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Surveillance specimen programs play an important role in reactor pressure vessel lifetime assessment as they
should monitor changes in pressure vessel materials, mainly their irradiation embrittlement. Standard surveillance
programs in WWER-1000/V-320 reactor pressure vessels have some deficiencies resulting from their design —
nonuniformity of neutron field and even within individual specimen sets, large gradient in neutron flux between
specimens and containers, lack of neutron monitors in most of containers and no suitable temperature monitors.
Moreover, location of surveillance specimens does not assure similar conditions as the beltline region of reactor
pressure vessels. Thus, Modified surveillance program for WWER-1000/V-320C type reactors was designed and
realized in two units of NPP Temelin, Czech Republic. In this program, large flat type containers are located on
inner wall of reactor pressure vessel in the beltline region that assures their practically identical irradiation
conditions with critical vessel materials. These containers with inner dimensions of 210x300 mm have two layers of
specimens; using inserts (10x10x14 mm) instead of fully Charpy size specimens allows irradiation of materials from
several pressure vessels at once in one container. This design advantage has been used for the creation of the
Integrated Surveillance Program for several WWER-1000 units — Temelin 1 + 2, Belene (Bulgaria), Rovno 3 + 4,
Khmelnick 2, Zaporozhie 6 (Ukraine) and Kalinin 3 (Russia). Irradiation of these archive materials together with the
IAEA reference steel JRQ (of ASTM A 533-B type) and reference steel VVER-1000 will allow to compare
irradiation embrittlement of these materials and to obtain more reliable and objective results as no reliable predictive
formulae exist up to no due to a higher content of nickel in welds. Irradiation of specimens from cladding region
will help in the evaluation of resistance of pressure vessels against PTS regimes.

1. INTRODUCTION

Reactor pressure vessels (RPV) are components with
the highest importance for the reactor safety and opera-
tion as they contain practically whole inventory of fis-
sion material but they are damaged/aged during their
operation by an intensive reactor radiation.

Surveillance specimen programs are the best method
for monitoring changes in mechanical properties of re-
actor pressure vessel materials if they are designed and

irradiation embrittlement than was predicted with the
use of the standard [4]. One of the reasons could be a
fact that weld metals in most of these vessels contain
higher content of nickel as it was tested within the
Qualification tests of this vessel material -
15Kh2NMFA(A). In these tests nickel content was
lower than 1.5 mass % but later Technical specification
for the weld metal was changed and some of weld have
as much as 1.9 mass % of nickel while no representative

operated in such a way that they are located in condi-
tions close to those of the vessels. Reactor Codes and
standards usually included requirements and conditions
for such programs to assure proper vessel monitoring
[1-3].

WWER reactor pressure vessels are designed ac-
cording to former Russian Codes and rules with some-
what different requirements using different materials
comparing e.g. with ASME Code.

Standard surveillance programs in WWER-1000/V-
320 reactor pressure vessels have some deficiencies res-
ulting from their design — nonuniformity of neutron
field and even within individual specimen sets, large
gradient in neutron flux between specimens and con-
tainers, lack of neutron monitors in most of containers
and no suitable temperature monitors. Moreover, loca-
tion of surveillance specimens does not assure similar
conditions as the beltline region of reactor pressure ves-
sels.

Prediction of radiation damage/embrittlement in
weld metals of these type of vessels has been put into
great interest when first results from Standard
surveillance programs (SSP) were obtained — it looks
that some of these weld metals showed higher

irradiation tests were performed. This situation can be
seen in Fig. 1 where results from some first tests of SSP
specimen are summarized.
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Fig. 1. Shift of the shift in the critical temperature of
brittleness, T, of WWER-1000 RPV weld material due to
irradiation. Results of surveillance specimen testing
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2. MODIFICATION OF THE STANDARD
SURVEILLANCE PROGRAM

Main disadvantage of the original SSP is that it is
not capable to provide the monitoring of RPV material
properties in a reliable way. Therefore, a modification of
the program was elaborated in SKODA Nuclear Ma-
chinery, Plzen, Czech Republic for NPP with WWER-
1000/V-320C type reactors for Belene (Bulgaria) and
Temelin (Czech republic).

Main principles of the design was chosen in such a
way to solve problems of the Standard Surveillance Pro-
gram, mainly:

—location of containers should well monitor the
conditions of reactor pressure vessel wall in beltline
region, i.e. specimens temperature should be as close
as possible (containers must be washed by a cold inlet
water) and lead factor should be less than 5;

—whole set of specimens for one testing curve should be
located in identical neutron fluence position;

—as much as possible sets of specimens should be loc-
ated in similar/close neutron fluence to be able to com-
pare behaviour of different materials;

—withdrawal scheme of containers should assure monit-
oring pressure vessel material as well as neutron flu-
ence during the whole RPV lifetime;

—neutron monitoring should assure determination of
neutron fluence to each of test specimens for every
container;

—temperature monitoring should be performed using
melting temperature monitors with a appropriate range
of melting temperatures;

—cladding materials should be also included in the con-
tainers;

—reference material should be added for an objective
comparison of results;

—spare containers should be added to monitor vessel an-
nealing as well as further re-embrittlement if neces-
sary.

Design of such a program was performed and sup-
ported by a set of calculations (neutron physics,
thermal-hydraulics) as well as experiments in a scale 1:1
(thermal-hydraulic characteristics measured in a hy-
draulic channel of a pressure loop in SKODA, thermal
fatigue tests of container holders on pressure vessel
wall).

Main characteristics of this Modified Surveillance
Program are as follows:

CONTAINERS
Containers are of flat type with inner dimensions
approx. 200 x 300 x 25 mm, are made from austenitic
stainless steels plates welded on a frame. They contain
special holders for location on pressure vessel wall — see
Fig. 2 to 4.

Fig. 2. Upper floor of the container of the Modified
Surveillance Programme with wire type neutron fluence
monitors on the container cover

Fig. 3. Container of the Modified/Integrated
Surveillance Program in NPP Temelin
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Fig. 4. Container of the Modified/Integrated
Surveillance Program with inserts

3. INTEGRATED SURVEILLANCE PROGRAM
FOR WWER-1000/V320C TYPE RPVS

In principle, it exists a possibility to use this reactor
of WWER-1000/V-320C as a “host” reactor for those V-
1000 wunits that are supplied by the Standard
Surveillance Program and thus reliability of obtained
results is not very high. Possibility of incorporation
materials also from other reactors is given by the fact
that containers of flat type are sufficiently large as they
were designed for full size Charpy type specimens but
now, application of reconstitution technique allows to
include practically four times more specimens if inserts
of dimensions 10 x 10 x 14 mm are used — see Fig. 5.
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Fig. 5. Hardware support for the Modified Surveillance
Programme in NRI
(container weight is more than 15 kg)

Integrated surveillance program for several similar
reactors can be realized in accordance with the [2] if the
following main requirements are fulfilled:

— reactors are similar in design and operation;

—neutron fluence determination on all RPV wall is
assured for the whole reactor lifetime;

— operation of the “host reactor” is assured for the
whole operation of reactors within the family.

A proper and reliable monitoring radiation damage
in materials for WWER-1000/320 units is now under
high study and interest as it was determined that in some
welds with high nickel content (in some cases up to 1.88
mass %) radiation embrittlement can be much larger
than that obtained from predicted formula given in [4].
Qualification tests for materials of WWER-1000 RPVs
were performed on welds with nickel content below 1.5
mass %, but later the nickel content was increased (in
most of V-1000 units) to get better fracture toughness
properties but no further study of radiation
embrittlement was performed.

Thus, using the opportunity that NPP was delayed in
its start-up due to changes in I&C system, it was
possible to modified content of some containers (for
Unit 2) in such a way that specimens from archive
materials of the following units were incorporated into
the program: Khmelnitsky Unit No 2, Rovno Units No 3
and 4, Zaporozhye Unit No 6 (Ukraine) and Kalinin
Unit 3 (Russia), as nickel content in all these weldment
is well over 1.5 mass %. In this first part of the program
only weld metals from this RPVs were included. From
all materials, 12 specimens for impact notch toughness
and 12 specimens for static fracture toughness tests are
included. It is necessary to mention that all these RPVs
contain their original Standard surveillance program.

In this time, second part of this Integrated
surveillance program is under final realization. New six
containers are manufactured that will replace containers
from the first part in both units in NPP Temelin (design
of container holders and containers itself allows
inserting of new containers during reactors shut down
where reactor internals are removed). Base metals from
all abovementioned RPVs will be included in these
containers together with base and weld metals from the
NPP Belene. Moreover, standard IAEA reference
material JRQ as well as TAEA reference V-1000
materials are also included for mutual comparison with
results of the first part as well as for better and more

objective evaluation of results (there exist a large
database of the behaviour of JRQ steel, e.g. within the
IAEA Co-ordinated programs and its database).

Realization of such Integrated Surveillance Program
will substantially improve knowledge about behaviour
of WWER-1000 RPV materials during their operation,
i.e. about radiation damage — embrittlement.
Comparison of results from different RPVs also allows
to assess the behaviour of materials from other RPVs
with only Standard surveillance program — based on
comparison of chemical composition and operational
conditions. It also allows comparison and analysis of
results from testing their SSP and propose a correction
coefficients (taking into account different irradiation
conditions) if necessary. Results from this Integrated
Surveillance Program also will enlarge existing database
of radiation embrittlement data of this type of materials
in a more objective manner.

4. CONCLUSIONS

Modified Surveillance Program for reactor pressure
vessels of NPP Temelin with WWER-1000/V-320C type
reactors is used for the Integrated Surveillance Program
for several RPVs of NPPs in Ukraine, Russia, Bulgaria
and Czech Republic as the Standard Surveillance
Programs in WWER-1000/V-320 type reactors do not
fulfil requirements given by codes and standards.

Such Integrated Surveillance Program allows to
obtain  reliable  information  about  radiation
embrittlement of materials in tested reactors pressure
vessels that will be also correlated with the IAEA
reference steel JRQ to get more objective results.

Realization of this Integrated Surveillance Program
increases information about the behaviour of RPV
materials of this type of reactors that have only Standard
Surveillance Program. Moreover, it allows correlation
of results from these Standard Surveillance Programs
with those from other vessels not included in this
Program that also increase reliability of such results.
Generally, this Integrated Surveillance Program will
increase safety of operating WWER-1000/V-320 type
reactors operated in these countries.
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KOMILJIEKCHASI TIPOT'PAMMA JIJISI OGPA3IIOB-CBUJIETEJIEN
KOPITYCOB BBICOKOI'O JABJIEHHSA PEAKTOPA BB2OP-1000/V-320

M. bpymoeckuii, FO. bpunoa, M. Kumkxa, I1. Hogocao, 10.’Koapek

[Iporpammsl 11t 00pa3IOB-CBUAETENCH UTPAIOT HE3aMEHHUMYIO POJIb TIPH OIIEHKE MPOJOKUTEILHOCTH IKCILTya-
TaIMX KOpITyca BBICOKOTO naBieHus peakropa (KP), Tak kak OHM JOJKHBI KOHTPOJIMPOBATh N3MEHEHHS B MaTepHa-
nax KP, B 0CHOBHOM HX pagualiMoHHOE oxpymuuBaHue. CTaHJapTHBIE IPOTPaMMBI AJIsl KOPITYCOB BBICOKOTO J1aBie-
Hust peakropa BBOP-1000/V-320 numeroT HEKOTOpbIE HEJOCTATKH, NPUYMHON KOTOPBIX SBISIETCS MX KOHCTPYKIMS —
HEOHOPOIHOCTh HEHTPOHHOTO MO Aa)Ke BHYTPHU OTIEIBHBIX HAOOPOB 00pa3IoB, OONBIION IrpaueHT HEUTPOHHO-
ro MOTOKa MEXIy oOpasliaMM W KOHTEHHEpPaMH, OTCYTCTBHE HEMTPOHHBIX MOHHMTOPOB B OOJIbILEHl YacTH KOHTEH-
HEpOB, a TAK)KE COOTBETCTBYIOLINX TEMIIEPaTypHbIX MOHUTOPOB. KpomMe Toro, pacmonoxkenne o0pasioB-cBUaeTeNCH
HE TapaHTHpPYyeT YCIOBHHA, COOTBETCTBYIOUINX yCIOBUAM 0OIydeHus IeHTpansHoi obedaiiku KP. Momudumumposan-
Has mporpamma Jursi peakropoB Thna BBOP-1000/V-320C 6bi1a paspabortana u peanm3oBana B 1ByXx Omokax ADC
Temennn, Yexwust. [To 3Toit mporpamme OobIie II0CKHE KOHTEHHEPHI pacioiaraloTcsl Ha BHyTpeHHel crenke KP B
30HE LEHTPaJIbHOW oOeuaiku, 4To oOecreunBaeT MPAaKTHYECKH WACHTHYHBIC YCIOBUS OOMy4eHHS C KPUTHYHBIMH
KOPITyCHBIMH MarepuajamMu. Takue KOHTeHHepHhl ¢ BHyTpeHHUMHU pasmepamu 210x300 MM mMeroT aBa ciost o0pas-
1I0B; Hcronbs3oBanue BKiagsimen (10x10x14 mm) BMecTo moiHOpasMepHbIX obpasnoB Illapnu maér BO3MOXXHOCTH
00Jy4aTh Marepuaibl HECKOJIIBKUX KOPIIYCOB OJHOBPEMEHHO B OIHOM KOHTEWHepe. DTO MPEeHMYIIECTBO KOHCTPYK-
MU UCTIONIB30BANIOCH TIpH co3mannu KomrutekcHoi IIporpammer mist Heckonbkux 01okoB BBOP-1000 — Temenma 1
+ 2, benene (bonrapust), Posro 3 + 4, XmenpHuk 2, 3anopoxse 6 (Ykpanna) u Kamnaun 3 (Poccus). Obmydenue
9THX apXUBHBIX MaTepPHAJIOB BMecTe ¢ 3TaJoHHbIMU cTaisiMu JRQ MATATD (tuma ASTM A 533-B) u BBOP-1000
TIO3BOJIUT CPABHUTH PAAMALIMOHHOE OXPYITYMBAHUE JTAHHBIX MAaTEPHAJIOB U MOJIYYUTH Ooee HaJEKHbIE U 0ObEKTHB-
HBIE PE3YJIBTaThl, TaK KaK IO CHX IOp HE CYIIECTBYET JTOCTOBEPHBIX MMPOTHO3UPYEMBIX (POPMYIT IPU Hanbosee BbICO-
KOM COJIep)KaHHH HUKENS B CBapHBIX coeauHeHusX. OOydeHne o0pas3ioB U3 30HbI 000JIOYKH TOMOXKET IIPH OLIEHKE
COTIPOTHBIICHUA KOpITyca JaBieHus pexxumam PTS.

KOMIIVIEKCHA ITPOI'PAMA U151 3PA3KIB-CBIJIKIB
KOPITYCIB BUCOKOI'O TUCKY PEAKTOPA BBOP-1000/ V-320

M. Bpymoécovkuii, FO. Bpunoa, M. Kimxka, Il. Hogocao, I0.2Koapek

[Iporpamu juist 3pa3KiB-CBIJIKIB BiIirparoTh HE3aMIHHY POJIb TIPH OLIIHII TPUBAJIOCTI SKCILTyarallii Kopiyca BUCO-
koro THCKy peaktopa (KP), Tomy 110 BOHM NMOBHHHI KOHTpoJitoBaTH 3MiHM B Marepiasiax KP, B ocHoBHOMY ix
panianiiine okpuxuenHs. CTaHIapTHI IPOrpaMK JUisi KOPIYCiB BUCOKOTO THUCKY peaktopa BBOP-1000/V-320 maroth
JIesIKI HEJTOJIKH, TIPUYMHOIO SIKHUX € IXHSI KOHCTPYKIiSl — HEOAHOPIHICTE HEHTPOHHOTO I0JISI HABITH yCepennHi OKpe-
MHUX Ha0OpiB 3pa3KiB, BEMUKUH TPali€HT HEHTPOHHOTO MOTOKY MK 3pa3kaMH il KOHTeHHepaMmH, BiICYTHICTH HeH-
TPOHHHUX MOHITOPIB y OLTBIIIH YacTHHI KOHTEHHEPIB, a TAKOXK BiANOBITHUX TEMIIEpaTypHUX MoHiTOpiB. Kpim Toro,
po3TairyBaHHs 3pa3KiB-CBIJKiB HE TapaHTy€ YMOB, 110 BiJIIOBiIal0Th yMOBaM OIIPOMIHEHHS IIEHTPAILHOI 00eHaliku
KP. MoaudikoBana mporpama aist peakropiB Ty BBOP-1000/V-320C Oyna po3pobnena it peanizoBaHa y ABOX
6nokax AEC Temi-JIun, Yexis. ITo niit mporpami Ginbli III0CKI KOHTEHHEPH PO3TALIOBYIOTHCS HA BHYTPIIIHIN CTiH-
ui KP y 30Hi nenrpanpHoi obevyaiiku, mo 3ade3nedyye NpakTHYHO iIGHTHYHI YMOBU OIPOMIHEHHS 13 KPUTHYHUMHU
KOPIyCHUMHM Marepianamu. Taki KoHTeiiHepu BHyTpimHiMU po3mipamu 210x300 MM MaroTh J1Ba Iapu 3pa3KiB; BU-
kopuctanss Bkiaagumis (10x10x14 mm) 3amicTh miBHOpO3MipHUX 3paskiB lllapnu nae MOXIIMBICTH ONPOMIHIOBATH
MaTepiaim JeKiTBKOX KOPITYCiB OJHOYAaCHO B OJHOMY KOHTeHHepi. Ll mepeBara KOHCTPYKIii BUKOPHUCTOBYBAIACS
mpu ctBopeHHi Kommiekcnoi [Iporpamu s aexinekox 61okie BBEP-1000 — Temenun 1 + 2, benene (Bonrapis),
PiBue 3 + 4, Xwminsauk 2, 3anopixoks 6 (Ykpaina) i Kaminin 3 (Pocis). OnpoMiHeHHS X apXiBHHX MarepialiB
pasom 3 etasonauMu cransmu JRQ MATATE (tuny ASTM A 533- B) i eranonnoro cramio BBEP-1000 no3Bonuts
3pIBHATH pajiamiiiHe OXpUXUYyBaHHS JAaHUX MarepiaiiB 1 ojepkaru OLTbII HafiiHI i 00'eKTUBHI pe3yJbTaTH, TOMY
IO JIOTeNep He iCHY€ NOCTOBIPHHUX NPOTrHO30BaHUX (HOPMYIT IPU HAWOUIBII BHCOKOMY 3MICTI HIKEINIO Y 3BapeHHX
3'eqHaHHsAX. ONPOMiHEHHS 3pa3KiB i3 30HK 00OJIOHKH JOTIOMOYXKE TPH OLIHII OMOpY KopIlyca THCKY pexumMam PTS.
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