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A B R T R A C T 

UABUC ia a single energy point reactor burnup computer program 

in FORTRAN language. The program calculates the change in the 

isotopic composition of the uranium fuel as a function of irradiaticn 

time with a l l i t s associated quantit ies such as the average point 

f lux, the conversion r a t i o , a&acroscopi fuel cross s ec t i ons , and the 

point r e a c t i v i t y prof i l e , A step-vise time analyt ical solution was 

developed for the nonlinear f i r s t order burnup d i f ferent ia l equa

t ions . The "Westcott" convention of the e f fec t ive cross sect ions 

-was used except for plutoniunt-240 and uranium-238. For plutonium-240) 

au e f fec t ive niicroscopic cross sect ion was derived from the direct 

physical arguments taking into account the se l f sh ie ld ing e f f ec t of 

plutonium-240 as well as the 1 ev, resonance absorption. For 

uranium-238> an ef fect ive cross sect ion, re f lec t ing the e f f ec t of 

fas t f i s s i o n and resonance absorption was used. The f i s s i o n products 

were treated in the three groups with 50, 30O, and 800 barns. The 

yields in the groups were treated as functions of the type of f i s s 

ionable nucl ides , the e f fec t ive neutron temperature, and the epither-

nial index. Xenon-135 and samariuiD-149 were treated separately as 

functions of irradiation-t ime. 



INTRODUCTION 

This work has been conducted as a part of an integrated reactor 

physics calculations scheme proposed at the Reactors Department of 

the ARE Atomic Energy Esablishment, An important part in this scheme 

is to study the space-tine variation in the isolopic fuel composi

tion as burnup proceeds. In order to perform such study usually 

a numerical matching between a point burnup BIO del and the transport 

or diffusion equation is required, or conversely a point burnup 

model is the first step towards the construction of a spatial 

burnup computer code. This report presents the theory of the point 

o»ode 1 burnup computer code "DABUC" which has been tested successfully 

for a reference reactor model of the pressurized heavy water type using 

natural uranium fuel* ' 

HEAVY ISOTOPES REPRESENTATION 

Following the irradiation history of a nuclear fuel containing 

U 2 8 5 and U 2 3 8 mixture, and introducing the physical simplifica

tions^ 1 , 2 j 3' which allow the decoupling of the U 2 8 5 and U238 into 

t-wo separate irradiation chains tagether with the burnup kinetic 

equations, it is possible to conclude that a set of first order 

differential equations may describe the kinetic behaviour of the 

following isotopes. 

TY235 „236 w237 rr23R w239 t>„239 _ 240 '241 -,,242 . 24l U > u , N » u > N » Pu , Pu , Pu , pu , Am , 
. 243 P P 

Am 

With the assumption of steady state flux during a time increment 

(or flux-time increment), the coefficients of the above mentioned 

first order differential equations will be constant within the incre

ment limits. The first equation of this set is homogeneous, while 

the inhomogeneous terms of the following equations involve the 
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solutions of the preceeding ones only. Therefore, they can be solved 
(4) 

in a recureesivs manner using the integration factor technique* ' with 

the resultt 

N^Ce) - TH(xy,o). Bxp C - T (****)( » - e.) J7 
Yl 

where| 

N ( 8 ) is the volume concentration of nuclides of type xy; having 

x as the last digit of its atopic number Z and y as the last digit 

of its aiase number At at f luxtime e, 

(e.) is the initial flux tioie of irradiation step "i" , 

and the functions H(*y»n) and T(xy,n) are defined in refer

ence' ' which can be determined by knowing the average point flux 0 

and the. effective microscopic cross-sections of the different isotopes, 

In calculating the quantities N (©), a constant "therii.u.1 power 

density" is assumed and the point average flux is allowed to vary with 

irradiation. Also, the ;"westcottN concept of cross-sections is used 
288 

except for U and pu240 vhere effective cross sections;derived 

from direct physical arguments of reference* '; are used. 

With expressions for the heavy isotopes concentration N (0), 

it is possible to calculate the fuel productive cross-section tZ($)* 

the conversion ratio (C.fl), and the macroscropic absorption cross-

section of the heavy isotopes £ (6) from the relational 
er 

< - ^ . » „ <•> *r• » - y (•>. 

fr?8 N 
c 2*(e) + ¥« N.'(e) 

C'n- _ S * £ _ (3) , and 
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( e ) . #*'(*) (4) 

where s 

wc , "0f'"' ' a ara the capture fission,and absorption micro

scopic cros« sections respectiviely, 

iLis the nu&ber of fast neutron fitted per fission of isotope S% , and 
**3._ i — 
TZ. and 2— are summations taken over the f i s s i l e a u t e r i a l s , and over a l l 
*y xy 

t.be heavy nuclides vesp6ctiv.i&ly; 

FJS'JCJT PRODUCTS RErRESENTATjCN AND POINT REACTIVITY PROFILE 

One of the most important probletis re lated to burnup and long tersi r e a c t i v i t y 

calculat ions i s the fiBBion products poisoning. In the very detai led method in 

which a l l chains are e x p l i c i t l y represented, one v i l l be interested in something 

of the order of about- two hundreds of fisi»ion products described by about tve 

hundreds of aiu.ultanecua dif ferent ial equations. £xaniples are the "CRJTHMP' 

and "rWFP.CD"* ' codes. Thia type of Codes i s riot quite j u s t i f i e d for* d irec t 

use in burnup calculat ions due to the large . amount of data that have to be 

handled (or lack of these data) and computer t ine requirements. 

I t i s for this1 reason that the f i s s ion products v i l l be represented in 

burnup calculat ions by the pseudo-scheme type' ' ' as fo l lows: 

1. the only f insion products treated e x p l i c i t l y ! solution of the burnup equa-

t ions) are those with part icu lar ly large capture crbse sect ions and high y i e l d s ; 

namely jcenon-135 and .«auiarium-l4P. 

2 . Other f i s s i o n products with low capture cro&s sect ions v i l l be lun-ped 

in groups according to their y ie lds and cross sect ions through using e f f e c 

t ive parameters which preserve as n>any of the intergral properties of the 

actiial s i tuat ion as are consistent v i th i t s complexity. 



An expression for the effective macroscopic abaorption cross-section of 

the high cross sections fission products *' "ST; (©)" can be obtained by culcu-
T na* 1 *fk 

lating the .atomic concentrations of Xe and So &» transient fission 
products/!/. After some algebraic manipulation i t ie eaagr to ahpw thatt 

Z^S*)°° 5 N <*) & (S f« ) f *T * 25,49,41,28 (s) 
tt • • • • 

withg 

xy * y 

5-h (Sy, © ) - £ * (•) £ (xy .-*• 10) + tf <xy ->• 09) + 

a 

45 

a 

9 + A 
45 

[*Gr 45) + tf (*7 -*-05) + ^(xy ~^a>) 

(6) 

where tf (Sy -*• xy) is the probability that the nuclides of type ^sy" 
will be foraed as a fission product by neutron abaorption in nuclide 
"Jy". values for V (Sy -#- xy) are giren in T*ble(l), £ * 5 i s 

fit 

the westcott effective microscopic absorption cross section for 

Xe t 5 , ^xy (6-) i* the effective fisaion cross section for the 

isotope xy ; and 

in units of l/$ 

is the decay constant of Xe measured 
45 

The present code uses the approach adopted by walker <"» to calculate 

the effective,macroscopic absorption cross-section for the low cross 

sections fission products £ (©). In this approach the low cross 

Sections fission products are treated in three groups with 50»8(*O and' 

800 barns. The. yields, in the groups are considered as functions of the 

type of fissionable nuclides, the effective neutron temperature, and 



5 -

the epitheriual index. A detailed description for calculating an e f f 

ect ive tiiicroscopic absorption cross section f isson products can be 

found in referencesv ' ' ->' ''. The absorption u-acrenccvi i n fuel 

cross sect ion n>ay; therefore} be w i t h e n as : 

<<*> « t̂ Ce) + 4ce) -t t\ <*> 

To predict the reactivity variation as function of irradiation, 

the veil known expression for the effective multiplication factor 

*eff to fa ?f(e).p. € -«cp(-3^t )/(U B* L2(e) J i» used 

together with the appropniate expressions for V{&) «*nd^f(©)* * 

The result appeurs as: 

_ (p.eip(-B t ) i> 
eff - S i p (6) (7) 

tlto +£n+B2C *"*a* *"o g 

l a (0) (fi),and 

e 

Z -

L8W 1^(0) 

?f(0) 
( p ) 

jn future work,the UABUC code w i l l be extended to include the 

spat ia l e f fec t in order to study the in-core fuel performance. Also 

i t has been used to assess the accuracy of the physical s impl i f i ca 
tion 

t ions that are introduced in burnup computer codesv "', 
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Table (l) 

Values of the probability functions involved 

in the calculation of " f_ •' 
*-a 

NTucl ir'6 

Uranium-? 35 

p h i I on run -23H 

pluteniuii>-2<! 1 

Uraniua.-23P 

xy 

25 

/ ? 

2P 

+ 

Value 

. 0 1 1 3 

.CISC' 

. ( • C , V 

. f lFO 

-of . 

11 

12 

o 

*(*?->-45") 

lvalue 

.0030 

.00 3? 

.0030 

.0024 

"ef. 

11 

*> 

13 

5 

"'alue 

.onlo 

.ooor 

.0-5 70 

?.efu 

11 

"j 

13 

5 

£ 4 5 = 2 .48 x 10 6 b a r n / 1 1 / , and /\ » 2.C93 x l o ' 5 sec"" 1 / .} / 
a 



- 7 -

R E F E R E N C E S 

{ l ) El-Osery, I.A. "Burnup of Nuclear Fuel", fc.Sc. Thesis, Nuclear 

Engineering department, Faculty of Engineering, Alexandria 

University, 1975. 

( 2) Lamarsh, J .R. , "Introduction to Nuclear Reactor Theorj ", Addison-

Wesley Publishing Co., Inc. ,1966. 

( 3) Ei-Wakil, 11.11.) "Nuclear Power Engineering", Mc Graw-flill Book Co., 

Inc . , New York, 1962. 

( 4) Frank Ayres, JR., "Theory and Problems of Differential Equations" , 

Schaum publishing Co., New York, 1962. 

( 5) England, „T.R., "Tine-Dependent Fission-Product Thermal and Resonance 

Absorption Cross Sections", WAPD-Tld-388, TVestinghoi *e E lec tr i c 

Corporation, November 1962, 

( 6) England, T.R., WAPD-TM-834 Report, westinghouse Electr ic Corpora

t ion , August 1962. 

( 7) Lane, F„E.,"FTSRPROD, A G-20 Computer Program" AECL-3038, Atomic 

Energy of Canada Limited,1969. 

( B) B e l l , G.I. and Glasstone, S.,"Nuclear Reactor Theory,van Nostrand 

Reinholcl Co., New York, 1970. 

( 9) Heyboer, R.J. "Neutron Capture Cross Sections and Decay Constants 

for Fission products; Repressntation of Fission Products in 

Burnup Calculations" I n t e r r e g i o n a l review course on reactor 

burnup physics organized by I.A.E.A. and the Governn.ent of 

Belgium, October l?'TAl, 

(10) ANL-58001"Reactor physics Constants", pg. 400-407) prepared by 

Argonne National Laboratory, 2nd-edition, 1963. 

(11) Jakeman, D., "Physics of Nuclear Reactors", The English Univers i 

t i e s Press LTD.* London,1966. 



•" p •" 

( i ' j ; i,ilvin<- L, t . / i ro, '^reeding initio in \f and Pu Fueled 
Reactor.'", \'.iol, flci.Ene. 7J54G-551 (1986). 

(13) Buret, u.v. ft. ul t "puel Burn-up and Reactivity Changes", 
V/2Q (Ctii'iclu), Peaceful Uses of Atoiuic Energy, Geneva, 1064. 

(11) Tlyr'nt, nSu-t "C&lculttted Crose-SecUons of irradiated Fi«»ion 

Producta^CiWP-SeO (AECL-346), 1956. 

( lo) Hurnt, -OS', et al ,"Cross-Section and yields of pseudo-Fission 
Product!?", CR1P-70C (AE3J.-715), IMP. 

(lG) Craig, n.SVLong irradiations of Natural uraniun*", P/2P5 
(ranadu), peaceful Uses of Atomic energy, 10 , RS-96, Geneva, 1058. 

(1?) AntnL, P.J, "Elementary peactor physic*", pergaston Press, Oxford, 

19GG„ 

( lp) Tsbin, H.s, , "Introductory Nuclear Reactor Theory", Reinhold Publi
shing Corporation, New York, lOffS, 

C)p) EM!fifcba<;, Y., Moray, s . , and El-Csery, I.A,, "An Assesseuient of 

the physical «siu.plifications Tntroduced in Burnup Computer Codes", 

Atoiukc-rnHnergie, 28 > 276, (1976 ) • 

http://iu.pl

