n ;28) Na
dosimeters, always excessively overestimatewith respect d the corresponding
experimental resultsncreasing the neutron penetration deptthe mild steel slab®f
the Iron88 experiment shield

4. The calculated reaction rate results ftlne gold, rhodium, indium and sulphur
dosimeters, obtained using thel T PV weightingdosimeter cross section filesgether
with the fourBUGLE-type libraries,are contained within a confidence level of the total
experimental uncertaintgqual to+30 (99.7% probability that the measurement result is
betweenz3 standard deviationsYhis correspond to deviationsof +15%+20% from
the experimental reaction rat&3n the contrary, the calculated results of the aluminium
dosimeterswith the highest effat/e threshold energy (7.30 MeV) andranor part of
the results of the RhO3(n,MRN-103m and IAL15(n,N)In-115m dosimeters with the
lowest effective threshold energies (0.6®V and 1.30 MeV respectivelyare not
contained within th@reviously cited onfidence level.

5. The neutron cross sectionfr the Au-197(np)Au-198 dosimeterswere properly
selfshielded using dackground cross section equal to 16%arns The cadmium
cutoff energy for the experimental emadmium reaction rates of the
Au-197(np)Au-198Cd dosimeterswas assmed to be about 0.73 e\aking into
accountthe thicknessof 0.127 cmof the cadmium covefor the cited dosimetersised
in the Ironr88 experiment.

6. The BUGENDF70.BOLIB and BUGLEB7 libraries are based on the same
ENDF/B-VII.O evaluatednuclear daa. Despite this fagtthe cited librariesgive
meaningful discrepancies in the calculated reaction rate resiitge about 20.0 cm of
neutron penetrationlepth in the mild steel slabs of the Ire88 experiment shield.
This fact is evidenffor the cdculated reaction rates of th&u-197(np)Au-198/Cd
dosimeters and, in particular, for those of the Rh-103(n,HRh-103m and
In-115(n,n)In-115m threshold dosimeters with the lowest effective threshold energies
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(0.69 MeV and 1.30 MeV espectively. The C/E results obtained using
BUGENDF70.BOLIB overestimate those obtained from BUGRE increasing the
neutron penetration depthwould be important to establish ifake different calculated
results approximatelyobtained in the neutra energy range 1.0 Me\6.0 MeV,
(corresponding approximately to the 90% response energy ragpesl of the cited
rhodium and indiumthreshold activation dosimetery are due to possible different
nuclear data processimgpproachesn the code systems usd to generatéhe cited
libraries. In particular the LANL NJOY¥9.259 /36/ and the ENEBologna 2007
Revision /31/ of ORNL SCAMPI /32/ weréhe data processing systermased to
generate BUGENDF70.BOLIB whilst the ORNL AMP&1 /34/ system was employed
to produce BUGLEB?7.
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TAB. 5.1

Iron-88 - Comparison of thé&u-1 9 7 ( n-198GdApirCadmiumReaction Rate Ratios
(Calculated/Experimentaih 44-Group and 455roup Calculations.

Au- 197(n, 2) Flat Weighting

Position

Ps-Sg Calculations Using the BUGJEFF311.BOLIB Library
with Flat Weighting and 1/4 T PV Weighting Dosimeter Cross Sections.

Shield Experiment

Thickness
RRP
[cm] (B)
0.00 1.05 E- 14
5.10 6.24 E- 15
10.22 4.19 E- 15
15.34 2.97 E- 15
20.44 2.19 E- 15
25.64 1.70 E- 15
30.79 1.35 E- 15
3599 1.11 E- 15
41.19 9.10 E- 16
46.44 7.67 E- 16
51.62 6.55 E- 16
56.69 5.44 E- 16
61.81 4.62E -16
6 6.99 3.99E -16

Total 44- Group C/E 45- Group

Error Calculation Calculation

1a) RR a RR

[%] (©) (©)
4.2 1.31370E -14 1.25 1.34822 E- 14
4.2 755178 E-15 1.21 7.65235 E- 15
4.2 4.89977 E-15 1.17 4.94665 E- 15
4.2 3.40712 E-15 1.15 3.43609 E- 15
4.2 251225 E-15 1.15 2.53259 E- 15
4.2 1.93419 E-15 1.14 1.94938 E- 15
4.2 154726 E-15 1.15 1.55917 E- 15
4.2 1.26321 E-15 1.14 1.27282 E- 15
4.2 1.04319 E-15 1.15 1.05108 E- 15
4.2 8.63161 E-16 1.13 8.69683 E- 16
4.2 7.15482 E-16 1.09 7.20898 E- 16
4.2 5.94104 E-16 1.09 5.98616 E- 16
4.2 4.91605E -16 1.06 4.95355E -16
4.2 4.06232E -16 1.02 4.09343E -16

& RR = Reaction Rates in units of reactions per second per atom at the NESTOR
reactor maximum power (30 kW).

The

reported RR were already corrected for the NESTOR

component. These data were used to obtain the C/E ratios.

Au- 197(n, 2) 1/4 T PV Weighting

Position

A2
A3
A4
A5
A6
A7
A8
A9
A10
All
Al12
Al13
Al4
Al5

Shield Experiment

Thickness
RRP
[cm] (E)

0.00 1.05 E- 14
5.10 6.24 E- 15
10.22 4.19 E- 15
15.34 2.97 E- 15
20.44 2.19 E- 15
25.64 1.70 E- 15
30.79 1.35 E- 15
3599 1.11 E- 15
41.19 9.10 E- 16
46.44 7.67 E- 16
51.62 6.55 E- 16
56.69 5.44 E- 16
61.81 4.62E -16

66.99 3.99E -16

(%]

Total 44- Group C/E 45- Group

Error Calculation Calculation

1a) RR a RR

© ©

4.2 1.19920 E-14 1.14 1.23396 E- 14
4.2 7.01968 E-15 1.12 7.12096 E- 15
4.2 458651 E-15 1.09 4.633 72E- 15
4.2 3.19971 E-15 1.08 3.22889 E- 15
4.2 2.36461 E-15 1.08 2.38509 E- 15
42 1.82371 E-15 1.07 1.83901 E- 15
4.2 1.46064 E-15 1.08 1.47263 E- 15
4.2 1.19334 E-15 1.08 1.20302 E- 15
4.2 9.85801 E-16 1.08 9.93749 E- 16
4.2 8.15704 E- 16 1.06 8.22273 E-16
4.2 6.76052 E-16 1.03 6.81506 E- 16
4.2 5.61227 E-16 1.03 5.65771 E- 16
4.2 4.64256E -16 1.00 4.68032E -16
4.2 3.83510E -16 0.96 3.86643E -16

& RR = Reaction Rates in units of reactions per second per atom at the NESTOR
reactor maximum power (30 kW).

The

reported RR were already corrected for the NESTOR

component. These data were used to obtain the C/E ratios.

C/IE

1.28
1.23
1.18
1.16
1.16
1.15
1.15
1.15
1.16
1.13
1.10
1.10
1.07
1.03

reactor background

C/IE

1.18
1.14
111
1.09
1.09
1.08
1.09
1.08
1.09
1.07
1.04
1.04
1.01
0.97

reactor background
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FIG. 5.1

Iron-88- Au-1 9 7 ( n-198/GdApiCadmiumReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with 1/4 T PV Weighting Dosimeter Cross Sections.
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()80 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

5.0 00 50 100 150 20.0 250 30.0 350 400 450 530.0 550 60.0 65.0 70.0
Shield Thickness [cm]

FIG. 5.2

Iron-88- Au-1 9 7 ( n-198/CdrepiCadmiumReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with Flat Weighting Dosimeter Cross Sections.
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Rh-103(n,n") C/E Ratio

Rh-103(n,n") C/E Ratio
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FIG. 5.3

Iron-88 - Rh-103(nn)Rh-103mReaction Rat Ratios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE

and BUGLE96 Libraries with 1/4 T PV Weighting Dosimeter Cross Sections.
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FIG.5.4

Iron-88 - Rh-103(nn)Rh-103mReaction Rat®atios (Calculated/Expienental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with Flat Weighting Dosimeter Cross Sections.
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In-115(n,n") C/E Ratio

In-115(n,n") C/E Ratio

FIG. 5.5

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGLB7
and BUGLE96 Libraries with 1/4 T PV Weighting Dosimeter Cross Sections.
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FIG. 5.6

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDHOLIB, BUGLE-B7
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and BUGLE96 Libraries with Flat Weighting Dosimeter Cross Sections.
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S-32(n,p) C/E Ratio

S-32(n,p) C/E Ratio

FIG. 5.7

Iron-88- S-32(n,p)RP32 Reaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with 1/4 T PV Weighting Dosimeter Cross Sections.
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FIG. 5.8
Iron-88 - S-32(n,p)R32 Reaction Rat&atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with Flat Weighting Dosimet€ross Sections.
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FIG. 5.9

Iron-88- Al-2 7 ( n ;2@Redtton Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE

and BUGLE96 Libraries with 1/4 T PV Weighting Dosimeter Cross Sections.
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FIG. 5.10

Iron-88- Al-2 7 ( n ;2@Redtton Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB, BUGENDF70.BOLIB, BUGRE
and BUGLE96 Libraries with Flat Weighting Dosimeter Cross Sections.
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FIG. 5.11

Iron-88- Au-1 9 7 ( n-198/CdApirCadmiumReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB Libramyd Dosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting
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FIG. 5.12

Iron-88- Au-1 9 7 ( n-198/CdrepiCadmiumReaction Rat®atios(Calculated/Experimental)
Calculated Using the BUGENDF70.BOLIB Libraaynd Dosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting
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FIG. 5.13

Iron-88- Au-1 9 7 ( n-198/CdrepiCadmiumReaction Rat®atios (Calculated/Experimental)
Calcubted Using the BUGLIB7 LibraryandDosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.14

Iron-88- Au-1 9 7 ( n-198/CdrepiCadmiumReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:-E6 Libraryand Dosmeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.15

Iron-88 - Rh-103(nn)Rh-103mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB Libramyd Dosimeter Cross Sections
with Flat Weightingand1/4 T PV Weighting.
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FIG. 5.16

Iron-88 - Rh-103(nn)Rh-103mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGENDF70.BOLIB Libraaynd Dosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.17

Iron-88 - Rh-103(nn)Rh-103mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUE-B7 Library and Dosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.18

Iron-88 - Rh+103(nn)Rh-103mReaction Rat®atios (Calculat@/Experimental)
Calculated Using the BUGE-96 Library and Dosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.19

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLlibrary andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG.5.20

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUENDF7QBOLIB Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.21

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:B7 Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.22

Iron-88- In-115(nn’)In-115mReaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:BE6 Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.23

S-32(n,p) C/E Ratio

S-32(n,p) C/E Ratio
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FIG. 5.24

Iron-88 - S-32(n,p)RP32 Reaction Rat®atios (Calculated/Experimental)

Calculated Using the BUGENDF70.R@ Library andDosimeter Cross Sections
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FIG. 5.25

Iron-88- S-32(n,p)RP32 Reaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:B7 Library andDosimeter Cross Sections
with Flat Weightingand 1/4 T PV Weighting.
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FIG. 5.26
Iron-88 - S-32(n,p)RP32 Reaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:BE6 Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.27

Iron-88- Al-27(nU ) M4Reaction Rat®atios (Calculated/Experimental)
Calculated Using the BUGJEFF311.BOLIB Library dhalsimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.28

Iron-88- Al-2 7 ( n 2@Redtton Rat®atios (Calculated/Experiméal)
Calculated Using the BUGENDF70.BOLIB Library abdsimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.29

Iron-88- Al-2 7 ( n ;2@Redtton Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:B7 Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PV Weighting.
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FIG. 5.30
Iron-88- Al-2 7 ( n ;2@Redtton Rat®atios (Calculated/Experimental)
Calculated Using the BUGL:BE6 Library andDosimeter Cross Sections
with Flat Weighting and 1/4 T PWeighting.
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FIG. 5.31

Iron-88- Au-1 9 7 ( n-198GdApiCadmiumReaction Rates
at the NESTORReactor MaximuniPower(30 kW)
on the Z Horizontal Axis.

[reactions$ s*3 atomi’]
Comparison of Experimental and Calculated Reaction Rates.

Ps-Sg Calculaton Using the BUGJEFF311.BOLIB Library
and 1/4 T PV Weighting Dosimeter Cross Sections.

o Calculated Reaction Rate - BUGJEFF311.BOLIB / TORT-3.2 (X,Y,Z)
—e— Experimental Reaction Rate
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di

107"

Rh-103(n,n') Reaction Rate [reactions x s x atom™]

-18

10

FIG. 5.32

Iron-88 - Rh-103(nn)Rh-103mReaction Rates
at the NESTORReactor MaximuniPower(30 kW)

on the Z Horizontal Axis.
[reactions$ s*3 atomi’]

Comparisorof Experimental and Calculated Reaction Rates.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library

and 1/4 T PV Weighting Dosimeter Cross Sections.

O

Calculated Reaction Rate - BUGJEFF311.BOLIB / TORT-3.2 (X,Y,Z)
—e— Experimental Reaction Rate

A4

A5 A6 A7 A8 A9 AI0 All AlI2 Al3 Al4 Al5

10.0

150 200 250 300 350 400 450
Shield Thickness [cm]

50.0

55.0 60.0 65.0

70.0



ENEN. centro Ricerche Bologna

SICNUC-P9H6-004

Sigla di identificazione

Rev.

Distrib.
L

Pag.

106 296

di

In-115(n,n") Reaction Rate [reactions x s™ x atom™]
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FIG.

5.33

Iron-88- In-115(nn’)In-115mReaction Rates
at the NESTORReactor MaximuniPower(30 kW)

onthe Z Ho
[reactiong

rizontal Axis.
s'3 atom’]

Comparison of Experimental and Calculated Reaction Rates.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library

and 1/4 T PV Weighting Dosimeter Cross Sections.

—e— Experimental Reaction Rate

o Calculated Reaction Rate - BUGJEFF311.BOLIB / TORT-3.2 (X,Y,Z)
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FIG. 5.34

Iron-88- S-32(n,p)RP32 Reactin Rates
at the NESTORReactor MaximuniPower(30 kW)
on the Z Horizontal Axis.
[reaction$ s*3 atoni’]

Comparison of Experimental and Calculated Reaction Rates.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library
and 1/4 T PV Weighting Dosimeter CrdSsctions.

o Calculated Reaction Rate - BUGJEFF311.BOLIB / TORT-3.2 (X,Y,Z)
—e— Experimental Reaction Rate
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FIG. 5.35

Iron-88- Al-2 7 ( n ;2dRedtton Rates
at the NESTORReactor MaximuniPower(30 kW)
on the Z Horizontal Axis.

[reaction$ s*3 atoni’]

Comparison of Experimental and Calculated Reaction Rates.

Ps-Sg Calculation Using the BUGJERB11.BOLIB Library
and 1/4 T PV Weighting Dosimeter Cross Sections.

o Calculated Reaction Rate - BUGJEFF311.BOLIB / TORT-3.2 (X,Y,Z) .
—e— Experimental Reaction Rate
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FIG. 5.36

Iron-88 - Spatial Distribution of the Neutron FluxastheNESTOR Reactor
MaximumPower (30 kW)or Neutron Energy ®.414eV.
[neutrons® barn'3 s

Horizontal Sectiorat Y = 0.0 cm.
Dosi met er 30,0 CERINMBN Spatiédl Meshes.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library.

IRON-88 Distribution of Neutron Flux [n-barns™"s™' > 0.414 eV.
Meshes: 73X, 79Y,2781
MIN.

Section at Y =
1.0774E-29  1.0E-21
1 I 1

0.00 cm
1.0E-20 1.0E-19

MAX.
1.0E-18 1.0E-17
il Lo

1.0E-16 1.0E-15 1.6281E-15

Section data : MIN = 2.3353E-28

MAX = 1.6267E-15
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FIG. 5.37

Iron-88 - Spatial Distribution of the Neutron FluxastheNESTOR Reactor
MaximumPower (30 kWYor Neutron Energy 0.1 MeV.
[neutrons® barn'3 s

Horizontal Section at Y = 0.0 cm.
Dosi met er 30,0 CERINMBN Spatiédl Meshes.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library.

IRON—-88 Distribution of Neutron Flux [n-barns™'s™1 > 0.1 MeV.

Meshes: 73X, 79Y,2787  Section at Y = 0.00 cm
MIN.

5.7588E-31 1.0E-22 1.0E-21
| | 1 Ll 1

MAX.
1.0E-20 1.0E-19 1.0E-18 1.0E-17 1.0E-16 9.8800E-16
Section data : MIN = 4.9794E-30 MAX = 9.8674E-16
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FIG. 5.38

Iron-88 - Spatial Distribution of the Neutron FluxastheNESTOR Reactor
MaximumPower (30 kWYor Neutron Energy 3.0 MeV.
[neutrons® barn'3 s

Horizontal Section at Y = 0.0 cm.
Dosi met er 30,0 CERINMBN Spatiédl Meshes.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library.

IRON—88 Distribution of Neutron Flux [n-barns™'s™ > 1 MeV.

Meshes: 73X, 79Y,278Z  Section at Y = 0.00 cm
MIN. MAX.
41572E-32  10E-22 1.0E-21 1.0E-20 1.0E-19 1.0E—18 1.0E-17 10E-16  4.0184E-16
Section data :  MIN = 5.5144E—31 MAX = 4.0101E—16
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FIG. 5.39

Iron-88 - Spatial Distribution of the Neutron FluxastheNESTOR Reactor
MaximumPower (30 kWYor Neutron Energy 3.0 MeV.
[neutrons® barn'3 s

Horizontal Section at Y = 0.0 cm.
Dosi met er 30,0 CERINMBN Spatiédl Meshes.

Ps-Sg Calculaton Using the BUGJEFF311.BOLIB Library.

IRON-88 Distribution of Neutron Flux [n-barns™'s™" > 3 MeV.

Meshes: 73X, 79Y,278Z  Section at Y = 0.00 cm
MIN. MAX.
9.0805E-33  10E-23 1.0E-22 1.0E-21 1.0E-20 1.0E-19 1.0E—18 10E-17  8.4884E-17
1 | ol [ R 1 |||||||%
Section data :  MIN = 1.1157E-31 MAX = 8.4644E-17
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FIG. 5.40

Iron-88 - Spatial Distribution of the Neutron FluxastheNESTOR Reactor
MaximumPower (30 kWYor Neutron Energy > 8.0 MeV
[neutrons® barn'3 s

Horizontal Section at Y = 0.0 cm.
Dosimeter Loa t i &Mn,s 3MBYK78Z Spatial Meshes.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library.

IRON-88 Distribution of Neutron Flux [n-barns s ' > 8 MeV.

Meshes: 73X, 79Y,278Z  Section at Y = 0.00 cm

MIN. MAX.

15717E-33  1.0E-24 1.0E-23 1.0E-22 1.0E-21 1.0E-20 1.0E-19 10E—18  2.2064E—18
Section data :  MN = 1.5808E—32 MAX = 2.1994E-18
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FIG. 5.41

Iron-88 - Spatial Distribution of thdu-197(np)Au-198Cd epi-Cadmium Reaction Rates
at theNESTOR ReactoMaximumPower (30 kW)
[reactions$® s*3 atom’]

Horizontal Section at Y = 0.0 cm.
Dosi met er 30,0 CERINMBN Spatiédl Meshes.

Ps-Sg Calculation Using the BUGJEFF311.BOLIB Library

and 1/4 T PV Weightin@posimeter Cross Sections.






































































































































































































































































































































































































































































































































































