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On Exact Solutions of the Hautren Sloving Down Fquation in Reseonant

Ab;crxi'n Yodia: L. Finkelstein and M. Shats

A broad class of rescnant shsorbing cress section functiens was

- found for vhigh there are exact and analyticzlly simple solutions of

the neutron modexation equation. Some of these solutions were compared

with the corresponding numerical solutions,obtained by tha wmetkeds of

Rowlands(l), Nordheim(z) andvFinkelstein(J). While the results of the

“first two mathods-diverpged propressively from the enalytical solutien

efter passiﬁg the resonance pesk (even for exiramely swall steps,

e/t ~ 13000, the results obtained bw‘the lest msthod -were close to
‘the analytical curve over the entire range of calculation, especially
foxr heavy nuc;ei. In this case the steps of the numerical integration

could be made largs (e/A = 16) almost without infleuncing the accuracy.
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Theory of a | Own~D1vnn°inﬂa1 ﬂare Reactor Treated hy the Tie Series

——

Hethod (1) 1. L'-‘mans'-.a, V. Ilansd and S, Yiftah

——————— e e

The one-dimensional G-group diffusion cquation for the bare
reactor was golved using the Lie series technique.  The G-veetor f£lux

at any point of the reactor i given by a G x C transfor matrix

—multiplied by the flux at the origin, and a generalizcd concept of

buckling i{s introduced. The physical me2aning of the largest eigenvalue

“of this transfer matrix was considered.

A method was worked out for caiculsating the critical sizé of a

bare reactor. The cslculated critical radii for several asscmblies

’having spherical geometry are givén In Table I, vhere the results:

obtained previously by the diffusion code are also given for compérison.

" The composition of the 2PR-III as senblics was taken from Ref. 2 and

(3)

the cross sections vere taken from the YOM tables . The results
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obtained by the tvo methods are practically the same. The Lie method
is simpler in calculation because the matrix whose:eigenvaluc-has to
be found 1s only of order G, while in the diffusion it is of order

G % I, where I 4s the number of division points of the radius.

TABLE I

Critica] Prdil obtﬁinod hy the Lie rnthnd und the claqﬂical
dlffexﬁnbe oquat:on ﬁ\LlOd

Critical radius (cm)

Assembly A -
(core only) Lie transfer matvix Diffuzion code
ZPR-TII/10 35.42 . 35.43
ZPR-II1/11 40.43 . ' 40.6
ZPR-TIIT/2A 40.17 40.30
ZPR-1I1/6¥% ©38.13 b : 38.12
~ZPR-III/9A .- 37.12 - -37.15
ZPR-IT1/16 40,64 ‘ 40,62
ZPR-IIT/12 39.87 o -~ 39,89
ZPR-117/17 ‘ 39.72 39.75
ZPR-ITY/14 40.8 40,9
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Theo;) of a Mne-NDimensional Reflected Practor Treat~d by the Lie Series
Method: M. Lemanska, Y. Ilamed and S. Yiftah

The on¢~dimensiona1 G-group diffusion.equatioﬁ.for the reflected
reacter was solved using the Lie seriegs technique.. As in the case of
the bare‘reactor(l) (see previous article) the G-vector flux at any
ﬁoint of the recactor is given by a G x G transfer matrix multiplied
by the flux at the origin. When the.point of interest'belbngs to the
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reflector zone this matrix 1s the nroduct of the transfer matrices for

"the core zone and for the refloctor zone.

The criticai‘cquatioﬁs for the reflected slab and spherical
reactor were'obtgined according to the multlgroup method. The analogy
between these equations and the ones obtained by the monoenergetic theory
have been considered. -

Reference:
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HYBSHOV ~ A Program for Solving the Few-Groun Space-Tim> Dependent .
B e e T b N et LR P -.._—v.!m_.-‘._....
Diffusion Equation with a Uybrid Computer()): D, Saphier® and S. Yiftah

A program for colving the space-time dependent diffusion equation
with a hybrid computer has bheen sct up for the E.A.I. ~ 8909 hybrid
gystem., The digital part of the program is vritten 'n FORTRAW YV, and

the control and data transfer subroutines are in the wachine language of

.the E.A.I. - 8400 digital computer.

The diffuaion equation 18 solved for a slab reactor with 44 mesh-

fpoints. 4 cnergy groups and 4 groups of delayed neutrons. The number

of regions is 7. 1In each region different isotopic composition is

assumaed. ‘The code provides for a raxinum nurber of 13 isotopes in a

- mixture,

In the program the cnergy and the space variable are discretized
while the solution with respect to time is continuous. After the
definition of the critical system and the initial conditions, the
equationé for each region are intepgrated scparatelylby‘the analog part,
In. cach region there are 6 meshpoints. At any meshpoint 8 equations
are integrated - 4 for prompt neutrons and 4 for delayed neutrons -

hence a total of 48 equationé are integrated at the same time by the

Technion - Israel Institute of Technology, Haifa,

.
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analog part,' Calculaticns in ona region determiné the left bbundary
conditions for the next region and the right boundary condition fer

the next iteration of the previous region.

The assumptions made in developing the equations to be solved

are described in Ref. 1, as well as the limftations snd range of

“applicability of the propram. A detailed deseription of the code as

wvell as the various options are presented. The problems (hardware

-and software) arising in hybrid computation are:r-discusaed., It is shown

‘Piffusion Iqustlon wich Temperature i'ce

that the price per solved problen with the hybrid computer may be reduced
by a factor of 3 to 10 as compared with a sinilar solution with a

digital computer;

Peference:

1. SAPHIER, D, and YIFTAL, S., TA-1191 (in press)

SUOVAV - A Propram for Solving the Few-Group Space-Time Dependent
[ Z: D, vaphier and 6. Yiftah

A digital computer propram for solving the space~time dependent

_diffusion equation with temperature feedback has been ‘set up for the

“Philco TRANSAC $-2000 computer. The program is wrltten in FORTRAN II

and may benrun on other cowputers after minor chenges are introduced,

The diffusion equation 1s solved for a slab reactor with a maximum
of 11 repions and 100 meshpoints. There are 4 encrgy groups and up to

6. deiayed neutyon groups. The code provides for a maximum number of-

10 isotopes in a mixture.

-~ - The mean values of fucl and coolant temperature at each wmeshpoint
are calculated fron the power production distribution in the reactor.
The influence of temperature and density changes on the reactor dynamics

is taken into account via the wmixing and shielding factors, which cause t

‘the cross sections to change with temperature and dcusity. Thus the

Doppler and sodium coefficlents are fully included in the calculations.
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The as sumptions made In dQVﬂlopfn Ehe vquatioqé to be solved,
a3 well as the limigatlons and rauge of appl:canilxty of the program
are discussed in 1ef 1. The options available to Lhc user and a full
descripticn of the code and its structure are given., A sample problem

showing the Input-output facilities is presented.

Reference:
L. SAPHIER, D and YIITAL, S.

Perjodic Jolutionﬂ of the Transport Eguation in a_ kenctor LdtLicc > Cell

witﬁ a ku l u] n;ut of :1nito }aqluv' 1. Aviram -
The research on this toplc reported preViously(l)
The matfix_of the system of cquations for the determination of
the expansion coefficients C(k,2,m) can be arranged according to the
inaices £,m,k (in this order) so that a block tri-dia cnal partitioning.
is obtained. The propozed Toint-Successive-Over-Lelaxation iterative
method for solving the system failled for the folIOW1ng reasons. The
theory of Ostrovsky and Young defines the necessary conditions for the
convergence of the SOR method for a gymretric, positive definite matkix.
The theorﬁ also permits the choice of the optimum reclaxation factor |

when the matrix fulfils certain ordering properties called "consistent

ordering'. In our case the matrix is neither symnetric nor positive

definite. It is, however, consistently ordered when its block tri-
diagonal partitioning is taken into consideration. Preliminary experi-
ments with the Point-SOR method showed that values of the relaxation
factor exist for which thé nethod converges. It is not pos sible,
however, to determine the value of the relaxation factor for a given
matrix beforehand, nor is it possible to corcect it dutomatically

during the process, The method was therefore abandoned as being of

o practical value,

The Block-Successive-Ovef-Rélaxation mathod (which takes advéntage :
of the consistent ordering) also failed, because the spectral radius

of the corresponding Jacobi iteration matrix turned out experimentaliy

i
.

has been continued,
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to be larger than unity in all cases cramined. Gaussian elimination
csn also not be used effectively in this case.because of the size of
‘the matriccs, which introduces considerable difficulties in progfam

organization.v

The only feasible method of solution appears to he tae me:thed
of Conjugate Gradients., Although quite lahorious (it requires six
tinmes ag many‘muitiplications as Gaussian elinmination for a full matrix),
it can easily take advantage of the sparseness of the matrix. Our
matrix posgses a band structure {.e., non-zero elements appear only
4in a central diapgonal hand of well definced width. The band itself
~contains very many zeros (about GO of the clements fncluded), aud
it is this feature that gives the C.G. method = clear superioricy over

Gaussian elimination.

Two prograns, TATRAI-6C and TATRAN-4, afe being wvritten for
the soltion 6f the problem in the case of the hexaponal centered and
square lattices respectively. The index £ can be. za large 5
(cquivalent to the P5 gppruyimatién), vhile the indlces kl and k2
(components of k in the Fourier plane) can go up to 7. Full advantage
is taken of the geouwctrie symmetry properties of cells in order to
“obtainca maximum reduction of the number of equationg. For example,

. the hexagonalicell requires the solution of a watrix of_dimensiona

(420 x 429) with about 107% non-zero elements., The whole matrik can
‘be stored in the fast wemory of a 32X compuser. The problem is
programncd for the GOLEM computer of the Weizmann Institute of Science,
Rechovoth (75 bits par word, 8 usec per nultiplication). Run time for

a typlcal problem is less than 20 nin. The main features of these

- . programs are:

a) Up to 4 annualr regions centercd at the axis of the cell con be .
included, plus a moderator region which fills the remaining volume of

the cell.

b)) Ref&ection conditions are satisfied automatically on the acthal

L
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" boundary of the cell.

¢} Anizotropic scattering up to oxrder 5 fn all materlals can be included

with no additional computational effort.

Reference:

Puttiuutanturhrdiety -

1. AVIRAM, T., in JA-116G8 (19G7) p.2

Neutton Distritution in Bulk Madia: E. Greenspan

Measurcrments of position-dependent angular digtribution of necutrons
in a depleted uranium assembly revealed that the distribution in this
assewbly is highly anistroPic(l). Furthermore, the anistropy was
found to be a strong function of the neutron energy, with . un-monotonic
behaviour. Similar measuremonts conducted on an iren ussem&ly.yieldcd
neutron spéctra vhose fine structure showed a stronp correlation with
the energy dependénce of the jdron total cross scction(z). Studies are
being carried cut zimed at understanding the phvsical phenoména involved
in.ncutron-deep—pcnetration problems and at asseusing the adequacy of -
computational techniqﬁes and cross section data for the prediction of

the neutron distribution in experimental asscmhblies., Particular

attention is being paid to the investigaticn of the anisotropy in the

neutron distribution and of the way in vhich large interfercnce minima

in the cross seetions affect the ncutron spactra.

References: |

1. GREENSPAN, F., MALAVIYA, B.K., RAURIAL, W.N., GAERTTHER, E.R, and
DAITCI, P.B., Proc. of the Second Conf. on Ncutron Cross Sections
snd Tcechnology, Washinpton, D.C. 1968 o

2. MALAVIYA, R.K,, GREENSPAN, K., CGALRTTHER, E.R. and MALLEN, A.,
Proc. of the Second Conf. on Neutron Cross Sections and Technology, -
Washington, D.C., March 1968 -

Claseification of Methods for Measuring Neutron Importance Punctions
in luclesr Peactors(D): E. Greenspan '

The various methods.for measuring the neutron importance function
distribution in nuclear reactors have been formulated and classified.
T



The classification is ba wed on the ‘theoretical inrorptetdnion of the
measured distribution., The measutomcnt technlqu°s are divided into
two categorieez source rrthods and perturbation methods, The source
methods are further suhdivided into measurements in just critical
reactors, comprieing the Pulsed Souree, the Lincar Powér Rise, the

Lutrapolation, and the Source Jerk methods, and into measurements 1n
P *

.8lightly suberitical reactors, including the Source Multiplication and

the Pseudo-Reactivity mazthods. Experimental mcasurements of lmportance
function diseributions reported in the past are catepgorized according

to the classification scheme.

The motive behind this project is not only the sci-ntific interest
in fundamental reactor theory but also the growing need ior accurate
knowledpe of impportance function distributions for the analysis and
design of nuclear rezctors, especially fast cones., It is hoped that
this work vill help in establishing standard techniques for the meazure-

ment of {mportance funciion distributions., These techniques could

supplement the well established methods for the measurcment of neutyvon

.~

fluxes used extensively for expcrimental verification of theoratical

- _predictions.

Referance:
1. GREENSPAN, E. end CADY, K.B., Nuel. Sci. and Eng, (in precs)

(1),

Sodium Void and Dopnler Lffeets in Large Fast Power kenctor" :

, Yiftah, 3..'Gitter, L. and Ilamgd Y.

The results obtained in previous computations for 27 plutonium

- assemblies were anaiyzed. The following aspects were considered:

reactivity as a function of sodium léakage; sodium leakage as a function
of volume at normal temperature; threshold and stationary volume for

variable initial sodium content at normal temperature; temperature effects,

It vas concluded that oxide assemhlies permit the largest reactors
vith combined non-positive reactivity effect, and that changes in the
1sotopic corposition of the fuel do not affcct this safety factor

adversely. .

-
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1. YIPTAU, S., ('I‘ITL.\, L. and ILAMED, Y., TA-1177, 1968

Fvaluation of Nurlonr Data for the Hicher Plutenium Isotopes: Caner, M., .

and S. Yl:tﬂﬁ -

" A revision of the evaluation(l) of data for Pu~240, 241, 242 is
in progress, incorporating experimental data published since the last

evaluation. Particular cwphasis 1s being put on the theoretical

. calculation of neutron cross sections based on the optical nodel of

ruclear reactions and on the Hauser-Feshbhach-Moldauer thcory. These
calculations are beinp done with the codes ABACUS- 2(73 and N“ARth(a)
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Nuclear Ddt ¥iles: Y. Cur aﬁd S, \1[th

~ Comparison of Parameters of Muclear Systems as Calculated Using Variouws

The aim of this work is to study the sensitivity of the calculated

- paramsters of representative nuclear systems to different sgets of basic

nuclear data, by recalculating each system using the same method and

techniques Lut a different basic nuclcar data file in each calculation.

‘ . Vultigroup cross sectionnsets based on the END?/B Nuclear Data File
are now in preparation. The other files to be tested are the U.K. Nuclear
Data File and the Yeddal: file.

(1)

A Stean Cencrator Yodel for Dual Purpose Nuclear Porer Plant Simulation "7:

D. Saphicr, TR wolbéfg and S. Yiftah

A mathematical model for aimulating a natural circulation steam

gencrator has been developed. This work was pexrformed as part of an

" _overall analysis of the dynzmic behavior of a dual purpose nuclear plant.

 The model reflects the compromiscs and simplifying assumptions



