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Cmamms Mmicmumo NOPiBHANLHUU
anaimuMHull anais 600CKOHAIEHUX AN2OPUMMIE
KepYyeanHsanoiem eHepeosudijleHHs 3 Aopumma-
MU, aKi euxopucmosyeanuco paniuwe. Hagedeno
pe3yavmam po3paxynKy 4omupupiunoi naiuéHoi
xamnanii, 3pooaenuil 6 xodi BIIIP-7A

Kntouosi canoea: ogcem, Y-anzopummu,
NAIUBHA KAMNAHis
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Cmamvs codepicum cpasHumevHwlll aHAIU-
Mmureckuil anaaus ycoBepueHCmeo8anHblx anzo-
PUMMO8 YnpasjieHus HepasHOMEPHOCHbIO NOJLS
IHepzoBblOeNleHUsL C AlZOPUMMAMU, UCNOJIb3Y-
emvimu panee. Ilpuseden pesyrvmam pacuema
yemoipexiemnei monaueHoOU KAMNaHuu, coean-
Hotil 6 kode BUIIP-7A

Kmouesvie caosa: odpcem, Y-aneopummol,
MONAUBHAS KAMNAHUA
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This article contains comparison of analytical
analysis of Enhanced-algorithms to control power
distribution in active zone with algorithm that
was used before. The result of calculation of
Jour-year fuel-campaign with using program code
BIPR-7A is produced

Keywords: offset, E-algorithms, fuel campaign

u] =,

YK 621.039

SAFETY
ASSESSMENT OF THE
IMPLEMENTATION

OF ENHANCED-
ALGORITHMS AT
UKRAINIAN NPPS

R.S. Glushenkov

Postgraduate

Department of nuclear power plants and engineering
thermal physics

National Technical University of Ukraine “Kyiv
polytechnic institute”

Prospect Peremogy, 37, Kyiv 03056, Ukraine
Contact tel.: (096) 769-51-09

E-mail: rs.glushenkov@gmail.com



1. Introduction

Nuclear power engineering of Ukraine’s nuclear energetic
is based on thermal neutron reactors. WWER-1000 (water-
cooled and water-moderated energy reactor) is the most
common type of the reactors in Ukraine.

The widespread development of nuclear energy comes
out on top the problems of accident-free operation, high
reliability of NPP equipment and high economic indices.
Besides this Nuclear power plants in Ukraine generate more
than 50% of all electricity production of the country. That’s
why the problem of necessity to use nuclear power plant for
the Follow Load Operation (FLO) is very urgent. One of
the solutions is to implement enhanced algorithms to control
power distribution in active zones, which is now being
introduced at Ukrainian nuclear power plants.

The introduction of the E-algorithm is implemented
in order to improve safety and reliability of nuclear fuel
during the transient at WW ER-1000 (type B-320). Fuel rod
assemblies for the four-year FC are operated in Ukrainian
NPPs with reactors WWER-1000 at the moment. High
scientific and technological importance is justification of
safe service of FC in FLO mode. Criteria for safe service
are the neutron-physical characteristics in the Ukrainian
normative documents.

This draft paper contains a calculation of the efficiency
of control rods and neutron-physical description of the
active zone that loading fuel for the four-year FC with safety
criteria in order to develop a methodology to calculate the
five-year fuel company. In addition the calculation of four-
year FC estimates the safe operation of fuel for a four-year
FC, the conditions of safe operation, efficiency of control
power and suppression of xenon oscillation.

2. Main advantages of the E-algorithm

Change power of reactor causes the transient process
of xenon oscillation with a change in the total number of
nuclei of 135Xe in the core and the corresponding change
of reactivity.

The main disadvantages of the control algorithms that
were used in WWER-1000 are:

Control rods (CRs) move in core up and down in the
standard sequence in numerical order with the transmission
of motion by 20% and 80% of the height of the core. As a
result, automatic dipping groups after signal from enhanced
alarm system can form non-optimal form of energy field
with a maximum in the upper half of the core. Group 5
control offset, but when it go inside to the core it can cause
significant radial deformation of the energy field, because
its CRs are located close to the centre of the core, where
is group 10. Operating experience, design research, and
testing of the reactor in Zaporizhzhya NPP showed that
algorithm need to modernize the location and methods of
using control groups of the CPS CR (control rods of control
and protection system).

Procedural restrictions on the distribution of energy in
the reactor core inadequately defined that in some cases
may impede the adoption of best management decisions of
control offset.

Information support of operator does not comply with
the current level of development of computer technology
and software visualization process. In particular, it is not

possible to predict the optimum operating regime of the
reactor with a time-dependent distribution of xenon with
the change of power.

A description of control algorithms in a technical
documentation contains general guidance and it does not
determine the current state of a non-stationary distribution
of xenon.

Features of E-algorithms are a new approach to
application of CPS CR, as well as the application of modern
methods of information support of the operator. They include:

1. Three groups of control rods (10, 9, and 8) are used
to control the reactor in normal operating time (Fig. 1).
Group 10 resides in the core all the time, groups 9 and
8 can be put down into the core during both unloading
of the reactor (only by using control groups the reactor
can be discharged to the level of the own needs without
changing the concentration of boric acid in the coolant) and
suppression of xenon oscillations.

Fig. 1. Location of control groups of control rods for old
algorithm (a) and enhanced algorithms to control power
distribution in active zone (b)

2. A new position of group 10 purveys more sustainable
balance of the radial distribution of power between centre
and periphery of the active zone.

The translation of group motion is changed, when control
rods run in or out from core that allows increasing safety.
Composition and location of control group’s CRs ensures
effective control of power and altitudinal power distribu-
tion in active zone with minimal deformation of the radial
distribution.

The new method of using control rods is applied to con-
trol offset without additional water exchange. Operator ex-
cites increase or decrease in the distance between the control
groups that increases or decreases offset. Therefore operator
can use the combined impact.

3. Dependence of the limiting value of the local power
energy on the full reactor power eliminates the possibility of
reducing energy production. Limit of axial offset is specified
for all levels of the reactor power.

4. Module of information support of the operator is
introduced to SVRK software (core control system), which
gives information on the current condition of the reactor
and the possibility to predict reactor behavior. Module of
information support with advanced graphical visualization
tools provides the operator the information on the reactor’s
state in visual and readable form.

5. The algorithms of preset offset maintenance,
equilibrium offset maintenance, change of oscillation phase,



and the spatial localization of xenon processes are used to
prevent and suppress xenon oscillations.

3. Experimental results

3.1 Input data and description of the programs used for
calculations

This paper contains the results of the calculation of
neutron-physical characteristics of the FC of unit 3 of
Rivne NPP. Calculations were made on the basis of program
code BIPR-7A, which uses mathematic model of reactor
WWER-1000. Calculations of the three-dimensional power
distribution, coefficients of irregularity dimensions, and
transients were made by using program code PERMAK-A.

Programs BIPR-7A and PERMAK-A are a part of the
graphical environment CASCADE, which also includes
programs PROROK and PIR. PROROK allows choosing
the FC. PIR is a program for simulation calculation of
SVRK.

The program BIPR-7A is designed to calculate three-
dimensional neutron kinetics in the active zone of water-
moderated reactors and to operate in the software systems
used in calculations, transient and emergency regimes of
nuclear reactors, accompanied by substantial deformation of
energy fields.

3.2 Results of modelling

Efficiency of control groups (10, 9, and 8) of CPS CR
operating at the nominal parameters should not be less than
0.69% and not more than 1.04%, and in MCL (minimal
control level) is not more than 0.97%.

Table 1 shows efficiency of control groups at the beginning
of the campaign in MCL and in normal parameters. Table 2
shows values of the efficiency of group EAS (Enhanced
Alarm System) of CPS CR and the power, which the reactor
unload when input group of EAS in the AZ (active zone).

Fig. 2 shows a graph of power reduction in serial input
CPS CR into the core for the two moments of the cam-
paign. The movement begins with the group number 10
(H 10 = 90%)

—  The beginning of the campaizn

— The e of "boric" campaizn

interception of groups
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Fig. 2. Plot of power reduction in serial input CPS CR into
the core for the two moments of the campaign.

Due to the plots and tables there is an opportunity to
evaluate the effectiveness of control rods at work with use
of E-algorithms for four-year fuel FC, efficiency of control
power, and suppress of xenon oscillation in operating during
the two most problematic moments of the campaign: on
the power effect of reactivity and at the beginning of the
campaign.

4. Conclusions

Based on the above calculation can be argued that
E-algorithm permits to control neutron distribution in active
zone more “gently” that in its turn does not lead to significant
strain in the fuel cladding. E-algorithm fully satisfies the

Table 1 conditions of safe operation, effectively controls power,

Integral parameters 1 to 10 groups of AZ at the beginning of the and suppresses xenon oscillation, as well as operating

campaign. on the power effect of reactivity, with minimal water

exchange. It reduces quantity of boric acid and amount of

Power Integral efficiency,% nuclear wastes. From the above it follows that E-algorithm

N,% decreases the amount of nuclear waste, thus increasing

! 2 3 4 5 6] 7]8 ]9 |10 efficiency and safety. As you can see, E-algorithms have

0 0.251 0721 0711 0731 0.731 0.64] 0.66| 0.87] 0.78| 0.81 significant advantages and prospects compared Wlth
standard algorithms that were used previously.

100 | 0.32] 0.78] 0.78| 0.80| 0.80 | 0.74 0.76| 1.00| 0.69 | 0.86 However, one of the main advantages is the opportunity

to use E-algorithm in FLO mode operations. At the

Table 2 moment in Ukrainian’s NPPs reactors WWER-1000

operating with fuel rod assemblies for the four-year FC can
operate with five-year FC, because this fuel can sustain
change of power in the range of 75-100-75%.

Values of the efficiency of group EAS (enhanced alarm
system) of CPS CR and the power, which the reactor unload
when input group of EAS in the AZ.
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Buxonana nopienanvHa  OuiHKa
mennoaepoounamiunoi edexmusnocmi
waxosux naxemie mpyod 3 nonepeuHum
opeopennam. Ha npuxnadi eapianmnux
MENN0BUX i ACPOOUHAMIMHUX PO3PAXYHKE
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Bouinoanena cpasnumenvhas ouenxa
mennoasapoounamuneckoi 3QP@dexmusno-
CMu waxmammnulx naxkemoe mpyé ¢ none-
peunvim opedopenuem. Ha npumepe eapu-
AHMHBIX MENJIOBHIX U AIPOOUHAMULECKUX
pacuemos menyoooMenH020 ycmpoucmea
NOKA3aHbL NPpeuMyu,ecmea u HedoCmamxu
Kanc0020 U3 paccmompeHHbLx munoe ope-
Opennvix mpyo

Knoueevte caoea: mpyoéa, peopo,
naxem, mennoooMmen, a’poounamuxa,
agpexmuenocmo, cpasnenue
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Comparative evaluation of the
effectiveness of heat aerodynamic
efficiency of staggered bundles of tubes
with a cross-ribbing is performed. In
the case of variation of thermal and
aerodynamic calculations of heat
exchange device shows the advantages
and disadvantages of each of the above
types of finned tubes

Keywords: tube, rib, bundle, heat
transfer, aerodynamics, efficiency,
comparison

u] =,

a — MupuHa ra3oxony; b — BucoTa razoxoxny; H — mio-
Ia MoBepxHi; B — KoedillieHT TemronepenaBanus; L — 1o-
BkuHa TpyO; M — maca Tpy0; ¢ — IIBHICTD TENJIOBOIO
MoTOKY; S — Kpok Tpyb; ¢ — Temueparypa; W — NIBHAKICTS;
AP — BrpaTu TUCKY; . — KoedillieHT opebpentst; II — KoM-
MaKTHICTb ITaKeTa.

Huskni ingexcu: [ — 1oBKUHA; Ip — IPUBEIEHUIT; p —
pebpo; 1nM — oauH oroHHuit MeTp; 0 — Ha OAUH HOIEepe-
YHUI psAg; 1 — momepeunnii; 2 — MO3M0BKHIH.
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3araJibHi IOJI0KEHHST
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