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KapOun Oopa, aucrmposuii, cepebpo U T.n. 00JIAAal0OT MHOXKECTBOM YHHKAaJbHBIX CBOMCTB,
BBICOKUM TIOTJIOIICHUEM HEWTPOHOB, XMMHYECKOH CTAOMIBHOCTBIO, BBICOKOW TeMIepaTypoit
TUIABJICHUSI, HU3KOW TIJIOTHOCTHIO W HHM3KOM IEHOW. DTH 3JEMEHTHI IIUPOKO HCIOJB3YIOTCA B
SHepreTudeckux peaktopax BBDOP. B arToif cratbe OBUIO MCCIEIOBAHO CEYCHHE MOTIIOTHUTEI,
MOBEJICHHE BBITOpPaHUA M S(P(OEKTUBHOCTH 3axXBaTa STHUX DJIEMEHTOB. ECIH ympaBisromnit
crepxkeHb (CR) m3roToBieH Tompko w3 KapOmma Oopa ¥ HUCHONB3yeTcs B peKAME
MaHEBPUPOBAHMS, TOTAA TOTEPs HOTIomaromeil 3(pPeKTHBHOCTH YIIpaBIsiomero crepkasa. Ho B
9TON paboTe TMIaBHAS IIeITh COCTOUT B TOM, YTOOBI, KAaKOW 3JIEMEHT HOTPeOYeTCs B YIIPABIIAIOIIEM
CTEpIKHE, B PE3yJIbTATE PEAKTOP B PEXKMME MaHCBPUPOBAHHS PabOTAET C Pa3IUIHON MOIIHOCTHIO
6e3 pe3Koro majieHus MOIIHOCTH. PesynbraT paccumteiBaics Tpemst nporpammamu GETERA,
WIMS u SERPENT.

Kmioueswie cnosa: xapbun 6opa, HEHTpOH, cedeHue noriaotutens, 3dhdexkrusHoctsh, BBOP-1000,
CTepKeHb yIpaBiieHus, MaHeBpupoBanue, peaktop, GETERA, WIMS u SERPENT.

Introduction

The main requirement associated with the development and operation of nuclear
reactors is the control and containment of neutrons that sustain, and are also produced during
fission reaction. Boron is one of the few elements to possess nuclear properties, which proves
its consideration as neutron absorber material. Boron and its compounds boric acid, boron
carbide, rare-earth etc. Boron has two principal isotopes, °B and B the effectiveness of
boron as neutron absorber is due to the high absorption cross-sections. The thermal neutron
absorption cross-section for °B and !B are 3837 barns and 0.005 barns respectively. The
neutron absorption of natural boron-containing 20% °B is sufficiently high ~ (4000 barns) in
the low neutron energy range to make it an excellent candidate for use in VVER reactors. In
addition to a high absorption cross-section, boron has another advantage over other potential
neutron absorber materials. The reaction products, helium and lithium are formed as stable,
non-radioactive isotopes. As they do not emit nuclear radiation, decay heating problems
during reactor shutdowns and transfer of depleted control rods are minimal. The (n «)
reaction:

sB10%+on'—,He*+5Li"+2.4Mev

Calculation of the problems

Boron carbide has high neutron absorption. If the control rod is made only of carbide
boron and is used in maneuvering mode, then the concentration of boron carbide as a function
of time is shown in the figure 1b. Result was calculated by the programs GETERA and
WIMS.



Power p(B)

120% % 1,1
100% ,__—100% 1+ 50%
0o | T~ GETERA
N 0, ’
80% - —90% 0,8 -
0% 80% 0,7 - 80%
0.6 ETERA
40% A 0,5
N 5 90%
50% |
20% 0.4 HWIMS _——— SN
0,3
0% T T T 1 O 2 100% WlMSM G]é)_??RA
Boron |’ ' I I
0 6 12 18 24 Hours ¢ 0 100 200 300
carbide Da
ys
_ _ control : . ion in di
Figure 1a: Power vs time rod Figure 1b: Boron concentration in different power vs

time by the programs GETERA and WIMS

On the other hand, if the control rod is made of Dy,03 or Ag,Os; and is used in
maneuvering mode, then the dysprosium concentration and silver concentration as a function
of time are shown in the figure 2. But this figure 2 shows that the concentration of dysprosium
or silver changes less than boron. Result was calculated by the programs SERPENT and
WIMS.
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Figure 2: Absorber concentration (B, Dy and Ag) versus time using SERPENT, WIMS and GETERA

Comparison of the effectiveness of emergency protection

Boron carbide has a high absorption cross section. Thus, the effectiveness of emergency
protection is also high. This is used for security reasons. On the other hand, dysprosium or
silver has a low absorption cross section, and emergency protection effectiveness is also low.
For this reason, the control rod, which is used in the maneuvering mode, is made of
dysprosium or silver. The effectiveness of the emergency protection of these elements is
calculated using this formula:

AK= (KwC 110r.110T1lee.11eM_I<OO Be3 nomoanenﬂ) /Koo C norjiorurejieM %

Emergency Protection Efficiency of Boron Carbide, Dysprosium oxide and Silver oxide
are presented in one graph. Here shown that the efficiency of boron change strongly. On the
other hand efficiency of Dysprosium and Silver change slowly. In this paragraph, it is clear
that dysprosium or silver is used in the lower part of the control rod, taking into account the
maneuvering mode of the reactor. Result was calculated by the programs GETERA,
SERPENT and WIMS.
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Figure 3a: Efficiency of Boron, Dysprosium and Silver vs Time by the Figure 3b: Boron carbide and Silver
programs SERPENT, WIMS and GETERA oxide control rod with Dysprosium
oxide.
Results

e Using the B4C for maneuvering is not profitable, because the B4C is a very strong
absorber and even its slight movement in the core. It is very sensitive to breeding rate.
Therefore, even small displacements of the boron rods in the reactor core can cause strong
changes in the neutron flux and power.

e Therefore it is necessary to modify the control rods with a chemical element:
dysprosium oxide (Dy,O3) or silver oxide (Ag.O3) or other chemical elements.
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Abstract — Boron carbide, Dysprosium, Silver, etc have a lot of unique properties, high neutron
absorption, chemical stability, high melting temperature, low density, and low price. These
elements are widely using in the VVER power reactors. In this article was investigated the
absorber cross-section, burring behavior and scram efficiency of these elements. If the control rod
(CR) is made of only boron carbide and it is used in the maneuvering mode then lose the
absorbing effectiveness of the control rod. But in this work main goal is that, which element will
be required in the control rod, as a result, the reactor in the maneuvering mode work with different
power without fall down power drastically. The result was calculated by the three programs
GETERA, WIMS and SERPENT.

Keywords: Boron carbide, neutron, absorber cross-section, effectiveness, VVER-1000, control
rod, maneuvering, reactor. GETERA, WIMS, SERPENT.
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Hpez[non(eH noAxXoaA K CHHTE3y CHUCTEMbl AUArHOCTUKH, HUCXOASA U3 HU3HAYAJIBbHO 3adaHHBIX
JKEIIaTeIbHBIX  CBOMCTB. HOKaSaHO, 4qTo (I)yHKLII/IOHaJ'IBHOCTB CHUCTCMBI OIpEALIIACTCA
I/I,HeHTI/I(I)I/II_II/IpyeMOCTBIO n  HU30JUPYEMOCTBIO HePICl'[paBHOCTGﬁ, KOTOpast AOCTUTraeTCsA C
HCIIOJIB30BAHUEM OJHOI'O HJIM HECKOJIBKHX METOIOB. Ha npuMepe CUHTE3a CUCTEMbI KOHTPOJIA
JAHU3CJIBbHOTO JABHUIaTCIIA 000CHOBEIBAETCS HECKOJIEKO BApUAHTOB AHATrHOCTHYCCKUX KOMIUICKCOB.
HpO,I[eMOHCTpI/IpOBaHa I.leJ'IeCOO6paSHOCTL CHHTE3a CHCTCEMBI, B KOTOpOﬁ COOTHOIICHHUE
rokKasaTejiell KauecTBa 1 3aTpar IPpUHUMACT MaKCUMAJIbHOC 3HAYCHUE.

Kniouesvie cnosa: BaJIaanuss CHUCTEM, JOHWArHOoCTUKA  OU3CIIbHBIX HBHFaTeﬂefI, METO
IIpOCTpaHCTBa COCTOHHPIﬁ, OIICHKA palifMOHAJIbHOCTU CUCTEMBI.

Ha ADC B kayecTBe IWITATHBIX CPEICTB AUArHOCTUKH HCIOJIB3YIOTCS Pa3IMYHbIE
CpeICTBa M KOMIUIEKCHI, KaXAbld W3 KOTOPBIX HCIOJNB3YET METOJ WM TPYNIy METOOB,
KOTOpBIE TIO3BOJISIOT HWACHTHU(UIIMPOBATH HEUCIPABHOCTH oOopynoBaHusa. B apcenane
OTJIEJIOB TEXHMYECKOM JTUArHOCTHKK IIHPOKO TIPEJACTaBICHBI CpeAcTBa Ha 0ase
BUOPAIMOHHOTO U YJIbTPa3BYKOBOTO METOJOB. B MpakTHKy AUArHOCTUPOBAHUS BHEIPEHBI
TaK)K€ MHOTOKaHaJbHbIE PETUCTPATOPBI, I[O3BOJSIOIIME TMPOU3BOJUTH  CHUHXPOHHBIE
W3MEPEHHs] CUTHAJIOB TOKa, BUOpamuu, ynbTpa3Byka [1]. [IpobmeMoit mcronb30oBaHus 3THX
CPEICTB SBIAETCS OTCYTCTBUE O0OOCHOBaHHS UX J(G(HEKTUBHOCTH C TOUYKH 3pPEHHS
obOecrieueHus KadecTBa AuarHoctupoBaHus. Hacrosmias paboTa mocBsiieHa PEIIeHUI0 3TON
npoOIieMbl myTeM Gopmanu3anuu TpedoBaHUi K CpeICTBAM IUArHOCTUKH U UX BaJUIAIIUU.

CuHTE3 CHCTEMBl JIUArHOCTUKH, YCOBEPIICHCTBOBAHMWE, BBHIOOp TOW WM HWHOM
peanu3alud MOXKET OCHOBBIBATHCS HA aHAJIM3E YKEIATENIbHBIX CBOWCTB, XapaKTEPU3YIOLIUX
CITOCOOHOCTh K OIICHKE TEXHHUYECKOro COCTOSHHS [2]. B umcie ocHOBHBIX TpeOOBaHUU K
CHUCTEMaM JUarHOCTUKH BBIABUTAKOTCS:



