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ABRSTRACT

UABUC is & single eneérgy point readtor burnup computer program
in  FPRTRAN language, The program calculates the change in the
isotopic copposition of the uraniun fuel as a function of irradiaticn
time with all its associated quantities such as the average point
flax, the conversion ratio, macroscopi fuel oross sections, and the
point reactivity profile, A step-wise time analytical solution was
developed for the aonlinear firat order burnup differential equa-
tions, The "Westcott" convention of the effective cross sections
was used except for plutonium-240 and ursnium-238, For plutonium-240,
an effective microscopic cross section was derived from the direct
physical arguments taking into account the selfshielding effect of
plutoniuw—-240 as vell as the 1 ev, resonance absorption, For
vranium-238, an effective cross section, reflecting the effect ¢f
fast fission and resonance absorption wus used, The fiasion products
were treated in the three groups with 50, 300, and 800 barns, The
yields in the groups were treated as functions of the type of fiss-
ionable nuclides; the effective neutron tewperature, and the epither-
wal index, Xenon-135 and samarium-1490 were treated seperately as

functions of irradiation-time,



YNTRODUCTTON

This work has been conducted as a part of an integrated reactor
physics calculations schewme proposed at the Reactoras Nepartment of
the ARE Atomic Energy Esablishment, An iwportant part in thia scheme
is to study the space-timwe variation in the isotopic fuel composi.
tion as buyrnup proceeds, JIn order to perform such study usually
& numerical matching between a point burnup podel and the transport
or diffusion equation is required, or comversely a point burnup
wodel is the first step towards the construction of a spatial
burnup computer code, This report presents the theory of the point .
model burnup computer code "UABUC" which has been tested successfully
for a reference reactor model of the pressurized heavy‘water type ‘using

natural uraniup fuel(l)

HEAVY ISCTOPES REPRESENTATION

Following the irradiation history of a nuclear fuel containing
0235 and 0238 wixture, and introducing the physical simplifica-—
tions(l’2’3) which allow the decoupling of the 0285 and 0238 into
two separate irradiation chains tagether with the burnup kinetic
equations, it is possible to conclude.that a set of first order
differential eqnationa way describe the kinetic behaviour of the

following isotopes,

[») L
‘ 'U’a 287 0238 539’ Pu239§ Pu240’ Pu241,_Pu242, Am24l,
3 :

U235
Am4
with the assumption of iteady state flux during a time increment
.(or flux-timwe increment), the coefficients of the aboye mentioned
first order differential equations will be constant within the incre-
ment limita, The first equation of this set is howogencous, while

the inhomogeneous terms of the following equations involve ‘the -



solutions of the preceeding ones only, Therefore, they can be solved
in a recuressive panner using the integration factor tochniqne(4) with
the result:

ﬁxy(e') - | ;n(xy,q). Ep L -1 (xym)(e-e)) /

where,

L. (6 ) is the volume concentration of nuclides of type xy; having
x as the last digit of its atomic nugber 2 and y as the last digit

of its wass number A at fluxtipe o,

(6;) is the initial flux tiwe of irradistion step "i",
4 " and the functions H(xy,n) and T(xy,n) are defined in refer-
ence(1 ~which can be determined by knowing the average point flux ¢

and the effective gicroscopic cross-sections of the different isotopes.

In calculating the gquantities Nyy (e), @& constant "thern.ul power
density" is assumied and the poiat average flux is allowed to vary with

irradiation, - Also, the "westcott® concept of cross-sections is used
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‘except for U™ and Pu240 where effective cross sections;derived

frow direct bhylical argupents of reference(l); are used,
with expressions for the heavy isotopes concentration N, (o),
it is possible to calculate the fuel productive cross-section. 2;3(9),

the conversion ratiq (C.R), and the macroscropic absorption cross-~

section of the heavy isotopes ia(B) from the relations:

— T |
5r g iy @ Vg (2),

ool Nog(e) + &0

(
C.R. ‘ C 40 o) (3) , and
“&25 Npg () + i N,o(8) + &“N“(e)

a - a



i‘a,;(e} =2 Ny _(e)- 3;7'(9) . | A (-'1)

vhero: - .
N*Y  5E} & XY
% ’ 'U}:? - aad G are the ecptufe,flssion,and absorption micro-

scopic crosw sectitns respectxvxely, 3 .
)J 15 the nupber of fast neutron epitted per fiesion of ilotepe ¥y , end
§E;, und ::: ure zunmations Laken over the f13511e materials , and over all

Qhe‘;eavy nuclxdes zeSpectrv&ly. '

FISSICN PRGDUCTS REPRESENTATICN AND POINT REACTIVITY,?BO{?LE

fne of the moat iwportant problems related to burnup and long term reactivity
calcdlut1ons is thé fission products poxeonlng. In the very detsiled wethod in
vhich all chains are explicitly represented, one ‘will be interested in someth1ng

of the evder of abeut two handreds of fiseion products described by aboiut tLwe
hundreds of sinultanecus differentiul equations, Mxamples are the "CINnEﬁ"ta 6)
,aﬁd "PIQSPHCD"(v) codes, This type of codes is not quite justified for diréct’
‘use in burnup colcalations due to the large . awount of data that have to  be

-

handled (or lack of these data) and computer tiwe reqhirements

It is for thJS reaaon that the rxesxon producta will be represented in.

(8,9

hurnup calculatxons by the peeudo—eeheme type as followe:

1., The only fxmelon products treated explxc:tly; solution of the burnup equa-
tions; are those with purtxculurlv large capture cibse sections and high yields;

nanely xenon-135 and hamarlum-14ﬁ

o, other fxqsion producte vith low cupture CFos&s seetions will be lmmped
in groups according to their y1elde and ¢ross sections ihrough using effec-:
tive parawmeters vhich preaerve as nany of the intergral propertied of th
uctqal sitistion ag ure consistent with it# cowplexity,



An expression for the effective hacroscopic absorption croas-section of
the high cross sections fission products * EE' ()" cun be obtained by culcu-.

135

lating the atomic concentrations of ‘Xe and &149 as transient fission

‘producta/l/; "After some algebraic nmiﬁulbtion it is efug to shpw'thats.

- | A — ‘ .
Z(e)- E N (8) & (37,0), %7 = a8,49541,28 (5)

®
withs , . .
a B | i\;i ) e —_
o, 65 e) =0, (e) ¥(xy —+29)+ $GF >o00) +
~ 45
o : - |
+ YT — [ Oy —45) + 5(x7 »88) + V(7 ~>26)]
& A o - :
4 45 S . . (6)

vhere ¥ (X7 — xy) ia the probabllity that the nuclides of type "xy"

will be fornmed as a fianon prodnct by neutron sbsorption in nuclide

|’xyﬂ values for ¥ (",E-y -’- x’) are ginu in Toble(l), 3,:8 is

the westcott effective mlcroncopxe sbaorptton cross section for

Xe 135 , 5"33" - (e-) .is the effective fissiop cross seciion for the

* 185

isotope §;‘y H axid‘. " measured

is the decay constant of YXe
in units of 1/f 45 B

The present code uses the approach adopted by walker( 1o) to calculate s
the effect:ve. macroscopw absorption cross—section for the low cross
,_aectmns fisgion products 2: (e). In this agprogch the low cross
sections fission prodncts are treated in three groups with 50,800 snd’
R0C barns, The yl:e,l(!s, in the groups are conaidered as functions of the

type of 'fissi‘o'nable Buclides, the effective peutron temperature, and



the epithermual index, A detailed description Ffor calculating an eff-
ective witroscopic aoaox‘vtlon cross section fisson prodacts can be

13)

(10,14,15
found in references‘ €, 14,15, The ubsorplion nacrescepie Tuzl

cross section may; therefore; be writhen as
H oL 1
e = L0 + Z,(0 4+ Ly (0

To predict the reactivity variation as function of irradiation,
the well known expression for the effective fnultiplication fuctor
Forp (0) /"= 21(e). p € -e:.p(-B"“'C /(4 Bg L"(D) ] is used .
together with the appropniate expressmns for 1L° (e) und"Zf(a)(" 8.

The result appeurs as:

.exp(- 2
Koge = E200F :L ) i:, (o) (1)
£io) + L, +n c
where i: (0) - . '

o " 22(0) = ia (o) (8),and
o) )

C = - (o)

71(0)

In. future vo:rk,the UABUC code will be extended to include the
spatial effect in order to study the in~-cere fuel perfornance., Also

it has been used to assess the accuruacy of the phys:lcul sinplificu-
10)

tions that are introduced in burnup cowputer codes



Table (1)

Values of the probability functions involved

in the calculation of " ZLE "

Y(57-+19) o 4 (RKj—r- 35 )
+ | ¥ (XY 45) o+
Nuclide %57 | ¥(Ry -+ 09) | y(Xy—>25)
: value “ef, value nel. plue nef,
Uranium-23% 25 L0113 11 [.e030 11 nele 11
piutenimw -22all o | ctlae |+ |.ecas s ST I
Pluteniun-~-241 i Lolar 12 [.0030 18 060r 13
Uran i 208 ag elan 3 . 0024 5 L0370 5
3ﬁ5 2.48 x 10° barn/11/, and ‘325 2,008 x 107 gec"l/a
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