UDC 539.12.043
DOSIMETRY OF SURVEILLANCE SPECIMENS IRRADIATED AT WWER-1000 REACTOR
0. V. Grytsenko, V. N. Bukanov, V. L. Dyemokhin, O. G. Vasylyeva, Yu. P. Mahlers
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Main principles of operation of program package MCSS are presented. This package is a main part of methodology
for determination of neutron flux functionals on surveillance specimens irradiated at WWER-1000 reactor, developed
by specialists of INR of NAS of Ukraine. Improved surveillance program realizing at present time at the WWER-1000
reactor of Rovno NPP Unit 4 are described briefly.

Introduction

To control reactor pressure vessel materials state the surveillance program is carried out at operating
Ukrainian NPP's with WWER-1000 reactors. Round container assemblies (CA) with surveillance specimens
(SS) are set on majority of units above reactor's baffle, as it's shown at Fig 1. Therefore SS are irradiated in
neutron field with large neutron flux gradients.
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| Monte-Carl thod
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Core top for every 40 effective days;
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“barrel | /Container assembly \Core baffle source parameters in 9 (of 30) core layers in assem-
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Reactor pressure vessel approximation of axial power distribution for 300

Fig. 1. Location of container assemblies in core la.yers';
WWER-1000 reactor. taking into account the changes of neutron source

parameters because of burn-up by WIMS-D4 calcula-
tions of used fuel assemblies;
using of calculational-experimental technique for determination of container assembly orientation with
respect to the core;
taking into account the individual parameters of given reactor.

Neutron flux calculation in WWER-1000 container assemblies

The methodology is based on program package MCSS [1] designed by us. The transport program of
package is used the Monte-Carlo method for modeling the physical process of neutron transport in the calcu-
lational reactor model (CRM). CRM is based on WWER-1000 design documentation and imitates in detail
the reactor construction elements that influenced on calculation results of neutron transport to SS locations.
In this model the fact of the absence of water gap between core and baffle in the reactor of South-Ukraine
NPP Unit 1 is taken into account. The cross-sectional and vertical views of CRM are shown at Fig. 3.

CRM includes detailed CA model (Fig. 4). Calculational detectors are located at the level of centers of
Charpy specimens and centers of their upper and lower halves.
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Fig. 2. Container with Charpy specimens.
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Fig. 3. Calculational reactor model.
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Calculational detectors

Fig. 4. Container assembly model.

Neutron source parameters

We prepare the neutron source parameters for transport calculation basing on full core calculation for
every 40 effective days by BUIIP and [IEPMAK programs.
The first neutron source parameter is neutron yield

3=qu:ij(B)a (1)

where amount of energy released in the present source

Q

q:kvkkF’

2)

where Kk, ky — relative power coefficients calculated by BUIIP and TIEPMAK programs correspondingly;
Q — reactor thermal power; K® — source number.
The second neutron source parameter is mean group contributions to normalized source spectra

Zj:"f 1(B)zy
S TON Y

where ¥4 — mean group contributions to normalized source spectra of j-th isotope.
In formulas (1) and (3) v (B) is mean amount of neutrons forming at energy unit released due to fis-

sion of j-th isotope nuclei in f type fuel assembly depending on burn-up B.
Values of function v (B) for isotopes U, U*®, Pu* and Pu*"' in the range of fuel burn-ups from 0 to

50 MW days/kg with step of 1 MW days/kg were obtained by code WIMS-D4.
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Approximation of axial power distribution

The program BUIIP allows dividing the core only on 30 layers. It's not enough. Therefore we develop the
ideology of approximation of axial power distribution.

The main ideas of this ideology are next.

Mean power values p; for n given layers along core height

H, cm
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100 _ F The polynomial

1 A p(z)=a +bz+cz’, ze€[z,z,], i=L..n, (7)
-150 7 juf”‘*; is used beginning with the statement of power distribution
Frermr e, Ky fUnction smoothness along core height. Coefficients a;, by
02 04 06 08 10 12 and ¢; (i = 1,..., n) are determined starting from given val-

ues pj, continuity conditions p(z) and its first derivative at
boundaries of intervals [z, z;i + ], as well as given (in
BUIIP input data) values vy, and y, + 1.

At Fig. 5 our approximation method of axial power distribution is shown. The red line on the graph corre-
sponds to distribution obtained for 30 core layers. The blue one reflects the axial power distribution for
300 layers determined using the approximation approach described above. It is important to mention that
using of such an approach goes to decrease of calculated flux on SS to 5 - 7 %.

Fig. 5. Axial power distribution.

Technique of determination of container assembly orientation

There is no reliable information about CA orientation with respect to the core. Therefore the calcula-
tional-experimental technique of CA orientation determination was developed.

Taking into account the CA location in reactor and core configuration distribution of linear neutron flux
functionals can be described with this formula

A(a)=A+A cos(a—a,)=A+A -cosa+ A -sina . (8)

Values of parameters A , A; and A are obtained by minimization of functional

where A, AA — value of considered functional and random
component value of its uncertainty at point ¢; .

Basing on these three parameter values we obtain the
angle o, which is necessary for the determination of con-
tainer assembly orientation with respect to the point of

. maximal value of considered neutron flux functional as it's
Fig. 6. shown at Fig. 6.

The point of maximal value of
considered neutron functional
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Fig. 7. Dependence on angle a the activities of Mn>* in cuts from V-notch area
of specimens irradiated at South-Ukraine NPP Unit 1 reactor.

Using calculation we obtain the angle between directions to the point of functional maximal value and to
the core central axis. Thus we determine CA orientation with respect to the core.
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Fig. 8. Scheme of container assembly orientation.

690

The graphs at Fig. 7 demonstrate a
close coincidence between distribution
described by formula (8) and experimen-
tal data obtained for the activities of
Mn™ in cuts of SS irradiated at South-
Ukraine NPP Unit 1 reactor.

The points correspond to experimen-
tal Mn>* activities in cuts. The black
curves reflect the activity distribution
described by formula (8). Basing on
these curves we obtain the angles o,
necessary for CA orientation determina-
tion.

Improved surveillance program
realizing at the WWER-1000 reactor
of Rovno NPP Unit 4

To eliminate known shortcomings of
regular surveillance program it was de-
cided to improve this program for putting
into operation Rovno NPP Unit 4 [2]. As
a result of modernization some shortcom-
ings were eliminated because:

SS were located in plane containers;

CA orientation with respect to the re-
actor core was optimized (Fig. 8) to de-
crease flux gradient on working parts of
SS irradiated in the same container;

dosimetry part of surveillance pro-
gram was improved.

There were installed the lengthy neu-
tron activation detectors (NAD) in the
form of wires from metallic iron, nio-



bium, copper in all containers of both upper and lower floors of each CA for determination of neutron flu-
ences on SS working parts.

Lengthy NAD were installed in aluminum fillers of containers on the levels of SS working parts and also
in the space formed by V-notches of adjacent Charpy SS. In addition NAD were located in the middle of
both upper and lower halves of Charpy and COD SS. It allowed the determination neutron fluences on work-
ing parts of reconstructed SS in case of SS reconstruction technology applying.
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JTOBUMETPUS OBPA3ILIOB-CBUJIETEJIEM, OBJIYYAIOLIUXCSI B PEAKTOPE BB3P-1000
A. B. I'punenxo, B. H. Bykaunos, B. JI. [lemexun, E.I'. BacuaseBa, FO. II. Manepc
N3noskeHbl OCHOBHBIE MPUHIUIBI paboTHI MmakeTra mporpamm MCSS, sBisFOIIerocss OCHOBHON 4YacTh0 METOIMKH
ornpezeneHus (GyHKIMOHAIOB HEUTPOHHOTO MOTOKA Ha 00paslibl-CBUIETENH, o0y4atomuecs B peakrope BBOP-1000,
paszpaborannoii cnenuanuctamu MM HAH VYkpaunsl. Kpatko onucana MoiepHH3MpOBaHHAs IporpaMMa oOpasioB-
CBUJIETENIEH, KOTOpas peayiu3yeTcsi B HacToslee BpeMs Ha peaktrope BBOP-1000 sueprobioka Ne 4 Posenckoit ADC.
JO3UMETPIA 3PA3KIB-CBIIKIB, IO OIIPOMIHIOIOTBCS B PEAKTOPI BBEP-1000
O. B. I'puuenxo, B. M. Bykanos, B. JI. lemboxin, O. I'. Bacuasepa, 0. I1. Manepc
BuknaneHo ocHOBHI mpuHIUIK poOOTH makera mporpamM MCSS, o € 0OCHOBHOIO YaCTHHOIO METOIMKH BH3HAYCHHS
(hyHKIIOHATIIB HEHTPOHHOTO IMOTOKY Ha 3pPa3KH-CBIAKH, IO OMPOMIHIOIOTECA B peaktopi BBEP-1000, po3pobieHOi

cnemianicramu /] HAH Ykpainn. KopoTko ommcano momepHi3oBaHy mporpamy 3pasKiB-CBIIIKiIB, IO peali3yeThCs B
tenepimHii gac Ha peakTopi BBEP-1000 enepro6ioka Ne 4 PiBaencbkoi AEC.
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