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REACTIVITY EFFECTS DUE TO VARIATIONS

IN NUCLEAR PARAMETERS IN A THERMAL POWER REACTOR

SUMMARY

The influence on the neutron balance of small variations of
some nuclear parameters in a natural uranium power reactor has been

investigated.

The most important nuclear cross section influences have been
found to be due to UéBS and Pu239 fuel isotopes. In particular, a

variation of 1 % in the fission cross section of Pu2 gives a va—

39
riation of about 0.6 % on the reactivity for an ORGEL type reactor.
An improvement of the up-to-date experimental techniques to measure

these cross sections is therefore desirable.

As far as the lattice parameters are concerned, the calcula-
tions have confirmed the necessity to improve the accuracy of the
activation experiments, in particular for resonance escape probabi-
lity determination, in order to have results comparable with criti-

cality measurements.



1.

Introduction

The inoidence on the reactivity balance due to small variations
of some nuolear parameters in a thermal power reactor has been in-
vestigated.

The nuolear parameters taken into account have been divided

into two categories 1

1) Nuclear oross seotions of the various materials and fuel isotopes
present during the l1life of the reactor, whioh can be determined

by miorosocopic measurements;

2) Lattice parameters which oan be evaluated by integral measure-
ments (aotivation, osocillation, oritiocality, pulsed neutron ex-

periments).

This division ocan also be related to the caloulation method

used to evaluate the reaotivity.

If we dispose of a big oomputing maochine, numeriocal ocaloula-
tions ocan be performed starting with the elementary oross seoctions
of the different materials involved in the project. In such a oase,
one oould imagine that the mathematical model for neutron balanoe
caloulation is so aocourate that the most important souroes of errors
in reaoctivity are due to the fincertainties on the input data

(nuclear oross seotions).

If we want to evaluate quickly the lattioce properties by sim-
rlified models, adjustments on integral measurements or ocorrelations
between theory and experiments are necessary. In this case, the ao-
curacy of the ocalculations is practiocally determined by the preci-
sion of the integral experiments to which the neutron oyole model

assumed is related.

The calculations have been performed for the case of an ORGEL
type reactor (natural uranium-fuelléd, heavy water moderated, orga-

nioc cooled reactor); the CAROLINE I (Ref. 1), TERMIDOR (Ref. 2) and



RLT-2 (Ref. 3) ocodes, established by the Reactor Physios Department
of Buratom, Ispra (Italy) have been used.

Reaotor reference case data

The fuel element geometrical data of the reference case reaotor

are the following (a oross section is represented in fig. 1) s

- type of fuel : natural uranium carbide
- number of rods on the oluster : 1

~ ocarbide volume per unit height .1 om2

-~ ratio organic-carbide volumes 1 . 0.465

total ratio aluminium (ocanning plus
tubes) - carbide volumes 0.624

The assumed ratio heavy water—fuel is 18.

The unirradiated lattice parameters, as caloulated by CAROLINE I
oode, are the following 1

2

e = 1.0280 1° - 184.4
p = 0.8880 12 - 118.4
n = 1.2824 ;

£ = 0.9130 B, = 3.07
k. - 1-0950 co L 0.800

.The long term reactivity ourve, as oaloulated by TERMIDOR and
RLT-2 ocodes, is represented in Fig. 2. This ourve corresponds to a
continuous bidireotional fuel movement as in CANDU re%ptor. The

steady-state conditions are supposed. A value of 5-1013

for the mean thermal flux on the reactor is assumed.

n/omzseo

Nuolear oross seoctions

The most important nuolear.oross sections whioh enter into the
CAROLINE and RLT=-2 codes for an ORGEL lattice oaloulation have been_
varied; the main results are summarized in tables I and II. In these

tables are given, for each nuclear oross section, the reference value,



the variation chosen, the incidence respectively on the reaotivity
for a fuel burn-up of about 6600 MWD/T and on the burn-up for an ini-
tial reactivity reserve of 2 %.

Table I referas to fuel isotope nuclear data; the variations as-
sumed to test the influences of these elements on the neutron balance
are of the samsd order of magnitude as the up-~-to-date inacouracies

from measurements deduced from Ref. 4.

Table I
Croas seotion | Reference | Oross section | Reactivity| Burn-—up inocidence
symbol value variation incidence relative| absolute
value value
barn % pom % MwD/T
0425 683.04 1 - 440 - 7.0 | - 460
6t25 577.01 1 + 580 + 9.2 + 605
T 039 1029.10 1 ~ 425 - 6.7 | - 445
Te3g .742.15 1 / + 600 + 9.5 + 630
0240 277.87 10 - 100 - 1.6 - 105
a0 1.734x10° 33 | + 100 +1.6 | + 105
L 1426.00 6 - 115 -1.8 | -120
¢rf41 1015.20 2 + 40 + 0.6 + 40
vas 2.450 1 + 580 + 9.2 | + 605
Vig 2.885 1 ' + 500 + 8.2 + 525
Va4 3.06 2 + ‘40 | + 0.6 + 40




Table II refers to the structural, ocooling and moderating mate-
rials of the ORGEL type lattice.

For aluminium the variation of 4 % assumed oorrespon&s to the
difference between the value of the 2200 m/s absorption oross seotion
8iven in BNL-325, second edition (Ref. 5) and the value given in the
Supplement n® 1 (Ref. 4).

For, the organio 2200 absorption oross seotion, referenoce to the

measurement inaccuracy of hydrogen oross seotion has been made.

Due to the faot that the socattering oross seotion of the organio
ochanges with the energy in the thermal region, the reference value is
obtained by averaging the oross seotion ocurve on the thermal speotrum.
Therefore, the variation assumed for this oross seoction takes into
acoount, firat the inaoouraocies on the measured values of the total
oross seotion as a funotion of the energy (3=4 %) and secondly the
unoertainty on the speotrum average. The heavy water absorption oross
seotion variation jakes into acoount the diffioulties in knowing the
exaot degree of purity of the heavy water. For the other oross seo-
tions, the variations assumed are of the same order of magnitude as
the inacouracies from measurements. The order of the columns is the

same a8 in table I.



Table II

Cross section |Reference |Cross seotion | Reaotivity| Burn~up inocidenoce
symbol value variation inocidence relative absolutel

...... - __Yalue value

on~" % pom % MWD/T

ao 0.00786 2 - 55 - 0.9 - 60

80 1.489 10 - 85 -1.35 - 90
(€Z)oep 0.685 5 + 40 + 0.6 + 45
zaAl 0.0140 4 - 200 - 3.0 - 210

-4
Zam 0.66.10 5 - 60 - 0.95 - 65
Z 0.395 5 + 185 + 2.9 + 195

4. Lattice parameters

The resultse are summarized in table III.

Also in this ocase the

variations assumed are of the same order of magnitude as the experi-

mental errors in the measurements.

As far as the thermal utilization faotor ies oconcerned, we assu-

med a variation of 5 % for all the disadvantage factors of the various

media (organio, tubes, heavy water) surrounding the fuel.

For the resonance esoape probability faotor, a variation of 1 %
corresponds, for the ORGEL lattice, to & variation of 8.4 % in the

effeotive resonanoce integral and 2.3 % in the initial oonversion fao-

tor, two parameters whioh are measured.



As regards the spectrum effeot, we proceedéd in the following
mannerz t woe divided the unocertainty sources into three ocategories,

oorresponding to the following phenomena (Ref. 2) 3

~ homogeneous hardening in the lattice : an uncertainty of 10°C
in the equivalent neutron temperatures of the various media of
thé cell was supposed to be representative of the up-to—date si-

tuations

- fuel selective hardening 3 20°C variation on the fuel neutron

temperature was taken into acoountj

- rethermalization effect 1 a change of 100 % of the tranafer
oross section attributed to the organio in the TERMIDOR program
(Ref. 2) was assumed to be representative of the uncertainties
on the theoratical model used to caloulate this effeot. This
corresponde to a variation of about 20°C on the equivalent fuel

neutron temperature.

By supposing the above-mentioned three errors to be indepen-
dent from one another, a total variation of 30°C was found to be

representative of the total spectrum uncertainties.

2 Thie suggestion was made by Mr. Rossi, who also gave us a parti

of the numeriocal values for the spectrum effeot caloculations.
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Table III

. Parameter | Reference| Variation | Reactivity Burn-up inoidence
- symbol value inoidence relative | absolute
value value
pcm % MWD/T
£ 0.9130 5% in dis-| - 480 - 7.6 | - 500

advantage

factors
€ 1.0280 0.3 % + 345 + 5.5 | + 365
p 0.88804 | 1.0 % + 625 | + 9.9 | + 655
k_ 1.0950 1.0 % + 1000 + 161 | + 1060
B2 3.07 0.15 w2 | + 420 + 6.7 | + 440
Tnf 240°C BOfC - 15 - 0.2 - 15
r 0.055 0% + 10 + 0.1 + 10

5. Conclusions

Some general oconclusions for natural uranium thermal power reaoc—

tors oan be drawn from this study.

I. Nuolear oross sections

a) The inocidences on the neutron balance of U235 and Pu239 oross
seotions are the most important ones. In partiocular, a variation
of 1% in the fission oross section of Pu239 gives & variation of
about 0.6 % on the reactivity from an ORGEL type reactor. An im-
provement of the up~to-date experimental techniques to measure
these oross sections is therefore desirable. For Ué35,however,

it must be noted (see Fig. 3) that the strongest influence is for
unirradiated oconditionsj if we can adjust the lattice unirradiated
balance by an integral experiment, the U235 inoidence ohanges signs
and is reduced. For instanoe, the total error due to a variation
of 1% in the U235 fission oross section is (seeltable I) 580 pom
and the ocorresponding pure long term reaotivity effeot (see Fig. 4)

is -420 ponm.



II.
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b) A relatively sensible error (10 %) on Pu, , absorption cross
section does not much alter the neutronic balance. This means,
in particular, that the evaluation of the self-shielding effect

of Pu240 does not need to be very acourate.

c) Finally, the up-to—date uncertainty on the Pu241 absorption
oross section (about 6 %) does not induce a severe error on the
reactivity balance. For the same reason, the lack of information
on the curve of the total Pu oross section as a funoction of the

241
energy from 0.5 to 4 ev does not seem to be so important.

Lattice parameters

a) A precision of about 0.5 % on k measurements is necessary to
be comparable with the buckling e£;eriment acouracy (0.15 m-a).
This figure (0.5) ocan be obtained by a PCTR type measurement but
not by activation measurements of the different factors of k_

(¢ y Py £, n). It seems therefore that for the moment this kind
of experiments alone cannot prediot the overall neutron balance

with sufficient accuracy.

b) The necessity of increasing the accuracy of the activation
measurements is partioularly evident in the ocase of the initial
conversion factor where an experimental precision of 2.3 %, which
is not easy to abtaiﬁ, brings an error of 625 pom on the reacti~-

vity balance.

c) The spectrum uncertainties do not seem to introduce a great
error on the criticality caloulations. This is mainly due tc &
compensation between opposite effects from U235 and Pu239 fission
and absorption oross sections. But we know that the speotrum in-

fluence is important on the temperature coefficient calculations.
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III. ORGEL parameters

For the ORGEL type reactor, the following remarks can be

made @

a) The organic scattering cross seotion does not seem to be a

oritical parameter for the lattice calculationsj

b) the absorption oross section of aluminium must be determined
carefully beocause the influence on the reaotivity, due to the

great amount of suoh material in the fuel channel, is sensible.
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List of symbols

fast fission factor

resonance escape probability faotor
thermal fission faotor

thermal utilization factor

infinite multiplication factor
diffusion area

slowing-down area

material buckling

initial, conversion factor

Fuel isotopes :

Na"
llf "
ll25 "

"39 1.

"40 n
"41 1 {]
e
%R40
a0

80

am

tm

nf

total absorption
fission

U35

Puj 39

Pu.240

Pu241

2200 m/s mioroscopic oross section value, excluding

resonance value of total oross section of Pu240

secondary neutrons per fission 'f

2200 m/s maoroscopic absorption cross seoction of organic
thermal mean value of the macroscopic scattering cross section
of organic

2200 m/s macroscopic absorption oross section of aluminium
2200 m/s macroscopic absorption cross section of heavy water

thermal mean value of the macroscopic transport cross section of
heavy water

equivalent neutron temperature of the fuel (Westcott formalism)

epithermal ratio (Westcott formalism)
integrated flux (neutrons/kbarn) (1 n/kb = 4000 MWD/T)
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