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I-2 The Core Composition
1. Sub-assembly dimension and composition

The core consists of the following sub-assemblies :

Name Number of sub-assemblies
gorc fuel sub-assembly 61
radial blanket fuel sub-assembly 192

control rod

safety rod L
shim rod 6
fine rod 2
radial reflector _ 126

The dimension of sub-assemblies is shown in Fig. 1.
The average atomic number densities in eaéh sub-assembly is given in
Table 1.
2. UGore arrangement
The core arrangement is shown in Fig. 2.
3. Core configurations in physics calculations
 The physics calculations are carried out for the following three
configulations : |
The configuration A : the 2-dimensional (R-Z} core with rod out.
The configuration B : the 2-dimensional (R-Z) core with 6 shim rods
in.
The configuration C : the 2-dimensional (X-Y) core with all rods in.
The configurations A, B and C are illustrated in Figs. 3, 4 and 5
respectively. |
The regional atomic number denéities in the configuration A, B and C
are given in Tables 2, 3 and 4 respectively.
The reactor temperature is assumed to be 20°C except for sodium which

is at 370°C.
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radial blanket subassembly, core fuel subassembly
control rod and reflector

Axial Dimension

Fig.1l Sub-assembly dimension

S = 57.5235 cm?

81l.5 mm

4

Radial Dimension
( common to all subassemblies )

( including the gap between subassenblies )
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Fig. 3 The core configupation A : ( R-Z ) core with rod out
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L. Reflector , 5. Axial blanket , 6. Control rod (structure) .

Fig. 4 The core configuration B : ( R-Z ) core with 6 shim rods in
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Table 1 The average atomic number densities in a sub - aggembly

Tamperature ; 20C except for sodium at 370 T

unit

1022 cm_-—ﬂ

CORE AXTAL RADIAL éggTROL RODISAFETY ROD éHIM ROD | FINE ROD [RADIAL
BLANKET BLANEKET |[(ROD 0UT) |(ROD IN) (ROD IN) | (ROD IN)|REFLECTOR
Puz39 010928 0 0 0 0 0 0 0
Pu240 0.03905 0 0 0 0 0 0 0
Pu241 000782 0 0 0 0 0 0 0
U 235 017369 0.00605 0.00761 0 0 0 0 0
U 238 0.54307 0.85840 107997 0 0 0 0 0
B 10 0 0 0 0 40580 24228 12450 0
B11 0 0 0 0 04014 0.4276 L5216 0
c 0 0 0 0 11148 0.7126 0.6916 0
0 1.72834 17116 21534 0 0 0 0 0
¥a 0.9267 0.9267 67364 1.9449 0.6869 0.9333 0.9333 0.1135
cr 03522 03522 0.3164 02491 0.5000 0.5572 6.5572 16563
Fe 11477 11477 L0312 0.8119 16295 1.8158 18158 B.3975
Ni 0.1970 01970 0.1770 0.1394 0.2797 0.3117 0.3117 0.9265
Mo 0.0251 0.0251 00226 0.01776 003565 0.03973 0.03973 01181




Table 2 The regional atomic number densities in tue configuration A

unit 1032 ep—?
CORE CONTROL RADIAL RADIAL AXTAL
ROD (OUT)| BLANKET REFLECTOR BLANKET
@ @ ©) cy ®
Pu 239 010928 0 0 0 0
Pu 240 003905 0 0 0 0
Pu 241 .00782 0 0 0 0
U 235 0.17369 0 0.00761 0 0.00605
U 238 54307 0 L07997 0 0.85840
B10O 0 0 0 0 0
Bil 0 0 0 0 0
c 0 o 0 0 0
0 1.72834 0 21534 0 17116
Na 9267 1.9449 0.7364 01135 0.9267
cr 03522 0.2491 0.3164 1.6563 0.3522
Fe 11477 6.8119 1.0312 53975 11477
Ni 8.1970 0.1394 01770 0.9265 21970
Mo 0.0251 0.01776 0.0226 0.1181 0.0251




Table 8 The regional atomic number densities in the configuration B

unit 10322 cp—?2
SHIM ROD| RADIAL RADIAL AXIAL CONTROL
CORE N BLANKET |REFLECTOR| BLANKET ROD STEM
@ @ ® @ ® ®
Pu239 0.10928 | 0 0 0 0 0
Pu240 03905 | © 0 0 0 0
Pu 241 600782 | © 0 0 0 0
U 235 017369 | O CO0761 0 0.00605 0
U 238 0.54307 | © L07997 0 0.85840 0
B 10 o 12114 0 0 0 0
B1l1l 0 0.2138 0 0 0 0
o 0 0.3563 0 0 0 0
0 .72834 | 0 2153 4 0 17116 0
Na 0.9267 14391 0.7364 0.1135 0.9267 19449
or 0.3522 0.40315 6.3164 1.656 3 03522 02491
Fe 11477 131385 L0312 53975 51477 0.8119
Wi 0.1970 0.22555 017760 0.9265 6.1970 0.1394
Mo 00251 0.028745 0.0226 01181 00251 001776




Table 4 The regional atomic number densities in the configuration C

— 8

unit 1922 cm
CORE SHIM ROD |BSAFETY ROD |FINE ROD RADIAL RADIAL
(ROD IN)| (RoD IN) | (ROD IN) | BLANEET |REFLECTOR
€Y @ @ @ ® ®
Puz239 010928 0 o 0 0 0
Puz40 0.03905 ¢ 0 0 0 0
Pun 241 600782 0 0 0 0 0
U 235 17369 9 0 ¢ 600761 0
U 238 0.54307 0 0 0 .07997 0
B10O 0 2.4228 40580 1.2450 0 0
B1i11l 0 04276 0.4014 .5216 0 0
C 0 6.7126 1.1148 6.69516 0 0
9] 1.728314 0 0 0 21534 0
Na 0.9267 0.,9333 6.686 9 09333 .7364 0.1135
cr ©.3522 0.5572 0.5000 0.6572 0.3164 1.6563
Fe L1477 1.815 8 L6296 1L.8158 L0312 53975
Ni 6.1970 03117 02797 03117 0.1770 0.9265
Mo 0.0251 0.03973 03565 0.03973 0.0226 01181




I-3 HNuclear Check Calculation by CEA
1. Cross sections
A 25 group set was prepared, from our Cadarache §et Versiqn 2.
Version 1 was direct.y derived from the Winfrith Data File. Version 2
was obtained in the following manner : With the BARRACA method, and
with Version 1 as a starting point, many critical experiments were
analysed (c¢f. J.Y. BARRE and J. RAVIER, papers presented at the IAEA

Meeting, Karlsruhe 1967,and BNES Meeting this June, London) .

This -procedure suggested some modifications in the cross sections.

Based on this, and on the differential measurements availablé? a new

evaluation was made, leading to Version 2.

2. Comparision between "MUDE" and DIF 4 (Sh and SS) by spherical models
On the spherical model, as shown on Fig. 1, we made a first

calculation using diffusion theory (MUDE Code, 25 g).

Fig. 1 — ~

Radbal blanket

\\\\\\‘-;_-_ﬁﬂ“,////////
Refiector /////
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Atom numbers were taken from the JEFR paper of Feb. 21, 1969 :
"the core composition of JFEr'. For an cigenvalue of 1.0, we found

a critical radius of :
Re = 33.15 cm.

The core radius was divided into 40 mesh points, blanket thickness

inte 30 mesh points and reflector thickness into 30 mesh points.

The value of the critical radius found by MIDE calculation, as
well as the atom numbers used, were taken as input data for transport

1D calculation (DTF,). Results are :

1.01610

- Calculation by S5, , 25 g (sec fig. 1) : Kggp
1.01477

~ Calculation by Sg , 25 g (sec fig. 1) : kepr

The same number of mesh points as used in diffusion calculation

was used for each zonc. The result, found for oK :
(Sg) - (diffusion) = 1477 1072 ak/k
seems Lo be in agrcement with our former calculations.

Nuclear characteristics research by "524 5"

This code "524 $", also named in Cadarache code REVEY, 1s a 2D
diffusion theory code, with burn-up calculations. The geometrical
configurations and the mesh point scheme are given in fig. 2. We
used a 11 group cross section set from the 25 group set; see fig. 3
for the group condensation, where is also given the weighting spectrum,
which is that calculated at the core center (DIF Sg spherical model).

Total thermal power

was fixed at 92 Mwth. Conversion factor : number of fissions /sec

13—



by watt was fixed at 2.98 1010 in order to take into account all the

thermal rclease inside the rcactor ( 7 cte...)

Burn-up calculations were done for thrce steps of 28 days.

The results are the following :

- Initial value of L 1.01318
- successive values of k.ry aftcr each cycle

of 28 days : 1.00835

1.00375

0.99915

A loss of 1403 10™% .ak/k for a period of &4 days

(an average value of 16.7 10"? ak/k per day) is then derived.

Breeding ratios arec defined as follows :

fissile atoms created in the core

1BR = Internal broeding ratio = fissile atoms destroyed in the ceore
(captures + fissions)
EBR = External broeding ratio = fissile atoms created in the blanket

fissile atoms destroyed in the core

(captures + fissions)

Brceding ratioc values were found to be :

Initial state of the core after 84 days burn-up
IBR = 0.207 IBR = 0.212
EER = 0.714 EBR = 0.735
total B.R. = 0.921 total B.R. = O0.947

Fig. 4 and Fig. % give the power distributions in the core (radial
and axial distributions) for initial conditions and after 84 days of

burn-up.

—71 4




L. Control rod calculations by transport theory (DIF 4) -

1D - Transport calculations were done in order to calculate the
worth of safety rod and shim rod at the center of JEFR [ DIF 4 - §)
eylindrical model of the core; axial height usod in DTF 4 : 84.5 cm,

i.c. extrapolated height - (2 x 0.71 x Jt);7

Results obtained are :

- reference corc, nominal enrichment Keps = 1.04150
- central zohe (1 subassembly) with

'rod out" medium kepp = 1.02527
- central zonc with safety rod kefr = 0.96960
- central zone with shim rod kopp = 0.98360

The worth of the control rods at the core center is then the

following
- safety rod : 5567 1077 ok/k
~ shim rod : 1167 107> ak/k
Remarks :

1° - Mesh points divisions are given herc-under :

total number of mesh point (m.p.) : 100

: 8m.p. 4im.p. | gm.p.} 7Tm.p. l 28m.p. l gm.p.
O :
! l | | |
Central Core Control Cecre blanket Reflector
Control rod
rod region

29 _ The relative difference between the 524 S calculation (11 g) and

the DIF L reference calculation (25 g)

k = 1.04150 ~ 1.01318 = 2832 1072



may be explained as follows :

- 25 g —» 11 g condensation : 550 1077 aklk
- effects of the presence of the control

absorbing zone in thc upper axial blan-

ket 950 1072  ak/k
_ transport —» diffusion ~ 1500 1077  &k/k
~ remaining reactivity (inaccuracies

on the buckling or extrapolated

height) ~ <178 1077 ak/k

Total 2832 1070  ak/k

Comments

Tests of the Cadarache set Version 2 have been performed on
various assemblies, as described in the paper by J.Y. BARRE and
J. RAVIER et al, to be presented at the BNES London Conference, June
1969)

Calculations made in transport theory (S oo ), with heterogeneity
and gecmetrical corrections, provided the following results (given as

Pu assemblies examples)

experimental calculated
version 2
Rapsodie Kepf = _1.0 1.006
Masurca 1A Kepp = 1.0 0.993
ZPR N° 48 kepp = 1.0 1.008

—— -— NP —— —_— _—

Control rod calculations made for Rapsodie gave a discrepancy of 30%

(diffusion theory), that is about 20 % (transport theory) ,

—1 65—




experimental calculation
safety rod worth (Rapsodic) 1640 1072+ 2150 1072
at the edge of the core 60 107 ak/k ak/k




JEFR Neutronic model used for
A Z(em) Fig 2 the 5248 (evolution) Calculations
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I-4 Qucstionnaire and Answer
(Ql) Calculations by "5245H
Was the 11 group sct which was obtained by thc group condensation
with the weighting spectrum at the core center, use& in the control
rod, blanket and reflsctor region too 7
If not, what kind of the weighting spectrum was used in the group

condensation in the control rod, blanket and reflcctor region ?

(4) The weighting spectra uscd werc drawn from the spherical
transport calculation (DTFA - 88), done for our preliminary study
of JEFR (item 1). The geometrical configuration was the following :

1 - core
2 - radial blanket

3 - stainlecss steel reflector

Core spectrum was used to weight the cross scctions in the core,
in the control rods zone without absorbing material situated in the
core and in the control rod zone with absorbing material situated

above the core,

Radial blanket spectrum was used to weight the cross sections
in the blanket (axial blanket and radial blanket).
Stainless steel reflector spectrum was used to weight the cross

sections in the steel reflector.

"It must be read on page 2 (last three lines) of the "Nuclear
check calculation for JEFR" (item 3) :
"see fig. 3 for the group condensaticn, where is also given the
weighting spectrum for the core, which is the averaged spectrum

calculated over the core region" (DTF - Sg spherical model).



(Q2) Control rod calculations by "DTF 4"

i)

ii)

How much is the leakage in the axial direction treated by the
1D-transport calculation 7

Is the axial hight used in DTF A4 (84.5 cm) commen to core, control
rod, blanket and reflector reglons ?

Does the control zone with "rod out! medium of item 4 mean the

absence of the absorbing material in the upper axial blanket ?

iii) Was the effect of condensation from 25 groups to 11 groups

iv)

(a) 1)

i)

iii)

evaluated by diffusion_code 524 S 7
How did you obtain the value of 1500 - 105 k/k for the difference

between transport theory and diffusion theory 7

- The 1 D - transport calculations were done by using an axial
height of 84.5 cm common to all regions (core, control rod,
blanket and reflector region}, and deduced from an estimation of
the averaged axial buckling, as given by the 2 D-524 & calculation.
- Calculation were done in 1 D - geometrical configuration.

So, it is impossible to take into account the presence of the
absorbing material in the upper axial blanket, unless by adjusting
the reactivity.

- The effect of condensation from 25 groups to 1l groups was done
only by 1 D ~ calculation (code MUDE) with the same buckling
(Bzaxial = 1.065 1073). (This is essentially the effect of the
diffusion coefficient values, as calculated from the microscopic
11 g cross sections; with the directly condensed diffusion
coefficients from the 25 g values, there is practically no

difference in kg betwcen the 25 g and the 11 g calculations).




iv) - See item 1, where it is statcd that thore is 1477 107  ak/k
between transport and diffusion calculation done on a spherical

model of JUFR.
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