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Zusammenfassung

Das Ccomputerprogramm KASY, das in Karlsruhe fir die Rechenanlage
IBM 360/50 geschrieben wurde, 18st die dreidimensionale Diffusions-
gleichung mit einer Synthesemethode, die im voraus erstellte zwei-

dimensionale Versuchsfunktionen beniitzt.

Der erste Teil dieses Berichts beschreibt den Test ‘der in KASY
verwendeten Fluss-Synthesemethode durch einen Vergleich mit einem
dreidimensionalen, totalmmerischen Programm. Verglichen werden Grissen

wie ke Py Kontrollstebreaktivitéiten, sowie Fluss- und Reaktionsraten.

f
Im zweiten Teil wird die Synthesemethode suf die Auswertung einer
Reihe von Kontrollstabexperimenten angewandt. Diese umfassen Einzelstab-
messungen sovwie Abschattungseffekie mehrerer 8tzbe in einem schnellen

Briitercore.



Summar y.

The computer progrem KASY, written at Kerlsruhe for the I.B.M. 360/65,
solves the three-dimensional diffusion equation by means of a synthesis
method using available two-dimensional trial functions.

The first part of this report is devoted to the test of the
flux synthesis method used in KASY with respect to results obtained by a
direct three-dimensional program. The results considered are : Reff’
control rod reactivities, flux and reaction rate maps.

In the second part the KASY synthesis is applied to the evaluation
of a diversified series of control rod experiments in a fast breeder core

containing one or more control rods.

3. August 1971



Somma lre.

Le programme KASY, écrit & Karlsruhe pour l'ordinateur I.R.M4. 360/65,
résout l'équation de diffusion & trois dimensions au moyen d'une méthode

de synthése employant des fonctions d’essai & deux dimensions prédétermindes.

La premidre partie de ce rapport est consacrée au test de la méthode
de synthese des flux, employée dans KASY, par rapport aux résultats obtenus
par un programmé & trols dimensions. ~Les résultats considérés sont : keff’
les réactivités de barres de contrBle et les cartes de flux et de taux de
réaction.

by

Dans la seconde partie, le synthése KASY est appliguée & 1'interpréta-
tion d'un vaste programme d'expériences de barres de contrSle, dans un coeur
de réacteur rapide contenant une ou plusieurs barres de contr8le placées en

différentes positions.
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C. Introduction.

Written at Kerlsruhe for the I.B.M. 560/65, the computer program KASY [1]
solves the three-dimensmnal diffusion equation by means of a synthesis method
using avmlable two-dmensmnal triel ﬁmctlons. The method of solutlon
is based on the vana’c:.onal process due to Kantoromtch and developed by

Kaplen (2] .

KASY determires k mixing functions Zk of the third varisble Z
and constructs the three- dlmensional f‘lux functions ¢ (XYZ) by means of the

f‘ollown.ng llnear comblnatlon H

o(XY2) = Z zk(z) . Hk(xy)
k

where the k functions Y-IK are lineasrly independent trial functions of the
two variables X and Y.

The mixing functions are determined as solutions of & sys
tions analogous to the classical diffusion equation, in vwhich the coeffi-

cients are averaged over the plane of the two variables X¥.

*
Thesz coefficients may be averaged with the adjoint flux Hk or the
direct flux Hk as weighting function. The second function has been pre-
ferred here because of the associated computer time savings (this is re-

ferred to as Galerkin's method).

The complete details of the KASY program are given in the report [1];
it includes basic theory, method of solution, possible options, input date

and comments on the use of the program.

The three possible geometries in the KASY program are XY/Z, RO /2
and RZ/6 . Only the XY/Z geometry is utilized in this report.

In principle, the trial functions Hk may be any mathematical functions
of X and Y which obey the boundary conditions of the problem. In practice,
however, such a function is & flux distribution ; it is the solution of thé
diffusion equation in two dimensions obtained by a 2-D diffusion program.



The neutron energy group index has been omitted for simplicity. 1In
this report & 4 - or 5 - energy group scheme is used. '

The first chapter of this report presents comparisons of KASY results
with those from a direct three-dimensional diffusion program, TRITON [3].

Ehé computational results taken for comparison are ke £? reactivity diffe-

£
rences Ak and meps of the fluxes and the fission rates. Cases with and
vithout control rods, fully or partially inserted, in a central or off-

center position are considered.

In the second chapter, a typical case of application of KASY is des-
cribed : the evaluation of a series of control rod experiments performed
in the fast critical assembly SNEAK at Karlsruhe [4].



1. Cémparison with direct three-dimensional results.

1.1. Problems considered.

1'1.1'

l1a3.2.

1 01 '3'

[
&3

.‘
s

1.1.5.

The 3-D synthesis performed by means of the KASY program is tested
by comparing its results with those obtained by a direct

3-D diffusion program TRITON [3], in its version used at
BELGONUCLEAIRE.

The geometrical model represented is XYZ.

Two different cases of application have been selected for

consideration. These are the following :

"A) insertion of a th control rod {with a sodium-steel

follower) at the center of ZPR-III-48, a 370 liter
I - PuC core [6] ;

B) insertion of a tantalum control rod at an off-center po-

sition in SNEAK-2C, & 880 liter U0, - Pu0,, core [1] .

The following results of celculation are compared : multi-

plication coefficients ke with & control rod full in, full

f :
out and half inserted, the reactivity changes Ak associated
with the insertion of the control rod and the three-dimensional
maps of fluxes and fission rates with and without the control

rod presence in the core.

In the practical application of a synthesis method the pro-
blem arisesasix>choésingad§quately the number and the nature
of the trial functions. All trial functions used here are
2-D(XY) flux distributions, in 5 or L energy groups, generated
by the 2-D diffusion program DIXY of Karlsruhe [5]. The trial

-functions considered in these tests may be grouped in three

distinct categories : core functions, blanket functions and

auxiliary functions.



1.1.6. The core functions are the solutions of nommal 2-D(XY) pro-
blems, that is, flux distridbutions in e horizontal plane
which characterizes one axial slice of the reactor. A core
containing a control rod partially inserted may be divided
in two axial slices : core conteining absorber, core contain-
ing follower. These 2-D calculations are performed using
transverse buckling values, which were selected as constant

{region and energy independent).

1.1.7. The blanket functions sre also relative to axial slices but
in the axial blanket section. The transverse buckling is set
equal to zero. It is of course possible to improve the
blanket trial functions by using space and energy dependent

Bi values extracted from previous (RZ) calculations.

It is alsoc possible to do the same for the core trisl func-
tions. However the main goal in these comparisons is to find
convenient, quick, and systematical means of synthesis which
give easily reproducible resulis practically independent of

any assumption on auxiliary data such as the bucklings.

1.1.8. The auxiliary functions are generated by two-dimensional cal-
culetions in which fuel is placed in a particular radial re-
gion of the reactor, with the remaining space filled with
an absorber. The idea is‘to generate a quasi step function,
which when combined with a reference core fuhction, would allow

one to improve the synthesis in the region of interest.

1.1.9. In the first spplication (ZPR-III-48), core and blanket functions
are used , while in the second spplication the three types
of trial funecticns are used snd tested?

ﬁﬂémetimes only'one trisl function is used by KASY. Although trivial, such
a synthesis has first of all the advantage of coherence. In addition the
results are generally satisfactory.
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The second application represents a rather severe tesgt of

the synthesis method because of the off-center position

of the control rod and also of the low ratio of

core height-to-diameter (< 0.5).

12. k

—efr

and reactivity changes with a central control rod.

1.2.1. Teble I below gives the keff calculated by TRITON end KASY

for the three cases relative to the insertion of a central
control rod in ZPR-III-48. These are full insertion {"rod
in"), half insertion ("rod half in") and non insertion

("rod out™ or "follower in").

responding to the half and full insertion of the rod are

alsc compared.

The reactivity changes cor-

Four different trial functions have been used in the syn-

thesis

y -2

1°) core with follower, ¥ =8.8107" em H

2°) core with absorber rod,

3°) blanket with follower, 5° =0;

o

4°) blanket with absorber rod, }32 = 0.

The synthesis results are distinguished according to the

combinations of trial functions. KASY (core functions)

means that the core functions only were used (combinations :
(1), (1,2), (2)) and KASY (core and blanket functions) means
the combinations (1,3), (1,2,3), (2,4).

ble I. ZPR-III-48, comparison KASY-TRITON, K pp 20d &K,

# KASY (core | KASY (core &
Cases TRITON (pIxY) functions) blanket
functions)
keff
rod out .9889 (.9959) (1) .98831 (1,3) .9886
rod half in 978 , (1,2) .97176 | (1,2,3) .9779
rod in .9683 ‘(.9751;) (2)  .9677| (2,4)  .9680
Ok g1o’1‘2
rod out-rod half in 107 107 107
rod half in - rod in 99 99 99
rod out - rod in 206 (205) 206 206
2

ﬂé-D results obtained with an estimated B .




1.2.2.

1.2.3.

1.2.4,
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The computer times needed' for the three problems on the
I.B.M. 360/65 were the following (the preparation of the
cross-sectdons was not taken into account, common time

< 1') ¢

TRITON : 79'
KASY (including the DIXY calculations) :
core functions : 5130"

core and blanket functions : 7'L4O"

As far as keff is concerned, the synthesis using respective-
ly core functions or core and blanket functions reproduce
the TRITON results with systematic deviations :

-6 10'1‘ {core functions) ;

-3 104‘ (core and blanket functions).

As far as reactivity changes Ak are concerned, the KASY
results are identical to the TRITON results within the
convergence accuracy, but with a factor of 14 (core func-
tions) or 10 (core and blanket functions) in computer

time savings.

1.5. Flux and fission rate maps with a central control rod.

1.301.

1.3.2.

Table A.2. in the Appendix 2 gives as an exemple a general

flux map for the ZPR-III-48 "rod out" case. The most typi-
cal mesh points have been considered, including points in-

side of homogeneous zones as well as points on the bounda-

ries. The boundaries between the core, blanket and control
rod have been doublelined.

The flux map is normalized to 1000 at its maximum value

{grow 2 at point (1,1,1)).

- One may observe that the spectrum is very hard. In all the

regions, groups 1, 2 and 3 (E > 10 keV) represent more than
90 % of the total flux. 8patially, the flux is rapidly de-
creasing through the blanket, roughly one magnitude for
each 25 cm distance.

The flux meps obtained by TRITON and KASY are compared for
the case "rod half in" in Tables A.3., A.4. and A5. of

) thé Appendix 2.
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The same normalization as mentioned sbove was applied to

both sets of results. The maximum flux occurs here in group
2 at the point (4,1,11), at the boundary between the core and
the follower rod, slightly below the core midplane.

The Tables A.3., A4, and A.5. give directly the relative
*xasy ~ ®mmrTon

® mrToN
1.3.5. Table A.6. giveg in the core and blanket regions, the rela-

tive deviations in the total fission rate. The total fis-

deviations, y in percent.

sion rate is considered the most interesting reaction rate
as far as power reactor design is concerned. The values in
Table A.6. are renormalized to the integral of the fission

rate over the core volume,

In the control rod, the total cepture rate is considered.
v ) 10

This capture rate, mostly due to B in the absorber part,

is related to the reactivity value of the control rod.

1.3.4. The examination of the deviations in rates is enhanced when
one congiders separately the different zones of the reactor,
end the boundaries of the zones. It is clear for exsmple,
thet the plane Z=5, which contains the boundary core-axial
blanket, is likely to represent a major difficulty for the
synthesis process.

Nine zones or boundaries have been\diétingﬁished for this
purpose : ’ '
1°) core, inner part ; ,
2°) core, inner and outer radisl bdundaries;
- 3°) core, upper and lower planes (Z=5 and 15) ;
h°):bore; “"corner points" (13,1,5 and 15) ;
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5°) radial blanket, surrounding the core {height of the
core) ;

6°) axial blanket, surrounding the core {(radius of the
core) ;

7°) "corners”™ of the blanket ;

8°) control rod (absorber or follower) in the core ;

9°) control rod (absorber or follower) in the blanket.

1.3.5. Table II below summarizes the largest deviations for the
nine zones or subzones mentioned ; for the core and blan-
ket regions (zones 1 to 7), deviations in the fission rate
are presented ; for the control rod (zones 8 and 9), devia-

tions in the capture rate.

Table II. ZPR-III-48 - Rod half in,

Largest deviations in the fission and capture rate :

Fkasy - Frmrvow .,
- (in %)
" TRITON
Zones or boundaries Largest deviations
(in %)
In the fission rate
1. Core, inner part 0.9
2. Core, inner and outer radial boundaries 2.4
3, Core, upper and lower planes (Z =5 and15) 1.6
4. Core, "corner points" (13,1,5 and 15) | 7
5. Radial blanket, surrounding the core 6
6. Axial blanket, surrounding the core 10
7. Blanket corners 66
In the capture rate
. Control rod in the core 1
. Control rod in the blanket 6
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1.3.6. In the considered case, the synthesis gives relstively bad
results in the blanket corners and at the corner point of
~ the core. If one excludes these zones, the comparison

gives satisfactory‘results for KASY.

~eff

k . and réactivity changes with an off-center control rod.

1.4.1, In this second test (SNEAK-2C), many different trial func-
tions have been utilizedﬁin-the éynthesis. These sare :

1°) core with & tantalum rod, B2 = 1,16 10‘5 m=<

2°) a reference core (w1thout control rods), BS = 1.16 10-3 cm2
3°) blanket with a tantalum rod, ¥ =0 ‘ '
4°) reference blanket, 32 =0

°), 6°), 7°), °) auxiliary trial functlons, 32 =0

The auxiliary trial functions correspond to the presence
of :

5°) core zone Z, (SNEAK) in the rod position ;
6°) core zone Z, (SHEAK) in core zone 1;
7°) core zone 22 (SREAK) in core zone 2;
8°) planket material in radial blanket ;

sur:ounded each time by an absorber (tantalum) elsewhere.

The:purpose of these functions is, as outlined in paragraph
1.4 8., to empha31ée in the synthesis a partlcular region of
the horizontal crossg-section of the core. These trial func-
tions are also used as weighting functions of the diffusion
parameters D and £ in the synthesis. The coefficients weight-
ed by such functions {and leading to a particular zel of
mixing functions Zk) are approximately representative of

the region of interest.
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Different syntheses have been performed, combining one,

two or three trisl functions among those available.

1.4.2. Table III below gives the ke £r calculated by TRITON and
KASY, for the two considered cases : reference and con-
trol rod full inserted. The reactivity changes corres-
ponding to the replacement of fuel by absorber (tantalum)

are also compared.

The synthesis resullts are distinguished according to the

combinations of trial functions which were used.

Table ITII. SNEAK-2C, comparison KASY-TRITON ke e and Ak,

) “  keff keff 1o~k
Methods reference Rod in ok (2077)
TRITON .9770 ' +9600 170
(omxy)* (.9813) (.9639) (174)

RASY ™
1 trial function (2) 9764 | (1) 5N 170
2 trial functions (2,4) 9768 | (1,3) .9598 170
(2,6) 9768 | (1,6)  .9598 170
(2,7) I767
(2,8) 766
(1,5) 9595
3 trial functions (,4,6) .9769]| (1,3,6) .9599 170
(2,4,8) .9768} (1,3,8) .9598 170
(1,2,3) .98

® 2D results obtained with an estimated E°.

%e numbers of the trial function used are indicated in brackets.
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1.h.3. One observes from table III that in spite of the approximate
32 values used in the DIXY 2-D calculations, which give a
0.4 9 too high k

good.

of? the keff;obtained by synthesls are very

- As an additional test the constant B of 1.16 1070 ™ was
modified to 1.13 107> cm™® in the DIXY calculstions. With
thege DIXY fluxes, the synthesis was repeated with one and
two trial fasctions (2,4 and 1,3).

The influence of the 3 % difference in E? on the keff given
by synthesis was found to be smaller than 107 Ak. This
confirms a similar conclusion already obtained in [1] for

other core configurations.

It is an advantage of the synthesis technigue that approxi-
mate BQ values in the 2-D calculations are sufficient.

1.4h.4, As far as keff is concerned, the synthesis using, respecti-
vely 1, 2 or 3 trial functions reproduce the TRITON results

with systemetic deviations :

-6 10'u (one trial function) ;
-2 iO’h (two trial functions, with the best combination) ;

-1 10‘LL (three trial functions, with the best combina-

_ tion).

1.4.5. The best single 7.5 % s unambiguously fixed. It is the
core function which corresponds to the considered case

(reference or rod in).

The best 2 T.F. combination associates the core function with
either the appropriate blanket function (3 or 4), or the
suxiliary T.F. Nr 6, which emphasizes the central core
zone Zl’ Emphasiiing other zches, namely the control rod

instead of the central zone, does not give as good results.

AT.F. = trial function.
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The best 3 T.F. combinaetion is the appropriate core and
blanket functions and the auxiliary function typical of
the central core zone. Substituting the latter by other
T.F. gives slightly worse results.

1.4.6. As far as reactivity changes Ak are concerned, KASY repro-
duces the TRITON results within the convergence é,ccuracy.
1.4.7. Such remarkable results correspond to the following running

times :

TRITON (reference and rod in, respectively 8 and 16 itera-

tions) : 50! .

KASY {reference and rod in, including the DIXY calculaticmsﬂ)
one T.F. 5130"

two T.F. 830"

three T.F. 9'

1.5. Fluxand fission rate maps with an off-center control rod.

1.5.1. Table A,7. in Appendix gives & general flux map for the
SNEAK-2C "rod in" case. The most interesting mesh points
are considered. The boundaries between core, blanket and
control rod are doublelined.

The flux values are normalized to 1000 at the maximum

(group 3 at point 1,22,13).

%etail of the DIXY times : T.F. 1 (18 iterations): 2'20"
T.F. 2 (14 iterations): 1'50"
T.F. 3+4 (8 iterations):1?
T.F. 5+6+748 (11 iterations) : 1'20"

Detail of the KASY times : one T.F. (13 iterations) : 40"
two T.F. (19 iterations) : 1!
s 120"

Three T.F. (22 iterations)
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Which respect to the first test (ZPR-III-48) a larger number
of points in the blanket are considered, and nemely points
placed on the most outer boundaries of the system, vhere the
fluxes are rélatively small (about a factor 50 smeller than

on the outer core boundary).

The neutron spectrum in the core and blanket is approximately
as hard as in the preceding test. The groups 1, 2 and 3
(E> 21.5 keV) comprise about 90 % or more of the total flux.

1.5.2. The flux mapsﬁ obtained by TRITON and KASY are compared for
the case "rod in" for all the groups (1 to &) in Tables A.8.,

A.9., A.10, and A.11, of the Appendix. The values in the
®gASY- ® TRITON

® rrrON

7 . ) i
1.5.3. Table A.12. of the Appendix gives the relative deviations in

tables are the relative deviations s in percent.

the fisSion rate in core and blanket reglons after renormali-

sation to the integral of the fission rate over ‘the core

volume. In the control rod the capture rate is exasmined.

1.5.4. Three different KASY syntheses are compared with TRITON using
respectively, one, two and three trial f‘unctions. Thése are
the best combinations of trial functions found as far as ke PP

and Ak are concerned, that is :

one trial function s (1)

two trisl functions : (1,3)

three trial functions : (1,3,6)

1.5.5. As for the first test, the deviastions ha.vé been examined by
subdividing the system into zones and boundaries. The same
nine zones or boundaries (see paragraph 1.3.4.) have been
disﬁinguished_ ard, in addition, the upper and lower boundaries
bf the axial blanket (not éxamihed for ZFR), which are 6uter

boundaries for the system itself.

ﬁHere are presented results for the plane ¥=22, The perpendicular plane X=14
was also consldered in detall ; the deviations were found similar,
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1.5.6. Table IV belov summarizes the largest deviations in each
subzone. In the core and blanket regions deviations in
the fission rate asre presented. In the control rod,

deviations in the capture rate are given.

Table IV. SNEAK-2C, rod in,
Largest deviations in the fission or cepture rate :
Frasy - Frermon .
¥ (in 4).
TRITON
Largest deviations (in %)
Zones
1 trial 2 trial 3 trisl
function functions functions
On the fission rate
1. Core, inner part 2. 2.4 1.0
2. Core, inner and outer ra- 2.9 2.9 1.2
dial boundaries
3. Core, upper plane (Z=6) 4.5 k.6 4.3
4. Core, "corner point" 6.4 9.4 7.8
(21522:6)
5. Radial blanket, surround- 4 8 3
ing the core
6. Axial blenket, surround- 10 10 11
ing the core
6. bis. Axial blanket, upper 53 59 55
plane
7. Blanket corners 60 68 oL
On the capture rate
8. Control rod, ¢ore section 1.4 1.5 0.8
9. Control rod, blanket section 12 12 14
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1.5.8.
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Here again the synthesis gives relatively bad results in the
blanket corners and at the corner point of the core. This is
also the case for the wper plane of the axiazl blanket.
Excluding these zones the results are generally satisfactory,
as illustrated in Figure 6 which represents, superimposed on
the geometrical reactor model, the lines of constant 1 %, 5 %,
20 % and 50 % deviations for the synthesis using three trial
functions.

With the combinatdons of trial functions formed, the use of
several trial functions does not result in any substantial

improvement in the crucial zones mentioned.

In the core regions, and to a lesser extent in the blanket
regions (inner part), one observes, in the considered cases,
no real change vhen passing from one to two trial functions,

but a significent improvement with three functions.
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Application to an experimentsl evaluation.

Description of the problem.

2.1.1.

2.1.20

The series of SNEAK-2 experiments [4}, performed from June
to November 1969, was the first simulation in SNEAK of s
sodium-cooled two-zone core of the SNR® type. Inaportion of
this program, SNEAK-2C, reactivity changes and fission

rate traverses were measured in the core with various confi-

gurations of absorber rods (BhC,Ta) aud/or followers (Na,Al).

- The traverses were measured in the radial, axisl and azimuthal

directions. The control rods were located either at the cen-
ter or near the boundary between two core zones. 7In the other
positions, three rods were present simultaneously in order

to study the shielding effects.

The SREAK-2C core configurstion resulted from the substitu-
tion of a sector zone, containing plutoniwm, into & urenium.
fuelled core (SNEAK-2A) : see Figure 3 for a typical repre-
sentation. Throughout the SNEAK-2C experiments, 5 different
core configurations, differing by the radial size of the
core, were loaded, The larger radial core size was necessa-
ry in order to compensate for the relatively high negative
reactivity of the absorbers used {up to 3 ¢ Ak).

The report [ 4] describes in detail the principles and purposes
of these control rod experiments ; it gives the sequence of

the measurements and reports on the complete evaluation.

A portion of the measured quantities could be calculated using
a two-dimensional geometrical model. However, the adequate
representation of partially inserted control rods requires the
three dimensional capabilities of KASY.

b

SNR : Schneller Netriumgekilhlter Reaktor.
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The synthesis method was applied to the entire series of
experiments in SREAK-2C (see [ 4] ). In this report
only three particular cases of spplication are selected

and considered in detail. They are :

- reactivity changes associated with & single Al-Ta con-
trol rod in oufter position 1 ;

- reactivily changes and fission rate traverses associated
with three half inserted B,C control rods, placed on outer
positions 1, 2, %; |

- charactéfistic curve of reactivity versus ingertion depth
for a single th control rod, in inner (but not central)

~ position 4, when the three positions 1, 2, 3 are occypied

by full inserted th‘

As mentioned’in Chapter 1, all the feactivity changes are

. . =k .
calculated to an accuracy of 10 ~ or greater.

The accuracy of the fission traverses as calculated with KASY

is given in Chapter 1.

In the following applications, the simplest means of synthe-
sis was'chosen : one triasl function {full or no insertion of
the control rod) or two trial functions (partial insertion
of the control rod).

With respect to a direct three-dimensional calculation, the
calculation by KASY of a radial fission rate traverse in the

core midplane ig accurate to within :

1 % in the central core zone ;

"1 % in the outer core zone ;

4 ¢ in the radial blanket,

if the traverse is normmaliged to a unit core average value,
The capture rate in an off-center control rod is reproduced

within 1 % in the core section.
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An axial traverse in & core zone 2 {see Fig. 2) close to an
off-center control rod is calculated to within the same
accuracy, 1f one excludes the boundaries, and to within

4 ¢ on the core-blanket boundery.

An azimuthal traverse, between off-center control rods, is
caleulated as accurately as a radial traverse.

For all points of the fission traverses located within the
core or the control rod, if one renormalizes the axial tra-
versestotheircoreayeragevalueﬁ,the maximun deviation due

to the synthesis approximation is 1 %.

No reference to the corresponding results of measurements
will be wmade here. The aim of this report is to assess the
applicability of a mathematical tool used to solve control

rod design problems in complex geometries.

[

learly the synthesis calculations reporited here are limited

o'

y the diffusion spproximstion on one side, and are affected

o

- dela

the errors of the basic cross-sections on the other side.

Lo
®
®

A full comparison between calculation and experiment for the
SNEAK-2C control rod series may be found in Chapter 7 of the
report (4.

Cage one : reactivity changes with one control rod.

2.2.1,

In the core of 494 elements, represented in Figures 3 and &4,
one single control rod of 4 SNEAK elements {10.88 x 10.88 cm)
is inserted in outer position 1. This is near the boundary
between the two radial zones Z1 andwzé of different enrich-
ment.

Average over the core portion of the traverse.
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The absorber consists of tentalum and the follower of alu-
minium ; see exact compositions in Table A.1. of the Appen-
dix.

The cases calculated are :

1°) 2-dimensions (XY) :
a) core with Ta in position 1 ;
b) core with Al in position 1 ;

2°) 3-dimensions (XY/Z) : Ta full inserted, half inserted
(designated Al-Ta) and not inserted (designated Al)
in position 1.

Ta’ble V below gives the ke £ and Ak obtained. The simple
difference Ak = kl - k2 is retained as the reactivity corres-
ponding to the insertion of the absorber.

Teble V. SNEAK-2C, Tirst case, xé epand Bk,
A P 2 a -‘_5\
keff Ak (10 7)
Cases 2-D(XY) |3-D(xY/2) Cases 2-D(xY) | 3-D(Xx¥/z)
Al 98393 97908 § Al - Al-Ta - 203
Al-Ta - 97705 | Al-Ta— Te - 172
Ta 98015 971533 Al—=Ta 378 315
2.2.3. From the k given in Table V ohe observes 8 éystematica.l

eff ,
discrepancy 2-D/3-D of 0.5 % Ak vhich is due to the low B;

used in the 2-D calculations. The 3-D LI

been checked for a reference cise without control rod with

a 2-D(RZ) calculatiom with a correction for cylindrisation,
and found to be correct. This confirms the lack of influence
of the 132 value used in the 2-D calculatioms on the final

Z
synthesis result (paragraph 1.1_4.3.).

values have
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- 2.2.4. The reactivity value Ak calculated by KASY for the half in-
sertion of the absorber is & % larger than half the full in-
sertion value. Such a departure from symmetry for the cha-
racteristic curve (explainaeble by the change of spectrum in-
duced by the absorber at its lower end) may not be evidenced
of course by simple 2-D{XY) resulits.

2.2.5. The three-dimensional flux ma@s from the KASY calculations
have been used to evaluate the fission rate traverse measu-
rements. A typical example of such an evaluetion is shown
in paragfaph 2.3.

2.2.6. The ruming times were the following on the I.B.M. 360/65 :

preparation of cross-sections (with condensation) : 1°'

two DIXY runs 12!
three KASY runs
one using two trial functions 220"
two using one trial function 220"

The synthesis calculation represents here only one third
of the time used for the prepsration of cross-sections

and for the two-dimensional calculations.;

2.3. Case two : reactivities and traverses with three control rods.

2.35.1. In the core of 539 elements represented in Figure 5, three
control rods of 4 SNBAK elements each, are placed in outer
positions 1, 2 and 3, near the boundary between the two ra-

dial core zones Zl/Zz. The positions have a distance of

30 cm from each other {center-to-center).

The absorber ¢onsists of th and the follower of Na ;
see exact compositions in the Appendix, Table A.l.
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The control rods in positions 2 and 3 are half inserted
(NathC) while the central one is, respectively, not-,
half- and full-inserted (Na, Na-BhC and th)' The corres-
ponding reactivity changes are calculated as well as the

map of fission rates for the entire rod bank helf inserted.
2+.3.2. The necessary 2-D calculgiions are therefore :

1°) core with B,C in positions 2 and 3, with alternately :
a) Na in position 1 ;
b) B,C in position 1 ;
2°) core with Na in positions 2 and 3, with slternately :
a) Na in position 1 ;
b) B,C in position 1.
2.3.3. Table VI below gives the reactivity changes Ak calculated
by KASY (no corresponding results obtainable by DIXY).

Table VI. SNEAK-2C, case 2, Ak (10’5).

Rods in Changes in Ak (1077) £k (107°)
positions 2,3 position 1 2-D(XY) 3.D(XY/2)
( NasNa-B,C - 23k
- - - 1
Na-B,C Na-B,CB) C , 88
Na-;BhC ‘ -

2.3.4, One observes again from Tsble VI the same departure from
symmetry of the reactivity versus insertion depth as al-
ready found in paragraph 2.2.
The fise of 'a simple 2-D{XY) model is not able to answer such

problems.



2.3.5.

- 26 <

Fission rate traverses in the radial, azimutal and axial direc-
tions were also measured. The evaluation of these measure-
ments with the synthesis method is illustrated in Figure 7.

One sees on this Pfigure the radial distributions of the total
fission rete, as calculated for the core midplane (transi-
tion plane between the three absorbers and their followers)
by KASY, compared wilth the corresponding distributions
through, respectively, the upper and lower core halves {core
with BZ‘C and core with Na in positions 1,2,3) obteined in
two-dimensicnal calculations.

2.4. Case three : characteristic curve.of a control rod.

2.&.1.

2.};02.

2'&.5.

In the core of 539 elements of Figure 5, & complete th charac.-
teristic curve of reactivity, 8k(h), is measured in position 4

an off-center position in the inner core zone 2'1'

The control rod is of the type Na-BhC, and occupies only one

ENEAK element (5.44 x 5.kk cm). The core also contains three
B&C rods fully inserted in positions 1, 2 and 3.

This is & case requiring a three-diménsional geometrical model,
and moreover, best suited to a synthesis solution. Only two
2-D calculetions are performed with, respectively B,C and Na
in position 4., The two trial functions so obtained are then
combined in KASY with the axial position of the interface

Na-B,C as a variable parameter. ,The total computer time

L
per point of the curve is small.

Table VII gives the reactivity changes calculated by KASY.
The zero of the reactivity scale has been fixed at the core:
midplane which is in the linear portion of the characteristic
curve. The curve ob‘!:ed.nedﬁ is shown in Figure 8.

*

On Figure 8, the measurements are also drawn. The reactivity changes

are converted from Ak in ¢ using a B opp Value of 510 105 [4].



2.k 4. One interesting synthesis problem is raised here concern-
ing two extreme cases (full B,C or full Na). It seems
consistent to always combine the two trial functions,
but the extreme cases require only one trial func-
tion (th or Na). The results obtained for the extreme
cases with one or two trial functions are not identical ;
but the difference, fortunately is small. The use of two

functions throughout produces & smoother curve.

Teble VII. SNEAK-2C, case three : characteristic curve.

-5 . ?
Insertion depth of ByC (cm) Ak (10 7) obtained m,zh e tzial
(B.C is replacing Ne. downwerds) functions ; between brackets
4 _ o with one triel function
Upper blanket region : O - 204 (174)
30.5 - 19 (170)
Core region : 39.545 - 163
51 06(5 - 79 -6
69.69% , T75
81.755 ' 155
| 9.8 185 (199)
Lower blanket region :121.3 © 188 (201)

2.4.5. The consistency of the results is noticegble in spite of
their small magnitude. They represent very close values

of k The accuracy of 10-5 has been attained with s

eff”’
limited computer time.
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Conclusions.

3.1.

3.2,

The first chapter of this report has been devoted to the test of
the 3-D flux synthesis method of the KASY program with respect to
results cobtained by a direct 3-D program TRITON. Both tests consi-

dered were representative of fast breeders.

The k values obtained by KASY are quite satisfactory. They differ

eff
from the TRITCH k ofr values by less than 10

choice of three trial functions in the synthes:Ls method the diffe-

rence is reduced to 10 h

-5 but with an appropriate

Concerning the reactivity differences due to the insertion, pertial
or full, of a control rod in & center or off-center position, the Ak
obtained by KASY are remarkably identical with the TRITON results

within the convergence accuracy of 10‘1‘.

The results of comparison of flux and reaction rate maps indi-
cate that, if one excludes blanket corners, the outer
boundary of the axial blanket, or corner points of the core, the

sgreement is generally satisfactory.

In the second chapter, it has been shown how readily applicable the
KASY synthesis is in the evaluation of a diversified

series of control rod eiperiments, and particularly to reactivity

changes and spatial rate traverses in a fast breeder core contain-

ing one or several control rods in various positions.

The reactivity changes are calculated very accurately. The portion
of the fission traverses locaied within the core has an error nét
larger than 1 ¢ due to the synthesis approximation.

Tae number of mesh points used in the KASY calculations was 7 times
too large for the TRITCN program in its present version.

KASY proves therefore to be a very flexible tool, requiring a quite

accepteble computer time for the nature of the problems Involved.
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A.l.

A2.

A3,

-APPENDIX 1-

NUMERICAL DATA {COMPOSITION, GEOMETRY, PREPARATION) .

The geometrical models used for the comparison KASY-TRITON -
(Chapter 1) are described in Tsble I below and represented in
Figure 1 (ZPR-III-48) and Figure 2 (SNEAK-2C).

The model corresponding to ZPR-III-assembly 48 [ 6] is a quarter
of a transversal section of the core., The entire core height is
represented for the case of the control rod half in, and half
the height (with a symmetry condition) is represented for the

cases rod in and rod out.

The control rod, placed at the center, is relatively smell., It
oceupies 0.18 % of the core section. The core has a volume of
37C litersand is surrounded by a 30-33 cm thick blanket in the
radial and exial directions. A 10-15 cm stainless steel reflec-
tor was added around the system (with the flux equal to zero at
the external boundary) in order to improve the boundary condi-
tion in the blanket.

The atom densities are given in table A.1. of the Appendix 2.
The core containg UC - PuC fuel, with an enrichment of about

18 % (fissile to total U+ Pu), mixed with Na and stainless
steel. The blanket is depleted uraniim and steel. The control
rod contains 90 % enriched th’ mixed with Na and steel, with a

Nz end steel follower,

The SNEAK-2C model used for the comparison KASY-TRITON (Chap-
ter 1) is a quarter of the core horizontal section. Half the
height of the system is represented with a symmetry condition.
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Two cases are calculated : a reference case, without control rods
and a "rod in"” case, with a tantalum control rod placed in an off-
center position at the boundary of the two radial core zones of
different enrichements. Such a rod, 10.88 em x 10.88 em, occupies
0.81 ¢ of the core section. The core has a volume of 880 liter.
In the simplified model used here, 60 % of the core ere plutonium
fuelled and 40 ¢ uranium fuelled. There are two radial zones z,
and Zz in the plutonium zone, with respective enrichments of about
18 4 and 25 % (fissile on total U+ Pu). Moreover both plutonium
zones consist each of two batches, xﬁe.de, respectively, of rodlets
(B»IA!:SU‘RC,Z‘\.)ﬂt and pletelets (SNEAK), but the homogenized compositions
are approximately the same. k '

‘These compositions are given in Table A.1. of the Appendix 2. The -
core containg UOQ- s steel and sodium, the blanket contains only
depleted uranium. There is no outer reflector (outer boundary condi-
tion : extrapolated flux egual to zero). The absorber rod contains

tantalum, mixed with aluminium and steel.

x On loen from the MASURCA facility, Cadarache Center of the Commissariat

&4 l'Energie Atomigue, France,



Table I. Geometrical models

used for the comparison KASY-TRITON {Chapter 1).

A. ZPR-TII-48 (rig. 1)

. Axiael direction Z
XorY direction (lower half of the core)
- Outer boun- Quter Desiena Quter boun- Quter
Designation dary mesh | dimension *E08~ | sarymesh | dimension
» . v , ) tion
point (cm) point (cm)
Control rod k 2.77 Core 6 38.18
Core around control rod 6 8.31 Blanket 9 68 .66
Core 8 13.85 Reflector 10 83.66
Core 13 41 .55
- Blanket 18 T479 -
Reflector 19 85.87
B. SNEAK-2C (fig. 2)
, . Z direction
X gdirection Y direction (upper half of the core]
Outer Cuter Cuter
Outer dimen- . Cuter dimen-{ Desi- Outer dimen-
Designation mesh . Designation| mesh mesh
oint sion point sion | gnation point sion
P (cm) (cm) (cn)
Z, SNEAK 8 | 38.08| Blanket 6 |27.20|Blanket| 6 |27.20
Z SﬂEAK around
control rod 10 | 43.52 R 8 38.08 ] Core T 30.71
Control rod 18 |54.40 | 2p MASURCA | 10 | k8. Core 13 | 57.35
Zp SREAK around , 4
control rod 20 |59.84 Zyq MASURCA | 16 81 .60
Zp SHEAK 21 65.28 | Z9 SNEAK 22 2 .48
Blanket 26 | ®.48
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A.h. The preceding SNEAK-2C model was a simplified one, only used for
the sake of the comparison KASY-TRITON in Chepter 1. In Chapter 2
one i1s concerned with two different core configurations effectively

- realized in the SHEAK-2C series. They consist of, respectively,
49k and 539 SNEAK core elements with equivalent radii of 68.1 and

T1.1 em. These configurations are represented in Figures 3 and 5.

For the sake of the calculations, the exact core configurations are
replaced by calculation models symmetrical with respect to the
North-8South axis. Figure 4 shows the 180° model used to represent
the actual configuration of the core with 494 elements as shown in
Figure 3. Such 2z simplification and some other slight departures
from reality have a negligible influence on the results of the cel-

“cwlations.

The eomments on composition already made for the simplified model
apply also to the exact models, except that the latter comprise a
150° plutonium sector in a uranium core, and that a portion of the

radial blanket, referred to as a breeder blanket, is constructed of

A g
LD

©a mixture of UOQ (

worths and traverses are measured in the plutonium sector and the

traverses extend through the breeder blanket. The compogitions of

h PO 2 A

A 1 o A e
deplieted), sodium ar

et

P . | A PO
sSveel., ALl CONIYWYO

the control rods (BhC,Ta) and their respective followers (Ns,Al)
are given with the core and blanket compositions in Table A.1. of
the Appendix 2. 7The rods simulate safety or shim rods as

currently envisaged for fast breeders.

The SNEAK-2C core is 60.3 cm high. The lower and upper axial blan-
kets are 30.5 em thick., The axial blanket is constructed of nor-
mal SNEAK blanket platelets {depleted uranium) except in the posi-
tions of the contfol rods. Thé absorber or follower portion of
the control rods extends out of the core through the upper axial
blanket.
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Table II below describes the geometricel model used in the SHEAK
evaluation, core with 494 elements {Chapter 2). The total number

of mesh points used in KASY (50 x 3 x 33 = 52,30C) greatly exceeds
the meximum allowable number in the present version of TRITON (8000).

T_a.ble IY. Geometrical model
used in the SNEAK evaluaticn (Chepter 2)
Core with Lol elements (Figure 3).

X direction - Y cdirection .2 direction
Outer| OWeT Outer| OUteT | outer| OUter
. dimen- . L. dimen- . . dimen-
Designation | mesh . Designation |mesh Designation | mesh
. .| sion : . sion sion
point (cm) point (cm) , point (cm)
BAK blanket 6 27 .2C j SEAK tlanket L 116.% § SHEAK blanket T 30.5
R, 10 | 45.96 | SNEAK blanket 8 |27.20 Core 27 90.8
R, 13 65 .28 R, 16 | 48.96 )1 SNEAK blanket | 33 |i21.3
Z‘1 MASURCA 16 81.60 }R1 22 | 65.28
Z, SNEAK 3% | 130.56 Z, MASURCA 28 | 81.60
21 SKNEAK 2.1 SHEAK 32 | 248
Around control , ’
Control rod 0 | 146.88
%, SNEAK
around control
rod 42 1152.%
Z2 SHEAK 4L | 157.76
Breeder
blanket 50 | 18k.%
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In the ZPR-III case, the cross-sections used are 5 group condensed
crc:ss--sec’c:?.onsfk obtained by weighting ABEN [ 7] 26-group sections
with one-dimensionsl fluxes. The 5 broad groups comprise the follow-

ing fire groups :

Fine groups : , Energy structure

1to 5 10.5 MeV -~ 0.0 MeV

6to 8 800 keV - 100  keV

9to11 : 100 keV - 10 keV
12 to 1k 16 keV - 1  keV
15t026 "1 kev - O

In the SNEAK-2C case, the cross-sectioms used are 4 group condensed
cross-sectionsfl obtained by weighting NAP-PB [ 8] 26-group cross-
sections with one-dimensional fluxes. The L broad groups comprise

the following fine groups :

Fine groups Energy structure
1tec &4 10.5 MeV - 1.k MeV
5t0 6 1.4 MeV - 0.4 MeV
7 tc 10 O MeV -21.5 keV

11 to 26 21.5 keV- O

According to recommerdations originating from the control rod stﬁdy
reported in [ 9,10}, the control rod (absorber and follower part) was
each time surrounded by a fuel zone of influence, of normal core
composition but having few group cross-sections condensed using as
weighting spectrum that of the conaidered subzone. §Such crestion
of two different few group section sets for the core, respectively
unperturbed and perfurbed by the control rod, allows one to minimize

the errors due to the group condensation.

y'Few group cross-sections were used in order to limit the computer time.
But there is no limitation on the number of groups in KASY. ‘
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A.B.

Another recommendation of { 9,10} has been followed but only for
the comparison KASY-TRITON (Chapter 1) : the mesh spacing has been
refined in the control rod and in its close vicinity.

In the two-dimensional calculations for the synthesis, the transverse
bucklings, energy and region independent, (see paragraph 1.1.7.)
were @

ZPR-III-48 (76.36 om core height) : 8.8 10‘1‘ ™
2

SNEAK-2C  (60.3 cm core height) : 1.16 10 2em”

&

The convergence criterion used in all the calculations was 10"3 on

half the difference between the maximum and minimum ke £ values.

- This corresponds to a higher accuracy in ke oy vhich was the

folloving :
i
L

3.D TRITON : < 10

2-D DIXY : < 107
(preparation of KASY)

3D synthesis KASY : < 1072
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-APPENDIX 2 -

TABLES.

List of the Tables of Appendix 2.

Ad, Atomic Compositions.

Aoau ZE"III“)J‘8, "Rod O\It", FlUX Mapo

A3, ZPR-III-48, "Rod Half In", Flux of Group 1, Deviatioms

"  KASY-TRITON.

A, ZPR-ITI-48, "Rod Half In", Flux of Group 2, Deviations
KASY-TRITON.

AS5. ZPR-III-48, "Rod Half In", Flux of Group 3, Deviations
KASY-TRITON.

A6, . ZPR-ITI-48, "Rod Half In", Fission Rate (in Core and
' Blanket Regions), Capture rate (in Control Rod Region).
Deviations KASY-TRITON.

CAT.  SNEAK-2C, "Rod In", Flux Map.

A.8. SNEAK-2C, "Rod In", Flux of Group 1, Deviations KASY-TRITON.
A.9. SNEAK-2C, "Rod In", Flux of Group 2, Deviations KASY-TRITON.
A0, | SHBAK—EC,I "Rod In", Flux of Group 3, Deviations KASY-TRITON.
A1, SNEAK-2C, "Rod In", Flux of Group 4, Deviations KASY-TRITON.
Aa2. | SNEAK-2C, "Rod In", Fission Rate (in Core and Blanket

Regions), Capture Rate (in Control Rod Region).
Deviations KASY-TRITON.
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TABIE A.7.
Atomic compositions (1022 exi:/t:m5 )
Part A : ZPR-III-48
1 ) 3 4 5
Elements Absorber Core Blanket Reflector Follower
rod rod
¥ .0016 .0083
el ka7 3.9798
A 1645
P20 L0106
P2 .0011
Cr 7189 2681 1193 126k 3512
Fe 2.6775 .9985 bkl ~BT10 1.3080
Ni 3537 1330 0587 0622 3728
Mo L206 '
c 6350 2.0767
Na 6263 6231 1.6701
Al L0109
B1o 1.5486
B11 L1584
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TABLE A.t.
Pert B : SNEAK-2C
1 2 3 b 5 6
- Zy SNEAK | Zp SNEAK Zy % Ry Rp
Elements | (mep 12) | (Typ 13) | MASURCA | MASURCA | (Typ 10) | (Typ 11)

u235 00k} 0037 <0019 0012 1876 2533
e 6022 5083 6469 5277 6511 5850

S 1276 .168k 1210 161k - .

| P20 0115 L0151 0112 0149 - -

p2 .0010 0014 .0011 0014 - )

¥ 00005 | .00007 | .00013 | .00018 - -
crt) 323k 3970 .3k 3485 3581 .3181
Fe 1.1960 1.5098 1.2548 1.2786 | 1.2164 1.2082
Nia) - 2281 <1997 JATh9 1699 1867 2360
1.25% 1.3949 1.1597 1.1597 .9022 1.0051
L0051 .0061 - - .3050 2529
Na 8975 .T109 .8856 8856 8733 .3518

R 0006 | 2819 - - - .
st 0153 L0152 - - L0164 0147
T .0008 .01 - - .0026 .0016
H - - - - .0022 .0018

10 ) i } ) ) )

KL ) i ) ) ) )

Ta - - - - - -

1)Mn has been assimilated to Cr

2)

Co has been assimilated to KNi

5 )Mg has been assimilated to Al




TABLE A.l.

Part B : SNEAK-2C {continued)

7 8 9 10 11 12
' Breeder
Na Al SKEAK
Elements B, C rod Ta rod blanket
T 4 fopomr ‘ follower | blanket (Typ 17-2)
P - - - - .0176 .0075
PP - - - - 4.18%0 1.0297
ne>? . - . - - .
Puaho ) ) _ _ _ )
Puaiu ) _ ) ) } .
Puahe _ _ _ _ . .
crt) 2552 3170 3505 3505 1063 1824
Fe 2293 1.0728 1.1789 1.1789 3957 6290
§i?) 1176 .1845 1633 .1633 ATIT .10k0
0 - - - - - 2.0911
c 1.209% .0043 .0029 LOm®9 - L0045
Ne - 1.6611 - - - 6644
) 050k - 2.5868 | 1.3865 - 5200
8i L0172 0173 0365 0505 - .0108
Ti - - L0117 L0167 - .0005
H - = - - - 0009
80 .94k - . - - -
'l 3.8762 - - - - -
Ta - - 1.6537 - - -
1) Mn has been assimilsted to Cr
2)

Co has been assimilated to Ni

3 )Mg haes been assimilated toc Al
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TABIE A2.

ZPR-III-U8 , rod out, flux map
(For eachmesh-point, 5 group fluxes, 1 to 5)

1 y 7 10 12 13 15 17
k77 481 b7k 363 215 129 20 2.9
1000 | 1000 960 755 526 416 158 L5
1 539 539 519 410 280 207 68 19
147 145 136 106 64 37 6.4 1.3
%) 36 30 22 12 6.5 0.9 0.1
L6k 468 h61 353% 209 125 19 2.8
973 ] 935 734 510 Lok 153 L3
2 525 &5 $05 399 273 20 66 18
143 152 13 104 62 35 6.2 1.3
35 3 28 21 12. 6.3 .8 |
ok L7 b21 322 191 114 17 2.5
897 897 861 676 k69 331 1h1 39
3 485 485 466 368 251 185 61 17
132 130 120 96 57 33 5.7 1.2
52 51 27 20 : 1.1 508 08 .3
357 360 356 272 161 % 15 2.1
778 778 755 584 JOh. 319 120 34
b ko1 k21 koo 319 217 1560 52 15
ii3 iig 108 81 k9 28 k.9 i.0
27 27 22 17 9, 4.9 .7 A
264 267 264 201 118 70 11 1.6
632 6% 603 i 02 251 o 27
5 338 337 2k 254 173 125 41 12
86 65 79 61 37 21 3.8 B
20 20 16 12 T - 3.6 5 A
147 1h7 s140 106 61 26 6.4 1.1
483 484 466 361 239 177 66 19
6 2k 241 228 177 115 83 16 8.6
58 b7 I 3 18 11 2.4 6
10.1 9.6 7.3 5.3 3.0 1.6 3| < .1
L0 39 3 23 13 8.4 2.3 0.5
236 23k 211 160 105 7 33 10
7 109 108 ® 70 L6 3k 15 b7
14.7 13.8 9.9 7.3 4 O 3,0 I B PG |
2.7 2.5 1.5 1.0 06 0.3 Jd < a
9.7 9.4 6.9 4.9 2.9 2.0 0.7 0.2
89 88 15 56 37 27 13 L.h
8 b1 Lo 39 24 16 12 5.8 2.0
A 4 T3 2 I 0.1 < A4 < Jd
7 6 .3 2 a 0.1 < a1 |l < a

Boundaries are doublelined (in fact X = 4 or 13, for example, are on the bounderies)




Core
midplane
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TABLE A.3.

ZPR-III-48, rod half in, flux of group 1

¢

-9

Deviations KASY - TRITON : -—5—;—@— (in %)

1 h 7 10 12 13 15 17
3 -3 0.9 + 8 + 6 + 0.3 -8 -58 -5
4 -7 L +2 - 0.3 + 0.6 ~ b -i5 -63
5 - 0.3 0.1 + 0. - 0.2 +1.4 + 4.8 =10 -20
6 + 0.6 0.4 - + 0.3 +1.0 + 1.7 + 2 +1
T + 0.4 0.4 + 0.2 + 0.5 + 0.9 + 1-5 + 2 + 4
8 + 0.6 0.4 + 0.2 +06 | +0.9 | +1.2 +2 + 4
9 + 0.8 C.5 + C.3 + 0.6 +141 +1.3 4+ 2 + 4
10 + 0.2 0.4 + 0.5 + 0.5 +1.0 + 1.3 + 2 +5
11 + 0.2 Ol || +#0.7 | +06 | +0.9 | +1.5 +2 +6
12 + 0.3 0.5 + 0.6 - + 0.9 +1.6 + 4 +7
13 + 0.5 o]l +05 ] +05 | +1.0 | +1.5 + 4 +7
ik + 0,6 0.4 + ;).2 + 0.3 + 1.2 + 2.5 +h +5
15 - 1.0 08 +0.6 | ~02 | +1.55 | +5.4 -8 -16
16 -9 8 + 4 + 0.3 - 0.4 -4 -43 -60
17 ¢ 6 +11 +5 + 0.1 -9 =57 =77




Core
midplane
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TABLE A.k.

ZPR-III-48, rod half in, flux of growp 2

Deviations KASY - TRITON :

K

o, -0

T

._....._Q.....Z_ (in %)

z 1 4 7 10 12 13 15 17
- + 9 6 +7 +11 #18 -k -2Z
N +5 + b 1.0 | -1.2 + & 12 -1 -13
5 + 7 +5 1.; - 1.5 + 1.2 + 345 +1C + 5
6 + 1,1 + 0.7 0.3 - 0 + 1.k | + 3.0 + Lk +5
7 +0.57] +0. 03 | +0.3 | +1.0 | +1.6 +2 + 4
8 + 0.7 | + 0.k 0.2 | +C6 | #1.0 | +1.3 +2 + b
9 +1.0 | +0.7 0.3 +2 +3
10 - 0.1 | +0.3 0.5 +1 + 2
11 - C.b 0* 0.6 + 1 +2
12 - 04 - 0.6 + 1 +1
13 | +0a | +0. 0.5 +1 +1
14 + 0.7 + 0.k C.1 +3 +1
15 +5 +3 - +9 + 7
16 + 3 +1 0.7 -3 -2C
17 +39 +7 9 +7 +10 +16 -8 -3

*ﬁbrmalis&tion point




Core
midplane

TABLE A.5.

ZFR-ITI-48, rod half in, flux of growp 3.
o, -0

Deviations KASY - TRITON : -—-gT—TT (in %)

X 1 4 7 10 12 13 15 17
3 +3 +6 + 6 +7 +11 +9 -2h -37
4 -1 +1 + 0.1 +2 +5 +5 -19 -28
5 +18 | +2.0 -1.0 | -c.5 | +2.8 ] +74 + 1 -2
6 + 0.5 + 0.2 - 0.3 + 0.2 +1, + 2.6 + 3 + 4
7 + 04 | 03 || ~0a | 404 | #1.3 | +1.7 +2 +4
8 + 0.7 + 0.3 - 0.1 + 0.7 +1.0 + 1.4 + 2 +5
9 +17 | +08 | -0.4 | +12 | +1.3 | +1.3 +2 +h
10 - + 0.8 + 0.5 + 0.7 + 0.9 +1. o+ 2 +3
11 -0 | +o0oll #1311 | +06 | +0.7 ] +0.9 +1 +2
12 | 4ok | +ok | + 0.7 | +05 | +0.7 | +1.2 +2 +2
15 | +05 | +04 | «o | 405 | +1.1 | +1.7 ] +¢2 + 3
14 +08 | +0.3 -0.2 | +0.3 | +1.8 | + 3.0 +3 +2
15 +17 | +05 ) -0.9 | -0.3 | +3.0/| +7.5 +1 -3
16 + 0.1 -2 +0.8 | +2 +5 +6 -19 -30
17 +7 + 4 + 7 + 9 ‘ +11 + 0 22 =40
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TABLE A.6 .

ZPR-III-48, rod half in, fission rate {in core and blanket regions)
capture rate (in control rod region)

Fy - Fy
Deviations KASY - TRITON :T (in $)
N 1 4 4 7 10 | 12 | 13 | 15 | 17
3 +3 +6 + 2 + 8 + 6 +2 -7 l—h6 -63
" -1 |41 -3 J+2 |-1 |+2 |-5 |.36 |-s2
5 +1.0|+ 1.2 +1.5]-1.6]-1.5]+1.1|+6.6[-8 |[-16
6 -o.5v-o'.6 -0|-0k]-0.9]+05]+2.30+2 |+2
7 -04|-07l-05]-07 -0k]+03|+1.00+2 |+14
8 -01|-05]-04]-07]-02|+02|+08+2 [+
9 + 0.9 - - 0.1|-0.6 - +0.314+ 0.8)+2 + k
mig;i:ne 10 - 0.8 -0.3|-03(-02]+0a|+0.7]+2 |+
11 -0.9l-051-05] - l-02] - l+o0sl+2 l+5s
12 |- 06|-05]-05]-02|-0k|+03]|+08]+k |+6
13 - 0.4 -05)-05]~-03-03|+035|+1.1+14 +6
14 - 03] -0.kfl - 0] -07|=-0.6}+0.T|+24f+ 4 +5
15 +24[+01]+0.2]|-0.9|-1.0[+07|+7.00-6 |-13
16 -2 -3 -8 |+4 | - | - |+5 |3 |-
17 +3 |+2 -5 |+10 |+6 |+2 |-8 |5 |-66




TABLE A.7.

SREAK-2C, rod in, flux map
(4 grouwp fluxes, 1 to k)

w | 2

7 1 5 10 21 23 26
25 23 .18 A7 .10 07 .03 003
4 o 3.5 2.8 2.4 1.6 1.2 .57 .061
13 12 11 11 5.7 4.2 2.0 A4
.30 Y 4 53 65 «33 25 .12 065
2.1 2.0 1.4 1.2 .78 55 .20 .02
28 26 17 15 10 7.8 3.4 3k
5 125 115 et 30 52 39 18 1.3
10 9.2 6.2 5.4 3.9 2.9 | 1.3 T2
17 16 10 8.k 5.8 3.7 76 .05
5 1 4 59 49 36 27 9.9 .86
371 341 243 217 148 112 46.5 2.9
4o 37 22 19 14 10 3.6 A7
55 51 28 20 19 11 1.4 o7
6 168 154 B T7 61 L6 15 1.2
586 537 373 36 23, 180 66 4.0
89 82 by 2 29 20 5.4 23
104 % 56 37 37 23 - 2.4 .10
8 229 210 142 114 88 70 23 1.7
756 694 505 k32 315 255 S 55
1 139 T4 52 48 33 I 7.9 3
1 128 % 49 49 31 3.2 .13
10 284 261 177 145 112 0 29 2.2
X7 833 616 527 387 317 117 6.9
19k 178 ) 67 62 43 10 40
157 145 85 56 55 35 3.6 a5
13 318 293 159 163 126 10 33 2.5
1000 N9 678 585 430 353 1% 7.7
217 199 107 75 69 48 11 b5
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TABLE A.8.

SNEAK-2C, rod in, flux of growp 1
Deviations KASY - TRITON : e (in ¢)
T N
for the three synthesis considered, using respectively, 1, 2 and 3 trial func-

tions.’

Z X 1 5 10 1k 20 21 23 26
a5 | w6 | v+ | 22 | 430 | w3 72 | -89

1 +41 +42 + 7 24 +40 +39 +13 +96
5k +53 4 +7. | -28 +27 +29 +22 +121

- -2 -19 -36 -3 -13 -47 -88

3 - -4 -20 -37 +2 -1 -27 +45
\ +5 +1 # -21 -4C -6 -7 =20 +68

1 -1 -8 =27 +5 + 3 -7 -64

S -2 -1 -8 -27 + 6 + 8 22 +31
+ 2 +1 -9 -29 +2 +2 <16 +61.

c.8 ok || +5.6 | +1.0] +54.8 | +10.8 -5 23

6 - 0.6 - 0.4 + 5.0 +1.0 + .8 +10.8 -1k ~51
+ C.2 + 0.2 + 4.3 -C5 + 2.2 + 8.1 -12 -29

+ C.5 + C.h + 2.C + 3.0 + 2.2 + 2.6 + 2 +3

8 + 0.5 + C.3 + 2.0 + 3,0 + 2.2 + 2.6 +5 +15
+ C.2 - J* +1. +1.9 + 0.5 + 0.9 +1 +3

- +0.6 | +02ll +1.5 | +1.9] +1.8 | +2. +2 +5
10 + 0.6 + 0.1 +1.5 +1.8 + 1.6 + 2.3 + 3 +12
+ 0.2 - 0.3 + 0.5 c.8 | +0.4 | +0.7 + 1 +5

. + 0.3 + C.7 + 1.2 + 1.4 | + 1.6 + 1.7 + 3 + 4
i3 + 0.2 + 0.3 + 1.1 + 1.4 + 1.6 + 1.7 +3 + 6
- 0.2 - 0'2_1; + 0.2 + C.h +C.h | + 0.3 + 2 + 3




for the three
tions
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TABLE A.9.

SNEAK-2C, rodin, flux of group 2
o, - 0
(in %)
by

Deviations KASY - TRITON : — —=
syntheses considered using respectively, 1, 2 and 3 trial func-

NG 5 10 14 20 21 23 26
+52 51 s o+ +38 +61 +74 +19 =15
1 +50 +49 +43 +37 +63 +80 +38 p-31
+63 +59 +h1 +31 +50 +66 +41 +50
-1 -1 + 1 - % 'T-Q-B +16. ~14 =34
3 | .2 -1 + -3 +9 +18 -8 -22
: +5 + U - -7 +1 +9 -6 -4
-2 -2 +5 + 4 +9 +19 +5 | -8
5 -1 -1 +5 + 4 +8 +17 -4 -30
' 2 1 b +1 u + 3 +11 -2 -1k
- 1.7 -1 6.9 | +11.1 +8.3 | #11.7 +17 | 411
6 - 0.8 -0 7.3 +#11.1 + 7.2 +11.k + 3 -29
+ 1.4 + 1 €.6 +10.9 + 3.3 +11.0 +3 -18
- 0.7 - 0.2 1.8 + 3.3 +ha +5.5 + 7 +8
8 - 0.5 - 0.1 2.0 + 3.4 + 3.9 + k.9 + 4 -
+ 0.1 - 0. 2.2 + 2.0 + 1.5 +2.5 + 2 -
+01 | +03 I +2.h | +1.6 |1 +22 + 2.7 +3 +5
10 + 0.1 + 0.3 1.4 +1.6 +24 + 2.6 +3 + 4
o + 0.1 + 0.1 C.2 + C.h + O.h +1.0 +1 + 2
+0.3 | + 0.3 1.2 -05 1 +1.7 | +2.3 +2 +3
13 + 0.2 + 0.2 1.2 - 0.5 +1.8 + 2.5 + 3 +h
- 0.1 - 0.2 . + 0.1 + 0.4 + 0.8 +1 +2
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TABLE A.10.

SNEAK-2C, rod in, flux of growp 3
Og = O
Deviations KASY - TRITON : — (in %)
. T
for the three syntheses considered using respectively, 1, 2 and 3 trial func-
tions

2 X 1 5 10 1k 20 21 23 26
_ +72 +Th +45 +21 | +78 +99 +56 +31
1 +T1 +73 +45 +21 +80 + 102 +69 +57

+80 +80 +3 +18 +69 +90 +70 +75

1 +1 -1 -7 +7 7 -6 23

3 - +1 -1 -7 + 7 +18 -2 -16
+5 + & -2 - 9 + 13 +11 -2 -5

-1 -1 +3 - +9 +18 +6 -

5 -1 -1 +3 - + 8 17 +1 -12
+ 2 +1 +2 -2 + 4 12 +1 -3

- 1.4 -1.2 +5.9°1 +8.1 + 8.1 +15.6 +18 +15

6 - 0.6 - 0.2 + 6.5 + 8.2 + 6.8 +13.0 + 6 -12
+ 1.2 + 0.9 + 5.4 + €.3 + 3.5 + 9.3 + 6 -5
-08 | -0k || +1.9 | +31 § +46 | +6.3 + 8 +9

8 - 0.3 - +2.1 + 3.1 + 4.2 + 5.4 + 4 -1
‘ + 0.6 + 0.4 + 1.2 + 1.7 +1.8 +2.8 +3 +1
.02 | +01 )| +1.4 | +1.9 ) «2.7 | + 3.1 +5 + 4

10 - 04 + 0,1 + 1. +1.9 + 2.5 +2.9 + 4 + 2
+ 0.4 + 0.1 + 0.5 | + 0.7 + 0.8 + 0.9 + 2 + 2
O* + .2 +1.4 +1.5 + 2.2 + 2.% + 3 + 3
13 0 + 0.2 + 1.3 +1.5 + 2.1 + 2.3 + 2 + 3
O - '} 005 # 0'3 - 108 + 0.6 ) + 1 + 2

& Normalisation point



for the three

Deviations KASY - TRITON :

SNEAK-2C, rod in, flux of growp L
&, -0

K T y
—— (in %)

syntheses considered using respectively, 1, 2 and 3 trial func-

TABLE A.11.

tions
7 1 5 10 14 20 21 23 26
-81 -80 423 -15 +69 +41 -31 -4
1 -82 -81 24 -10 +72 +78 +64 + 113
-82 -81 +23 -11 +70 +74 +57 + 10
| +38 +9 | a3 -29 - -15 -56 -68
3 +3 + 4 .12 -25 - + 4 -k +18
+3 +5 -13 -26 -1 + 1 -7 +13
+ 3 + 4 -6 =21 -2 -6 -39 -b7
5 +1 +1 -6 -18 +3 +4 -4 +19
+1 +1 -7 -19 +2 + 2 -8 +13
+1.2 + 1, + 3.0 - 1.9 +1.8 + 3.3 -11 -16
6 + 0.7 + 1.1 +32 | -1 + 3.2 + 6.2 +1 +1
+ 0.k + 0.8 +2.5 - 2.0 +2.0 + 4.7 -2 + 5
- 0.2 + 0.3 +1.5 +2.1 + 2.4 + 2.6 + 2 + 2
8 - 0.2 + 0.3 + 1.6 + 2.2 + 2.7 + 3.0 + 4 +7
- 0.2 + 0.2 + 0.8 +1.1 +1.1 + 1.k + 2 + 4
- 0.1 + 0.1 +1.2 + 1.7 + 2.1 +2.5 + 3 + 4
10 - 0.1 + 0.1 +1.2 +1.7 +2. + 2.6 +3 +5
- 0.1 - 0. + 0.4 + 0.6 + 0.6 +1.0 +1 +3
_ - + 0.2 +08 | +1.4 +1.8 +2.0 +3 + 4
13 - + 0.2 + 0.8 + 1.4 +1.8 + 2.1 + 3 + 4
- 041 - 0.1 - + 0.3 + 0.k + 0.6 + 1 + 2
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TABLE A.l12.

SNEAK-2C, rod in, fission rate (in core and blanket regions)
Capture rate (in control rod region)
. Fg = Tz
‘Deviations KASY - TRITON : -———§—~——-(in %)
T -
for the three syntheses considered using respectively, 1, 2 and 3 trial func-
tions. : Cr , ; , :

. Xy 5 10 | 10 | 12 | 20 | 21 235 | 26

+47 +48 | 427 +38 412 53 | +52 -13 | .36

1 +4h | +45 {426 [ +36 | #1353 | 59 | +68 +39 | +34

+55 +5k +25 +35 +15 +47 57 +43 +9l

+1 |-2 |10 |-12 |10 |-2 [+10 | -30 | -57

3 -1 -1 =10 =12 -11 + 6 + 8 <14 +13

+5 |+3 |-11 |13 |k .2 |+2 -11 | +30

-1 -1 -2 + 1 -6 + 6 +10 -21 -33

5 -1 {-1 |-2 t-1 l-5 [+7 |42 “11 )+ 7

+ 2 +1 -3 -3 -8 + 3 + 7 -8 +#6
m____:h e

25 -1 7]+ 431 +4.0] +2.55+ 451+ 640 +9 -9

6 -1.91-15|+b4.6)+b6|+2.3]+ 4.3+ 98] -6 =35

| +0.3 | -0 |+B8.31+3.6|+3.7]+2.2|+7.8( -5 | -20

~20]-17(+031+03+1, L)l +25|+2.9 + 3 + 4

8 -16|-14{+05l+05(+15|+2.b]+2.9] +4 + 8

«-06|-0.T7T|+0.2( +02|+08|1+035}+1.2) +1 + 1

-1.3|-1.4]-02]]-02]+02l+08|+1.2| +2 + 4

10 14| -14]-01)l-01]4+03+0.7]+1.2]] +2 | +7

- 08| ~-1.0{- 0.4} -0.4|+02}-0.3 - + 1 + 3

- 105 - 1.) - 006 - 005 - 006 + 001‘ + 0.5 + 2 “+ 5

13 e 14| -1.3]-0.5| - 0| - 0.3+ O+ 06] +2 | +4&

- 100 had 1.0 - O.7 - 0.7 - 007 - 00)4- - 0.3 ‘l' 1 + 2
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List of figures.

Figure 1 Geometrical model ZPR-III-48 used for the comparison
KASY-TRITON.
Figure 2 Geometrical model SNEAK-2C (simplified) used for the

~ comparison KASY-TRITON.
Figure 3% SNEAK-2C Control rod experiments, core with LOL elements.

Figure k4 SNEAK-2C Control rod experiments, core with 49k elements,

calculational model.

Figure 5 SNEAK-2C Control rod experiments, core with 539 elements,
calculational model.

Figure 6 KASY results compared to TRITON results, off-center control

rod in a two-zone core (SNEAK-2C),

Figure 7 Radial fission rate traverse in the core midplane in the

presence of three control rods Na—BhC half inserted.

Figure 8 Characteristic curve 8k = f{(h) of a B)C-Na control rod.
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FIGURE 6 |,

KASY results compared to TRITON results

Off-center control rod in a two-zone core (SNEAK-2 C)
Relative deviations in the fissibon rate
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FIGURE 8

Characteristic curve 8k = f (h)
,of a B4C—Na control rod measured

in the presence of three other
control rods in the core

a) absorber in,
b) follower in,

‘(curves measured, points calculated
using respectively: x 2 trial function
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