COMMISSARIAT A L'ENERGIE ATOMIGUE'

CE.A

muﬂmmmnﬂmﬂmmﬁmﬁnnmﬂm ﬂﬂﬂ’rﬂmﬁhﬂﬂlmﬂﬂ

DIVISION E’wDES 33 DEVELBPPEMENT ,DES REACTEUR

, s :
DEPARTEMENT DES REACTEURS B
. A NEUTRONS nApmes -,'

‘CENTRE D ETUDES NUCLEAIRES DE CADARACHE
:B'P' N°a1 }3115 SAINT-PAUL -LEZ -DURANCE .FRANCE




RESUME :

N 4

NEACRP Restricted specialists meeting on shielding
benchmark
Paris (France) 10-11 Sep 1984

CEA-CONF--7852
DRNR/ P/ NO 300

DEEP PENETRATION IN PURE SODIUM
EXPERIMENTS USING THE HARMONIE SOURCE REACTOR

J.P. TRAPP D. CALAMAND M. SALVATORES

La présente note documente les expériences de propaga-
tion de neutrons en sodium sur HARMONIE. On précise la
géométrie de la maquette, les résultats des expériences et

les résultats des calculs 3 une et deux dimensions.

The present note is a documentatioa of the neutron
propagation experiments in sodium, performed on HARMONIE.
Details are given on the geometrical specifications, experi-
mental results and calculation, one and two dimensional,

results._
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- INTRODUCTION -

The HARMONIE Sod.um Integral experiments nave been
performed from 1976 to 1978, The aim was to study the deep
‘neutrcn penetration in pure sodium in various conditions to
improve, possibly with a sodium cross-sections adjustment,
the performances of the propagation formulaire PROFANE ; thts
formulaire should allow in particular the calculation of the
sodium activation in the heat exchanger of a French fast

power reactor, pool type, with known uncerta’nties.

The source reactor HARMONIE, located at Cadarache

in South France, has been used for 'hese exper:ments.

Mainly, two experiments have been performed :
1) With HARMONIE stainless-steel reflector

2) This reflector i8 replaced by a spectrum conver-
ter of the type of an UO2-Na blanket, to simulate the heutron
spectrum at the edge of a fast reactor blanket.

In thie report we deascribe the experimental faci-
lity and the measurements performed.

We indicate the calculational methods used to ana-
lyze the experimental resulte and the discrepancies between

experiment and calculation.




Py

A - MEASUREMEN{;}

A-I - EXPERIMENTAL FACILITY -

A-I.1 - HARMONIE source reactor geometry and performances -

Figure 1 shows the outside of the source reactor
HARMONIE located at Cadarache.

Figure 2 presents the three core positions ; in our

experiments, the core i8 in position 2 and the concrete blocks
number : 2, 3, 6 and 7 are eliminated.

This reactor allowsg to obtain a fast neutron spec-
trum within a slab source geometry.

Thr reactor core 18 a enriched Uranium (93% U235)
vertical cylinder with 123 mm diameter and 129 mm heigh. It
18 surrounded by a depleted uranium blanket and a stainless-
steel reflector.

The main chkaracteristics of the core agre :

- eritical mass : 22,937 kg

Average neutron energy in the core 2 0,75 MeV

Power : 2 KW

Maximum flux : 1.2§ 1012n/cm2.aec

A=I.2 = Sodium tanks -

Figure 3 shows the sodium tank arrangement ; it

i8 composed by :
- a central tank
- 4 half tanks surrounding the central. tank

- a ghield constituted with 4 Foursy zzntireters

-

wood walle and with a wood roof.




The whole. is placed on the uppar reflector of the

rezetor ZARNINIE at the place of concrete.blocks.

1) Central tank : it t8 a vertical cylinder with
150 em diameter (* 5 mm) and 275 em high. The walls are in
mild steel Martin A42C1 : 10 mm thickness. The bottom is
of the same steel, but with a 6 mm thickness. Six radial chan-
nels for measurements are located each 50 em in the axial
direction. Channel 0 in figure 1 (and zone B in Appendiz §5)
18 a measurement position "outeide" the tanks, and used in
particular for proton recoil measurements., Each channels ts
shifted by 15 degrees with respect to the previous one, They
are made in AGS5 with a 3 mm wall thickness and 60 mm diame-
ter. The firet channel (channel 1) ig8 located at 73 em from
the center of the core. Each of the successive channels ts
50 em apart (the second i8 at 123 em from the center of the
core, the third at 173 em and 8o on). The arrangement 18 8uch
that we have seven measurements positions, 50 cm dpart from
each other, all on the core azia, in the propagation direc-
tion,

2) Lateral tanks : four lateral tanks are surroun-
ding the central ones. Dimengions are 140x140zx14) cm. The
walls of these tanks are made of the same material then the
former, The whole system forms a 280 cm cube.

o, Around this cube a wood shield ts placed to
protect from the diffused neutrons. The wood thickness is
30 em.

4) All thie tanks are filled with metallic sodium -
"technology” quality. Ite composition will be discussed
later on. Care has been taken during the liquid sodium fil-
ling and during the progressice solidification to obtain

an homogeneous medium,




A-II - SPECTRUM CONVEIRTER -

To simucate a neutrom spectrum at the end of a

fast reactor blanket a spectrum converter was used.

A part of the stainless-steel reflector was repla-
ced by a Aluminium basket - 126x126x25 em - filled by UO2
and Na rodlets, MASURCA type. The homogeneized composition
of thts medium is given in the Table I.

A-III - MATERIALS -

Table I gives the summary of the nuclear densities
of the materials used in the experiments. For the sodium,
the concentrations of impurities were not known very accura=-

tely particularly the oxygen and hydrogen concentrations.




TABLE I : NUCLEAR DENSITIES OF MATERIALS
. . Blanket ptainless- .
Core Radial Axial U02-Ra Reflector ateel Tanks Sodium Wood Al Concrete
Blanket blanket  Converten) HARMONIE (Container)
(one F)sx

v23s  |4.235- ¥|1.424-4 |1.620-4 |4.135-5 :
1238 3.072-3 |3.545-2 |4.035-2 |9.730-3
Nt 3.181-4 |1.760-3 |6.121-4 |7.628-4¢ |8.6949-3 |9.073-3 (9.073-3
cr 6.465-¢ [3.576-3 |1.244-3 [1.5650-3 |1.613-2 [1.683-2 |1,683-2
Fe 2,.408-3 |1.332-2 |4.633-3 |5.774-3 |5.60 -2 |S5.740-2 |5.740-2 9.84-3
Mn 1.659-3 |1.731-3 |1.731-3
NS 1,623-3 |1.693-3 |1,693-3 6.37-3
o 1.954-2 3.6 -6 |1.049 ~-3 3.96-2
Na 1,0156-2 2.54-2
Alu 6.0-2
810 3.64-4
b1l 1,68-4
¢ 1,046-2 4.69-3
H 2,50-5 |1.980-2 4.63-4
ca 1.0 -6

Y read 4.235 1072 (x 1024) atoms/cm3

**

Sue Appendiz




A=IV - MEASUREMENTS AND ACCURA IES -

1) Spectrum measurements : Neutron spectra were
measured by the proton recoil technique in channel 0 and
in channel 1. In the energy range tetween 80 KeV - 1350 MeV,

the accuracy was estimated to be * 10%.

2) Integral_measurements : Five integral detectors
wer ugsed : Rh(n,n') and S(n,p) for the high energies. We used
(n,Y) reactions : Na/Cd, Mn/Cd, Au/Cd, for the low energies.
The integral detectors are placed in the channel which is
filled with aluminum to restore a Na-type medium and to
minimize the disturbance on the neutron fluxzes in the sodzum
tank. The counting method 78 classical. Experimental ac-

curactes are

t 15% for Rh and S
5% for the other detectors

-+

A-V - EXPERIMENTAL RESULTS -

A=V.1 - Neutron spectrum ~

The neutron spectrum measured in the channel 0 and
the channel 1 are given in the Table II. The results are
normalized to 1 in the range between 80 = 1350 KeV and are
given in the multigroup structure PROPANE Do (given in
Appendiz 9).

The countiné rate ratio between the channel (0 and
the channel 1 i8 2.686 in the casge without blanket and
3.338 in the case with blanket.

The uncertainties on the experimental values are

evaluared at * 10%.
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TABLE il - EXiIEINMENCAL NEUTAON SEECTAY
Group Channel 0 Channel 1!
Number bzglei:lt Z?ﬁﬁi’e‘ﬁ bg;;:et 5?23222
6 0.0281 0.0168 0.0209 0.009¢
7 0.0206 0.0212 0.0180 0.0114
. 8 0.0322 0.0405 0.0333 0.025
- g 0.0214 0.0269 0.0218 0.0161
10 0.0548 0.0684 0.0500 0.040
11 0.0617 0.0885 0.0656 0.0588
12 0.0358 0.0486 0.0413 0.0406
13 0.0096 0.0134 0.019 0.0246
14 0.0288 0.0401 0.0263 0.0240
15 0.0915 0.1163 0.0834 0.0918
16 0.0970 0.1043 0.1008 0.0836
: 17 0.1131 0.104 0.114 0.1083
: 18 0.194 0.1682 0.1706 0.2032
! 19 0.2160 0.1427 0.235 0.2632

A-V.2 - Integral detectors -

The experimental results are given in the Table III
in the case with blanket and the Table IV in the case 1ithout
blanket.

For each detectors, two independent measurements
were made in each position tc verify that the counting
rates are reproducible inside the experimental uncertain-

ties.

Measurements are normalized to 1 in the channel 1,




TASLE IIT - WITE EoiviIl

Pogsition Sulfur Rhodium Na/cd Mn/Cd
Channel 0| 4.78 3.645 1.419 1.072

wo 1| 1.0 1.0 1.0 1.0

" 2l 7.18 107%]6.20 10"%0.508 0.335

w3l 7.03 107° 0.227 0.119

" ¢ g.411 10" %|3.20 1072

" 5 2. 450 g.38 1073

woog 6.62 10°%]2.20

PABLE IV - WITHOUT BLANKET

Position Rhodium Na/Cd Mn/Cd Au/Cd
Channel 0 4.78 2,037 1.155 1.321

v 1| 1.0 1.0 1.0 1.0

w2 4.49 107%|0.492 0.406 0.553

nm 3| 2.05 107%]0.212 0.136 0.252

" glnot measured|?.77 10°%|3.79 10"%|9.82 10”2

noos " 2.33 9.5¢ 10°5%]2.91

moog " 6.4¢ 10°° 7.21 1079

2.589




B - CALCULATIONS

8-I - ONE-DIMENSIONAL CALCULATIORS -

B-I.1 - Geometry =

The ANISN one-dimengioncl transport code is used in

spheric geometry with a shell source.

The ANISN card list 18 given in the Appendizx 3.

B-I.2 - Weighting procedure -

An appropriate weighting procedure has been used to
collapse the sodium cross-sections and the cetectors crogs~-
sections from the original 113 groups BABEL library to the
PROPANE 45 groups structure.

Two spatial zones are required to treatr correctly
the neutron propagation in the sodium with respect to the re-

ference method.

Note : The first zone includes 100 cm in sodium, starting
from the tank edge nearest to the core. The second zone in-
cludes the remaining sodium (from 100 em to the top of the
tank, approzimately 180 cm in sodium).

Table V presents the discrepancies with the refe-
rence method : 113G/S16/P3 for the integral detectors

@,
.
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$(112/51€/P3)= &(45/512/P%)

TABLE V - E(T) =

~

.
rer.

Channel s Rhodium|{ Mn/Cd Na/cd Au/Cd
2 2.8 1.9 - 4 1.6 2
2 3.7 3.6 -2 1.5 2
4 5.2 5.8 - 1.4 1.4 2,2
S 7.6 7.6 - 0.4 1.7 3.0
6 10.9 10.4 1.8 6.7 6.6

For the detector cross-sections, the weighting
procedure has negligible effects (= 1-2%) as expected
from the optimization of the multigroup structure,

B-I.3 - Spatio angular tests =~

A 5§ cm gspatial mesn 8ize in sodium was found to
be appropriate for the flux convergence. With 3 em spatial
meshes the observed differences are less than two per cent for
the Sulfur and Rhodium detectors and negligible for Na/Cd,
Au/Cd and Mn/Cd.

Finally, Table VI gives the discrepancies with
respect to the reference meihod for the Sn quadrature.

- $( 45/516/P3)-¢(45/Sn/P3)

TABLE VI - E(%)

9(45/816/P3)
Y S
S Na/Cd S Na/Cd
Channel 2 7.9 1.5 - 1.6 - 0.3
" 4 13.6 2.2 - 1.8 - 0.9
" ) 21,0 0a7 - 5.0 - 1.0
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tne hign energy detectors wat.e tne S¢ is z

low energy detectors.

In the same way, the P3 scattering development is

required for all the calculations.

B-I.4 - Boundary conditions and impurities -

The following treatment was adopted for the experi-
mental boundaries conditions. It was found that the descrip-
tion of the stainless-steel bottom tank and of the wood
8hield <8 necessary. Moreover the sodium impurities - espe-
etally the nydrogen - must be carefully taken into account.

The uncertainty tn the amount of these constituents
will increase the global calculation (or experimental) uncertainties.

In gbsence of more precise informations on the

impurities in the sodium, we have taken into account what

18 given by the supplier of the commercial sodium we used.

B-I.§ - Neutron source -

The neutron source to propagate in the scdium
for the one-dimensional calculations comes from the two

dimensional calculations (see section B-II).

Hovever, in channel 0, where the spectrum ig mea-
sured under the central sodium tank, we can compare the
experiment and the spectrum calculated by the DOT (R,2)

code.




The comparison is made in the two cases : with and

witnout blanket.

TABLE VII - NEUTRON SPECTRA IN THE CHANNEL 0

With blanket Without blanket
Caleculation Calculation
Experiment | DOT (R,2) |Experiment | DOT (R,2)
45G 45G
' 550 KeV En 1.35 MeV 8.0 % 8.8 % 7.8 % §.5 %
294 " En 550 KeV 18.3 16.1 25,5 22.2
150 " En 294 " 33.0 33.8 36.4 34.5 1
80 " En 150 " 40.§ 41.1 30.1 34.2

We observe a good agreement between the experiment
and the calculations in this energy range (80 - 1350 KeV),

: Above 1.35 MeV, only the threshold detectors can

é be used to have informations on that energy range., For the

: Sulfur detector (threshold = 800 KeV), the experimental
counting rate ratio between the cases with and without
blanket 28 : 13.7 to compare with 14.4 1in the calculations,

So we observe that the calculated neutron spec-
trum uged for the propagation in the sodium <is in fairly good
agreement with measurements, specially in the energy range
which 18 important for deep penetration (i.e. above 100 KeV).

The angular distribution of the neutron gource i8
given by the DOT (R,2) calculations. No measurements have
been performed for this purpose. However, the elimination
of one of the forward components of the source (in a 8sphe-
rical 54 calculation, which i8 a very drastic condition),
changes the attenuation of the integral detector response
(Na/Cd) by only 4% in a 2.5 m propagation length,




2-

configuration with blanket :

T 2 - "'-74*‘

T s ~7
LaTIoN2

results -

With the specified options, the results of the 1D
calculation are given in the Table VIII for the HARMONIE

PABLE VIIT - HARMONIE WITH BLANKET
Sul fur Rhodium Na/Ccd Mn/Cd Au/Cd
($16) (S16) (54) (54) (54)
Channel 1| 1. 1, 1. 1. 1,
w 2| 6.67 107%|6.797 107%|0. 505 0.343 0.652
m 3| 6,22 10756.10 107%0. 212 9.07 10"%|0.304
" 4| 6.55 1074 6.19 107%|7.33 10”%|2.38 0.105
" 5| 7.37 1079\6:75 107°|2.18 6.09 10°%|3.03 107°
m el 8.63 107%7.61 107%|s.46 107%|1.42 7.31 10°°%
and in the Table IX for HARMONIE without blanket :
TABLE IX - HARMONIE WITHOUT BLANKET
Sul fur Rhodium Na/Cd Mn/Cd Au/Cd
(516) (516) (54) (S4) (54)
Channel 1} 1. 1. 1, 1. 1, _
" 2| 6.48 107%| 4.14 107%|0.478 0.357 0.562
w3l 5.77 1078 2.06 107%\0. 196 9.71 10720, 252
o gl s5.92 107% 1..4 107%6.71 107%|2.55 g.86 10°°
" 5| 6.56 107°] 7.02 107611, 99 6.47 10 °j2.51
w gl 7.68 107%| 4.94 1077 |5.02 107%|1.50 6.08 10°°%

The differences
between the two cases, with and without blanket, come from

obgerved in the Rhodium response

the large differences in the source spectrum above 2 Mel.

and Mn/Cd deteztcrs in

Figures 4

i

7 present the results for the Na/Cd

trie case witn and without blanket,




Ncte that both S¢ and S18 oal ulzti-woips vazes-
sary, to calculate 516/54 correction
energy detectors, to be used in 2D ca

graph B-II.3).

B-I.7 - Sensitivity calculations -

We have performed sensitivity calculations with
P the following calculational model :

- gpherical geometry

shell source coming fromDOT calculations

P3 approximation

S4 quadrature for low energy detectors

S16 quadrature for high energy detectors

spatial mesh : 5 cm

- appropriate weighting procedure to collapse the

45 group library from the original one (113 G).

In our cross-sections adjustment procédure we do
not use the absolute detec tor rates but the attenuation of
each reaction rate between two points (i.e., reaction rate
ratios). This is8 done in order to reduce the uncertainties
related to the cross-section of each detector, and thosge

related to the experimental precision,

We calculated with the GIANT-NL code the impor-
tance functions for the various detectors located in the choo-

sen positions,
Then the ROSCOFF code calculates the sensitivity

profiles to the sodium crose-sections (total, absorption,

elastic and inelastic scattering) for thessz pecsiticine,
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In figures & to 8, we sacw an examrle oFf the rerultle

for the Au/Cd and Mn,/Cd detectors inm two cases :

Ratio Pos 1/Pos 3 1.e. Channel 1/Channel 2
Ratio Pos 3/Pos 6 i1.e. Channel 3/Channel 6

and two configurations : with and without blanket.

The Appendixz 1 gives the sensitivity coefficients
for the Na/Cd detector for two positions and for the two
. configurations (with and without blanket).

The usual definitions of the sensitivity coeffi- :
citents are found in the column SIGTOT, (aR/R)/(6°tot/°tot) 3
SIGSCT for % gcattering’ SUM (= total sensitivity). The
UABSOR, UINELS, ULAST are the sensitivity coefficients as
defined by Mc Cracken (see for example the Proceeding of the

OECD specialist' Meeting onm Shielding Benchmark and Differen-
ttal Data, Vienna 1976).

B-II - TWO DIMENSIONAL CALCULATIONS -

B=II,1 - Geometry -

The schematization is shown in the Appendiz 5. This
18 a complete representation of the core and the prorgation
media. In particular the description of the lateral sodium

tanks and the wood shield 78 taken into acecount.

All the propagation calculations, were digtributed
(volume) source calculations and were performed on the com=-
plete geometry, shown in Appendix 5. In Appendix 6, the DOT

3.5 input data are shown,
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The distributed source was obtained with a k cal-
culation performed with the geome *vy of the Appendix
5 but reduced on the Z direction and with appropriate
albedos.

The Appendix 7 gives the distributed source for
the case without blanket and the Appendix 7bis for the case
with blanket.

The Appendiz 8 gives the fission spectrum to be

used in the calculations.

B=II.3 - (Crogs-gections and calculational options =

For the Na, the cross-sections used are the same
then in the ANISN calculations.

Por the other media, the cross-sections come from
the PROPANE Do library : the referemce BABEL 113 groups
library is collapsed in the PROPANE 45 groups multigroup
structure given in Appendiz 9.

The following calculational options are used :
- R,Z geometry
- 48 groups

- S4 (Sulfur and Rhodium are S18 corrected with
the one-dimensional correction factors)

- b3

, = Distributed sources in core reflector and blan-
ket (or not) normalized to 1

- Spacial mesh : § em in the sgodium

Al detatcs are found in the Appendix 6 (DCT input).
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Teble X gives the results of the D0T (R,2) pro-
pagation calculation, for the case with blanket :

TABLE X - HARMONIE WITH BLANKET

Sulfur Rhodzum Na/Ccd Mn/Cd Au/Cd
Channel 1 1. 1. 1. 1. 1.

g w2 | 7.72 1072 7.33 107%]0.451 0.364 0.640
w3 ] 6.93 1073 6.96 107%|0. 199 0.103 0.332
w4 | 6.90 107%] 7.33 107%|7.35 107%{2.73 10°%|0.128
w5 | 8.01 107 8.34 107°|2.34 7.04 107 %14.05 1072
w6 | 9.49 107%| 9.58 107%|6.33 107%|1.69 1.07

The Table XI concerns the case without blanket
TABLE XI - HARMONIE WITHOUT BLANKET
Sulfur Rhodium Na/Cd Mn/Cd Au/Cd
Channel 1 1, 1.0 1.0 1.0 1.0
" 2 | 3.91 1072 4.65 107%|0.408 0.364 0.487
w3 | 3.27 1078 2.73 1073 0. 171 0.105 0.231
m g | 3.48 10°% 1.78 107%|6.15 10°%|2.82 107%|s.60 107°
w5 | 4,05 1075 1.29 107%{1.9 107%|7.2 107%{2.70
w6 | 4.85 1076 1.01 107%|5.2 107%|1.70 7.13 1073

The uncertainties on the calculations come essen-
tially from the uncertainties on the sodium composition,
particularly on the hydrogen impurities.

An upper limit for this uncertainty was evaluated
to be t 5% around the central value calculated with 45 ppm
hydrogen for the range 23-62 ppm hydrogen (for 21’ detectcrs).




In our case where we are interegteZ Ly trz raiic
between two positions, the uncertainties on the ratio cal-
culated are less than 4%, at worse, in the second part of

the sodium tank.

B=-II.5 - E-C/C values -

With the results given in the sections A-V.2 and
B~II.4, we can calculate the discrepancies betweer experi-
ment and two dimensionals calculations.

Tables XII and XIII for HARMONIE with and without

blanket :
TABLE XII - WITH BLANXET - E~C/E (%)
Sulfur Rhodzium Na/Cd Mn/Cd
Channel 1 0 0 0 0
" 2 - 7 - 14.19 + 12,2 + 5.8
" 3 + 20 no measures| + 14.0 + 15,5
" 4 |no measures| n + 14,4 + 17.2
" 5 " " + 4.7 + 18.0
" 8 " " + 4.6 + 30.0
TABLE XIII - WITHOUT BLANKET
Rhodium Na/Cd Mn/Cd Au/Cd
Channel 1 0 0 0 0
" 2 - 3,44 + 20.6 + 11.5 + 13.6
" 3 - 2§5.0 + 23.9 + 29.6 + 8.1
" 4 + 268.3 + 34.4 + 14,2
" 5 + 22.6 + 32.6 + 7.8
" 8 + 21.5 + 52,32 + 1.1
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Au/Cd results for experimental problems ; in the case without

blanket we have eliminatedthe Sulfur for the same reason.

The global E-C/C uncertainties including both the

experimental and calculational uncertainties coming from

the Na composition, are :

+

10% for all low energy detectors

"+

20% for high energy detectors

LEN1
\1%}




- CONCLUSIONS -

The atm of thts Benchmark pure sodium experiments
was to compare the experiment values with the calculation
values obtained with the formulaire PROPANE Do in its '

non adjusted version.

These results and those obtained with the TAPIRC
experiments concerning stainless-steel sodium mixtures
(with various percentage) are used in our adjustment
procedure to obtain the adjusted version : PROPANE 1.

In this report we have summarized the experimental

Ffacility and the experimental results obtained.

We have indicated the calculational method used

for the analysis of these experiments.

The results obtained show an underestimation in
the calculation, increasing with the penetration. This
fact i8 coherent with our analysis (ueing both our refe-
rence methods, BABEL and PROPANE Do) of the TSF experiments
concerning the same medium and larger propagation length.

[\
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DETECTORS CROSS-SECTIONS

(These cross-sections take into account the Cd corrrec-

tions at low energies)

Group S7qur Rhodigm Mn/fd(n,v) Mn/gd(n,v) Na/fd(n,v)
n,p) (n,n') |ex =0.02em|ex =0.05cm|ex* =0.25¢em
1 0.330 1.34 0.0 0.0 0.0
2 0.270 1.13 0.0 0.0 0.0
3 0.115 1.00 9.39 1075|9.406 107%|4.900 10°%
4 0.0119 0.840 1.237 10”%|1. 244 107%|6.006
5 5.50 10"%|0.715 1.442 1.453 6.38
6 3.55 107%|0.653 1.726 1.724 7.035
7 0.472 2.049 2.051 9.55
8 0.237 2,351 2,352 1,060 1073
9 0.154 2.595 2.616 9.20 10°%
10 0.130 2.846 2. 866 7.83
11 0.109 3.408 3.428 1.125 1073
12 9.58 10”2|3.901 3.922 1.935
13 8.84 4.108 4,144 2.148
14 8.32 4,343 4.366 2.130
15 6.71 5.050 5.079 2.124
18 4.22 6.624 8.688 2.490
17 2,51 8.153 8.016 2,120
18 1.76 9.721 9.802 7.40 1073
19 2.71 107%|1.241 107%|1. 251 107%|6.670 107¢
20 1.457 1. 485 7.957
21 1.864 1.876 3.628 1073
22 3.421 3.486 8.150
23 2.969 2,986 6.905 10°%
24 3.745 3.764 6.940
25 5,185 5.179 7.340
28 5,092 5,144 9.38
27 4.439 4,286 4,50 1078
28 6.580 7,595 2,800 1072
29 3.337 4.278 2.017 107711
30 8.097 |1.038 1072]7.071




A

(Continued)

Group Sr.(clfur Rhodiu:m Mn/gd(n,y) Mn/gd(n,y) Na/gd(n,y)
n,p) (n,n') |e® =0.02cm|e® =0.05¢cm|e® =0.25¢cm

31 3.182 10" %|2.916 1.78

32 7.427 10°%{7.793 10”3%{4.50 1072

33 6.316 1072|6.182 1072|2.676

34 2.172 2.728 2.397

35 5.85¢ 10"1|6.220 1071 |2. 459

36 6.871 10~ 2|6.502 107%|2.590 1072

37 2.704 2.690 2.835

38 3.334 2.352 3.380

39 2.720 2.764 4.600

40 3.811 3.915 7.150

41 6.009 6.153 1.170 1071

42 9.008 9.298 1.80

43 1.20¢ 107111, 219 10712, 380

44 8.670 10~2%|a.797 107%|1.717

45 0.0 0.0

10.0




APPENDIX 2(bis)

DETECTORS CROSS-SECTIONS

Group Au/Cd Group
Number Number

1 1.253 1072 24 6.762

2 1.646 25 7.836
P 3 3.556 26 1.075 107
¢ y 6.091 27 1.584

5 7.273 28 2.154

6 8.377 29 2.783

7 1.004 1071 30 3.028

8 1.199 31 3.743

9 1.350 32 5.185

10 1.503 33 7.973

11 1.783 34 8. 267 .
, 12 2.011 35 9.940
E 13 2.090 36 6.070

14 2.148 37 1.083 107

15 2.304 38 1.545

18 2.571 39 4.381 1071

17 2.749 40 2.313 109

18 2.962 41 3.054 10°

19 3.110 42 3.523 107

20 3.649 43 2.211

21 4.408 44 1.279

22 5.617 45 0.

23 6.460 1077
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ANISN INPUT - 45 GROUP HARMONIE

;5353 4 30 05 74 0 455 6 50 64 8 20 44 0 0000 200

000010 003110

6o ‘ :
g. 0. 0,00001 0, 0., 0, O. 0O, O, 0.5 0.00001 0. 0. O.

T
18es  (SEE IN THE ANMEX §)
3o
T4R 1. 32562

T

18

45R 0.
Y

s 53,6 53.51 55.0 56.4 S71 60,5 350.5 353.6 91 1354.,6 384,

Ses
45R 1.
-1 .
0.0 0.1734 0.32657 2N
Te

1,0 «0,86113 ° <=0,33998 2M
8ss
1 2lR 2 41R 3 4 10R 5
9s%s :
29 29 33 37 41
1983

SR 3

% The one-dimensional neutron source comes from the DOT R,2
caloulation at the position 5§3.6 em from the center of the
core. It i3 averaged on several radial meshes. Thig source
18 introduced on the same position in the one-dimensional
caleulation, '




Ald s ok i bl it o

HARMONIE *ITHOUT ZLANFET

3k 0.0 3.1081r=11 1.3427Z=10 3F 0,0 3.26127=10 7.26%35=1)
3R 0.0 144075609 2.1366F~C5 37 0,0 3e37562=0% 43006 =00
3R 0.0 4009204Z=0% 4.77252=3%7 2P 5.2 Q,764T7E=53 2,347-F=172
3R 0.0 7.279SE=0&8 6K,21%2€-03 3P 0.C Cet38I=0T7 2432ul=17
3R 0.0 1.2767E=07 .1.0313E~07 2R 0.0 2eT305E=37 Ceuay=r=27
3R 0.0 4¢367TE=07 23.4837E~07 3P 0.0 3.0045t=C7 24495CF=37
3R 0.0 1.0445E=07 9.,4954E~=03 27 0,2 1e9TQTE=CT Yeuwd77F=07
3R 0.0 Tel545E=)7 5.4520&-07 3P 0.0 5.39622=-37 3.630iE=27
3R 0.0 7.2052E=07 Se¢1545E<G7 3F 0.0 1.5553E=06 1421770=96
3R 0.0 1.2101E=-06 8.,0230E-37 3P 0.0 B.67722=07 S,3675£-27
3R 0.0 2¢1076E=06 1.4130E-96 3P 0.0 lo1941E=05 7,3033E=-27
3R 0.0 4.8B8955E=C7 32.6464E~C7 27 (.0 1.0556E=05 T7.20G67E~-37
3R 0.0 1¢5745€=06 1.0088E~G6 3% 0.0 '1.77265=30 1.,1172E=-026
3R 0.0 9.6731E=97 5,6389E~07 3P 0.0 9,50T4E=07 5.,953«5-37
3R 0.0 1.9561E~07 1,2963E=G7 3P 0.0 1.5701E-07 leg6usE=17
3R 0.0 3.1088E=07 2.0299E~07 3P 0.C 1620035=00 Te46C(F=07
3R 0.0 1.1867E=-06 7.0737E~07 3P 0.C 1.C527E-935 64.5S50£5=27

-3R 0.0 9.3097E=07 S.5754E=C7 3P 0,0 1,22455=06 7,3637c=27
3R 0.0 1.0490E-06 6,31542~07 32 0.2 1.0T36E=05 6,4673L-17
3R 0.0 7.24275=067 4,3336E~67 32 0.0 3eJ646E=IT 14%6A0FE=)7
3R 0.0 1e85S3CE=07 1.0534E~07 32 0,0 Te2556E=05 4,055%E=33
3R 0.0 23249E-08 1,4696E~C5

HARMONIE wITH SLANKET
3R 0.0 2.52835=09 2,E537E-09 2P 0.0 «2792E=06 2.9291£-23
3R 0,0 6.84625~-03 6,1252E~C3 3R 0.9 $.3229E=08 5S,11357Z-39
3R 0.0 $,9963c~-36 #.,2494E-908 32 0,0 1.8066E-C7 1,5525E=-37
3R 0.0 1:26453E=07 1.0541E=07 3F 0.0 2e098TE=0T 1490063F=)7
3R 0.0 1¢3862E=27 1,1344I<07 3F 0.0 2009T70E=0G7 145073£=-27
3R 0.0 S5.2763t=08 4,4403C~-93 3P 0.0 1.5638E=C7 1.235AE=27
3R 0.0 ©e¢13308=07 4#.,0451E«97 3F (.9 S.20845=C7 3,79735-27
3R 0.9 6.4801E-07 4,9003C~-07 3% 0.0 1.2021E=C6 8,.,8613F=-07
3R 0.0 1,27645%=05 3,2392E=G7 3P 0.0 B3,709]1E=07 6639500 =27
3R 0.0 2.2837C=35 1.5914E=06 3P J.0C el1192=06 14330%E=315
3R 0.0 JeTT68Z=3T7 2,62785=3T7 37 J.2 Te7108E=07 S.421-7-:7
3R 0.0 1.9743Z=0h 1.333CE-06 3R G2 2425942=)5 1.482%E=cn
R 0.0 1.5310€«26 9,72%«2-07 35 0.0 1.0344E=98 06.42212=)7
3R 0.0 9.,7424E=28 6,0322E=03 3¢ 0.0  S.9569E£=93 3.80345-213
3R 0.0 3e14806Z=07 2,92172E=07 3 (.0 1,29937=08 3,16323=17
3R 0.0 1¢3863E=C8 S,43127=57 2F GlC 1.1595E=05 Te25=Z.1V =27
3R 0.0 1.0£83%=05 S£40e52=37 37 0.0 9,537402=07 C o535, Tii="7
3R 0.0 86¢12845E=3T7 4.7135L=07 3F G.0 9,3703E=J97 Be3F1ci=27
3R 0.0 5,8362NME=07 3.,2P55%E~C7 3F 049 5,7324E=07 3ec270E=237
3R 0.9 3.82368%=27 1,3351£=07 38 (.0 1.76928=07 1,091iufF=.7
3R OoO 102572":’.7 5.?“2:‘.-03 3F 009 502535.‘."0-‘; 2."3’;f -5
3R 0.0 24166507 [.13.46T=13
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SHELL SQURCES
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- APPENDIX 8 -

Figsion Spectrum used in the DOT.Volume calculations

1 1.1397 - 02| 24 3.1754 - 04
P 2 1.2811 - 01| 25 6.6479 - 04
3 2.0443 - 01| 26 4.6677 - 04
p 1.3782 - 01| 27 2.2127 - 04
5 8.7001 - 02| 28 1.0475 - 04
6 1.7859 - 01| 29 1.3075 - 05
7 5.3485 - 02| 30 1.1256 - 05
8 4.3828 - 02| 31 2.5214 - 05
9 1.8626 - 02| 32 2.3422 - 05
10 3.1450 - 02| 33 1. 1069 - 05
11 2.477 - 02| - 34 5.2303 - 06
12 1.0200 - 02| 35 2.4711 - 06
13 2.3681 - 03| 36 1.1674 - 07
14 6.6647 - 03| 37 5.5146 - 07
15 1.4832 - 02| 38 3.3345 - 07
16 1.1409 - 02| 39 1.0825 - 07
17 8.6880 - 03| 40 4.0428 - 08
18 9.2425 - 03| 41 9.0210 - 09
19 6.5691 - 03| 42 1.7498 - 09
20 2.2773 - 03| 43 5.6810 - 10
21 4.2906 - 03| 44 1.4410 - 10
22 1.9151 - 03| 45 0.
23 1.4443 - 24




- APPENDIX

PROPANE Do - 456G

Corres-J LCarres-J
G L;ondtaonc En sup du 6 on;anc En sup Au
BABEL BABEL
1 i- ? 14.19 MeV| 0.65 24 65-66 24.788 KeV| 0.125
2 8-17 7.408 0.70 28 6§7-68 21.87 0.375
3 18-23 3.678 0.50 26 68-70 15.03 0.5
4 24-26 2,231 0.30 27 71-72 9.11 0.5
S 27-28 1.65 0.20 28 73-74 5.53 0.8
6 29-33 1.3534 0.50 29 75 3.38 0.1
7 34-35 820.85 KeV| 0.20 30 76 3.03 c.1
8 36-37 §72.06 0.20 31 77-78 2.74 0.3
9 38-39 580.23 0.1 32 79-80 2.03 0.5
10 40-41 497.87 0.20 33 81-82 1,23 0.5
11 42-43 407.62 0.20 34 83-6¢ 748,52 eV 0.5
12 44 333.78 0.1 35 85-86 454.0 0.6
13 45-46 301.97 0.025 36 87-88 275, 36 0.8
14 47 294.517 0.07§ 37 88-80 167.02 0.8
15 48-49 273.24 0.2 38 81-93 101. 30 0.75
18 50-51 223.71 0.2 33 94-96 47.85 0.7256
17 §2-53 183.1¢8 0.20 40 87-100 22.803 0.75
18 54-56 149,96 0.30 41 101-104 8,315 1.0
19 §7=-58 111.08 0.333 42 105-107 3.08 0.76
20 59 79.8 0.186 43 108-110 1,445 0.78
21 60-61 87.38 0.§ 44 111-112 0.682§ 0.5
22 62-63 40.87 0.45 45 113 0.414 -
23 64 26.06 0.08
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