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INVESTIGATION OF VVER-440 REACTOR INTERNALS IRRADIATION CONDITIONS
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The calculational procedure for determination of irradiation conditions of VVER-440 reactor internals is presented.
Using the developed procedure, irradiation conditions of Rovno NPP Unitl&2 VVER-440 reactor internals — baffle,
basket and barrel — are determined. Distributions of neutron flux functionals at surfaces of these internals at both

reactors are analyzed for different core arrangements.
Introduction

One of the main tasks for Ukrainian nuclear
power engineering is VVER power units safety
lifetime extension over design limits. That task takes
special urgency for Rovno NPP Unitl&2
VVER-440 reactors, which are under operation more
than half of design limit.

Determination of nuclear power reactor internals
(RI) irradiation conditions is one of the issues that are
needed for safety lifetime extension. VVER-400
reactor design excludes the possibility for direct
determination of neutron flux functionals (NFF) at RI
elements. Determination of those NFF requires a
usage of special calculating methodologies. Such
methodology was developed at the department of
nuclear reactor dosimetry problems of INR of NASU.

Calculational methodology
for RI irradiation conditions determination

At the department of nuclear reactor dosimetry
problems of INR of NASU MCPV package program
[1] was developed, intended for calculation of NFF
at VVER-1000 pressure vessel. That program
package was modernized to use it for the
determination of NFF at VVER-440 RI. Moderni-
zation, mainly, concerned transport program, which
performs neutron transport calculation by Monte-
Carlo method in multigroup approximation of
transport theory in complex heterogeneous
environment of nuclear reactor.

On the base of design and commission
documentation of Rovno NPP Unit 1&2
calculational reactor models (CRM) of those power
units were developed (Fig. 1). Developed models
imitate in more details VVER-440 RI. In particular,
(Fig. 1, b), facetted sectors were modelled in space
between baffle and basket.

Calculation detectors added in CRM for NFF
determination at surfaces and inside baffle, basket
and barrel have following dimensions: azimuth
width - 2° for basket and barrel and Y4 edge width for
baffle, thickness — 10 m, height — no more than
9.76 - 107 m. Detectors heights were selected so as
to have the possibility of NFF determination at RI
surfaces at facetted sectors level if needed.
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The variance reduction scheme for particle track
modeling is used in transport program for the
purpose of computer time reduction [1]. However,
its efficiency depends on geometry and material
parameters of CRM in number and location of
calculation detectors. Therefore, used in transport
program scheme was modernized too. In particular
“weight conservation method” parameters were
revised.

Analysis of Rl irradiation conditions

Irradiation conditions analysis was carried out for
present/absent dummy cassettes (DC) and
installation fresh/burned up fuel at core periphery.
Following notations are used for the identification of
core arrangement:

DC located at core periphery (Rovno NPP Unit 1
CRM):

DF — cycle with fresh fuel at core periphery,

DB - cycle with burned up fuel at core periphery.

DC absence at core periphery (Rovno NPP Unit 2
CRM):

FF — cycle with fresh fuel at core periphery,

FB — cycle with burned up fuel at core periphery.

Irradiation conditions analysis is carried out for
barrel as main supporting structure and baffle, which
takes maximal radiation exposure. First of all
distributions of neutron flux density (NFD) with
E,> 0.5 MeV (@o5) were analyzed. Its determination
is necessary according to regulation requirements
[2]. Also the spectral index (S/ys) distributions were
analyzed. It is the ratio of NFD with E, > 0.5 MeV
and E, > 3.0 MeV and therefore, in some degree,
characterizes fast neutron spectra shape.

The analysis of @5 (Fig.2) and Slys (Fig. 3)
axial distributions are shown, that their shape
virtually does not depend on either DC presence at
core periphery or fuel cycle characteristics. The
attention is paid to splashes at facetted sector
regions. Especially it is visible at Slys axial
distribution (see Fig. 3).

As for azimuth distributions of considered NFF
at RI surfaces, they have much more complex
structure.
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Fig. 1. CRM: a — 60-degrees symmetry sector part of
360-degrees CRM horizontal section from core to
downcomer region at core level; b — CRM vertical
section part up to pressure vessel. There are shown
following zones: / — assembly; 2 — dummy cassettes
(Unit 1 model) or assembly (Unit 2 model); 3 — water
gap between core and baffle; 4 — baffle; 5 — facetted
sectors; 6 — basket; 7 — water gap between basket and
barrel; 8 — barrel; 9 — downcomer region; /0 — cladding;
11 — pressure vessel, /2 — lower pipe space; I3 —
removing bottom; /4 — barrel bottom plate; /5 — basket
bottom; /6 —bottom nozzles; /7 — lower pin tips and
spacer grids; /8 - compensating volume; /9 — upper pin
tips; 20 — water volume; 2/ — lower part of assembly
heads; 22 - upper part of assembly heads; 23 — plate of
protective pipe block; 24 — upper pipe space; 25 — water
volume.

Azimuth distribution of @5 at barrel outer
surface is shown in Fig. 4. It is noted, that g
distributions at basket surfaces and at other barrel
surfaces are having very similar shape to one
presented in Fig. 4. From Figure one can see, that
presence DC led to principal change of @5 azimuth
distribution shape. The maximum location in case of
DC installation at core periphery corresponds to the
minimum location for the absence, thereof and vice
versa.
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Joint analysis of ¢gs axial and azimuth
distributions, which were depicted in Fig. 2 and 4,
showed that DC installation at core periphery is very
efficient step for decreasing radiation exposure at
basket and barrel, as well as at pressure vessel.
Maximum radiation exposure is decreased around 3
times on the average. Using low leakage core
loadings with burned up fuel at core periphery led to
decreasing of radiation exposure also. In that case
maximal radiation exposure decreased for
approximately 30 %.
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Fig. 2. Axial distributions of @y s at baffle inner surface (@) and at barrel outer surface (b).
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Fig. 3. Axial distributions of SIj s at baffle inner surface (@) and at barrel outer surface (b).
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Fig. 4. Azimuth distributions of @ s at barrel outer surface at 1.22 m from core bottom.
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Fig. 5. Azimuth distributions of @ s at baffle inner surface at 1.22 m from core bottom.

Separate review requires azimuth distribution of
(@os at baffle in view of its special construction.
Azimuth distributions of @5 at baffle inner surface
are presented in Fig. 5. Their analysis shows that DC
presence at core periphery much less influences @ s
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Fig. 6. Azimuth distributions of S s
at baffle inner surface at 1.22 m from core bottom.

Spectral index behavior at RI surfaces (Figs. 6
and 7) is interesting. From distributions presented in
figures one can see that in case of DC absence at
core periphery value of S5, weakly varied along
azimuth. The insertion of DC at core periphery led
to sharp fast neutron spectrum softening whiles their
installations. Wherein core loading characteristics do
not influence on S/y5 azimuth distribution shape at
RI surfaces.

Conclusions
The shape of ¢gs and Slys azimuth distributions
virtually is not influenced by presence of DC and

burned up fuels at core periphery. However it is
necessary to take into account the presence of
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azimuth distribution at baffle than one at basket and
barrel. Nevertheless, DC insertion and using core
loadings with burned up fuel at core periphery lead
to decreasing of baffle radiation exposure.
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Fig. 7. Azimuth distributions of S/ s
at barrel outer surface at 1.22 m from core bottom.

facetted sectors in space between baffle and basket,
because splashes of @os and especially S values
are observed their locations.

DC presence at core periphery led to virtually
mirror changing of ¢¢s azimuth distribution at
basket and barrel surfaces as well as pressure vessel.
Wherein at DC locations it is observed significant
fast neutron spectrum softening that is necessary to
take into account when determining RI radiation
exposure.

Complex analysis of obtained results showed that
DC presence at core periphery leads to sharp
decreasing radiation exposure of majority RI. In
addition to that using of core loadings with burned
up fuel at core periphery also leads to decreasing of
RI radiation exposure for both reactors.
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JOCIII)KEHHA YMOB OIIPOMIHEHHS
BHYTPIIIHbOKOPIIYCHUX IPUCTPOIB PEAKTOPA BBEP-440

C. M. Ilyrau, O. B. I'puuenko, B. JI. lemboxin, B. M. bykanos

[TpencraBneHo poO3paxyHKOBY METOIMKY BHM3HAUEHHS YMOB OINPOMIHEHHS BHYTPIIIHBOKOPITYCHHX IPUCTPOIB
peakropa BBEP-440. 3a oromororo po3po0s1eHoi METOANKH BU3HAUYEHO YMOBH OIPOMIHEHHS BHYTPIIIHbOKOPITYCHUX
npuctpoiB peakropiB BBEP-440 eneproOsokiB Ne 1 Ta Ne 2 PiBHeHcbkoi AEC — BUropoaku, KOp3WHM Ta LIaXTH
BHYTPIIIHBOKOPITYCHOI. JIOCIiIKEeHO po3noAiny (yHKIIIOHANIB HEHTPOHHOTO TIOTOKY Ha IMOBEPXHIX MUX BHYTPIIIHBO-
KOPILYCHHX HPHUCTPOIB B 000X PEaKTOpax MpH Pi3HUX KOMIIOHYBAHHIX aKTUBHOI 30HH.

UCCJIEJOBAHME YCJIOBUI OBJIYYEHMS
BHYTPUKOPIIYCHBIX YCTPOMCTB PEAKTOPA BBJP-440

C. M. Ilyrau, A. B. I'punienxo, B. JI. Ilemexun, B. H. Bykanon

[MpencraBnena pacyeTHas METOAMKA ONPENEIICHHUS YCIOBHH OOJy4deHHsI BHYTPHUKOPIYCHBIX YCTPOMCTB peakropa
BB5P-440. C nomomipio pa3paboTaHHONW METOMUKH ONpENesIeHbl YCIOBHS OOIyUeHHs BHYTPUKOPITYCHBIX YCTPOMCTB
peaktopoB BBDOP-440 »sHepro6mokoB Ne 1 m Ne 2 Posernckoit ADC — BBHITOPOAKH, KOP3WHBI M IIAXTHI
BHYTpUKOpIycHOH. MccienoBansl pacnpeneneHnss (YHKIMOHAJIOB HEHTPOHHOTO IOTOKa HA IIOBEPXHOCTSX 3THX
BHYTPUKOPITYCHBIX YCTPOWCTB B 00OMX peakTopax MpH Pa3IMIHBIX KOMIIOHOBKAaX AKTUBHOM 30HBI.
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