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10 ACCIDENT ANALYSIS 

10.1 BASIS FOR EVALUATION 

The basis for the evaluation of the accident analysis provided in chapter 4 of the TOB's for 
units 2 and 3 of NPP's Rovno are the presently valid rules and guidelines in France and 
Germany from which the members of the accident analysis group are from. As far as these 
rules are relevant for the evaluation of the accident analysis, they are summarized in two 
appendices (appendix 10-A-l and 10-A-2). For the reader who wants to get more information 
about these rules and guidelines before reading the technical details in chapters 10.2 (assesment 
of computer codes), 10.3 (assesment of analyses for unit 2 of Rovno NPP), and 10.4 
(assesment of analyses for unit 3 of Rovno NPP), he may read these appendices at first. The 
French and German rules and guidelines have common features to a high extent. In case of 
deviations from each other, the particular basis of the evaluation is clearly expressed in the 
detailled assessment of the accident analyses. Deviations are for instance the consideration of 
an additional repair case in the application of the single failure concept and the ignorance of the 
first signal for reactor scram in the German rules and the more detailled definition of event 
classes in the French rules. 

During the discussion with the Ukrainian and Russian experts at NPP Rovno common features 
as well as deviations between the Western approach and the Eastern approach were identified. 
This is obvious by comparing the lists of events, their classification, the corresponding 
acceptance criteria, the application of the single failure concept, the consideration of 
operational systems, and the consideration of operator actions according to the Western 
approaches (appendices 10-A-l and 10-A-2) and the Eastern approach (chapters 10.3.1 for the 
WER-440/213 and 10.4.1 for the WER-1000/320). 

Only preliminary statements were made with regard to the radiological calculations in this 
working phase. There were results presented in chapters 4 of the two TOBs, however the 
documentation was not sufficient. This holds especially true for the description of the codes 
which were used for these analysis. Our first statements were based on plausibility and on 
comparing the dose limits of Russian rules with those of Western rules. 

10.2 APPLIED COMPUTER CODES 

10.2.1 Information on the status at Rovno NPP 

In the Technical Safety Report (in Russian: TOB) for the NPPs Rovno units 1 and 2 the 
following computer codes were applied for the conduction of accident analysis documented in 
chapter 4: 

• MOST-7 and BIPR were applied for the reactivity and power distribution anomalies (for the 
case of the drop of a control member the code version BD7R-S was explicitely mentioned 
whereas for the other cases of this group just BIPR) 
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• DENAMEKA was applied for the accidents of the following groups: 
- increase in heat removal by the secondary system, 
- decrease in heat removal by the secondary system, 
- decrease in reactor coolant system flow rate. 
For some cases the version DINAMIKA-5 was explicitely mentioned: 
- de-energization of all reactor main coolant pumps, 
- shaft break of one reactor main coolant pump. 
For the majority of the remaining cases, just DINAMIKA was mentioned. 
For one case, no code name was mentioned at all, but we assumed that also DINAMIKA was 
used: 
- emergency disconnection of one main feed water pump and the failure to connect 
the stand-by one. 

DINAMIKA was also used for the analysis of small breaks in the primary coolant system 
during the first phase of the accident until the loss of natural circulation. 

• UROVEN was applied for small and intermediate break loss of coolant accidents during the 
second phase of the accident after the loss of natural circulation. 

• TETSCH-M-4 was applied for the blowdown phase of the large break loss of coolant accident 
(LBLOCA) calculation. For the calculation of the guillotine break of the pipe which connects 
the ECCS accumulator tank with the downcomer, the code TETSCH-M was used, i.e. no 
code version was mentioned. 

• ZALIV was applied for LBLOCA calculations during the refill and reflood phases. 

• OTLIK was applied for the calculation of accelerations during seismic loads. 

• GAMMA was applied for the calculation of loads on structures in case of earthquake. 

In the analysis for accidents postulated for the NPP Rovno unit 3, mostly the same codes were 
used for the same accidents. The deviations are given in the following: 

• BEPRUS was applied for the case of decrease of boric acid concentration which is one of the 
cases out of the category of reactivity and power distribution anaomalities. 

• DINAMEKA was applied for the remaining cases of the category of reactivity and power 
distribution anomalies. Explicitely mentioned was the code ALFA as a part of DINAMIKA 
which was used for the calculation of the convective heat transfer coefficients and the pressure 
loss coefficients as well as the model TVEL, which was used for the calculation of the 
departure of nucleate boiling ratio (DNBR). DINAMIKA was also used for the calculation of 
the case of unsealing the cover of the steam generator cover. 

In general the information in the TOB's was not always complete with regard to the specific 
code version and with regard to the time of the calculation. From such kind of information it 
should become obvious in which particular developmental state the code was at the time of ist 
application for a specific case. 
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No information was also obtained from the TOB about those codes which were applied for the 
calculation of radiological releases and of critical conditions. 

Limited information was found in the TOB as listed in the following table: 

Unit 

1,2 

3 

TOB 
Gftapter 

4.2.1.1.1.3 

4.2.1.7.3.1 
4.2.2.1.3 

4.2.4.1.3 

4.2.2.1.1 

4.2.2.1.4 
4.2.2.3.2 

4.2.2.5.1 

Code 

MOST-7 

BIPR 

DINAMIKA 
DINAMIKA 

TETSCH-M-
4 
DINAMIKA 

ALFA 
TVEL-2 
BIPRUS 
DNAMTKA 

TETSCH-M-
4 
ZALIV 
DINAMIKA 

luforraatioa 

neutron kinetics model with 6 groups of 
delayed neutrons, thermalhydraulic equations 
for core and primary circuit 
3-dim. one group, stationary diffusion equ. with 
consideration of geometry in core 
details of nodalization 
range of code application, maxim, numbers of 
loops (6), core channels (7), cyl. layers of fuel 
rods (11), conrol volumes in each loop (20), 
layers of wall structure (5), point kinetics 
model, 6 delayed neutron groups 
nodalization details zirkonium oxidation (if 
temperatures > 700 degC) 
nodalization details, point kinetics with 6 
delayed neutron groups, 10 sections axially in 
the core 
calculation of HTC and pressure losses 
calculation of DNBR 
3-dim. single group diffusion equation 
mixing in lower plenum assured about 20% 
according to experimental studies in the plant 
Zaporoshje-1 (1985) 
nodalization details 

reflood phenomena 
only five axial nodes in core applied, it was 
claimed in the oral discussion that fine meshing 
would have small effect on cladding temp, (less 
than 10 K difference) 

For additional information see the accident sheets (appendices 10-A-4 and 10-A-5). 

Besides informations about computer codes given in the Rovno TOB's, additional 
documentations for the evaluation were partially used. The description of the computer codes 
given in appendix 10-A-3, is taken from ref /DOE89/ which is itself an adaptation from ref 
/ASM87/. 

Additional description of DINAMIKA, TETSCH-M-4 and KANAL can be found in the 
references /DYN89/, /TET89/, /KAN89/, /AT082/, /ROV93/. 

Concerning computer codes verification, some documentation, generally in Russian langage is 
available. 
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Reference /KAN92/ is an example of verification of KANAL-4. The KANAL-4 calculations of 
the void fraction for subcooled boiling and fully developed two- phase regions are compared to 
the experimental data performed in tube geometry. 

Reference /TET92/ is an analysis of the results of phenomenological tests and experimental 
data performed with TETSCH-M-4. The phenomenological tests are related to vertical tube, 
horizontal tube and U-tube. Comparison with experimental data is performed for discharge test 
from a high pressure vertical vessel, Edwards blowdown test from horizontal tube and 
Marviken discharge test 24 from vertical vessel. 

Post-test calculations of IAEA Standard Problems SPE-1 and SPE-3 with computer code 
DYNAMIKA-5 are presented in reference /DYN90/. 

Reference /ISP92/ deals with the calculations of the characterization test of the ISP33 Pactel 
experiment with TETSCH-M-4 and DINAMIKA. 

Results of post-test calculations of IAEA Standard Problems SPE-1 and SPE-2 performed by 
OKB GIDROPRESS with computer code TETSCH-M-4 are given in reference /TET90/. 

Reference /VER83/ released from OKB GIDROPRESS includes a general description of the 
program set for thermalhydraulic calculations of transients (basic methodological assumptions 
and justification of the numerical stability of the algorithms). The main part of this document is 
devoted to computer codes verification, especially for ALPHA and TVEL codes. Verification 
includes calculation of the experimental tests performed on critical heat flux facility, 
calculations of experiments performed on the "safety facility" and calculations of transients 
experienced on NPP. 

A description of the results of the pre-test calculations of ISP33 performed with DINAMIKA-
5 and TETSCH-M-4 is given in the reference /VTT93/. 

REFERENCES to chapter 10.2.1 

/ASM87/ The status of Computer Codes and Experimental Research for Safety 
Analysis of Nuclear Power Plants with WER-Type Reactors, in 
German 
V.G ASMOLOV et al., KERNENERGIE, V. 30, N°8, pp. 273-277 

/AT082/ NPP Temelin - IAEA Mission - Project N° 3, Part in, Appendix (8 6 
13), in English 
Prepared by Atomenergoprojekt - Moscow, 1982 

/DOE89/ Department of energy's team's analysis of Soviet designed W E R s 
DOE/NE-0086, Revision 1, Analysis Appendices, US Department of 
Energy, 
Sept. 89. 
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/DYN89/ Computer code for transient calculation of W E R reactors 
"DYNAMIKA-5", in 
Russian 
Podolsk, 1989 
Document N° 210-Pr-3797 

/DYN90/ OKB Gidropress 
Results of Post-test Calculation of IAEA Standard Problems SPE-1, 
SPE-3 with computer code DYNAMIKA-5, in Russian 
Podolsk, 1990 
Document N°.210-Pr-3797 

/DYN92/ OKB Gidropress 
Calculation of characterisation test of ISP-33 Pactel experiment with 
TETSCH-M-4 and DYNAMIKA-5, in Russian 
Podolsk, 1992 
Document N°.210-Pr-3889 

/KAN89/ OKB Gidropress 
Coputer code for transient calculation in the channels of W E R 
reactor core 
"KANAL-4", in Russian 
Podolsk, 1989 
Document N° UDK 681.3:621.039.586/ 8624606.00300-01-LU 

/KAN92/ OKB Gidropress 
Calculation of void fraction for subcooled boiling region with program 
KANAL-4, in Russian. 
Podolsk, 1992 
Document N°.210-Pr-3888 

/TET89/ OKB Gidropress 
Computer code TETSCH-M-4 for calculation of the prameters of the 
primary circuit during accidents with pipe breaks, in Russian. 
Podolsk, 1989 
Document N°.UDK 681.3:621.039.586/ 8624606.00256-01-LU 

/TET90/ OKB Gidropress 
Results of post-test calculation of IAEA Standard Problems SPE-1, 
SPE-2 with computer code TETSCH-M-4, in Russian 
Podolsk, 1990 
Document N° 210-Pr-3796 

/TET92/ Analysis results of phenomenological tests and experimental data 
with computer code TETSCH-M-4, in Russian 
Podolsk, 1992 
Document N° 210-Pr-3887 
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OKB Gidropress 
Reasons for the Methods and of the Programs for the calculation of 
instationary conditions based on experimental data, in Russian 
Podolsk, 1983 
Document N°.341-Pr-035 

VTT Technical Research Centre of Finland) 
OECD/NEA/CSNI International Standard Problem N° 33 (ISP 33) 
PACTEL Natural Circulation Stepwise Coolant Inventory Reduction 
Experiment 
Preliminary Comparison Report 
Lappeenranta, 1993 

10.2.2 Assessment 

The evaluation based on limited documentation is preliminary. After translation of documents 
presently only available in Russian language and after detailled discussion in special seminars 
about the developement of physical and mathematical models and about the verification of the 
models using separate effects tests and about the qualification of the entire system code using 
integral tests, the evaluation shall be continued. This will be proposed for future evaluation in 
the second phase. 

The main criterion for the present evaluation of the suitability of the codes applied for the 
accident analysis of the Rovno plants is the today's state of the art of advanced accident 
analysis codes used worldwide. As an example the situation for the western codes is described. 
The leading western codes (for example the thermohydraulic system codes ATHLET, 
CATHARE, RELAP and TRAC) have reached a relative high level of quality, due to extensive 
developmental efforts and verification. The verification is based on specific code verification 
matrices which are related to the international OECD/CSNI matrices for integral tests and for 
seperate effect tests. These matrices rely on a large number of international safety experiments 
performed in facilities of a large range of scaling, up to seperate effects in full geometrical 
scale, as well as on the calculation of reactor transients. The selection of tests for the matrices 
was performed in a systematic way considering all known physical phenomena which are 
important for the accidental sequences. For each new version of the accident codes a selected 
fraction of these analyses is repeated. The high level of prediction quality is freqently 
demonstrated by participation in international standard problems (ISP's). The ISP's have also 
clearly shown the large influence of code users on the results of the calculations. It is derived 
from ISP comparison reports that the results of different users of the same computer code 
scatter more and deviate more from the experimental results than the best analytical results 
obtained with different codes. In most of the cases the best results were obtained by ISP 
participants who worked in institutions in which the code was developed. Several codes are 
still in the process of further improvements. The still existing weaknesses are compensated for 
the time being by means of conservative model assumptions. 

On the basis of the available documentation of the two Russian system codes DINAMEKA and 
TETSCH we conclude that their status of developement differs mainly with regard to the 
treatment of two-phase flow. Whereas the western codes consider thermal and mechanical 
non-equilibrium of the liquid and vapour phases at any place of the primary and secondary 
system, the Russian system codes mentioned above are applying inhomogeneous models only 

/VER83/ 

/VTT93/ 
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at selected locations of the system, e.g. in the chambers of the reactor pressure vessel and in 
the pressurizer. Apart from this the codes are basically homogeneous. This leads to certain 
limitations in the application of the codes for situations which are characterized by phase 
separation phenomena everywhere in the system, in particular in stratified flow in horizontal 
pipes. Also phenomena like the clearance and refill of pipe seals which are of special 
importance in the plants of the type WER-440 cannot be satisfactorily simulated without 
models for interfacial friction between the phases. Condensation induced phenomena during 
the injection of highly subcooled water also require fully separated treatment and a flow regime 
depending condensation model, which both are not available in these codes. 

The application of the codes for design base calculations can however be accepted if 
compensating conservative assumptions are made or if the limitations of the codes are strictly 
observed, i.e. that the codes are not applied for such situations for which they are insufficiently 
prepared. DINAMDCA was applied to the analysis of steam line breaks and for similar cases 
out of the category of "increase of heat removal by the secondary side". In this cases droplet 
entrainment and deentrainment play an important role during the accident process. Since these 
processes are not considered in the code two conservative assumptions were made to worsen 
the effect on the process of subcooling the primary cooling system. The first assumption was 
the neglection of entrainment to the break, i.e. pure vapour flow at the break was assumed. 
The second assumption was a high heat transfer coefficient typical for boiling below the 
mixture level for the whole bundle area of the steam generator heat exchanger tubes as long as 
residual water was present on the secondary side. 

It has to be mentioned that the two codes DINAMIKA and TETSCH use several 
subprogrammes in common. These are programmes for the simulation of certain components 
(NASOS for the behaviour of centrifugal pumps, KANAL for the core power and fuel element 
temperatures), of certain systems (SAOS for the ECCS) and for physical correlations (ALFA 
for the heat transfer coefficients and pressure loss coefficients, WODA and SWOISTWA for 
the properties of water, TWEL for the DNBR) and others. As far we are informed about these 
codes we find that the approach in these subprogrammes is comparable with the usual 
approach in Western codes. For the determination of the heat transfer coefficients WER-
specific experimental results have been used. 

The refill and reflood phase of large break loss of coolant accidents is also characterized by 
strong phase seperation processes. The calculation was performed by the code ZALIV. The 
physical processes during the refill and reflood phase are modelled in simplified manner. It is 
known from experimental investigations, e.g. in the UPTF facility, that the ECC water injected 
into the upper plenum is penetrating the core heterogeneously. Already during the refill phase, 
it cools down those core channels faster which are penetrated directly from the top. During the 
reflood phase which starts after the water level reaches the bottom of the core, a lower quench 
front is formed in the core and an upper quench front also in those channels of the core without 
penetration from above. The reason is the entrainment of water droplets and the deentrainment 
at the upper core support plate. Even secondary quenchfronts are formed due to deentrainment 
at grid spacers. According to the description of ZALIV available to us these processes are not 
modelled in the code. The ECC water injected into the upper plenum is assumed in the ZALIV 
model to overflow into the lower plenum. Compared with a situation of partial penetration of 
the core, accompanied by evaporation, the assumption in the ZALIV code may lead to an 
earlier beginning of the reflood phase, which is not conservative. On the other hand water 
swelling due to evaporation during water boiling is not considered. This leads to a lower water 
level in the reactor pressure vessel. It is not clear how the sum of the assumptions described 
here and additional assumptions not discussed here contribute finally to an approach which 
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may be or may not be considered as a conservate one. Only large scale experiments using the 
real W E R geometry could solve this problem of uncertainty. Alternatively there would be a 
potential to solve the problem by the systematical performance of sensitivity calculations. It is 
necessary to continue our work of code evaluation in the future to reach more reliable results. 

The additional documents obtained (see chapter 10.2.2 of this report) contain information 
about the verification of the Russian codes. Besides the analysis of several Russian Seperate 
Effects Tets (SET) the reports also describe the calculation of SETs and Integral Tetst (IT) 
which are already known in the Western countries. Examples of the analysis of Russian SET 
are given in the following. 

The core program KANAL-4 was verified against stationary data obtained from a facility KIT 
which simulates boiling in a heated vertical tube. Subcooled liquid entered the tube at the 
bottom and developed into two-phase conditions. Some test conditions (pressure about 7 MPa, 
mass flux about 1000 kg/m^/s) do not coincide with typical condition of a WER, other 
conditions like heat flux (between 0.5 and 2 MW/m^) and subcooling do so. The results of the 
analysis were similar to those we obtain from models in Western codes. KANAL-4 
underestimates the void fraction in the lower core region and overestimates it in the upper 
region. Further results of this kind - but more typical for W E R conditions, if available -
should be used for further evaluation in working phase 2. 

TETSCH-M-4 was applied to a post test analysis of a Russian test on the discharge of coolant 
from a vessel at high pressure. The volume of the vessel was 160 1, its height was 2.13 m. 
Initially the pressure was 12.5 MPa and the temperature was 557 K (subcooling about 50 K). 
The discharge took place via a pipe with an equivalent diameter of 25 mm at the height of 
1.402 m from the bottom of the vessel. The comparison of experimental and calculated 
parameters included the pressure in the vessel and the void fraction at 4 different levels. For 
the calculation a discharge coefficient of 0.5 was used. The main phenomena were simulated 
correctly in the analysis, the deviations are acceptable. 

In reference 341-PR-035 of GIDROPRESS /VER83/ the following contributions for the 
verification of the codes DINAMEKA and TETSCH are described: 

• the results of comparison calculations of power reduction from 70% to 50% in the NPP 
Novovoronesh-5, 

• the results of comparison calculations of 4 stationary situations with single phase natural 
circulation in the primary system at low power (between 3% and 12%), also in the NPP 
Novovoronesh-5, 

• the results of comparison calculations of the differential pressure over the main coolant 
pump during pump coastdown, also in the NPP Novovoronesh-5, 

• the results of comparison calculations of a asymmetric load reduction (the plant has two 
turbogenerators), also in the NPP Novovoronesh-5, 

• the results of comparison calculations of the operation of fast reactor power reduction in 
the Loviisa plant, 

• the results of post-test calculations of loss of coolant experiments performed in the small 
scale test facility ISB (scaling factor about 1:3000) which simulates nominal initial 
conditions of the coolant, but not very close to W E R configurations (e.g. it uses a vertical 
steam generator). 
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In addition several sensitivity studies on nodalization and on time step size are contained in this 
report as well as benchmark calculations for different accidental situations. These activities 
also include the application of the codes ZALIV and UROVEN. 

As far as can be seen now from this report which has not been translated from the Russian 
language so far, it can be concluded that the documented calculations can give an important 
contribution to the evaluation of the qualification of the Russian accident codes. The first 
impression, based on a "quick look", is that the codes have calculated most of the physical 
phenomena qualitatively well and also the quantitative deviations are not too large. An 
exception is the calculation of the critical heat flux for a large break situation which is 
calculated conservatively (far from the experimental result). It is worthwile to study this report 
in more detail during the second phase. Also the study of the original literature should be 
included then. 

Analysis of tests better known in the Western countries are: 

• Depressurization test MARVTKEN No. 24 in large scale for the verification of the code 
TETSCH-M-4 /TET92/. The calculated results were in satisfactory agreement with the 
data as far as the parameter at the break are concerned. No results were provided about the 
mixture level behavior in the vessel. 

• Small scale depressurization test in the horizontal EDWARDS pipe for the verification of 
the code TETSCH-M-4. Good agreement was apparently obtained between calculation and 
data, however there is insufficient data presentation in the report. In our second working 
phase this calculation should be discussed again after the primary report is available. 

• Standard problems of the International Atomic Energy Agency (IAEA) SPE-1, SPE-2, 
SPE-3 with small breaks for the verification of the codes TETSCH-M-4 and 
DINAMKA-5. 

In the pre-test prediction of SPE-1, which was the simulation of a leak of 7.4% in the upper 
region of the downcomer with ECCS-injection by means of the active HPIS, no institution 
participated which applied Russian codes. However a post-test analysis was performed later by 
GIDROPRESS with DINAMIKA. Generally good agreement was obtained between measured 
and calculated data. Discrepancies were found in the analytical results with regard to the 
clearance of loop seals in the hot leg and in the cold leg. 

A further post-test calculation of this test was performed by GIDROPRESS with 
TETSCH-M-4. In comparison to the DINAMIKA calculation a further improvement of the 
results was obtained. This confirms that TETSCH-M-4 is the code which is better suitable for 
the analysis of accidents with small and medium breaks. 

A pre-test prediction of SPE.-2, which was the simulation of the same LOCE as SPE-1 but 
with injection from 3 out of 4 accumulators, was performed by OKB GIDROPRESS as an 
official participant with the code DINAMIKA. In the evaluation report of the IAEA the 
statement was made that the best agreement of calculated and measured results was obtained 
by the participants who applied RELAP5/Mod2 and DINAMIKA. A post-test calculation of 
the same test was later performed by OKB GIDROPRESS with TETSCH-M-4. An 
improvement of the results was obtained in comparison to the results obtained with 
DINAMIKA. However it must be considered that the TETSCH calculation was an open post-
test calculation whereas the DINAMIKA calculation was a blind pre-test prediction. 
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The Nuclear Research Centre REZ near Prague performed as an official participant a pre-test 
prediction with DINAMIKA of standard problem SPE-3, which simulated a leak of an 
equivalent diameter of 100 mm in the upper region of the steam generator collector. One of the 
two secondary safety valves at the defect steam generator was assumed as stuck-open. 2 out of 
3 HPIS pumps were considered and 3 out of 4 accumulators. Good agreement between 
measured and calculated data was obtained. In the post-test calculation of the same test, 
performed later on by OKB GEDROPRESS with DINAMIKA, some water levels were not 
calculated in good agreement, e.g. in the upper plenum and in the core simulator, where 
deviations up to one meter occurred. 

The generally good results of the calculations, especially of the pre-test predictions of the three 
IAEA standard problems demonstrated that realistic results can be obtained for small break 
situations with DINAMIKA. This was found from calculations performed by the code 
developper but also from calculations performed by a qualified external user. 

Two post test analyses of the characterization test which was performed in the Finnish test 
facility PACTEL, a three-loop simulation of the reactor plant LOVIISA of the type WER-
440/W213 in the volume scaling of 1:305, were performed with the codes DINAMIKA-5 and 
TETSCH-M-4 by GEDROPRESS. Very good agreement was obtained in this analysis which 
demonstrates that the data-set preparation was carefully performed. 

The pre-test prediction of the International Standard Problem (ISP) Nr. 33 was also performed 
with the same codes. The results were not completely satisfying, because the strong pressure 
increase after the temporary plugging of the hot leg loop seal was not predicted. It has to be 
mentioned that also other codes had difficulties to predict this phenomenon and that the 
occurrance of this phenomenon in the analyses depends strongly on the simulation of the heat 
losses in the pressurizer. 

Concluding the evaluation of the status of developement and of verification of the 
thermohydraulic computer codes DINAMIKA and TETSCH together with their sub-programs 
used for the accident analysis in the TOBs of NPPs ROVNO, it can be stated that their 
application for the accidents with and without loss of coolant is justified for the moment if their 
restrictions in application are considered and if appropriate conservative assumptions are made 
to compensate for the still existing weaknesses. In comparison to the systematic and 
comprehensive verification of advanced Western codes it seems obvious that further activities 
in the field of verification are needed in the future. These include the analysis of commissioning 
tests, the analysis of tests of the international verification matrices of the OECD/CSNI and 
further analysis of tests which are presently defined by an international group for the additional 
WER-verification matrix. 

For the computer codes used for the analysis of reactivity and power anomalies there is at 
present no complete code description and no information on the status of verification available. 
Comparing the results with results of similar accident analysis for the Western plants using 
Western codes, the results of the calculations for the ROVNO plants seem plausible. The 
results of reactivity and power anomalies are also far enough from the limits of the acceptance 
criteria. Verification by means of calculation of commisioning tests and benchmarks should be 
supplied during the second phase of our evaluation. This also holds true for the codes used for 
containment calculation and for the codes used for radiological calculations. 

The plant insists to include the following remark in the report: " It should be noted that other 
codes used for the calculation of the power distribution in the stationary conditions and the 
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physical constants (BEPRUS, UNIRASOS, etc..) are qualified by GAN of Russia and their 
reports are available in GAN of Russia and Kourchatov Institute". 

The plant remark does not question our recommendations for improvements. Moreover, as far 
as we do not analyse these verification reports which are not available to us, we consider that 
the proposal for future evaluations is still valid. 

10.2.3 Recommendations for improvements 

The documentation should be improved with regard to the computer codes used for the 
accident analysis. It should be clearly stated for each analysis in which year the analysis 
was performed and with which version of the code. A graphical representation of the 
nodalization should be added for each analysis. A separate chapter should be included 
which provides the information about the major steps of code developement and code 
verification versus time. The reader should be able to obtain sufficient information from 
these sources about main features of the codes at the time when they were used for a 
particular analysis. 

10.2.4 Recommendations for future studies 

None. 

10.2.5 Proposal for future evaluations 

A special seminar should be arranged on the developement and the verification of the Russian 
computer codes used for the accident analysis of Rovno units 1,2,3. It should include the 
history and the actual status. The history is important since many of the accident analyses have 
been performed using old code versions. 

In comparison to the systematic and comprehensive verification of advanced Western 
computer codes it seems necessary that further acivities in code verification are needed in the 
future. These include the analysis of commissioning tests at Rovno NPP, analysis of selected 
experiments of the OECD/CSNI verification matrices for seperate effects tests and for integral 
tests as well as analyses of tests which are presently defined in an international expert group for 
a complementary WER-verification matrix. 

It is recommended to study the report 341-PR-035 of GEDROPRESS /VER83/ in detail during 
our second working phase. Also the study of the original literature should be included then. 

10.3 UNIT 1, 2 

10.3.1 List of events, classification, and acceptance criteria 

10.3.1.1 Information on the status at ROVNO NPP 

List and Classification 
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Design conditions are divided into three classes: 

• the first class which includes normal operating conditions. In this class, there is no 
actuation of the scram ; however, spurious actuation of the emergency protection (reactor 
scram) can happen and it is classified in this first group of design conditions. 

• the second class includes abnormal transients which present deviations with regard to the 
normal operating conditions. The transients of this second group can lead (but not 
necessary) to reactor scram. 

• the third class includes the emergency conditions like control rod ejection, LOCA, main 
steam line break,... 

Beyond design conditions are generally not included in the chapter 4 of the TOB (Safety 
Analysis Report). An exception is the case "Unsealing of SG-collector cover" which is 
classified as beyond design event (class 4). 

Table 10-T-l lists the design basis accidents of class 2 and class 3 considered in the Safety 
Report (TOB) of Rovno, unit 2. 

Acceptance criteria 

The acceptance criteria for these three classes are the following: 

• First class: the rated maximum damage of fuel elements for normal operation, which 
determines the established level of activity of the coolant of the primary system, comprises 
the following in the number and extent of defects of the fuel elements (the first rated limits 
of damage to fuel elements): 1% of the fuel elements with defects of the gas leak type and 
0,1% of fuel for which direct contact of the coolant and nuclear fuel occurs. 

• Second class: for the transients of this class, departure from nucleate boiling is not allowed. 
Consequently, DNB ratio, calculated by taking into account uncertainties, must be higher 
than 1.0. 

• Third class: the acceptance criteria are similar to those of appendix K of CFR 50: 
- fuel cladding temperature must not exceed 1200 °C, 
- local percentage oxidation of fuel cladding not more than 18% of the initial 

cladding thickness, 
- fraction of reacted zirconium not more than 1% of its mass in the core. 

In the case of control member ejection, the following acceptance criteria is considered: 
enthalpy rise in the fuel is limited to 230 cal/g. 

Besides, for the operating conditions of the three classes, primary pressure must not exceed 
115% of the design pressure. 

The acceptance criteria include radiation criteria which are defined according to persons 
category and critical organs group, in the TOB, book 1. 
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According to basis permissible dose limits, the following categories of irradiated persons are 
established : 

- category A : personnel 
- category B : limited part of population 
- category C : population of the district, region, republic, country. 

Three groups of critical organs are established : 

- Group I : the whole body, gonads, red bone marrow 
- Group II : muscles, kidneys, spleen, gastroenteric tract, lungs, eye lens and other organs 
except for those belonging to groups I and III 
- Group III: skin, bone tissue, hands, forearms, maleoli, feet. 

Maximum permissible doses (MPD) of personnel exposure during normal opeartion according 
NRB -76/87 is given by the following table : 

Group of critical 
organs 

Maximum permissible 
dose (rem/year) 

I 

5 

II 

15 

III 

30 

Limiting doses for the restricted part of population (category B) during normal operation 
caused by NPP radioactive wastes is given in mrem/year by the following table, according to 
SPAES-79 : 

Group of critical 
organs 

Gas-aerosol release 
Liquid effluents for 

separate types of 
water usage 

I 

20 
5 

II 

60 
15 

III 

120 
30 

During design basis accidents (DBA), the personnel is allowed for 5 times the maximum 
permissible doses (MPD), according to NRB -76/87. 

During maximum DBA, the expected individual exposure to the children's thyroid gland caused 
by the isotopes shall not exceed 30 rem whereas the expected external exposure dose shall not 
exceed 10 rem, according to SPAES-79. 

Single failure criterion application 

The single failure criterion is applied to safety systems only for emergency transients (class 3). 
Single failure criterion is applied on active or passive components (provided that passive 
components have movable parts), or on wrong operator action. 

In addition, a long term undetected failure is considered. 
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The stuck of the most effective control member is considered in all cases where reactor scram 
occurs. 

Consideration of operational systems 

Operational systems are principally considered only in class 1 and class 2. In emergency 
conditions (class 3), they are only considered if they contribute to increase the risk. 

Operator actions 

In accident analysis, no credit is taken of operator actions during the first thirty minutes after 
the beginning of the accident. 

10.3.1.2 Assessment 

List of design basis accidents 

The review of the list of accidents examined in the ROVNO unit 2 Safety Report has 
demonstrated that there is no clear logic in drawing up this list. 

As a matter of fact, the accident of unsealing the steam generator collector cover happened in 
ROVNO, unit 1 on 22 nd of January, 1982 when the plant was operating at 82% NP (ref. 
IAEA Incident Reporting System). 

Despite this relatively high frequency of occurrence and according to the information provided 
to us, this accident is classified as a beyond design accident (BDBA) for WER-440/213 and 
WER-1000. The plant has to justify this classification. 

During the last discussions with Ukrainian experts ( 9 - 1 1 June, 1994), the plant insists to 
mention that despite its classification as a beyond design basis accident, this transient has been 
considered with conservative assumptions. 

However, these assumptions are acceptable with regard to worsening the core cooling 
conditions but not with regard to worsening the condition for radioactive releases to the 
environment. 

Besides, comparison with Western practices shows that some initiating events are not 
considered; for instance, the following accidents do not appear in the accident analysis of 
Rovno, unit 2 : 

• Inadvertent loading and operation of a fuel assembly in an improper position, 
• Control member misalignment. 

In addition, the reduction of primary flow rate by the blockage of one or more subchannels 
which can lead to fuel damage or local core melt should be considered as a specific case for 
WER-440/213. 

It must be noticed that neither beyond design basis accidents nor accidents during shutdown 
states are considered in the Safety Report of ROVNO, unit 2. 
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Acceptance criteria 

According to our discussion in ROVNO NPP, the acceptance criteria seem to be similar to 
those used in Western countries. 

However, the list and the justification of the acceptance criteria are not completely included in 
the Safety Report. 

10.3.1.3 Recommendation for improvements 

Concerning the classification of design basis accidents, it would appear necessary to 
define the classes of events (operating conditions) to be taken into account in the safety 
analysis. This classification system must be based on the expected frequencies of the 
operating conditions to be taken into account and must be associated with the 
acceptance criteria. 

Moreover, the list of design basis accidents must be extended to take into account other 
expected initating events like: 

• Inadvertent loading and operation of a fuel assembly in an improper position 
• Control member misalignment 
• Blockage of one or more core subchannels 
• Unsealing of steam generator collector cover which was considered as a beyond 

design basis accident for ROVNO, unit 1 and unit 2 

A list of beyond design basis accidents must be drawn up on the basis of a probabilistic 
approach taking into account the reliability of the components. In practice, it requires 
the study of the consequences of a combining incident or accident initiating events with 
a total failure of the redundant safety systems used frequently or permanently. 

It is recommended to study the possibility to take into account the initiating events 
which can happen during shutdown states (primary breaks during shutdown, loss of 
residual heat removal with low mass inventory in the primary circuit, dilution by pure 
water slug,...). 

The plant requested to add the following comment: "From the point of view of the Ukrainian 
experts, the recommendations for the classification of initiating events based on expected 
frequencies are quite justified. However, it should be noted that such a classification practically 
doesn't influence the analysis. At the same time, acceptance criteria according to existing 
regulations in force don't depend on the frequency of initiating events within the design basis 
accident group. The Ukrainian experts informed that the safety reevaluation project (ROVNO), 
which is under study now, and the safety reevaluation of the NPP equipped with WER-1000 
include the evaluation of the beyond design basis accidents using the probabilistic approach". 

From our point of view, this comment has no impact on our recommendation for 
improvements which remains still valid due to the reasons explained in the assessment. 

10.3.1.4 Recommendation for complementary studies 
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None. 

10.3.1.5 Proposal for future evaluations 

None. 

10.3.2 Decrease in Reactor Coolant Inventory 

10.3.2.1 Leaks from Primary System to Containment and from small connecting pipes 
outside the containment 

10.3.2.1.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 the following events are considered in this category: 

Case Number 
of Ace. sheets 

23 

24 

25 
29 

30 

26 

Number of 
TOB-chapter 

4.2.4.1 

4.2.4.2 

4.2.4.3 
4.2.4.7 

4.2.4.8 

4.2.4.4 

Event 

LBLOCA(l):DEGBof 
MCPipe 
LBLOCA(2): DEGB of ECC-
injection pipe to downcomer 
SBLOCA in MCpipe 
Inadvert. opening and unfitting 
of pressurizer safety valve 
Break of pipe for identified 
leakage 
Break of pulse pipe outside 
containment 

Accident Class 
(Russian Classif.) 

3 

3 

3 
3 

3 

3 

Details are found in the accident sheets (see appendix 10-A-4). 

10.3.2.1.2 Assessment 

Comparing the list of accident analysis in the TOB with those which are considered in Western 
practice, the missing events are: 

• leak in the residual heat removal system (RHRS) outside the containment (corresponding in 
W E R to a leak in the LPIS which is used as the residual heat removal system) 

• leak in the chemical and volume control system (CVCS) outside containment 

The list of the considered events corresponds to the regulatory documents in force. On one 
side the probability of the two leak situations mentioned above is considered much less than 
the frequency of those which were considered, because the pipes are under high pressure only 
for short time respectively only under low pressure, on the other side radiological impact for 
such leaks could be important. We suggest that these cases should at least be considered and 
discussed in the TOB. 
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During the last meeting held in ROVNO NPP from 9 to 11 of June, 1994, the plant confirmed 
its position to do not improve the present situation on ROVNO units 1 and 2, arguying that" 
the emergency core cooling system leakage (in suction line) is not considered because the 
probability of such a rupture is sufficiently low (the line is operated at low pressure, but is 
designed on the basis of more conservative conditions) and its essential length is isolated from 
the circuit". 

As it is explained in § 11.2.5.4, this argumentation is not sufficient to question our 
recommendation for complementary studies related to a leak in the residual heat removal 
system (RHRS) outside the containment (corresponding in W E R to a leak in the LPIS which 
is used as the residual heat removal system) 

The classification of the events is relatively well comparable to the Western approach. 

The initial conditions seem to be sufficiently conservative. 

The application of the single failure concept is clear and acceptable for the events of class 3. In 
addition to the single failure also an additional long term undetected failure was assumed. 
Several additional conservative assumptions were made for the analysis. They are listed in the 
accident sheets of appendix 10-A-4. 

The result of the LBLOCA leads to a maximum cladding temperature of 1050 °C which is not 
very far from the limit of 1200 °C. The conservatism of the analysis should be demonstrated or 
it should be justified that the uncertainty band is smaller than 150 K. 

In spite of the title for case 23 no calculated results were presented on about the LBLOCA in 
the hot leg. This could be the leading case with regard to the load on the bubble condenser 
facility for pressure suppression. Therefore the results of this case are important, they should 
be presented. 

The results were not always plausible. For instance in case 24 there was always water in the 
core, but the maximum cladding temperature reached 760 °C. Another example are the higher 
cladding temperatures for the smaller leak size (990 °C for the 200 mm case compared with 
760 °C for the 250 mm case). 

Problems of core cooling in case of small leaks may arise because of the pressure gap between 
the end of the accumulator action and the onset of LP safety injection. The authors of the TOB 
propose to backfit the plant by a loop seal connection line between the hot leg loop seal and 
the cold leg loop seal. It should be proven that such a measure would be really effective. This 
problem is not considered to be a serious one as long as the high-pressure pumps of the 
emergency core cooling system operate. In the frame of beyond design base accidents the 
failure of these pumps may be assumed. Then the pressure gap between the end of the 
accumulator action and the onset of LPIS becomes very important. It should be demonstrated 
how core cooling can be maintained under this circumstances. In case of insufficient cooling, 
possible solutions could be to replace the low pressure pumps by such with higher head or to 
introduce automatic cooldown on the secondary side. 

The calculations are generally too short. The long term phase until reaching the safe shut-down 
condition is not included. 
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The calculations were performed many years ago with code versions which are obsolete from 
today's point of view. In the meantime the codes have been further developed and improved as 
recent calculations of standard problems of IAEA and of OECD/CSNI demonstrate. It would 
be adviceable to repeat a set of selected calculations with the advanced codes. 

10.3.2.1.3 Recommendation for improvement 

The documentation should be improved taking into account the open questions which 
are listed in the accident sheets of appendix 10-A-4 (in particular in cases 23 and 25). 
Also the long term phase until reaching the final safe shut-down conditions should be 
explained (including necessary operator actions). 

It should be demonstrated that the LBLOCA with the double-ended guillotine break 
with full flow area on both sides is really the worst case with regard to flow stagnation in 
the core. For this purpose a study with variation of relative break sizes of both sides of 
the double ended guillotine should be performed. 

The influence of the gap conductance on the results of the maximum cladding 
temperature should be demonstrated in a study. 

The LBLOCA in the hot leg should be considered with regard of the load on the bubble 
condensor suppression facility. 

10.3.2.1.4 Recommendations for complementary studies 

The conservatism of the analysis of the LBLOCA should be demonstrated or it should be 
justified that the uncertainty band is smaller than 150 K. 

It would be advisable to repeat a set of selected calculations with advanced codes. 

It should be proven that a loop seal connection line would really be effective. 

Analysis of the two cases: 
• leak in the residual heat removal system (RHRS) outside the containment 

(corresponding in W E R to a leak in the LPIS which is used as the residual heat 
removal system) 

• leak in the chemical and volume control system (CVCS) outside containment should 
be considered. 

It should be explained why the cladding temperature was rising in case 24 in spite of the 
fact that there was always cooling water in the core region. It should also be explained 
why the maximum cladding temperature was higher for the smaller leak size of diameter 
200 mm than for the larger leak size of 250 mm. 

10.3.2.1.5 Proposal for future evaluations 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be evaluated. 
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10.3.2.2 Leaks from Primary System to Secondary System 

10.3.2.2.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 the following events are considered in this category: 

Case Number 
of Ace. sheets 

27 
28 

Number of 
TOB-chapter 

4.2.4.5 
4.2.4.6 

Event 

break of steam generator tube 
unsealing SG-collector cover 

Accident Class 
(Russian Classif.) 

3 
4 

Details are found in the accident sheets. 

10.3.2.2.2 Assessment 

Comparing the list of accident analysis in the TOB with those which are considered in Western 
practice, the list contains the most important cases including the WER-specific case 28.The 
steam generator tube rupture (SGTR) should also be analyzed with simultaneous loss of power 
and also for the initial condition of hot stand-by. 

The classification of the SGTR is relatively well comparable to the Western approach as far as 
this is possible taking into account the different approach. 

The case of unsealing the SG collector cover (case 28) is considered as class 4 event (beyond 
design base accident) in spite of the fact that this event has already occurred at Rovno NPP 
unit 1. It was argued that the probability is now much lower because of a package of measures 
including the improvement of water chemistry. This should be demonstrated. 

The initial and boundary conditions are not covering the whole spectrum which should be 
investigated. Hot stand-by conditions and also loss of power conditions should be included. 

The application of the single failure concept is not covering the whole spectrum of 
investigations for the SGTR. Assumptions have only been made with regard to worsening the 
core cooling conditions (for which they are acceptable) but not with regard to worsening the 
condition for radioactive releases to the environment. On the other hand one case was analyzed 
with the consideration of operational systems (the pumps of the C VCS) which detonates the 
situation with regard to releases. A single failure of a safety system was not assumed in this 
case. This should be done. For the analysis of case 28 a single failure (1 out of 3 ECCS pumps) 
and a long term undetected failure (one accumulator) was assumed in spite of class 4 event. 

The documentation of the performed analyses is not sufficient. Important plots are missing, 
e.g. the water level in the affected steam generator in the case of SGTR with CVCS pumps 
running. 

The period of calculations is too short for both cases because no stable conditions are reached. 
In particular the steam generator level is still increasing in the SGTR case without CVCS 
pumps running. It was claimed that calculations with longer period of calculation is available 
with OKBG but not documented in the TOB. Furthermore it was stated that the calculation of 
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the case 28 was not extented because the emergency procedure to cope with this case is still 
under development. 

During the last meeting in ROVNO NPP ( 9 - 1 1 June, 1994), the plant gave additional 
informations about the existence of "an instruction which defines the procedures in the event of 
the leakage from the primary circuit into the second circuit. This instruction is updated taking 
into account the complementary calculations". 

No informations have been given about the calculations demonstrating the adequacy of this 
emergency procedure in the case of a leak from the primary circuit to the secondary circuit. As 
a consequence, we consider that our recommendations about complementary studies are still 
valid. 

10.3.2.2.3 Recommendations for improvement 

The documentation of the existing calculation should be improved taking into account 
the many questions which are listed in the accident sheets in appendix 10-A-4. 
Additional plots should be presented which are necessary to understand the results of 
the calculation. 

The existing calculation of case 27 (SGTR) should be extented at least until reaching 
stable conditions. In addition the accident sequence between the end of the computer 
calculation and the arrival at safe shut-down conditions should be completely and 
clearly described (including necessary operator actions). 

Further recommendations listed in the accident sheets should be considered. 

10.3.2.2.4 Recommendations for complementary studies 

For the case of SGTR additional calculations should be performed with conditions 
covering the whole spectrum with regard to worsening the core cooling and also the 
radioactive release to the environment. This includes also hot stand-by condition as 
initial condition and also loss of power conditions. The analyses should be long enough 
to reach stable conditions and they should also include necessary operator actions. If 
such calculations have already been performed but not documented in the TOB they 
should be presented. 

For the case of unsealing the steam generator collector cover a comprehensive study 
should be performed taking into account various alternative procedures in order to find 
out the optimal procedure. It was argued that the probability of this case is now much 
lower in comparison to 1982 when this case occurred in NPP Rovno, unit 1 because of a 
package of measures including the improvement of water chemistry. This should be 
demonstrated. 

The data of the 1982 accidents with unsealing the steam generator collector cover at 
Rovno NPP unit 1 should be made available for code verification purpose. The code 
DINAMIKA should be applied for a post accident analysis. 

10.3.2.2.5 Proposal for future evaluations 
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Evaluation of calculations not yet documented, e.g. long term calculations of the case with 
SGTR is proposed. 
Alternative emergency procedures for the case of unsealing the steam generator collector 
cover and their evaluation should be discussed and evaluated. 

10.3.3 Increase in Heat Removal by the Secondary System 

10.3.3.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 the following events are considered in this category: 

Case Number 
of Ace. sheets 
15 

16 
17 
31 
33 
34 

Number of 
TOB-chapter 
4.2.3.2 

4.2.3.3 
4.2.3.4 
4.2.5.1 
4.2.5.3 . 
4.2.5.4 

Event 

compl. inadv. opening of one 
control valve in feedwater line 
inadv. opening of HPH bypass 
instantaneous load increase 
steamline breaks 
inadv. opening of SG SV 
inadv. opening of SGRV 

Accident Class 
(Russian Classif.) 
2 

2 
2 
3 
3 
3 

Details are found in the accident sheets. 

10.3.3.2 Assessment 

Comparing the list of accident analysis in the TOB with those which are considered in Western 
practice, the list contains the majority of the important cases. Not considered was the case of 
the break of the main steam line between the confinement and the main steam isolation valve 
(MSIV). It was argued that this case has a low probability of occurrence, because of its short 
length of 1.5 m only. This argument is not convincing. This case should be analyzed as a 
limiting case in order to prove the safety relevant design. In this analysis also the operational 
leakages of steam generator tubes should be taken into account for the calculation of the 
radiological release. 

The plant insists to add the following remark : "According to the Ukrainian experts, from the 
point of view of the influence on the core, the break of main steam line between the 
confinement and the main steam isolation valve is similar to the accident with the steam line 
break inside the confinement. From the point of view of the radiological release (taking into 
account the lack of the design tightness of the steam generators tubes) the radiation burden 
according to evaluations are less than the accident limits". 

No evaluations have been shown to us in order to proove these statements. Then, as far as 
these evaluations are not included in the TOB, our recommendation about the case of steam 
line break between the confinement and the main isolation valve still remains valid. 

The steamline break was analyzed only for large breaks and only for full power. According to 
Western practice this is not sufficient. The worst case with regard to maximize the subcooling 
of the primary system may be a partial leak size at hot-stand-by conditions (as a matter of fact, 
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the consequences of the accident may be less severe when the reactor is at power since the 
reactor coolant system contains more energy than at zero power ; moreover, since the initial 
mass of secondary fluid is greater at hot shutdown, the amplitude and duration of reactor 
coolant system cooldown may be greater). It should be found by a study which case is the 
worst for the Rovno units 1 and 2 and this case should be analyzed in detail. 

We were informed in the discussions at Rovno NPP that investigations in addition to the 
accident analyses documented in the TOB were performed, e.g. analysis of inadvertent opening 
of steam relief valve BRU-A at hot-stand-by conditions and also the same case with the 
assumptions of the total loss of HPIS-pumps. It is very important to present these results, since 
the application to the single failure in the calculated class 3 events of this category seems to be 
not in accordance with the single failure concept. 

The classification of the documented accidents is relatively well comparable to the Western 
approach as far as this is possible taking into account the different approach. 

The initial conditions seem to be sufficiently conservative, but complete and clear information 
on all relevant data is missing in the TOB. For cases 31, 33 and 34 the application of the single 
failure concept is not clear. Our corresponding questions were not answered. 

Principally the results seem to be plausible. The period of calculation is too short, in particular 
in case 34. The calculation should either include the arrival at safe shut-down condition or - as 
an alternative - there should be an argumentation describing clearly the further sequence of the 
accident until reaching the safe shut-down conditions. 

10.3.3.3 Recommendation for improvement 

The calculations should be extented until reaching the safe shut-down conditions. As an 
alternative the accident sequence between the end of the computer calculation and the 
arrival at safe shut-down conditions should be completely and clearly described 
(including necessary operator actions). 

The steamiine break should be analyzed also for partial leak sizes at hot-stand-by initial 
condition. The worst case should be identified in a study and should be thereafter 
analyzed in detail. 

Investigations should be presented which have been performed in addition to the 
accident analyses documented in the TOB, e.g. the analysis of inadvertent opening of 
steam relief valve BRU-A at hot-stand-by conditions and also the same case with the 
assumptions of the total loss of HPIS-pumps. 

The documentation should be completed with regard to complete and clear information 
on the application of the single failure concept for each case of class 3 events within this 
category. 

Further recommendations listed in the accident sheets should be considered. 

10.3.3.4 Recommendantions for complementary studies 
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If the single failure really was not applied in the class 3 events of this category, these 
calculations should be repeated with consideration of the single failure according to the 
rules. 

The case of the break of the main steam line between the confinement and the main 
steam isolation valve (MSIV) should be considered as a limiting case in order to prove 
the safety relevant design. In this analysis also the operational leakages of steam 
generator tubes should be taken into account for radiological calculations. 

10.3.3.5 Proposal for future evaluations 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be evaluated. 

10.3.4 Decrease in Heat Removal by the Secondary System 

10.3.4.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 the following events are considered in this category: 

Case Number 
of Ace. sheets 
14 
18 
19 
20 
21 
22 
32 

Number of 
TOB-chapter 
4.2.3.1 
4.2.3.5 
4.2.3.6 
4.2.3.7 
4.2.3.8 
4.2.3.9 
4.2.5.2 

Event 

loss of main feedwater pump 
inadv. clos. of feedwater valves 
loss of offsite power (long term) 
turbine trip (1 out of 2) 
load reduction to house load 
inadv. closure of one MSIV 
break of feedwater pipe 

Accident Class 
(Russian Classif.) 
2 
2 
3 
2 
2 
2 
3 

Details are found in the accident sheets. 

10.3.4.2 Assessment 

Comparing the list of accident analysis in the TOB with those which are considered in Western 
practice: the list contains the most important cases. Most of the cases which were not 
considered so far seem to be already covered by the considered cases: 
• malfunction of steam pressure controller resulting in decreasing steam flow is covered by 

the cases 18 and 20, 
• the short term loss of power is covered by the case 19, 
• loss of inventory of feedwater tank is covered by cases 13 and also by case 18 depending 

on objective of the calculation, 
• small leaks in feedwater pipes are covered by case 32, 
• leaks in the emergency feedwater pipes are covered by case 32, 
• failure of emergency feedwater pumps covered by available redundancy. 

It should be demonstrated that these cases are covered by cases for which analysis has been 
presented. 
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One case seems not to be covered by existing analysis : the turbine trip without opening the 
turbine bypass (BRU-K). 

The plant insists to add the following remark : " When performing the analysis, it was 
considered the case of the turbine trip without opening the turbine bypass (BRU-K)". 

Despite the statement of Ukrainian experts, it has been checked that this case is not included in 
the TOB and it is not demonstrated that it is covered by existing analysis. As a consequence, it 
should be considered either by an analysis or by giving reasons that this case is already 
covered. 

The classification of the considered accidents is relatively well comparable to the Western 
approach as far as this is possible taking into account the different approach. 

The initial conditions seem to be sufficiently conservative. The application of the single failure 
concept is clear and acceptable for case 19, but for case 32 insufficient information is available. 
If the single failure really was not applied in this class 3 event, this calculation should be 
repeated with consideration of the single failure according to the rules. 

Principally the results seem to be plausible. The period of calculation is too short. In case 32 
the primary pressure is still increasing at the end of the calculation period. In case 22 the 
necessary operator actions are not included in the analysis. The calculation should either 
include the arrival at safe shut-down condition or - as an alternative - there should be an 
argumention describing clearly the further sequence of the accident until reaching the safe shut
down conditions. 

It can not be excluded from the results of the calculaton of case 32 that the pressurizer safety 
valve has to operate with two-phase mixture for which it has not been designed for. In case 21 
it is probable that the secondary safety valves open. We were informed that this would be 
acceptable for this class 2 event according to the Russian rules. But this is not acceptable 
according to the Western practice. 

10.3.4.3 Recommendation for improvement 

The existing calculations should be extented until reaching the safe shut-down 
conditions, in particular for cases 32 where the primary pressure is still increasing at the 
end of the calculation period and for case 22 where the required operator actions are not 
included in the analysis. As an alternative the accident sequence between the end of the 
computer calculation and the arrival at safe shut-down conditions should be completely 
and clearly described (including necessary operator actions). 

Selected reports of original analyses from which the worst cases were derived should be 
made available for evaluation. 

Further recommendations listed in the accident sheets should be considered. 

10.3.4.4 Recommendations for complementary ctudies 
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If the single failure really was not applied for case 32 "break of feedwater pipe" (class 3 
event), this calculation should be repeated with consideration of the single failure 
according to the rules. 

The case "turbine trip without opening the turbine bypass (BRU-K)" which seems not 
to be covered by another analysis in the TOB should be considered in addition (either by 
a seperate analysis or by giving reasons that this case is already covered). 

10.3.4.5 Proposal for future evaluations 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be evaluated. 

10.3.5 Decrease in Reactor Coolant Flow Rate 

10.3.5.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 the following events are considered in this category: 

Case Number 
of Ace. sheets 
9 
10 
11 
12 
13 

Number of 
TOB-chapter 
4.2.2.1 
4.2.2.2 
4.2.2.3 
4.2.2.4 
4.2.2.5 

Event 

closing of main gate valve 
seizure of one MCP 
de-energization of some MCPs 
de-energization of all MCPs 
MCP shaft break 

Accident Class 
(Russian Classif.) 
2 
3 
2 
2 
3 

Details are found in the accident sheets. 

10.3.5.2 Assessment 

Comparing the list of accident analysis in the TOB with those which are considered in Western 
practice : the list contains nearly all the cases. Also the WER-specific case 9 is considered. 

Missing is the case of blockage of one or more subchannels in the core, e.g. due to foreign 
particles as tools or cotton waste for cleaning purpose. This case should be considered for 
reasons of completeness. 

The classification of the events is relatively well comparable to the Western approach as far as 
this is possible taking into account the different approach. 

The initial conditions seem to be sufficiently conservative. 

The application of the single failure concept seems to be not acceptable for the two events of 
class 3 (cases 10 and 13) because operational systems which benefit to the sequence of the 
events have been considered in the analyses. Due to this consideration no safety systems were 
involved. In Western practice only such operational systems are considered which worsen the 
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sequence of the events. We were informed by the Ukrainian/Russian experts that the procedure 
applied in the TOB analyses corresponds to the Russian rules. Consequently a difference in the 
safety philosophy remains. 

Principally the results seem to be plausible. 

The period of calculation is too short, in particular in the cases 9 in comparison to the closure 
time of the main gate valve and in case 13 where at the end of the calculation the pressurizer 
level and the primary pressure still rise. The calculations should either include the arrival at safe 
shut-down condition or - as an alternative - there should be an argumention describing clearly 
the further sequence of the accident until reaching the safe shut-down conditions. 

10.3.5.3 Recommendations for improvement 

The existing calculations should be extented until reaching the safe shut-down 
conditions, in particular for cases 9 and 13. As an alternative the accident sequence 
between the end of the computer calculation and the arrival at safe shut-down 
conditions should be completely and clearly described (including necessary operator 
actions). 

Further recommandations listed in the accident sheets should be considered. 

10.3.5.4 Recommandantions for complementary studies 

The class 3 events (cases 10 and 13) should be calculated again without considering 
operational systems which benefit to the sequence of the event and applying the single 
failure to the safety systems. 

The case of blockage of one or more subchannels in the core, e.g. due to foreign particles 
as tools or cotton waste for cleaning purpose should be considered for reasons of 
completeness. 

The equation for MCP run out should be compared with experimental values. 

10.3.5.5 Proposal for future evaluations 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be evaluated. 

10.3.6 Reactivity and power distribution anomalies 

10.3.6.1 Information on the status at Rovno NPP 

In TOB of Rovno 1, 2 the following events are considered in this category: 
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Case Number of 
Accident Sheet 
1 

2 

3 
4 
5 
6 
7 

8 

Chapter in 
TOB 
4.2.1.1.1 

4.2.1.1.2 

4.2.1.2 
4-2-1-3 
4.2.1.4 
4.2.1.5 
4.2.1.6 

4.2.1.7 

Event 

Withdrawal of group of control 
members at start-up conditions 
Withdrawal of group of control 
members from nominal conditions 
Ejection of one control member 
Drop of control member 
Scram 
Reduction of boric acid concentration 
Connection and disconnection of 
loops 
Inadvertent cooldown (secondary 
leaks) 

Accident Class 
(Russian Classific.) 
2 

2 

3 
2 
2 
2 
2 

3 

Details are found in the accidents sheets. 

10.3.6.2 Assessment 

Comparing the list of accidents analysis in the TOB with those which are considered in 
Western practice, the list contains the most important cases. Cases of relative low importance 
are missing: 

• inadvertent loading and operation of a fuel assembly in an improper position 
• cold water injection (e.g. bypassing the heat exchanger in the volume control system) 
• detaching of boron containing sediments in the core. 

It should be demonstrated that these cases are covered by cases for which analyses were 
presented in the TOB. 

The classification of the accidents is relatively well comparable as far as this is possible taking 
into account the different approaches. 

The initial conditions seem to be sufficiently conservative. The single failure in case 3 was the 
failure of the locking device (hydro-stopper), which would prevent the ejection. This is 
acceptable. In case 8 the loss of two emergency boron injection pumps is considered. 
According to the last informations given by the plant, it is identical with the high-pressure 
safety injection system of the emergency core cooling system, then its failure can be considered 
as the single failure application. 

Principally the results are plausible, however, the period of calculation is too short. It should 
include the arrival at the safe shut-down condition, or as an alternative solution there should be 
an argumentation describing clearly the further sequence of the accident until reaching the safe 
shut-down condition. 

10.3.6.3 Recommendations for improvement 
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The existing and the new calculations should be extended until reaching the safe shut
down conditions, or as an alternative there should be an argumentation describing 
clearly the further sequence of the events until reaching the safe shut-down conditions. 

Further recommendations listed in the accident sheets should be considered. 
Comparison of scram (case number 5) with measured plant data should be made. 

10.3.6.4 Recommendation for complementary studies 

The missing cases should be added - either as calculation results or at least in form of 
description, these are the 
• inadvertent loading and operation of a fuel assembly in an improper position 
• cold water injection (e.g. bypassing the heat exchanger in the volume control system) 
• detaching of boron containing sediments in the core. 

For new analyses the most recent versions of codes should be used. The code version, its 
status of development and verification should be documented. 

Results of reactivity transients obtained with 3-dimensional approach - if available -
should be presented for comparison. 

10.3.6.5 Proposal for future evaluations 

The original analysis reports were only partly used in the TOB. There should be an evaluation 
of a selected package from which the conclusion of the worst cases has been derived. 

The identity of the analysed cases with the operational and with the emergency handbooks 
should be evaluated. 

10.3.7 Increase in Reactor Coolant Inventory 

10.3.7.1 Information on the status at Rovno NPP 

In TOB of Rovno 1,2 no events were considered out of this category. 

10.3.7.2 Assessment 

Events of this group considered according to the Western practice are: 

• The inadvertent operation of ECCS during power operation of the plant 
• Malfunction or operator error leading to increased injection by the CVCS (Chemical and 

volume control system) 

It should be demonstrated in the TOB whether these cases are relevant and important. If they 
are they should be considered in the TOB. 
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10.3.7.3 Recommendation for improvement 

None. 

10.3.7.4 Recommandantions for complementary studies 

It should be demonstrated in the TOB whether the events: 

• The inadvertent operation of ECCS during power operation of the plant 
• Malfunction or operator error leading to increased injection by the CVCS (Chemical 

and volume control system) 

are relevant and important for the WER-440/213. In case they are they should be 
considered in the TOB with a complete and clear description of the accident sequence 
(including necessary operator actions). 

10.3.7.5 Proposal for future evaluations 

None. 

10.3.8 Cold water strands 

10.3.8.1 Information on the status at Rovno NPP 

There are no accident analysis in the chapter 4 of the TOB of Rovno units 1,2 inf this category. 

10.3.8.2 Assessment 

No assessment has been performed from accident analysis point of view. However preliminary 
remarks can be made. 

The occurrence of cold water strands is very important for the assessment of the safety against 
brittle fracture of the reactor pressure vessel, in paricular under the condition that such cold 
water strand are distributed asymmetrically across the annulus during high pressure in the 
primary system. Such asymmetrical conditions may particularely occur if part load operation 
takes place with a reduced number of loops. The brittle fracture transition temperature of base 
metal and weld at the level of the core may increase considerably due to neutron exposure. 

Depending upon their origin the cold water strands can be classified into two groups: 

• secondary side subcooling transients, e.g. the rupture of the main steam line, 
• small primary system leaks which are partially compensated by the emergency core cooling 

system. 
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Several analytical and experimental studies have been performed for other plants of the type 
VVER-440/213. It has to be checked to which extend they can be transferred to the plants 
Rovno units 1,2. Some of these investigations are the following: 

• Analytical investigations were carried out by OKBG in 1984 and in 1987. The 1987 results 
may not be applicable to Rovno because the ECC injection was directed to the hot leg of 
the main coolant pipes. 

• Experimental investigations were carried out in the Russian NPP Kola unit 4. 
• In Finland a PTS-study (PTS = Pressurized Thermal Shock) was performed by IVO. It 

should be mentioned that the Finnish Loviisa NPP is equipped with an ECCS of larger 
capacity than the Rovno plants. 

• At the former Technical University of Zittau, Germany, experimental and analytical 
investigations have been performed to study the flow distribution of large volume cold 
water strands as they may occur in the case of secondary side subcooling transients. 

• Siemens Kraftwerks-Union (KWU) has performed analysis for the NPP Greifswald units 1 
to 4 of type WER-440/213. The results also can not be directly transferred to the Rovno 
NPP units 1,2 because of considerable design differences. 

Complementary information is provided in § 4.3.4.1.2. 

10.3.8.3 Recommendations for improvement 

None. 

10.3.8.4 Recommendation for complementary studies 

Rovno specific results should be prepared either on the basis of already existing 
analytical and experimental results originally made for other plants of the same type, 
indicating the plant differences and their relevance - or if this can not be justified - by 
means of new calculations for the Rovno NPP's units 1,2. 

10.3.8.5 Proposal for future evaluations 

None. 

10.3.9 Thermaihydraulic analysis for confinement including bubble condenser 

10.3.9.1 Information on the status at ROVNO NPP : 

No analyses about this topic are in chapter 4 of TOB. 

The confinement (hermetic compartment) is designed for receiving any design loads arising 
during LOCA up to double ended break of main circulating pipeline Dnom 500 mm and 
secures localization of radioactive accident products inside the tight volume that secures 
radiation situation outside the boundaries of tight rooms during the accidents not worse than 
the permissible one by the respective norms. 
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Civil structures are designed for receiving the following loads (see §7.2.1.1): 

• Under normal operating conditions: proper weight of civil structures and process 
equipment, erection loads, temperature inside the tight circuit to 60 °C 

• under emergency operation conditions: proper weight of civil structures and process 
equipment, earthquakes of magnitude 6 (probably MSK scale), excessive pressure of 0,15 
MPa or rarefaction of 0,02 MPa inside the tight zone, short term temperature rise to 
127 °C. 

One of the main features of the confinement of WER-440/213 is the bubble condenser. The 
bubble condenser is a passive system and is involved in the pressure decrease in the tight rooms 
during the LOC A with break of the primary pipelines or secondary pipelines located within the 
boundaries of steam generators compartment by way of condensation of steam generated 
during release of superheated coolant. The remaining steam is condensed by means of an active 
spray system. 

The bubble condenser is housed in the separate tight building adjoining the tight volume of the 
reactor compartment. It involves 12 trays of bubblers plates (gap-cap) located in separate tight 
room with a volume of 20400 m3 which is connected with four tight rooms (air traps) with 
total volume of 19600 m3. Each air trap collects the non condensable gases from 3 rows of 
bubblers plates. 

Each tray of bubblers is connected to air trap via two check valves (DN500) mounted in series 
and to the containment via check valves (DN250) mounted in parallel. Each tray of bubblers is 
filled with borated water up to a level of 500 mm. 

The process of the condensation in the bubble condenser is the following: the coolant flashing 
during a LOCA into the reactor compartments flows through the corridor to the bubble 
condenser. When the pressure rise exceeds the head of water initially filling the bubblers gap-
cap systems (bubbler tubes), the steam-air mixture is forced downward by the caps through the 
bubbler tubes. Steam is condensed and the non-condensable gases and that portion of steam 
escaping condensation in the bubbler tubes collect in airtight plenum above each level of trays 
and go to the air traps where they are trapped. 

Detailed description of the bubble condenser as well as of characteristics of the check valves 
can be found in the ROVNO, unit 2 Safety Report, book number 2. 
No thermalhydraulic analyses for the confinement including the bubble condensor are 
contained in the TOB chapter 4 on accident analysis. 

10.3.9.2 Assessment 

No assessment has been performed from accident analysis point of view, because no analyses 
have been presented in the chapter 4 of TOB on accident analysis. However, preliminary 
remarks can be made. The effectiveness of the functions of the bubble condenser must be 
checked in the case of a leak inside the containment. 
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The experimental and design background of the Russian designers of the bubble condenser is 
not well known. However, from reference /PHA93/1, one can see that several experimental 
tests have been performed to verify the functionality of the bubble condenser system for the 
WER-440/213. These tests include : 

• Russian test programme "The test model of the bubble condenser" in which several design 
variants of the bubble condenser tray section and several heights of the water level were 
tested. 

• Russian test programme "The enlarged model of the bubble condenser". In this test 
programme the parallel operation of 11 sections of trays and the parallel operation of 3 
floors of trays has been tested. Also, the operation of the check valve has been tested. 

• Russian test programme dealing with the "Uniformity of fluid distribution in the bubble 
condenser system using an aerodynamical model" in which the flow distribution was tested 
in a scaled model with 12 floors. Also the function of the active spary (sprinkler) 
equipment and the self closing relief valves (DN250) was tested. 

• Hungarian test programme at the test facility VEIKI1 and VEIKI2 carried out with one 
half of a shortened gap/cap unit 

• Czech test programme at the SVUSS test facility in BECHOVICE modelling two halves of 
gap/cap unit. 

• In addition, the reactivation of the Ukrainian test facility "Large Scale Model" (LSM) 
ZUGRES of which the construction was stopped in 1986, can be very usefull in the 
assessment of the bubble condenser and the verification of the computer codes devoted to 
the pressure suppression systems. 

As far as we know, the results of computer codes (DRASYS, HEPRO, TRACO, VSPLESK) 
calculations of the pressure and temperature history in the containment folllowing a LOCA 
(maximum design accident) are below the values of the design. Other calculations /KUL92/2 
assuming supplementary failures show that the integrity of the containment is not ensured and 
a large radioactivity release to the environment is expected. 

However, it is not yet proven that these computer codes are fully validate to handle the main 
physical phenomena occurring during the process. 

Due to the lack of computer code verification and to make them suitable for predicting the 
dynamic behaviour of the pressure suppression system of WER-440/213 under design basis 
accidents and severe accidents conditions, a large program of investigations is underway in the 
OECD/NEA working group "WER-440 bubble condenser containment research work". 

The main objectives of the work are: 

• establishment of an experimental data base for computer codes validation 
• development of reliable, analytical tools in order to calculate the loads on the pressure 

suppression system and the efficiency of this system. 

^1^93 / Technical terms of reference and PHARE 92/93 - Nuclear Safety Regional Programme - WER-
440/213 - Bubble-Condensor Qualification Feasibility, 13.12.93 (Draft) 
2/KUL92/ M. Kulig: Analysis of Containment Pressure Changes inside WER-440/213 (NPP Zarnowiec), 
IAEA Research Contract Nr. 4782 RB, October 1992 
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In its first meeting in Kiev in November 1992, the working group has already identified integral 
tests and separate effects tests to be taken into account in order to validate the relevant 
computer codes. These tests should include the following main items: 

• Overall dynamic characteristics of the system: pressure and temperature transient, 
• Pressure loads on bubble condenser cells (gap-cap), 
• Pressure oscillations due to condensation effects, 
• Simultaneous operation of several bubble condenser cells (gap-cap), 
• Hydraulic characteristics of the check valves, 
• Water expulsion from the condenser: the influence of pressure gradients on the mechanisms 

of spillover or syphon flow, 
• Wave formation in the condenser, 
• Condensation effectiveness depending on the height of water level, 
• Extent of water carry-over from condenser pool, 
• Active spray efficiency. 

The plant insists to add the following remarks despite the fact they do not question our analysis 
and recommendations for complementary studies : " The TOB includes only the limit values of 
environmental parameters in the hermetic compartment, a LOCA and the data on the pressure 
reduction taking into account the bubble condenser operation. According to Ukrainian experts, 
the calculations of the main design characteristics in the containment taking into account the 
bubble condenser were performed by VTI (Moscow). This document includes the process 
characteristics in case of check valves DN500, DN250 rupture and small leaks. The analysis of 
available documentation and estimates about the bubble condenser of WER-440/213 were 
performed by the IAEA working group and presented in the document WER-SC-085. The 
safety re-evaluation project "ROVNO" will include the alternative calculations using the 
western codes. The institute Energoproekt has performed the complementary evaluations of 
the metal structure strength (according to the IAEA program). The above mentioned studies 
show that there is no doubt about the confinement integrity in the event of the pressure 
increase or in other cases. For ROVNO NPP, it is useful to perform the common calculations 
of the thermal-hydraulic characteristics of the process using the improved foreign codes. As for 
the general problem of the evaluations justifications of the bubble condenser, it is useful to 
resolve it within activity planned by the IAEA". 

One can observe the contradiction in this remark. As a matter of fact, it is claimed in one hand 
that "there is no doubt about the confinement integrity in the event of the pressure increase or 
in other cases " and in other hand it is planned to include the alternative calculations using the 
western codes within the safety re-evaluation project "ROVNO". 

In any case, the following recommendations for complementary studies and the proposal for 
future evaluations seem to us still valid. 

10.3.9.3 Recommendation for improvements 

None. 

10.3.9.4 Recommendations for complementary studies 

Thermalhydraulic analysis for the confinement including the bubble condenser should 
be included in the chapter 4 of the TOB on accident analysis. 
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10.3.9.5 Proposal for future evaluations 

The efficiency of the bubble condenser following a LOCA inside the containment is not fully 
proven. Therefore, its evaluation is recommended for the next phase. This should include: 
• to collect ail the existing results of the test facilities mentioned above and to review and to 

assess them, 
• to support the work of the relevant computer codes (DRASYS, HEPRO, TRACO,...) 

verification on the basis of the selected suitable test facilities, 
• once the validation of the computer codes is ensured, to perform calculations of the 

pressure and temperature evolutions following a LOCA in the containment. These 
calculations can include sensitivity studies by assuming additional failures (failure of check 
valves, failure of one or more bubbler trays,...) 

10.3.10 Radiological consequences 

10.3.10.1 Decrease in reactor coolant inventory 

10.3.10.1.1 Leaks from primary coolant system (PCS) to confinement and from PCS via small 
connecting lines to the environment. 

10.3.10.1.1.1 Information on the status of Rovno NPP 

Radiological calculations have been performed for the following cases inf this category: 

1. Double-ended guillotine break of the main coolant pipe in the cold leg (case 23 of appendix 
10-A-4) 

2. Double-ended guillotine break of the ECCS injection pipe that connects the ECCS 
accumulator and the downcomer (case 24 of appendix 10-A-4) 

3. Small break loss of coolant accidents in the primary colant circuit (case 25 of appendix 10-
A-4). 

4. Pulse tube break outside the containment (case 26 of appendix 10-A-4) 
5. Break of a pipe of identified lkeakage inside and outside the containment (case 30 of 

appendix 10-A-4) 

For this 5 cases the results were always below the dose limits set in the Russian rule SP 
AES-88: 
• 30 rem for the thyroid of the children, 
• 10 rem for the whole body exposure due to external irradiation. 

10.3.10.1.1.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.3.10.1.1.3 Recommendations for improvement 
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A description of the codes used for the calculations should be included in the TOB. 

10.3.10.1.1.4 Recommendation for complementary studies 

None. 

10.3.10.1.1.5 Proposal for future evaluations 

Assessment of radiological consequences following leaks from primary system to confinement 
is proposed. 

The calculated dose rates have to be compared with the limits specified in international guides 
(IAEA, ICRP) and with those in Western countries. 

10.3.10.1.2 Leaks from primary coolant system to the secondary system 

10.3.10.1.2.1 Information on the status of Rovno NPP 

Radiological calculations have been performed for the case "Steam generator tube rupture" out 
of this category. 

For this cases the calculated dose rate was below the dose limits set in the Russian rule SP 
AES-88: 

• 30 rem for the thyroid of the children, 
• 10 rem for the whole body exposure due to external irradiation 

For the second case out of this group, the case of unsealing the cover of the steam generator 
collector, no radiological analysis has been documented in the TOB, book 3. In the discussion 
at Rovno NPP we were informed that the dose rates would exceed the limits given above. 
Since the calculation of such transient with regard to worsening radiological releases has not 
been performed, further analysis in the future including radiological consequences will be 
conducted. 

10.3.10.1.2.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.3.10.1.2.3 Recommendations for improvement 

After the complete calculation (with the assumptions worsening the radiological releases 
and including operator actions according to emergency procedures in force) of the 
accident of unsealing the steam generator collector cover, an analysis of the radiological 
consequences should be performed. 
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10.3.10.1.2.4 Recommendation for complementary studies 

None. 

10.3.10.1.2.5 Proposal for future evaluations 

The analyses documented in the TOB are to be evaluated. New analytical results for the case 
of unsealing the cover of the steam generator collector will be included in the evaluation. 

The calculated dose rates have to be compared with the limits specified in international guides 
(IAEA, ICRP) and with those in Western countries. 

10.3.10.2 Increase in heat removal by secondary system 

10.3.10.2.1 Information on the status of Rovno NPP 

Since reliable core cooling was assured for all the events considered in this category no 
radiological calculations have been performed. 

10.3.10.2.2 Assessment 

It is acceptable that no radiological calculations have been performed. 

10.3.10.2.3 Recommendations for improvement 

None. 

10.3.10.2.4 Recommendation for complementary studies 

None. 

10.3.10.2.5 Proposal for future evaluations 

None. 

10.3.10.3 Decrease in heat removal by secondary system 

10.3.10.3.1 Information on the status of Rovno NPP 

Since reliable core cooling was assured for all the events considered in this category no 
radiological calculations have been performed. 
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10.3.10.3.2 Assessment 

It is acceptable that no radiological calculations have been performed. 

10.3.10.3.3 Recommendations for improvement 

None. 

10.3.10.3.4Recommendation for complementary studies 

None. 

10.3.10.3.5 Proposal for future evaluations 

None. 

10.3.10.4 Decrease in reactor coolant flow rate 

10.3.10.4.1 Information on the status of Rovno NPP 

Since reliable core cooling was assured for all the events considered in this category no 
radiological calculations have been performed. 

10.3.10.4.2 Assessment 

It is acceptable that no radiological calculations have been performed. 

10.3.10.4.3 Recommendations for improvement 

None. 

10.3.10.4.4 Recommendation for complementary studies 

None. . 

10.3.10.4.5 Proposal for future evaluations 

None. 

10.3.10.5 Reactivity and power distribution anomalies 

10.3.10.5.1 Information on the status of Rovno NPP 

10/37 



Since reliable core cooling was assured for all the events considered in this category no 
radiological calculations have been performed. 

10.3.10.5.2 Assessment 

It is acceptable that no radiological calculations have been performed. 

10.3.10.5.3 Recommendations for improvement 

None. 

10.3.10.5.4Recommendation for complementary studies 

None. 

10.3.10.5.5 Proposal for future evaluations 

None. 

10.3.10.6 Increase in reactor coolant inventory 

10.3.10.6.1 Information on the status of Rovno NPP 

Neither thermalhydraulic accident analysis nor radiological analysis has been performed. 

10.3.10.6.2 Assessment 

None. 

10.3.10.6.3 Recommendations for improvement 

None. 

10.3.10.6.4 Recommendation for complementary studies 

Thermo hydraulic and radiological aspects of events in this category should be 
considered for reasons of completeness. 

10.3.10.6.5 Proposal for future evaluations 

None. 
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10.3.11 V-LOCA 

10.3.11.1 Information on the status of Rovno NPP 

No specific analysis on V-LOCA bypassing the containment has been documented in the TOB. 

As an additional information, the plant added that this accident relates to the BDBA which 
were not analysed in the TOB and their radiological analysis should be performed using the 
probabilistic approach. 

This added remark does not question our recommendation for complementary studies. 

10.3.11.2 Assessment 

None. 

10.3.11.3 Recommendations for improvement 

None. 

10.3.11.4 Recommendation for complementary studies 

A systematic study of thermohydraulic and radiological aspects of events in this category 
should be provided. 

10.3.11.5 Proposal for future evaluations 

None. 

10.3.12 Accidents during refueling and shutdown 

10.3.12.1 Informations on the status at Rovno NPP 

In the TOB, two cases during refueling have been considered qualitatively: 

• decrease of boric acid concentration, 
• and drop of assembly. 

However, the TOB of Rovno unit 1 and 2 does not include analysis of accidents during shut 
down states. During discussion, we have been informed that a common action about accidents 
during reactor shut down is engaged between Russian and Finnish organisations for a new 
reactor concept. 

10.3.12.2 Assessment 
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Decrease of boric acid concentration has beeen evaluated in the frame of reactivity and power 
distribution anomalies. Drop of fuel assembly during refueling is considered from the point of 
vue of activity release. Therefore, the assessment will be performed in the next phase in the 
frame of radiological consequences. 

Concerning the accidents during shutdown staes, it should be mentioned that probabilistic 
safety assessment performed in different countries have pointed out the importance of core 
melt probabilities relating to families of accident sequences occurring during shutdown states. 

For instance, probabilistic safety assessments have been made in France of the 900 MWe and 
1300 MWe series units. The principal findings are: 

• the probabilities of core melt relating to families of accident sequences occurring while the 
reactor is initially on power are at an acceptable level. This result may be considered to be 
the consequence of, firstly, the design appproach which consisted of systematically seeking 
incident or accident initiating events and studying them using conservative deterministic 
rules and, secondly, subsequent allowance for additional operating conditions (beyond 
design basis accidents) using a more realistic approach. 

• incident and accident sequences initiated while the reactor is shut down and which were 
less fully studied at the design stage make a major contribution to the overall risk of core 
melt 

• the importance of operator action, which has a major role in reducing the probability of 
core melt and which must be taken into consideration in accordance with the applicable 
operating procedures. 

On the basis of these results, it is recommended that priority should be given to study the risk 
of core meltdown associated with the following families of events if it is applicable: 

• loss of residual heat removal system while the reactor is shut down for maintenance with a 
minimal water inventory, 

• dilution of the primary circuit while the reactor is in the cold shutdown or intermediate 
shutdown states, including the possibility of diluted water slug formation, 

• primary breaks occurring while the reactor is in the intermediate shutdown or cold 
shutdown states. 

10.3.12.3 Recommendations for improvement 

None. 

10.3.12.4 Recommendation for complementary studies 

It is recommended that priority should be given to study the risk of core meltdown 
associated with the following families of events if it is applicable: 
• loss of residual heat removal system while the reactor is shut down for maintenance 

with a minimal water inventory, 
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• dilution of the primary circuit while the reactor is in the cold shutdown or 
intermediate shutdown states, including the possibility of diluted water slug 
formation, 

• primary breaks occurring while the reactor is in the intermediate shutdown or cold 
shutdown states. 

10.3.12.5 Proposal for future evaluation 

Evaluation of existing complete material (if any) related to accidents during refueling and 
during shutdown states is proposed. 

10.3.13 Fuel assembly during handling 

10.3.13.1 Information on the status at Rovno NPP 

In TOB of Rovno 1, 2 the following events are considered in this category: 

Case Number 
of Accident Sheet 
35 

36 

Number of 
Chapter in TOB 
4.2.6.1 

4.2.6.2 

Event 

drop of fuel assembly during 
refueling 
drop of container with spent 
fuel (cont. 30 spent ass.) 

Accident Class. 
(Russian Class. 
3 

3 

Details are found in the accidents sheets. 

From the case 35 calculation it was concluded that achievement of criticality is impossible, but 
the loss of integrity of fuel element claddings and release of fission products into the air of the 
central room can occur. A radiological analysis was included. The calculated doses of external 
and internal irradiation obtained during the period to leave the rooms of the hermetically, sealed 
volume are smaller than maximum doses according to the guideline NRB-76/87, which is: 
• 25 rem for external whole body irradiation, 
• 75 rem for thyroid gland. 

Also for the second case it was found by calculation that achievement of criticality is 
impossible. From the radiological calculation it was concluded that the day radiation dose limit 
is not exceeded. 

10.3.13.2 Assessment 

Since there was insufficient information about the calculation method and about the detained 
structural and organizational measures in the NPP (those given by the plant during the last 
meeting on 9 - 11 of June, 1994 being very general), it was not possible to evaluate these 
analyses during the first working phase. However from a quick look it seems that there is a 
need of additional information on the computer codes used for these radiological calculations. 
The dose limits seem to be high in comparison to the dose limits valid in Western countries. 
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10.3.13.3 Recommendations for improvement 

The documentation of the analysis should be improved including sufficient information 
about the calculation method and about the detained organizational and structural 
measures to avoid these accidents to the maximum extent possible. 

A description of the codes used for the calculations should be included. 

10.3.13.4 Recommendation for complementary studies 

None. 

10.3.13.5 Proposal for future evaluations 

The analysis results together with the extented documentation should be evaluated. 

The calculated dose rates shall be compared with the limits specified in international guides 
(IAEA, ICRP) and with those in Western countries. 

10.3.14 Beyond design accidents - severe accidents 

10.3.14.1 Informations on the status at Rovno NPP 

In the TOB of Rovno unit 1 and 2 only the case of steam generator collector cover rupture can 
be included in the beyond design basis accidents. This case has been discussed earlier (see 
10.3.2.2) and its status between the design basis accident and the beyond design basis accidents 
is not very clear. 

During the discussion, we have been informed that calculations for some cases of beyond 
design basis accidents have been performed. This material was not available for us during the 
first phase of Rovno Project. 

Severe accidents have not been discussed during the first phase of Rovno Project. However, it 
seems from other sources, that reflexion is underway in the field of severe accidents which can 
occur on W E R plants. 

10.3.14.2 Assessment 

See 10.3.2.2.2 for the case of steam generator collector cover rupture. 

10.3.14.3 Recommendations for improvement 

See 10.3.2.2.3. 
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10.3.14.4 Recommendation for complementary studies 

It is recommended that the following beyond design basis accidents be analysed in order 
to determine the measures which could be justified by a probabilistic approach and 
intended to cope with such situations as: 
• accidents involving reactor scram failure (ATWS) 
• combination of steam line break with one or more steam generator tube rupture 
• combination of steam line break with steam generator collector cover break 
• total loss of steam generator feedwater 
• total loss of heat sink 
• total loss of power (total blackout) 
• total loss of low pressure safety injection or containment condensation capabilities 
• total loss of the high pressure safety injection system in the case where it is required. 

Besides, we recommend that attention should be given to the control of situations 
leading to core melt. 

10.3.14.5 Proposal for future evaluation 

Evaluation of existing complete material (if any) related to ATWS accidents should be 
conducted. 

Evaluation of existing complete material (if any) related to remaining beyond design basis 
accidents and severe accidents should be conducted. 

10/43 



Table 10-T-l: Classification of DBA considered for ROVNO 1 and 2 

Accident 

Spontaneous withdrawal of a group of control 
members 

Ejection of the control member 
Drop of control member 

Actuation of emergency protection 
Reduction of boric acid concentration due to failures 

in boron control system 
Connection and disconnection of inoperable loop 

Main steam line break 
Closing of the main isolation valve 

Seizure of one RCP out of n-operating ones 
De-energization of part of RCPs out of n-operating 

ones(l, 2 or 3 on 6) 
De-energization of all RCPs 

RCP shaft break 
Emergency disconnection of one feed pump and 

failure to connect of the stand-by one 
Complete inadvertent opening of one control valve of 

feed water system 
Inadvertent opening of one HPH bypass valve 

Instantaneous increase of load by 10% of the nominal 
value 

Inadvertent closing of the valves in feedwater supply 
Loss of off-site power supply 

Emergency disconnection of one turbogenerator out 
of two operating ones 

Instantaneous shedding of nominal power down to the 
level of the station auxiliaries with one turbogenerator 

stop valves fitting 
Inadvertent closing of one isolation valve on the 

steamline 
Large break LOCA 

Instantaneous guillotine break of pipeline that 
connects ECCS tank with reactor pressure chamber 

(pipe : 273x20 ; Dy = 250 mm) 
Partial breaks of primary pipelines (Dy: 25, 50, 73, 

90 and 200 mm) 
break of pulse pipe outside confinement 

Unsealing of steam generator collecteor cover 
Inadvertent opening and unfitting of presssurizer 

safety valve 
Break of pipeline of identified leakages 

Steam line break inside and outside of confinement 
Break of feedwater pipeline before and after check 

valve 
Inadvertent opening of one safety valve of steam 

generator 
rnadvertend opening of relief valve BRU-A 

Drop of fuel assembly during refueling 
Drop of container of spent fuel 

Seismic effects on the reactor in concrete pit 
Seismic effect on steam generator 
Break of pipeline of gas blow-offs 

Russian classif. 

2 

3 
2 
2 
2 

2 
3 
2 
3 
2 

2 
3 
2 

2 

2 
2 

2 
2 
2 

2 

2 

3 
3 

3 

3 
4 
3 

3 
3 
3 

3 

3 
3 
3 
? 
? 
? 
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10.4 UNIT 3 

10.4.1 List of events, classification, and acceptance criteria 

10.4.1.1 Information on the status at Rovno NPP 

List and Classification 

Design conditions are divided into three classes: 

• the first class which includes normal operating conditions. In this class, there is no 
actuation of the scram ; however, spurious actuation of the emergency protection (reactor 
scram) can happen and it is classified in this first group of design conditions. 

• the second class includes abnormal transients which present deviations with regard to the 
normal operating conditions. The transients of this second group can lead (but not 
necessary) to reactor scram. 

• the third class includes the emergency conditions like control rod ejection, LOCA, main 
steam line break,... 

Beyond design conditions are not included in the chapter 4 of the TOB (Safety Analysis 
Report). 

Table 10-T-2 lists the design basis accidents of class 2 and class 3 considered in the Safety 
Report of Rovno, unit 3. 

Acceptance criteria 

The acceptance criteria for these three classes are the following: 

• First class: the rated maximum damage of fuel elements for normal operation, which 
determines the established level of activity of the coolant of the primary system, comprises 
the following in the number and extent of defects of the fuel elements (the first rated limits 
of damage to fuel elements) : 1% of the fuel elements with defects of the gas leak type and 
0,1% of fuel for which direct contact of the coolant and nuclear fuel occurs. 

• Second class: for. the transients of this class, departure from nucleate boiling is not allowed. 
Consequently, DNB ratio, calculated by taking into account uncertainties, must be higher 
than 1.0. 

• Third class: the acceptance criteria are similar to those of appendix K of CFR 50: 
- fuel cladding temperature must not exceed 1200 °C, 
- local percentage oxidation of fuel cladding not more than 18% of the initial 

cladding thickness, 
- fraction of reacted zirconium not more than 1% of its mass in the core. 

In the case of control member ejection, the following acceptance criteria is considered: 
enthalpy rise in the fuel is limited to 230 cal/g. 
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Besides, for the operating conditions of the three classes, primary pressure must not exceed 
115% of the design pressure. 

The acceptance criteria include radiation criteria which are defined according to persons 
category and critical organs group, in the TOB, book 1. 

According to basis permissible dose limits, the following categories of irradiated persons are 
established : 

- category A : personnel 
- category B : limited part of population 
- category C : population of the district, region, republic, country. 

Three groups of critical organs are established : 

- Group I : the whole body, gonads, red bone marrow 
- Group II : muscles, kidneys, spleen, gastroenteric tract, lungs, eye lens and other organs 
except for those belonging to groups I and III 
- Group III: skin, bone tissue, hands, forearms, maleoli, feet. 

Maximum permissible doses (MPD) of personnel exposure during normal opeartion according 
NRB -76/87 is given by the following table : 

Group of critical 
organs 

Maximum permissible 
dose (rem/year) 

I 

5 

II 

15 

III 

30 

Limiting doses for the restricted part of population (category B) during normal operation 
caused by NPP radioactive wastes is given in mrem/year by the following table, according to 
SPAES-79 : 

Group of critical 
organs 

Gas-aerosol release 
Liquid effluents for 

separate types of 
water usage 

I 

20 
5 

II 

60 
15 

III 

120 
30 

During design basis accidents (DBA), the personnel is allowed for 5 times the maximum 
permissible doses (MPD), according to NEB -76/87. 

During maximum DBA, the expected individual exposure to the children's thyroid gland caused 
by the isotopes shall not exceed 30 rem whereas the expected external exposure dose shall not 
exceed 10 rem, according to SPAES-79. 

Single failure criterion application 
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The single failure criterion is applied to safety systems only for emergency transients (class 3). 
Single failure criterion is applied on active or passive components, provided that passive 
components have movable parts, or on wrong operator action. 

In addition, a long term undetected failure is considered. 

The stuck of the most effective control member is considered in all cases where reactor scram 
occurs. 

Consideration of operational systems 

Operational systems are principally considered only in class 1 and class 2. In emergency 
conditions (class 3), they are only considered if they contribute to increase the risk. 

Operator action 

In accident analysis, no credit is taken of operator actions during the first thirty minutes after 
the beginning of the accident. 

10.4.1.2 Assessment 

List of design basis accidents: 

The review of the list of accidents examined in the ROVNO, unit 3 Safety Report has 
demonstrated that there is no clear logic in drawing up this list. 

Besides, comparison with Western practices shows that some initiating events are not 
considered; for instance, the following accidents do not appear in the accident analysis of 
ROVNO, unit 3 : 

• Inadvertent loading and operation of a fuel assembly in an improper position, 
• Control member misalignment, 
• Drop of control member, 
• Feedwater malfunction causing increase in feedwater flow. 

The plant wanted to add the following comment: "the eastern experts agree that it is useful to 
extend the list of the design basis accidents to take into account other expected initiating 
events like the inadvertent loading and operation of a fuel assembly in an improper position. 
However, we see no problem here because such situations were considered for some new 
projects.and the results were positive. As for the control member misalignement, we think that 
this accident is covered by other more conservative cases (for example, the blocking of a 
control member of CPS. The regime of feedwater malfunction causing increase in feedwater 
flow was considered in the reactor project". 

This comment does not question our recommendation due to the following reasons : 

- concerning the inadvertent loading and operation of a fuel assembly in an improper position, 
the fact that there is no safety problem for some new projects in this case is not a proof for 
ROVNO, unit 3. As a matter of fact, this accident could introduce a perturbation of the power 
distribution and in some cases (beginning of the cycle, for instance), power peaks more 
important than those expected could be generated. The major causes are generally due to fuel 
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manufacture or a loading of one or more fuel assembly in an improper position. We think that 
this accident must be considered in the list of design basis accidents and at least an 
argumentation must be given to demonstrate that the precautions taken during fuel 
manufacture (quality assurance) and loading (checking of the loading plan and loading errors 
detection) are able to decrease drastically the probability of this accident. 

- concerning the control member misalignement, the argumentation is not valid because this 
initiating event must be considered with the blocking of the most effective control member 
outside the core (according to the russian practice), then the blocking of a control member 
does not cover this case. Moreover, the partial blocking of a control member is not considered 
in the TOB. 

- concerning feedwater malfunction causing increase in feedwater flow, we did not see any 
calculation related to this case in the TOB, book 3. 

It must be noticed that neither beyond design basis accidents nor accidents during shutdown 
states are considered in the Safety Report of ROVNO, unit 3. 

The plant informed us during the last meeting that "the programme of the modernization of the 
operating units includes a list of beyond basis accidents which was drawn on the basis of 
preliminary PSA results and thermal-hydraulic analyses were performed including the loss of 
the heat removal at cold shutdown". 

However, no reports were available to us during this first phase. Moreover, it must be justified 
to consider the heat removal at cold shutdown as a beyond design basis accident. 

Acceptance criteria: 

According to our discussion in ROVNO NPP, the acceptance criteria seem to be similar to 
those used in Western countries. 

However, the list and the justification of the acceptance criteria are not completely included in 
the Safety Report. 

10.4.1.3 Recommendation for improvements 

Concerning the classification of design basis accidents, it would appear necessary to 
define the classes of events (operating conditions) to be taken into account in the safety 
analysis. This classification system must be based on the expected frequencies of the 
operating conditions to be taken into account and must be associated with the 
acceptance criteria. 

Moreover, the list of design basis accidents must be extended to take into account other 
expected initating events like : 
• Inadvertent loading and operation of a fuel assembly in an improper position, 
• Control member misalignment, 
• Feedwater malfunction causing increase in feedwater flow. 

It is also recommended to study the possibility to take into account the initiating events 
which can happen during shutdown states (primary breaks during shutdown, loss of 
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residual heat removal with low mass inventory in the primary circuit, dilution by pure 
water slug,...). 

10.4.1.4 Recommendation for complementary studies 

A list of beyond design basis accidents must be drawn up on the basis of a probabilistic 
approach taking into account the reliability of the components. In practice, it requires 
the study of the consequences of a combining incident or accident initiating events with 
a total failure of the redundant safety systems used frequently or permanently. 

10.4.1.5 Proposal for future evaluations 

None. 

10.4.2 Decrease in reactor coolant inventory 

10.4.2.1 Leaks from Primary System to Containment and from small connecting 
pipes outside the containment 

10.4.2.1.1 Information on the status at Rovno NPP 

In TOB of Rovno 3 the following events are considered in this category : 

Case Number of 
Ace. sheets 

18 

19 

20 

23 

24 

Number of TOB 
chapter 

4.2.2.5.1 

4.2.2.5.2 

4.2.2.5.3 

4.2.2.5.6 

4.2.2.5.7 

Initiating event 

Break of Main Coolant 
Pipeline Dnom300 or more 

Inadvertent opening of 
pressurizer pulse safety 

device 
Break of primary pipelines 

Dnom < 109 mm 
Break of pulse tube of 

instrumentation beyond the 
containment 

Break of primary make-up-
blowdown pipeline 

Accident Class 
(RussianClassif.) 

3 

3 

3 

3 

Detailed description of these cases can be found in accident sheets (see appendix 10-A-5). 

10.4.2.1.2 Assessment 

Comparison with western practice shows a good agrrement, except for the following missing 
case: 
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• leak in Residual Heat Removal System (RHRS) outside the containment (corresponding 
for WERs to a leak of the LPSI used as RHRS). 

This case should be taken into account in the TOB if it is applicable. 

The classification of the initiating events is relatively well comparable to western approach as 
far as this is possible taking into account the different approach. 

The initial conditions listed in the TOB for the initiating of this group are conservative. 

The application of the single failure criterion (loss of one diesel generator) used for large break 
LOCA is similar to that used in western practice and it is acceptable. The same failure seems to 
be have been postulated in the case of inadvertent opening of pressurizer safety device. 

Besides the single failure, several additional conservative assumptions were made for the 
analysis, they are listed in the accidents sheets in appendix 10-A-5. 

The worst case for LBLOCA corresponds to a discharge coefficient 0.8 and leads to a maximal 
cladding temperature of 1078 °C which is not very far from the limit 1200°C. Despite the 
plausibility of the results, the conservatism of the analysis should be demonstrated or it should 
be proven that the uncertainty bandwith is smaller than 122°C. 

Analysis of LBLOCA in hot leg is not included in the TOB; however, according to the Russian 
experts, calculations of LBLOCA in hot leg have been performed. It was also answered that 
calculations for primary breaks Dnom 130mm, 180mm and 280 mm have been performed and 
have shown that these breaks are covered by breaks Dnom> 300 mm. 

These calculations seem to have been performed many years ago with obsolete version of the 
Russian codes. In the meantime the codes have been further developed and improved. It would 
be advisable to repeat a selected set of calculations, including LBLOCA, with the advanced 
codes. 

10.4.2.1.3 Recommendation for improvement 

The conservatism of the analysis of the LBLOCA should be demonstrated or it should be 
justified that the uncertainty band is smaller than 122 K. 

The single failure criterion application in the case of breaks Dnom <109mm must be 
clarified. 

Analysis of the LBLOCA in the hot leg should be included in the TOB. 

In each case, the analysis should be performed until reaching a safe shutdown state or as 
an alternative there should be an argumentation describing clearly the further sequence 
(including operator actions) of the accident from the end of calculation until reaching 
the safe shutdown conditions. 

10.4.2.1.4 Recommendation for complementary studies 
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It should be advisable to repeat a set of selected cases (including LBLOCA) with 
advanced computer codes in order to estimate the safety margin. 

The analysis of the case "leak in the RHRS (which is the LPSI in WERs) outside 
containment should be considered in the TOB. 

10.4.2.1.5 Recommendation for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original 
analyses from which the worst cases were derived should be also evaluated. 

10.4.2.2 Leaks from Primary System to Secondary System 

10.4.2.2.1 Information on the status at Rovno NPP 

In TOB of Rovno 3 the following events are considered in this category: 

Case Number of 
Ace. sheets 

21 

22 

Number of TOB 
chapter 

4.2.2.5.4 

4.2.2.5.5 

Initiating event 

Break of S.G heat 
exchange tube (SGTR) 

S.G collector cover break 
(Dnom 100 mm) 

Accident Class 
(RussianClassif.) 

2 

3 

Detailed description of these cases can be found in accident sheets. 

10.4.2.2.2 Assessment 

Comparison with western practice shows differences, especially for the S.G collector cover 
break which is W E R specific. 

As a matter of fact, one steam generator tube rupture is classified in class 2, according to the 
table 5.1.2.7 of the TOB; therefore, it is not required to apply the single failure criterion to this 
case. 

In the case of S.G collector cover break, the single failure concept is applied to the BRU-A of 
the affected steam generator which remains stuck open. 

Results are plausible. However, the calculations are devoted only to check the reliability of 
core cooling and the aspect of radiological release is ignored. 

Calculations of steam generator tube rupture and steam generator collector cover break must 
also be performed with the appropriate conservative assumptions (low power, maximum safety 
injection flowrate, maximum emergency feedwater flowrate in the affected steam generator, 
minimum in the intact S.G) which maximise the filling of the emergency steam generator. 

Calculations periods are generally short. Analysis must be performed until reaching a safe 
shutdown state or as an alternative there should be an argumentation describing clearly the 
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further sequence (including operator actions) of the accident from the end of calculations until 
reaching the safe shutdown conditions. 

10.4.2.2.3 Recommendations for improvement 

Calculations period are generally short. Analysis must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

10.4.2.2.4 Recommendations for complementary studies 

Calculations of steam generator tube rupture and steam generator collector cover break 
must be performed with the appropriate conservative assumptions (low power, 
maximum safety injection flowrate, maximum emergency feedwater flowrate in the 
affected steam generator, minimum in the intact S.G) which maximise the Tilling of the 
emergency steam generator. These analyses should beperformed until reaching safe 
shutdown conditions. The efficiency of the existing emergency procedure can thereby be 
checked. 

10.4.2.2.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should also be evaluated. 

10.4.3 Increase in Heat Removal by the Secondary System 

10.4.3.1 Information on the Status at Rovno NPP 

In TOB of Rovno 3 the following events are considered inf this category : 

Case Number of 
Ace. sheets 

14 
15 

16 
13 

Number of TOB 
chapter 

4.2.2.4.1 
4.2.2.4.2 

4.2.2.4.3 
4.2.2.3.4 

Initiating event 

Steam line break 
Inadvertent opening of 

S.G safety valve 
Opening of BRU-K 
High pressure heater 

disconnection 

Accident Class 
(RussianClassif.) 

3 
3 

3 
2 

Detailed description of these cases can be found in accident sheets. 

10.4.3.2 Assessment 
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Comparing this list of the initiating events of this group to that considered in Western practice 
shows that the list of the TOB includes the main cases of increase of heat removal by the 
secondary system. 

However, the case of feedwater malfunction that results in an increase of feedwater flow is 
missing. Separate analysis or an argumentation giving reasons that this case is already covered 
should be given. 

Moreover, steam line break, inadvertent opening of S.G safety valve and opening of BRU-K 
have been analysed at full power. The worst case with regard to subcooling the primary system 
is at low power with higher water mass inventory and higher pressure in the secondary side of 
steam generator. According to the Russian experts, single failure concept is postulated on the 
most effective control member which remains stuck following reactor scram. This choice must 
be justified. 

Calculations periods are generally short. Analysis must be performed until reaching a safe 
shutdown state or as an alternative there should be an argumentation describing clearly the 
further sequence (including operator actions) of the accident from the end of calculations until 
reaching the safe shutdown conditions. 

10.4.3.3 Recommendations for improvement 

The documentation should be completed with regard to the justification of the choice of 
the single failure. 

Calculation periods are generally too short. Analyses must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

10.4.3.4 Recommendations for complementary studies 

The case of feedwater system malfunction that results in an increase in feedwater flow 
should be considered. 

Steam line break, inadvertent opening of S.G safety valve and opening of BRU-K should 
be considered at low power, with and without loss of ofTsite power. The worst case has to 
be identified for each initiating event. 

10.4.3.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be also evaluated. 

10.4.4 Decrease in Heat Removal by the Secondary System 

10.4.4.1 Information on the status at Rovno NPP 
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In TOB of Rovno 3 the following events are considered in this category: 

Case Number of 
Ace. sheets 

12 
11 

10 

8 
17 

Number of 
TOB chapter 

4.2.2.3.3 
4.2.2.3.2 

4.2.2.3.1 

4.2.2.2.4 
4.2.2.4.4 

Initiating event 

Loss of feedwater supply 
Closing of steam generator 

shut-off valves 
Turbogenerator 

disconnection from power 
Loss of offsite power 

Break of feedwater pipeline 

Accident Class 
(RussiariClassif.) 

2 
2 

2 

2 
3 

Detailed description of these cases can be found in accident sheets. 

10.4.4.2 Assessment 

The comparison of this list to that considered in the western practice shows that the list of the 
TOB includes the main relevant cases. 

It must be pointed out that "Break of feedwater pipeline" (case 17) turns out to an increase of 
heat removal by the secondary system, according to the assumptions made in the TOB analysis. 
Principally the case of "Break of feedwater pipeline" can belong either to the category of 
increase of heat removal by the secondary system or to the category of decrease of heat 
removal by the secondary system, depending on the location of the break and on the design of 
the feedwater line inside the steam generator. 

Single failure application to case 17 must be argumented to justify that the stuck of the most 
effective control member leads to the worst case as it was claimed by Russian experts. 

Concerning cases 8, 10, 11 and 12 for which the limiting criterion is DNBR, the initial primary 
pressure is not always conservative. However, it is claimed by the Russian experts that min. 
DNBR is not very sensitive to the initial primary pressure; the argumentation could be 
accepted as far as a margin exists with regard to DNBR limiting value (1.0). 

The results seem to be plausible for all the considered cases. 

Calculation periods are generally too short. Analysis must be performed until reaching a safe 
shutdown state or as an alternative there should be an argumentation describing clearly the 
further sequence (including operator actions) of the accident from the end of calculations until 
reaching the safe shutdown conditions. 

10.4.4.3 Recommendations for improvement 

The documentation should be completed with regard to single failure to justify that in 
the case "Feedwater pipeline break" the stuck of the most effective control member 
leads to the worst case. 
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Calculation periods are generally too short. Analysis must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

Other recommendations included in the relevant accident sheets should be considered. 

10.4.4.4 Recommendations for complementary studies 

If the single failure for "Feedwater pipeline break" is not the sticking of the most 
effective control member, the calculation of the accident must be repeated with the 
appropriate choice of single failure until reaching safe shutdown conditions. 

10.4.4.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be also evaluated. 

10.4.S Decrease in Reactor Coolant Flow Rate 

10.4.5.1 Information on the status at Rovno NPP 

In TOB of Rovno 3 the following events are considered in this category: 

Case Number of 
Ace. sheets 

5 
6 
7 

Number of 
TOB chapter 

4.2.2.2.1 
4.2.2.2.2 
4.2.2.2.3 

Initiating event 

Seizure of one RCP 
De-energization of one RCP 
De-energization of all RCPs 

Accident Class 
(RussianClassif.) 

3 
2 
2 

Detailed description of these cases can be found in accident sheets. 

10.4.5.2 Assessment 

The comparison of this list to that considered in the Western practice shows that the list of the 
TOB includes the main relevant cases. 

However, the case "RCP shaft break" is missing. Separate analysis or argumentation giving 
reasons that this case is already covered should be given. 

Single failure application to case 5 must be argumented to justify that the stuck of the most 
effective control member leads to the worst case as it was claimed by Russian experts. 

Results are plausible. However, the period of calculation is too short. The analysis should 
include the arrival at a safe shutdown state or as an alternative there should be an 
argumentation describing clearly the further sequence of the accident (including operator 
actions) until reaching safe shutdown conditions. 
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10.4.5.3 Recommendations for improvement 

The documentation should be completed with regard to single failure to justify that in 
the case "Seizure of one RCP" the stuck of the most effective control member leads to 
the worst case. 

Calculations period are generally too short. Analysis must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

Other recommendations included in the relevant accident sheets should be considered. 

10.4.5.4 Recommendations for complementary studies 

The case "Shaft break of one RCP" should be considered either by separate analysis or 
by giving reasons that this case is already covered. 

If the single failure for "Seizure of one RCP" is not the sticking of the most effective 
control member, the calculation of the accident must be repeated with the appropriate 
choice of single failure until reaching safe shutdown conditions. 

10.4.5.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be also evaluated. 

10.4.6 Reactivity and power distribution anomalies 

10.4.6.1 Information on the status at Rovno NPP 

In TOB of Rovno 3 the following events are considered in this category: 

Case Number of 
Ace. sheets 

1 

2 

3 
4 

Number of 
TOB chapter 

4.2.2.1.1 

4.2.2.1.2 

4.2.2.1.3 
4.2.2.1.4 

Initiating event 

Uncontrolled withdrawal of a 
group of control members at 

nominal power 
RCP connection in the loop 

being inoperative before 
Control member ejection 
Decrease of boric acid 

concentration 

Accident Class 
(RussianClassif.) 

2 

2 

3 
2 

Detailed description of these cases can be found in accident sheets. 
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10.4.6.2 Assessment 

The comparison of this list to that considered in the western practice shows the lack of the 
following cases: 

• Uncontrolled withdrawal of a group of control members from subcritical or start-up 
conditions 

• Control members group drop 
• Inadvertent loading and operation of a fuel assembly in an improper position. 

Analysis of these three cases must be included in the TOB. 

It was claimed that the stuck of the most effective control member was postulated as a single 
failure in the case of control member ejection. This choice must be argumented to justify that it 
leads to the worst case. 

In 1992 several problems of control assemblies in Ukrainian NPPs of reactor type WER-1000 
were reported by GANU. Three kinds of failures occurred: 
• Control assemblies jammed in an intermediate position, 
• Time of insertion was extented, 
• Contropl assemblies could only be rawn out of fuel assemblies by means of extented force. 

The failures were discovered during refueling and also during tests of the reactor shut-down 
system. These failures are of high safety relevance. The reasons are not completey investigated. 
As long as the required reliability of the reactor shut-down system is not completely reassured, 
the sticking of two or more control members should be assumed in analytical study, in order to 
demonstrate the safety margin resp. the consequences in the course of the more probable 
events. 

Concerning the case "Decrease of boric acid concentration", it was claimed in the TOB that the 
operator has enough time (not less than 15 minutes) to take actions before recriticality of the 
reactor. The operator action within the first 15 minutes is questionable because we have 
understood that favorable action of the operator during the first 30 minutes is ignored in 
accident analysis. Besides, it must be proven that the operator is able to make the right 
diagnosis and to take the appropriate actions after this short delay. 

During the last meeting, the plant claimed that "the analysis shows that the operator has 
enough time (not less than 15 minutes) to take the necessary actions. It does not contradict the 
general principles of the procedure during the first 30 minutes because it relates to the safety 
systems put into operation according to the programme of staggered loading". 

This answer is not a proof and the related recommendation seems to us still valid. 

Results are plausible. However, the period of calculation is too short. The analysis should 
include the arrival at a safe shutdown state or as an alternative there should be an 
argumentation describing clearly the further sequence of the accident until reaching safe 
shutdown conditions. 

10.4.6.3 Recommendations for improvement 

10/57 



The documentation should be completed with regard to single failure to justify that in 
the case "Control member ejection" the stuck of the most effective control member leads 
to the worst case. 

Calculations period are generally short. Analysis must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

Concerning the decrease of boric acid concentration, it must be proven that the operator 
is able to make the right diagnosis and to take the appropriate actions after 15 minutes. 
The compatibility of this delay with the rule of 30 minutes should be justified. 

Other minor recommendations included in the relevant accident sheets should be 
considered. 

10.4.6.4 Recommendations for complementary studies 

The following cases should be considered either by separate analysis or by giving reasons 
that these cases are already covered: 
• Uncontrolled withdrawal of a group of control members from subcritical or start-up 

conditions, 
• Control members group drop, 
• Inadvertent loading and operation of a fuel assembly in an improper position. 

The sticking of two or more control members have been observed many times during 
testing of control members drop in Ukraine as well in Russia for WER-1000 NPPs. 
Therefore, it is highly recommended to study the cases of the sticking of 2 or more 
control members during reactor scram following a transient. 

10.4.6.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be also evaluated 

10.4.7 Increase in Reactor Coolant Inventory 

10.4.7.1 Information on the status at Rovno NPP 

In TOB of Rovno 3 the following event is considered in this category: 

Case Number of 
Ace. sheets 

9 

Number of 
TOB chapter 

4.2.2.3.1 

Initiating event 

False injection in the pres-surizer 
from the make-up pump 

Accident Class 
(RussianClassif.) 

2 

Detailed description of this case can be found in accident sheets. 
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10.4.7.2 Assessment 

The comparison of this list to that considered in the western practice shows the lack of the 
following case : 

• The inadvertent operation of the ECCS during power operation of the plant. 

This case is not applicable for the WER-1000 because the head of the high pressure safety 
injection pumps is lower than primary back pressure during power operation of the plant. 
However, the case of inadvertent operation of high pressure borated water which have a head 
higher than primary pressure should be considered. This case may have a limited impact due to 
the limited flow rate of these pumps (6 m3/h per pump). 

Results are plausible. However, the period of calculation is too short. The analysis should 
include the arrival at a safe shutdown state or as an-alternative there should be an 
argumentation describing clearly the further sequence of the accident (including operator 
actions) until reaching safe shutdown conditions. 

10.4.7.3 Recommendations for improvement 

Calculations period are generally too short. Analysis must be performed until reaching a 
safe shutdown state or as an alternative there should be an argumentation describing 
clearly the further sequence (including operator actions) of the accident from the end of 
calculations until reaching the safe shutdown conditions. 

10.4.7.4 Recommendations for complementary studies 

The case of inadvertent operation of high pressure borated water should be considered 
either by separate analysis or by giving reasons that this case is already covered. 

10.4.7.5 Proposal for future evaluation 

The original reports were only summarized in the TOB. Selected reports of original analyses 
from which the worst cases were derived should be also evaluated. 

10.4.8 Cold water strands 

10.4.8.1 Information on the status at Rovno NPP 

There are no accident analysis in the chapter 4 of the TOB of Rovno units 1,2. 

10.4.8.2 Assessment 

No assessment has been performed from accident analysis point of view. However preliminary 
remarks can be made. They are found in chapter 10.3.8. 
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Most of the analytical and experimental studies have been performed for plants of the type 
WER-440/213. It has to be checked to which extend these results can be transferred to 
reactor design of type WER-1000. The RPV of WER-1000 is less sensitive to the 
pressurized thermal shock due to different pressure vessel material and due to the location of 
the welds relative to the core elevation. 

Complementary information is provided in § 4.4.4.1.2. 

10.4.8.3 Recommendations for improvement 

None. 

10.4.8.4 Recommendation for complementary studies 

Rovno-3 specific results should be prepared either on the basis of already existing 
analytical and experimental results originally made for other plants of the same type, 
indicating the plant differences and their relevance - or if this can not be justified - by 
means of new calculations for the Rovno NPP unit 3. 

10.4.8.5 Proposal for future evaluations 

None. 

10.4.9 Thermalhydraulic analysis for containment 

10.4.9.1 Information on the status at ROVNO NPP 

No Information was found in the TOB chapter 4 on thermalhydraulic accident analysis for the 
containment. 

10.4.9.2 Assessment 

No assessment has been performed from accident analysis point of view, because no analyses 
have been presented in the chapter 4 of TOB on accident analysis. However preliminary 
remarks can be made. 

The full pressure containment of Rovno unit 3 is designed for receiving any design loads 
arising during LOCA up to double ended break of main circulating pipeline Dnom 850 mm and 
secures localization of radioactive accident products inside the tight volume that secures 
radiation situation outside the boundaries of tight rooms during the accidents not worse than 
the permissible one by the respective norms. The sprinkler system of the containment in the 
plant Rovno unit 3 is of higher importance for pressure suppression than in Western plant with 
vertical steam generators. This is because of the horizontal steam generators in plants of 
WER-type which are located nearly at the same elevation than the inlet nozzles and exit 
nozzles at the reactor pressure vessel. Consequently, the water injected by means of the 
emergency core cooling system, particularity by means of its low-pressure pumps, reaches the 
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steam generators and the stored heat at secondary side of all four steam generators is 
transferred to the primary system and from there to the containment. 

In the framework of the safety evaluation of the NPP Stendal (GRS report 99, 1993) 
thermalhydraulic calculations have been performed with the German containment codes 
CONDRU and RALOC, including a coupled analysis using the code combination of ATHLET 
for the thermalhydraulic calculation in primary and secondary system and CONDRU for the 
containment. Applying conservative conditions according to the German RSK guide line 5.1 
(2) the maximum calculated pressure (first peak at about 10s) in the containment was 432 kPa. 
Adding 15% of this value for consideration of code uncertainty, the value of 482 kPa was still 
below the design value of 500 kPa. The second pressure maximum at about 1000s was lower 
(354 kPa). The maximum value of calculated temperature in containment was 134 °C, which 
also was lower than the design value of 150 °C. 

From this results it seems probable that also in the NPP Rovno unit 3 the design values of the 
containment are not exceeded. This should be justified. 

It is recommended to perform Rovno-specific calculations including the analysis of pressure 
differences between the rooms inside the containment. 

Reacting to this recommendation, the plant wanted to add the following information : " After 
the elaboration of the project, the complementary evaluations of the thermalhydraulic 
parameters showed that the maximum pressure and temperature are lower than the design 
values. This evaluation was performed using the programs elaborated by the institute 
Atomenergopoekt (Moscow) and together with Siemens company for NPP-88 with the vessel 
similar to WER-1000/320 (including ROVNO NPP). These calculations included the 
evaluation of differential pressure between the confinement compartments. This analysis 
showed that there is no impact which are inadmissible fo the inner structures". 

This remark is based on calculations performed for WER-1000, design 88. It must be proven 
that they are stricly valid for ROVNO, unit 3. Moreover, Siemens calculations have been 
performed for large break LOCA with total blackout, which means that ECCS injection is 
performed only with hydro-accumulators, then this case may be not conservative with regard 
to pressure peak because there is less steam discharged in the containment. 

Consequently, our recommendation seems to us still valid. 

10.4.9.3 Recommendation for improvements 

None. 

10.4.9.4 Recommendations for complementary studies 

Thermalhydraulic analysis for the containment including the analysis of pressure 
differences between the rooms inside the containment should be performed and 
presented for evaluation. 

10.4.9.5 Proposal for future evaluations 

None. 
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10.4.10 Radiological consequences 

Radiological consequences are evaluated, generally with conservative assumptions. The doses 
are compared to those admissible for whole body and for thyroid, whithin the exclusion 
boundary, assuming a total leak from the containment during the accident with definite 
leakness of 0.3% per day. Naturally, this assumption is not taken into account when the 
activity is released directly to the atmosphere (Steam generator tube rupture, steam generator 
collector cover break,..). 

10.4.10.1 Decrease in reactor coolant inventory 

10.4.10.1.1 Leaks from primary system to containment 

10.4.10.1.1.1 Information on the status at Rovno NPP 

The following infromation is extracted from the TOB of Rovno unit 3 and it has not been 
discussed with Russian and Ukrainian experts. Following table gives the doses received 
following leaks from primary system to containment. In the analysis of radiation consequences, 
the failure of 100% of the cladding is conservatively assumed for all the leaks belonging to this 
group. 

Doses of external and internal irradiations received following leaks from the primary system in 
the containment: 

Initiating event 

Main circulation 
pipeline break and 
breaks Dnom 300 

mm 
Inadvertent opening 
of pressurizer safety 

valve or break of 
primary pipelines 
Dnom 109 mm 

Dose of external 
irradiation (whole 
body) (rem/year) 

0.005 

0.0023 

Dose of internal 
irradiation (thyroid) 

(rem/year) 
9.9 

0.95 

For large breaks LOCA, it is concluded that the received doses rates for population in 
excluded zone boundary and beyond its boundaries do not exceed values regulated for Design 
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Basis Accident (i.3.14 SP AS-88) and the NPP personnel have a sufficient time margin to 
leave rooms adjacent to the containment. However, neither the doses rates limits nor the the 
excluded zone boundary are defined clearly in the TOB, book 3. 

Concerning inadvertent opening of pressurizer safety valve or breaks of primary pipelines 
Dnom 109 mm, the calculated values of doses rates are compared to the limiting values fixed 
byNRB-76/87: 
• 0.5 rem/year for external irradiation (whole body), 
• 1.5 rem/year for internal irradiation (thyroid). 
Therefore the calculated doses rates are respectively equal to 0.46% and 63.33% of the 
permissible limits. 

10.4.10.1.1.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations.. 

10.4.10.1.1.3 Recommendation for improvements 

A description of the codes used for the calculations should be included inthe TOB. 

The admissible values of doses rates received by external irradiation and by internal 
irradiation, including the delimitation of the considered excluded zone boundary, must 
be clearly defined in the TOB. 

10.4.10.1.1.4 Recommendation fro complementary studies 

None. 

10.4.10.1.1.5 Proposal for future evaluations 

Assessment of radiological consequences following leaks from the primary system to the 
containment is proposed. 

10.4.10.1.2 Leaks from primary circuit to the secondary circuit 

10.4.10.1.2.1 Information on the status at Rovno NPP 

The leading case for this group is the steam generator collector cover break. The doses rates 
received following this accident are : 

* 0.1543 rem/year by external irradiation (whole body) 
* 0.954 rem/year by internal irradiation (thyroid). 

These values represent respectively 31% and 64% of the admissibl ones according to 
NRB-76/87. 
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10.4.10.1.2.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.4.10.1.2.3 Recommendation for improvements 

The admissible values of doses rates received by external irradiation and by internal 
irradiation, including the delimitation of the considered excluded zone boundary, must 
be clearly defined in the TOB. 

10.4.10.1.2.4 Recommendation for complementary studies 

None. 

10.4.10.1.2.5 Proposal for future evaluations 

Assessment of radiological consequences following leaks from the primary circuit to the 
secondary circuit is proposed. 

The analyses documented in the TOB are to be evaluated. New analytical results for the case 
of unsealing the cover of the steam generator collector will be included in the evaluation. 

The calculated dose rates have to be compared with the limits specified in international guides 
(IAEA, ICRP) and with those in Western countries. 

10.4.10.2 Increase in heat removal by secondary system 

10.4.10.2.1 Information on the status at Rovno NPP 

The leading case for evaluating the radiological consequences for the accidents of this group is 
the Main Steam Line Break (MSLB). It should be mentioned here that, according to the 
assumptions taken into account for the feedwater pipeline break analysis, the latter case leads 
to similar consequences than for MSLB. Therefore, we will not consider this accident in the 
paragraph dedicated to "Decrease in heat removal by secondary system". 

The doses rates are 0.1365 rem/year and 0.0635 rem/year within 4000 m from the excursion 
source, respectively by the external irradiation (whole body) and by the internal irradiation 
(thyroid). These values are respectively 27% and 4% of the admissible ones according to 
NRB-76/87. 

10.4.10.2.2 Assessment 
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No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.4.10.2.3 Recommendation for improvements 

The admissible values of doses rates received by external irradiation and by internal 
irradiation, including the delimitation of the considered excluded zone boundary, must 
be clearly defined in the TOB. 

10.4.10.2.4 Recommendation for complementary studies 

None. 

10.4.10.2.5 Proposal for future evaluations 

Assessment of radiological consequences following accidents belonging to the group of 
"Increase in heat removal by secondary system" is proposed. 

10.4.10.3 Decrease in heat removal by secondary system 

10.4.10.3.1 Information on the status at Rovno NPP 

For the reasons given in § 10.4.4.2, the feedwater pipeline break can be excluded from this 
group which is therefore limited to the following cases : 

- turbogenerator disconnection from the system 
- closing of shut-off valves of steam generator 
- loss of feedwater supply 
- high pressure heater disconnection. 

The latter case is normally classified in "Increase in heat removal by secondary system". 
However, in Rovno unit 3, as a result of this initiating event, the secondary pressure is reduced 
leading to decrease of steam flow rate to the turbine by control valves. 

For all these initiating events, DNBR exceeds the permissible value ; therefore, there is no 
activity release. 

10.4.10.3.2 Assessment 

None. 

10.4.10.3.3 Recommendation for improvements 

None. 
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10.4.10.3.4 Recommendation for complementary studies 

None. 

10.4.10.3.5 Proposal for future evaluations 

None. 

10.4.10.4 Decrease in reactor flow rate 

10.4.10.4.1 Information on the status at Rovno NPP 

The leading case for evaluating the radiological consequences for the accidents of this group is 
the seizure of one RCP. During this accident, 10% of the fuel elements can experience dry-out. 

The doses rates received by the external irradiation (whole body) and by the internal irradiation 
(thyroid) have been calculated within 3000m and within 6500 m from the source of excursion. 
The table 10.4.10.4.1 summarises the results and compares them to the considered admissible 
values. 

Dose rates in the case of seizure of one RCP: 

Irradiation 

External irradiation 
(whole body) 
(mrem/year) 

Internal irradiation 
(thyroid) (mrem/year) 

Distance from release 
source = 3000 m 

0.94 

1.1 

Distance from release 
source = 6500 m 

1.6 

1.3 

Admissible dose rates 
values (mrem/year) 

20 

60 

The admissible dose rates taken into account here are those caused by radioactive wastes (gas-
aerosol release) for normal conditions of NPP operation according to (i.3.7 SPAES-79). They 
are by far lower than those considered before, for instance for small break LOCA in the 
containment. 

In the two considered cases, with regard to the distance from the release source, the dose rates 
are lower than the admissible ones. 

10.4.10.4.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.4.10.4.3 Recommendation for improvements 
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The admissible values of doses rates received by external irradiation and by internal 
irradiation, including the delimitation of the considered excluded zone boundary, must 
be clearly defined in the TOB. 

10.4.10.4.4 Recommendation for complementary studies 

None. 

10.4.10.4.5 Proposal for future evaluations 

Assessment of radiological consequences following accidents belonging to the group of 
"Decrease in reactor flow rate" is recommended for the second phase of Rovno project. This 
assessment should include radiological consequences of "Shaft break of one RCP" if they are 
not covered by those of "Seizure of one RCP". 

10.4.10.5 Reactivity and power distribution anomalies 

10.4.10.5.1 Information on the status at Rovno NPP 

The leading case for evaluating the radiological consequences for the accidents of this group is 
"Control member ejection". For this case, radiation analysis is covered by the analysis during a 
primary break in the containment Dnom =100 mm. Therefore, the dose rates do not exceed 
2.3 mrem for the whole body and 950 mrem for thyroid. 

10.4.10.5.2 Assessment 

No detailled assessment has been performed during the first working phase. However from a 
quick look it seems that there is a need of additional information on the computer codes used 
for theses calculations. 

10.4.10.5.3 Recommendation for improvements 

The admissible values of doses rates received by external irradiation and by internal 
irradiation, including the delimitation of the considered excluded zone boundary, must 
be clearly defined in the TOB. 

10.4.10.5.4 Recommendation for complementary studies 

None. 

10.4.10.5.5 Proposal for future evaluations 

Assessment of radiological consequences following accidents belonging to the group of 
"Reactivity and power distribution anomalies" is proposed. 
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10.4.10.6 Increase in reactor coolant inventory 

10.4.10.6.1 Information on the status at Rovno NPP 

The only accident considered in the TOB and which can be included in this group is "False 
injection into the pressurizer from make-up system". 

As the DNBR is higher than 1, no dry-out occurs and there is no activity release. 

10.4.10.6.2 Assessment 

None. 

10.4.10.6.3 Recommendation for improvements 

None. 

10.4.10.6.4 Recommendation for complementary studies 

None. 

10.4.10.6.5 Proposal for future evaluations 

None. 

10.4.11 V-LOCA 

10.4.11.1 Information on the status of Rovno NPP 

No specific analysis on V-Loca bypassing the containment has been documented in the TOB. 

10.4.11.2 Assessment 

None. 

10.4.11.3 Recommendations for improvement 

None. 

10.4.11.4 Recommendation for complementary studies 

A systematic study of thermohydraulic and radiological aspects of events in this category 
should be provided. 
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10.4.11.5 Proposal for future evaluations 

None. 

10.4.12 Accidents during refueling and shutdown 

10.4.12.1 Informations on the status at Rovno NPP 

In the TOB, two cases during refueling have been considered qualitatively: decrease of boric 
acid concentration and drop of assembly. 

However, the TOB of Rovno unit 3 does not include analysis of accidents during shut down 
states. During discussion, we have been informed that a common action about accidents during 
reactor shut down takes place between Russian and Finnish organisations for new reactors 
concept. 

10.4.12.2 Assessment 

Decrease of boric acid concentration has beeen evaluated in the frame of reactivity and power 
distribution anomalies. Drop of fuel assembly during refueling is considered from the point of 
view of activity release. Therefore, the assessment will be performed in the second working 
phase in the frame of radiological consequences. 

Concerning the accidents during shutdown staes, it should mentioned that probabilistic safety 
assessment performed in different countries have pointed out the importance of core melt 
probabilities relating to families of accident sequences occurring during shutdown states. 

For instance, probabilistic safety assessments have been made in France for the 900 MWe and 
1300 MWe series units. The principal findings are : 

• the probabilities of core melt relating to families of accident sequences occurring while the 
reactor is initially on power are at an acceptable level. This result may be considered to be 
the consequence of, firstly, the design appproach which consisted of systematically seeking 
incident or accident initiating events and studying them using conservative deterministic 
rules and, secondly, subsequent allowance for additional operating conditions (beyond 
design basis accidents) using a more realistic approach (see 10.1.1). 

• incident and accident sequences initiated while the reactor is shut down and which were 
less studied at the design stage have a major contribution to the overall risk of core melt 

• the importance of operator action, which has a major role in reducing the probability of 
core melt and which must be taken into consideration in accordance with the applicable 
operating procedures. 

On the basis of these results, it is recommended that priority is given to study the risk of core 
meltdown associated with the following families of events if it is applicable : 

• loss of residual heat removal system while the reactor is shut down for maintenance with a 
minimal water inventory, 

10/69 



• dilution of the primary circuit while the reactor is in the cold shutdown or intermediate 
shutdown states, including the possibility of diluted water slug formation, 

• primary breaks occurring while the reactor is in the intermediate shutdown or cold 
shutdown states. 

However, for the last case, the existence of a safety injection startup signal when the saturation 
margin in any of the hot legs is less than 10°C should make it possible to cope with primary 
break accidents occurring while the reactor is in the intermediate or cold shutdown states, 
providing the signal is not inhibited. 

10.4.12.3 Recommendations for improvement 

None. 

10.4.12.4 Recommendation for complementary studies 

It is recommended that priority is given to study the risk of core meltdown associated 
with the following families of events if it is applicable : 

• loss of residual heat removal system while the reactor is shut down for maintenance 
with a minimal water inventory, 

• dilution of the primary circuit while the reactor is in the cold shutdown or 
intermediate shutdown states, including the possibility of diluted water slug 
formation, 

• primary breaks occurring while the reactor is in the intermediate shutdown or cold 
shutdown states. 

10.4.12.5 Proposal for future evaluation 

Evaluation of existing complete material (if any) related to accidents during refueling and 
during shutdown states is proposed. 

10.4.13 Fuel assembly during handling 

10.4.13.1 Information on the status at Rovno NPP 

In TOB of Rovno 1, 2 the following events are considered in this category: 

Case Number 
of Accident Sheet 
not yet included 

not vet included 

Number of 
Chapter in TOB 
4.2.2.6.1 

4.2.6.2 

Event 

drop of fuel assembly during 
refueling 
drop of container with spent fuel 

Accident Class 
(Russian Classific.) 
3 

3 

Details are found in the accidents sheets. 
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The results of the calculation for the first case (drop of fuel assembly during refueling) did not 
include whether criticality is possible. The loss of integrity of fuel element, claddings and 
release of fission products into the air of the central room can occur. A radiological analysis 
was included. 

The calculated doses did not include those for the personal during the period to leave the 
rooms of the hermetically sealed volume. The results of the calculation of the maximum dose 
rates to the population are smaller than maximum doses according to chapter i.3.2 of the 
guideline NRB-76/87 for category B for one calendar year at 6500 m from the excursion 
source, which are: 
• 500 mrem for external whole body irradiation, 
• 1500 mrem for thyroid gland. 

For the drop of container with spent fuel from more than 9m (for which the container is 
designed) the long term excursion of activity was calculated. The dose rates for the population 
in a distance of 3 km, 6 km, and 8 km were found to be smaller than the valid dose limits of 10 
and 30 rem for the external irradiation from the cloud of excursion and the internal irradiation 
due to inhalation respectively. No statement was made about the possibility of criticality. 

10.4.13.2 Assessment 

These analyses were not yet evaluated during the first working phase because of lack of time. 

10.4.13.3 Recommendations for improvement 

None. 

10.4.13.4 Recommendation for complementary studies 

None. 

10.4.13.5 Proposal for future evaluations 

The analysis results should be evaluated. 

10.4.14 Beyond design accidents - severe accidents 

10.4.14.1 Informations on the status at Rovno NPP 

During the discussion, we have been informed that calculations for some cases of beyond 
design basis accidents have been performed for WER-1000. This material was not available 
for us during the first phase of Rovno Project. 

Severe accidents have not been discussed during the first phase of Rovno Project. However, it 
seems from other sources, that reflexion is underway in the field of severe accidents which can 
occur on W E R plants. 
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10.4.14.2 Assessment 

No assessment was performed because no analysis were presented. 

10.4.14.3 Recommendations for improvement 

None.. 

10.4.14.4 Recommendation for complementary studies 

It is recommended that the following beyond design basis accidents be analysed in order 
to determine the measures which could be justified by a probabilistic approach and 
intended to cope such situations: 

• accidents involving reactor scram failure (ATWS), 
• combination of steam line break with one or more steam generator tube rupture 
• combination of steam line break with steam generator collector cover break 
• total loss of steam generator feedwater 
• total loss of heat sink 
• total loss of power (total blackout) 
• total loss of low pressure safety injection or containment condensation capabilities 
• total loss of high pressure safety injection in the case where it is required. 

Besides, we recommend that care should be taken to control situations leading to core 
melt. 

10.4.14.5 Proposal for future evaluation 

Evaluation of existing complete material (if any) related to beyond design basis accidents and 
severe accidents should be conducted. 
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Table 10-T-2: Classification of DBA considered for ROVNO 3 

Accident 

Withdrawal of a group of control members at nominal 
power 

RCP connection in the loop being inoperative before 

Control member ejection 

Decrease of boric acid concentration 

Seizure of the rotor of one RCP 

De-energization of one RCP 

De-energization of all RCPs 

NPP de^energization (loss of offsite power) 

False injection in the pressurizer from the make-up 

Turbogenerator disconnection from power 

Closing of steam generator shut-off valves 

Loss of feedwater supply 

High pressure heaters disconnection 

Steam line break 

Inadvertent opening of S.G safety valve 

Inadvertent opening of BRU-K 

Break of feedwater pipeline 

Break of main coolant pipeline and primary pipeline 
with Dnom 300 mm 

Inadvertent opening of pressurizer pulse safety device 
(PSD) 

Break of primary pipelines Dnom 109 mm 

Break of steam generator heat exchange tube (SGTR) 

S.G collector cover break off (Dnom = 100 mm) 

Accidents with fuel during fuel handling 

Class 

2 

2 

3 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 
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French Practice of Accident Analysis in Licensing 

1 Information on the Licensing Procedure as far as relevant for Accident Aalysis 

Concerning the important Basis Nuclear Installations, which include nuclear power plants, the 
french state has imposed a system of specific lincensing procedures, more stringent than those 
applicable for the other type of industrial plants. 

Each nuclear installation must have three lincensing steps delivered after a careful assessment 
of the means provided to ensure its safety. These lincenses are: authorization decree, fuel 
loading and commissioning tests permit, commercial operation lincense. 

The authorization decree is asked by the utility to the ministry of industry. To justify his 
request, the utility provides to DSIN (Direction of Nuclear Installations Safety) a Preliminary 
Safety Analysis Report (PSAR) of which the indicative content has been defined by the 
administration. This document is very important because it is the first technical document 
related to the installation and providing the regulations, codes and normes which will be 
respected by the utility. This document includes also the installation description and the 
operations which will be performed in it and a list of the risks related to these operations as 
well as the justification, through a safety analysis, of the provisions taken into account to 
prevent these risks and the measures to reduce the probability of the accidents and to minimise 
their consequences. This report includes also a site report describing the seismic, 
meterological, geological and hydrological characteristics of the site as well as the industrial 
and demographical environment. The authorization decree includes also a public audit 
providing an impact study (impact on the environment) and dangers study. The assessment of 
the PSAR is performed by the Technical Support (EPSN) of the DSIN. The conclusions of this 
assessment are presented to the "Groupe Permanent " in charge of nuclear reactors (GPR). 
Based on this presentation, the experts of the "Groupe Permanent" provide to the DSIN their 
advice, including particular recommendations if necessary. In the next step, the minister of 
industry, informed about the results of the public audit and based on the advice of the "Groupe 
Permanent", prepares a draft of authorization decree. This draft is sent to the CIINB 
(Interminister Commission for Basis Nuclear Installations) and submitted to the Minister of 
Health. On the basis of all these advices, the authorization decree is delivered by the Prime 
Minister and countersigned by the Minister of Industry and the Minister of Environment. This 
decree specifies the perimeter and the characteristics of the installation and the particular 
provisions which must be fulfilled by the utility, and the regulatory procedure to which the 
installation will be bound as well as the limiting delay of the commercial operation beginning. 

The fuel loading and commissioning tests permit is the second step. At leat six months before 
the first loading, the utility has to submit a demand for fuel loading and commissioning tests. 
This demand must include: 

• An Interim Safety Analysis Report which must include in particular all the necessary 
information needed to be sure that the realisation of the installation is in conformity with 
the technical prescriptions foreseen by the authorization decree. 

• The Interim General Operating Rules giving the rules which will be observed during the 
phase before the commercial operation in order to ensure the installation safety. 

• An Internal Emergency Plan providing the organisation and the means to be used in the site 
in the case of accidental situation. 
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At least three months before the first fuel loading, a demand to obtain license for fuel storage 
in the site must be submitted. 

After the assessment of the documentation submitted by the utility, the fuel loading and 
commissioning tests permit is delivered on the basis and the recommendations of the GPR. 
This authorization depends on the the authorizations for liquid and gaz radiological release 
during normal operation and for fuel storage in the site. The fuel loading and commissioning 
tests is given in a form of successive authorizations in order to ensure that all the phases of 
commissioning tests will be assessed from the safety point of view. 

The commercial operation of the installation must be done according to the delay fixed in the 
autorization decree. The demand for the commercial operation must include the Final Safety 
Analysis Report, the Final General Operating Rules and the Final Internal Emergency Plan of 
the installation. Besides some complementary informations to those included in the Interim 
Safety Analysis Report, the Final Safety Analysis Report gives the detail of the real conditions 
for power increase and the beginning of the installation operation as well as the results of the 
tests performed since the fuel loading. The authorization of commercial operation is delivered 
by the Minister of Industry and the Minister of Environment on the basis of the advice and the 
recommendations of the GPR, following the presentation of IPSN assessment. This 
authorization fixes also the prescriptions which should be followed by the utility during the 
installation operation. 

Within the french licensing procedure, it appears that the owner (mainly the french utility 
Electricite de France) is responsible of the safety of his nuclear installation. In this respect, he 
must provide the proof of this safety to the Safety Autority (DSIN). 

The safety assessment is performed by the present or future owner of the nuclear installation. 
This safety assessment is made in cooperation with the designer and the constructor of the 
plant but the responsability is not shared, that means that the owner of the installation remains 
the only responsible. This assessment is reviewed by the technical support (IPSN) of the Safety 
Authority according the safety rules and guidelines in force. During the assessment, assessors 
can ask the applicant to perform additional calculations or to provide argumentation for some 
identified points. Then the different licenses necessary for the creation, for the commissioning 
and for the commercial operation can be defined. 

The assessment is made on the basis of the safety analysis reports. Accident analyses are 
included in the volume 3 of the Safety Analysis Report. 

The operating conditions considered in accident analyses are the Design Basis Accidents (or 
design basis operating conditions) and Beyond Design Basis Accidents (or additional operating 
conditions), the latter conditions include some accidents during shutdown (loss of residual heat 
removal, dilution, primary breaks during shut down states,...). 
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2 Design Basis Accidents 

The Design Basis Accidents are divided into 4 categories : 
- category 1 : normal operating conditions 
- category 2 : incidents of moderate frequency 

(10-2/ year/unit < frequency < 1/year/unit) 
- category 3 : incidents of low frequency 

(10-4/year/ unit < frequency < 10-2/year<unit) 
- category 4 : hypothetical accidents (10-6:year/unit < frequency < 10-4/year/unit). 

Table 10-A-l-T-l gives the equivalences between estimated frequency ranges and the 
maximum allowable orders of magnitude of consequences. However, it must be pointed out 
that the frequencies correspond to orders of magnitude and that the values relating to the 
thresholds of accepatbility of radiological consequences for third and fourth category operating 
conditions are for reference only and are of no regulatory significance. Table 10-A-1-T-2 gives 
the list of the initiating events of categories 1, 2, 3 and 4 considered in the safety report for the 
more recent nuclear power plants (1400 MWe). 

The rules applied for the Design Basis Accidents take into account: 

• the initial state of the unit, which can be any of the standard states of the reactor, 
• the uncertainties concerning the initial thermalhydraulic conditions (worst power level and 

allowance for uncertainties associated with control and monitoring systems), 
• the allowance for single failure criterion (applied for the all initiating events of category 2, 

3 and 4 and it excludes loss of offsite power as well as the inadvertent or erratic operation 
of controls), 

• the formalism and the verification background of computer codes used (codes must be 
qualified experimentally for the entire physical range for which the code is used. 
Justification must also be provided as to the conservative nature of the results supplied 
with regrd to the phenomena observed), 

• the delay to be considered for operator actions (operator action can not be effective until at 
least 20 minutes for intervention from the control room and 25 to 35 minutes for actions 
carried out on the spot), 

• the safe state to be reached (the safe shutdown state is defined as a state in which the 
reactor core is subcritical, the residual heat is removed, the containment ensures that 
releases of radioactive products are maintained whithin acceptable limits and the systems 
necessary to preserve these conditions are of safety class and operating in their normal 
design ranges. This state must be sustainable without developing into a worse situation in 
the absence of additional failure). 

• the systems to be considered in the safety demonstration (allowance for the systems, 
equipment and controls if their action is unfavourable whatever their grade systems. 
Systems equipment and controls are allowed for if their action is favourable but only if they 
are of safety grade; however, when their action is favourable non safety grade equipment 
and controls could be used for category 2 and category 3 design basis accidents when they 
are not initiated by an earthquake, provided justification case by case). 

• the safety criteria adopted. 

Special rules are applicable to category 2, 3 and 4 design basis accidents which can be initiated 
in the event of an earthquake. As an earthquake is considered to be an initiating event, the 
combination of an earthquake with the design basis accident is equated with a 4th category 
design basis accident. The corresponding studies must then be judged in terms of the 
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acceptance criteria for the category 4. In practice, allowance for an earthquake as an initiating 
event of a design basis accident is only reflected by its consequences for certain items of 
equipment involved in accident studies. This essentially relates to all electrical equipment 
providing the unit with power under normal conditions which are not qualified for earthquakes 
and a loss of which is normally postulated in this deterministic approach. 

The objectives of radiological release mentioned before have been translated to rules to be 
fullfilled for each barrier. These criteria are the following : 

- For the first category (normal operating conditions) : 
. No damage for the first barrier (fuel cladding) 
. No action of protection or safeguard system is needed 

- For the second category 
. No damage for the first barrier (fuel cladding) 
. Ensurance of the 2nd barrier integrity and the 3rd barrier integrity (excluding 

initiators) 

- For the third category 
. Very limited damage for the first barrier 
. Ensurance of the 2nd barrier integrity, and the 3rd barrier integrity (excluding 

initiators) 
. Satisfactory operating of the protection and safeguard systems, taking into account 

the single failure concept. 

- For the fourth category 
. Limited damage for the first barrier 
.Ensurance of the 2nd barrier integrity and the 3rd barrier integrity (excluding 

initiators) 
. Satisfactory operating of the protection and safeguard systems, taking intoaccount the 

single failure concept. 

Besides, an accident must not lead to another accident of higher category. 

To avoid extensive calculations, these rules have been themselves translated in more penalising 
criteria directly accessible by calculation. The following examples are given for the accident of 
the fourth category: 

- loss of primary coolant: criteria of Appendix K of 10 CFR 50 

- control rod ejection: in the hot spot, 
. Enthalpy(fuel) < 225 cal/g (non irradiated fuel) or 200 cal/g 

(irradiated fuel) 
. melting of uranium oxide pellets < 10 % by volume 
. T (average cladding) < 1482 °C 

- stuck rotor : in hot spot 
. T(average cladding) < 1482 °C 
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- Main Steam Line Break: 
. DNBR > 1.3 (if the correlation W3 is used) or DNBR > 1.17 
(if the correlation WRB1 is used) 

- Feedwater pipeline break: 
. No boiling of coolant at the outlet of the core during the first 30 minutes after 

the beginning of the accident. This latter criterion was imposed some years 
ago when the computer codes were not able to calculate the boiling and when 
the efficiency of the natural circulation in two phase flow was not yet proven. 

3 Beyond Design Basis Accidents 

Changes in regulations have resulted in probabilistic allowance being made for accidents not 
explicitely included in the initial design basis. This approach is in such a way that the global 
risk to lead to core melt must not exceed 10-6/year/unit and that the risk for core melt, per 
family of initiators must not exceed 10-7/year/an. Otherwise, suitable operating procedures 
and/or the use of additional equipment should be used in order to reduce the probabilities of 
unacceptable consequences associated with the situations to an acceptable value and to ensure 
that any radiological consequences of these accidents meet the 4th category criteria. 

The analysis of the accidents of this group, listed in table 10-A-1-T-3 is performed using 
realistic rules, particulary: 
- realistic calculation models and initial realistic conditions, 
- no allowance for single failure criterion, 
- possible use of non-safety grade system. 

Table 10-A-l-T-l: Categories of the Design Basis Operating Conditions 

4 categories of operating 
conditions 

Category 1 
Normal operating situations 

Category 2 
Minor but frequent incidents 

Category 3 
Incidents of low probability 

Categry 4 
Hypothetical emergency 

situations 

Order of magnitude of value 
of annual frequency per unit 

Permanent or frequent 

10-2 to 1 per incident 

10-4 to 10-2 

10-6 to 10-4 

Order of magnitude of 
radiological consequences at 

the site boundary 
The authorized site release 

limits must be complied with 
The authorized site release 

limits must be complied with 
Whole body < 5 mSv 

Thyroid < 15 mSv 
Whole body < 150 mSv 

Thyroid < 450 mSv 
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Table 10-A-1-T-2 : Design Basis Operating Conditions ace. to the French Practice 

Category 
Category 1 

Category 2 

Category 3 

Category 4 

Initiating event 
Conditions resulting from normal operation of 
the installation 
- Uncontrolled withdrawal of control rods 
with the reactor sub-critical 
- Uncontrolled withdrawal of control rods 
with the reactor on power 
- Incorrect positioning or dropping of a 
control rod cluster or a bank of control rods 
- Uncontrolled boric acid dilution 
- Partial loss of primary flow 
- Starting of an active loop 
- Total loss of load and/or turbine trip 
- Loss of main feedwater supply 
- Malfunctioning of the main steam generator 
feedwater supply system 
- Total loss of off-site power supplies 
- Excessive load increase (on full power) 
- Inadvertent depressurization of primary 
circuit 
- Inadvertent opening of a secondary safety 
valve 
- Inadvertent starting of automatic borication 
- Loss of primary coolant (small breaks) 
- Small secondary pipe breaks 
- Forced reduction of primary flow 
- Incorrect posioning of a fuel assembly in the 
reactor 
- Withdrawal of a single control rod cluster 
on power 
- Inadvertent opening of a pressurizer safety 
valve 
- Rupturing of one steam generator tube 
- Rupturing of the chemical and volume 
control system tank 
- Rupturing of the gaseous effluent hold-up 
tank 

- Accident during fuel handling 
- Main steam line break 
- Primary coolant pump rotor stuck 
- Ejection of a control rod cluster 
- Rupturing of a main feedwater line 
- Loss of primary coolant 
- Fuel element container handling accident 
- Complete rupture of two steam generator 
tubes 
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Table 10-A-1-T-3: List of Beyond Design Basis Accidents 

- Failure of reactor scram on demand 

- Total loss of the heat sink 

- Total loss of steam genarator feedwater supply 

- Electrical power blackout 

- Loss of containment spray system or low pressure safety injection system pumping capability 

- Concomitant rupturing of a steam line and one or more steam generator tubes 

- Total failure of the medium- pressure safety injection system in a case when it is required. 
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German Practice of Accident Analysis in Licensing 

1 Information on the Licensing Procedure as far as Relevant for Accident Analysis 

In the framework of the German licensing procedure the applicant - this is usually the utility 
intending to operate the nuclear power plant (NPP) - or another institution by order of the 
applicant, e.g. the vendor of the NPP, presents the Safety Analysis Report (SAR) to the 
licensing authority, which is the State Minister in charge of nuclear safety in that state on 
which's territory the NPP is foreseen. 

The accident analyses are documented as part of the SAR or compiled in separate handbooks 
as it was done in the licensing process of the Pre-Convoi and of the Convoi NPP's. Examples 
for such handbooks are the ECC-handbook for the analyses of the loss of coolant acidents 
(LOCA) and the transient's handbook for the accidents without loss of coolant. 

The licensing authority requests their safety assessors, which are commonly the technical 
inspection agencies TUV and other independent safety organizations like GRS, to check the 
submitted analyses with regard to agreement with the safety rules and guidelines in force. 

At the same time the state licensing authority informs the Federal Minister in charge of nuclear 
safety about the application. The Federal Minister is in duty of surveillance of the licensing 
procedure and he can give directives to the state licensing authority if he thinks that the Federal 
rules and guidelines are not fulfilled completely. This is a very rare case in practice. The 
Federal Minister has his own advisory body, the reactor safety commision (RSK). This 
commission is also occupied with the application by order of the Federal Minister. 

Usually the safety assessors of the State authority performes also their own independent 
accident analyses of selected cases whenever they find it necessary and after it is formally 
agreed by the safety authority. The assessors are paid for their activities by the safety authority 
which presents the bill to the applicant, i.e. the assessors work only for the licensing authority. 
Most of the assessor's own calculations were performed with other accident codes than those 
used by the applicant. This has several advantages, however, there is no specific rule in the 
German rules and guidelines which prescribe this. 

In some cases the assessors also proposed their request to the licensing authority taht the 
applicant or his representing organization should performe additonal accident analyses as well 
as additional analyses for code verification. Before the licensing authority made such 
suggestions compulsory for the applicant, an opportunity was given to the applicant to give his 
opinion in a common meeting of all parties involved in the licensing procedure, including the 
Federal parties and their consultants. 

The licensing procedure of the latest NPP's licensed in Germany has been accelerated 
compared to the past. The main effect was the limitation to only four licensing steps. The four 
steps are depicted in figure 10-A-2-F-1. The assessment of the accident analysis was requested 
before licensing the second step. 
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2 Rules and Guidelines as far as relevant for Accident Analysis 

The major rules and regulations with relevance to the accident analysis are presented in figure 
10-A-2-F-2. They are divided into two groups. In the upper part of the figure those rules are 
listed and explained which are legally binding for each licensing case by law. The legal status of 
those rules which are shown below the horizontal dashed line in figure 10-A-2-F-2 depend on a 
case by case decision made by the licensing authority in a particular licensing process. Usually 
the fulfillment of the RSK-guidelines and the relevant KTA standars was requested by the 
athority. 

The legally binding rules which contain technical details are the Safety Criteria and the Incident 
Guidelines. Important assumptions for the accident analyses can be directly be derived from 
these rules. 

The RSK-guidelines were formulated in order to ease the process of assessment within the 
RSK. They are a submission of references to safety-related requirements which the RSK 
considered necessary as a basis for a positive statement on the licensing request. Consequently 
its fulfillment accelerates the process of licensing. With regard to detailled requirements the 
RSK-guidelines allow a certain degree of flexibility in order to provide the necessary latitude in 
the steady development of safety technology. If particular requirements of the RSK Guidelines 
are not fulfilled, the applicant may demonstrate that other measures than those explicitely 
requested in a certain guideline will assure safety in at least an equivalent way. 

Conservative model assumptions, required in the RSK-guidelines to compensate for 
insufficient knowledge on certain physical phenomena or for insufficiently developed models, 
can be replaced by more realistic assumptions if reliable proof is given on the basis of relevant 
experimental verification. At the time of licensing the recent NPPs in Germany there were still 
basic conservative model asumptions involved. This has been demonstrated by repetition of the 
previous licensing accident analysis using today's advanced accident codes. Today's codes, 
developed, verified and applied in Germany, do not have anymore the same degree of model 
conservatism involved. To compensate for this, the uncertainty of calculated results has to be 
ascertained, in particular in those cases where results are not far from the limits. 

A list of the content and structure for the Standard Safety Report was prepared by order of the 
Federal Minister in charge for reactor safety in 1976 (document: BMI, 26.7.1976-RS 14-
S1380712). The most comprehensive list of accidents which have to be considered in the safety 
analysis is given in this section S of this document. This does not necessarily mean that all of 
them have to be analyzed in detail. If it can be shown that a particular case is covered 
conservatively by another one, a detailled analysis is not required. This official guide also 
defines in detail what has to be documented within the safety analysis. 
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3 Classification of events 

Not by rule but by practice the accidents are classified into event classes which were compiled 
by a working group of the German Nuclear Society (KTA) in reference KTA-GS-47 (KTA 
document UA-SF/85/1). The five classes and there approximate probability of the events are: 

Class 1: Normal operation and maintance (> 3xlOE-2/year) 
Class 2: Events possible during lifetime of NPP, e.g. anomalous operation (>3xlOE-2/year) 
Class 3: Events not expected during lifetime of one NPP, but possible within lifetime of 

several NPPs for one NPP, e.g. design base accidents (between 3xlOE-2/year and 
lxlOE-4/year) 

Class 4: Events not expected during lifetime of any NPP, but used as a limiting case for the 
safety relevant design, e.g. design base accidents (between lxlOE-4/year and 
lxlOE-5/year) 

Class 5: Events not expected during lifetime of any NPP, in contrary to the classes 1,2,3,4 
the NPP need not be designed to cope with these accidents, but measures of risk 
reduction are required from plant construction. These are the beyond design base 
accidents (< lxlOE-5/year) 

The application of the single failure concept, the permission to consider operational systems in 
the analysis, and the acceptance criteria are specific for each of the different classes. In a 
general way, they can be derived from the Safety Criteria and from the Incident Guidelines. For 
convenient practical use they are specified in detail in the report KTA-GS-47 with reference to 
the classes mentioned above. Some examples are given in the following. 

No critical heat flux in the core and no opening of pressurizer safety valves is allowed for 
events of class 2. For class 3 and 4 events the acceptance criteria are in force are the same as 
those of the USA appendix K of CFR 50, extented by the requirement to limit the fuel rod 
damage to a value of 10%. The application of the single failure concept is required for the 
analysis of design base accidents (classes 3 and 4). Specific German reqirements are its 
application on active as well as on passive components of safety systems and the simultaneous 
assumption of an additional component being under repair or maintanance. For events of class 
5 the single failure need not to be applied and the consideration of operational systems is 
allowed. 

For anticipated transients without scram (ATWS) the RSK-guideline 20 requires the analysis 
of eight cases with the aim to demonstrate that the maximum pressure in the primary coolant 
system stays below the the ASME Code Section HI, Division 1, NB-3224 Level C Service 
Limits and that the long term subcriticality and core cooling is assured. 

The incidents and accidents which had to be analyzed at least within the licensing procedure of 
the Convoy NPP's and the Pre-Convoy NPP's are listed in the Incident Guidelines (issued in 
1983). 

The events of classes 2,3,4 are usually organized in 10 physical categories (the term category is 
used here and in the following chapters of our report to characterize the physics but not - as in 
the U.S. - to characterize the severity of the event). For the seven most important categories 
tables are given in figures 10-A-2-F-3 to 10-A-2-F-9. Figure 10-A-2-F-10 contains the list of 
abbreviations used in these tables. The tables contain information on the events which belonge 
to the categorie for the Convoi NPPs and for the Pre-Convoi NPPs, the corresponding event 
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class (see above), the reference number in the Incident guidelines if there is any (see figure 10-
A-2-F-2), the initial conditions which are to be considered in the analysis, and the systems for 
which the analysis is performed as a safety demonstration. The tables also inform about the 
leading cases within each category, for which a complete analyses was performed and about 
those cases which are covered by the leading cases. For certain cases accident analysis is not 
required because of special technical precautions foreseen in the plant, e.g; double pipe of the 
main steam line between containment penetration and main steam valve. 
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APPLICATION SAFETY REPORT 

ECC HANDBOOK 

FIRST PART LICENSE 

SITE, CONCEPT, ERECTION 

OF BUILDINGS INCL. CON

TAINMENT 

SECOND PART LICENSE 

ERECTION OF MECHANICAL 

AND ELECTRICAL SYSTEMS 

FIRST HOT CONDITIONING 

EVALUATION OF ECC 

EFFICIENCY 

THIRD PART LICENSE 

FUEL ELEMENT CHARGING 

SECOND HOT CONDITIONING 

OPERATION LICENSE 

FIRST CRIT ICALITY, 

NUCLEAR COMMISSIONING; 

POWER OPERATION 

Figure 10-A-2-F-1 Licensing Steps 
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ATOMIC ENERGY ACT 

requires precautions to 
prevent damage from con
struction and operation 
of facilities according 
to the state of the art 

RADIOLOGICAL PROTECTION ORDINANCE 

defines dose limits for radiation 
exposure, requires the ALARA principle 
for radiation exposure, requires pro
visions against incidents according to 
the state of the start, which may be 
considered as having been made if the 
design is- based on "Safety Criteria" 
and "Incident Guidelines" 

SAFETY CRITERIA 

developed for LWRls, define basic 
principles for safety precautions,-
require an ECC-system for LOCAs, 
specify the conditions during 
which the ECC-system must fulfill 
its safety function, require the 
fulfillment of fuel element limits 

INCIDENT GUIDELINES 

deal exclusively with PWR design 
base accidents according to sec. 
28, para. 3, sentence 4 of the 
Radiological Protection Ordinance, 
provide a classification of inci
dents , contain 2 groups of LOCA, 
require the analysis of these 
LOCA's for the design of safe
guards and counter-measures 

legally binding 

legal status depends on the decision 
of the licensing authority 

RSK-GUIDELINES 

specify fuel element limits, 
specify postulated leaks and breaks, 
specify analyses assumptions 

OTHER SAFETY STANDARDS 

e.g. KTA-standard 3301 (decay 
heat removal systems of LWR's) 
(KTA=Nuclear Safety Standards 
Commission) 

TECHNICAL STANDARDS 

e.g. DIN-standard 25463 (decay heat) 

OTHER RECOMMANDATIONS 

- provisions of engineer s o c i e t i e s 
- TOV p r o v i s i o n s 
- i n t e r n a t i o n a l s tandards ( e . g . 

. IAEA) 

Figure 10-A-P-F-? Major Regulations and their Relevance for the DBA LOCA 
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No. 

1.1 
1.2 
1.3 
1.4 

1.5 

1.6 
1.7 
1.8 

1.9 

1.10 
1.11 
1.12 
1.13 
1.14 

Event 

Malfunction of FWS resulting in reduction of FW-Temp. 
Malfunction of FWS resulting in increase of FW flow 
Malfunction of control resulting in increase of MS flow 
Inadvertent opening of valves (e.g. turbine bypass, relief 
valves, safety valves) 
Longterm failure of main heat sink with operational lea
kages at SG tubes 
Small leakages in MS system 
Leak at MSL outside containment with SG tube damage 
Break-spectrum of MSL outs, containment with SF not 
closing of MSIV w/o SG tube damage (RSK GL 21.2) 
Break of MSL betw. containm. and MSIV 

Leak at MSL upstream MSIV with SG tube damage 
Erroneous stuck-open MS safety valve 
Break of MSL inside containment 
Leaks at MSL inside containment 
Leaks at MSL in annular between containment shells 

'CI. 
2 
2 
2 
2 

3 

2 
4 
4 

5 

4 
4 
4 
3 
4 

No. in 
Inc.GL 

-

-

-

-

1.3.1 

-

1.3.1 
-

II.4 

I.3.2 
I.3.2 
11.1.2 
1.3.1 
II.4 

Initial. Cond 

FP, PL 
FP,PL,ZL,SS 
FP,PL,ZL,SS 
FP,PL,ZL,SS 

FP,PL,ZL,SS 

FP,PL,ZL,SS 
FP,PL,ZL,SS 
FP,PL,ZL,SS 

-

FP,PL,ZL,SS 
FP,PL,ZL,SS 
FP.PL.ZL.SS 
FP,PL,ZL,SS 
-

Ana
lysis 
1.4 

AA. 
1.4 
X 

RA 

1.4 
RA 
yes 

VO 

RA 
VO 
VO 
X 

VO 

relevant for 

IC.RL 
IC.RL 
IC.RAJA 
IC.RA, 
Core 
IC,RA,RL,TA, 
EY 
IC 
IC,RA 
IC.RA, 
Core 
IC,RA,RL,RS, 
Core 
IC,RA,RL,RS 
IC, 
IC.Core.SI 
IC 
Precaution 

Figure 10-A-2-F-3 Event Category 1 "Increase in Heat Removal by Secondary System" 
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No. 

2.1 

2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 

2.10 
2.11 

2.12 

2.13 
2.14 

2.15 
2.16 

Event 

Malfunction of steam pressure regulator resulting in de
creasing steam flow 
Load reduction to house load 
Turbine trip (TT) with opening of turbine bypass (TB) 
TT w/o opening of TB (e.g. loss of condensor vacuum) 
Inadvertant closure of MSIV's 
LONOP (< 30 min) 
LONOP (> 30 min) 
Failure of normal feedwater pumps 
Erroneous closure of valves in feedwater system 
Loss of inventory of feedwater tank 
Small leaks in FWS which can be coped by operational 
procedures for plant shutdown 
Leaks in FWS which can not be coped by operational 
procedures for plant shutdown 
Break of FWS pipes 
Leaks or break in the FWS pipe in annular between 
containment shells 
Failure of EFWS pumps 
Break of EFWS pipe 

Ev. 
CI. 
2 

2 
2 
2 
2 
2 
3 
2 
2 
-

2 

3 

4 
4 

-

-

No. in 
Inc.QL 

-

-

-

-

-

-

II.2 
-

-

-

-

-

-

II.4 

-

-

Initial. Cond. 

FP, PL 

FP, PL 
FP, PL 
FP.PL 
FP, PL 
Complete 
Complete 
FP,PL,ZL 
FP,PL,ZL,SS 
FP.PL.ZL.SS 
FP,PL,ZL,SS 

FP,PL,ZL,SS 

FP,PL,ZL,SS 
FP,PL,ZL,SS 

Complete 
Complete 

Ana
lysis 
2.4 

2.4 
2.4 
yes 
2.4 
2.7 
yes 
yes 
2.9 
2.9 
2.9 

2.9 

VO 
VO 

SF 
2.9 

relevant for 

IC 

IC,RA,RL,TA 
IC,RA 
IC.RA.RL 
IC,RA,RL,TA 
IC,EY 
IC.EY 
IC,RS,RL 
IC,RS 
IC.RS 
IC.RL 

IC.RS 

IC.RS 
IC 

RS 
IC,RS 

Figure 10-A-2-F-4 Event Category 2 "Decrease in Heat Removal by Secondary System" 

10.A.2/9 



No. 

3.1 
3.2 

Event 

Failure of one or several main coolant pumps (MCP) 
Shaft break or seizure of one MCP 

••&r. 

Ci. 
2 
5 

No. in 
Inc.GL 

-

-

Initial. Cond 

FP, PL 
FP.PL 

Ana
lysis 
yes 
yes 

relevant for 

IC.Core 
IC,Core,YP 

Figure 1Q-A-2-F-5 Event Category 3 "Reactor Coolant System Flow Rate" 
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No. 

4.1 
4.2 

Event 

Pressure reduction due to erroneous spray in prz 
Pressure increase due to erroneous activation of hea
ters in prz 

Ev, a 
2 
2 

NoJn 
Inc.GL 

-

-

Initial. Cond. 

FP, PL.ZL 
FP, PL.ZL 

Ana
lysts 
l.i. 
i.i. 

relevant for 

IC 
IC 

l.i. = Relative low importance 

Figure 10-A-2-F-6 Event Category 4 "Change of Pressure in Reactor Main Coolant System" 
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No. 

5.1 
5.2 
5.3 

5.4 

5.5 
5.6 

5.7 
5.8 

Event 

Uncontrolled withdrawel of control elements 
Ejection of most effective control element 
Inadvertent change of boron concentration 

Inadvertent loading and operation of a fuel assembly in 
an improper position 
Erroneous startup of an inactive loop (startup of MCP) 
Cold water injection (e.g. bypassing the heat exchanger 
in the volume control system) 
Detaching of boron containing sediments in core 
Insertion or drop of control elements 

Ev, 
CI. 
2 
4 
2 

2 

2 
2 

-

-

No, in 
inc.GL 

-

11.1.1 
-

-

-

-

-

-

Initial Cond 

FP, PL 
FP, PL 
FP, PL 

FP,PL 

FP.PL 
Complete 

Complete 
FP.PL.ZL 

Ana
lysis 
5.2 
yes 
5.2 

l.i. 

5.2 
5.2 

VO 
l.i. 

relevant for 

IC,TA,Core 
ICCore 
IC.TA.TW, 
Core 
ICCore 

ICCore 
ICCore 

ICCore 
ICCore 

l.i. = Relative low importance 

Figure 10-A-2-F-7 Event Category 5 "Reactivity and Power Distribution Anomalies" 
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No. 

6.1 
6.2 

Event 

Inadvertent operation of ECCS during operation 
Malfunction or operator error of volume control system 

Ev. 
a 
2 
2 

No. in 
Inc.GL 

-

-

Initial Cond 

SS,R 
FP, PL.ZL.SS 

Ana
lysis 
a.m. 
I.i. 

relevant for 

IC 
IC 

I.i. = Relative low importance 

a.m. = administrtative measures 

Figure 10-A-2-F-8 Event Category 6 "Increase in Reactor Coolant Inventory" 
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No. 

7.1 

7.2 

7.3 

7.4 

7.5 
7.6 
7.7 
7.8 

Event 

Inadvertent opening and stuck-open of a prz relief 
valve or safety valve 
Very small leaks which allow the operational 
shutdown 
Small leak inside containment 

Medium and large break of primary coolant circuit 

Leaks SG heat exchanger tubes 
SGTR w/o LONOP 
SGTR with short term LONOP 
Leak in volume control system outside containment 
Break of instrumentation line outside cintainment 
Leak in RHRS outside containment 

Ev. 
CI, 
2 

2 

3 

4 

2 
3 
3 
3 
3 
4 

No. in 
(nc.GL 

-

-

1.1.2 

1.1.1 

-

I.2 
1.2 

1.4.1 
I.4.2 
II.3 

Initial. Cond. 

FP.PL.ZL 

FP.PL.ZL 

FP.PL.ZL 

FP.PL.ZL 

FP.PL.ZL.SS 
FP.PL.ZL.SS 
FP.PL.ZL.SS 
FP.PL.ZL.SS 
FP,PL,ZL,SS 
R 

Ana
lysis 
yes 

7.3 

yes 

yes 

7.6 
yes 
yes 
yes 
yes 
VO 

relevant for 

IC.YP.TJ, 
Core, Radiation 
IC.TA.Core 

IC,RA,RL,RS,TJ, 
TF.VF.Core.Con-
tainment, Radiation 
ICJJ.TF.VF.Core, 
Containm.,SI,Rad. 

IC.RA.RL.TA.TW, 
Prim. Circuit,Rad. 

IC.Radiation 
IC, Radiation 
TJ,Core, Radiation 

Figure 10-A-2-F-9 Event Category 7 "Decrease in Reactor Coolant Inventory (LOCA)" 
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Full Power 

Part Load 

Zero Load (Hot Stand-By) 

Shut-Down Condition 

Stability and Integrity of Structures 

Start-Up and Shut-Down Process 

Instrumentation and Control 

Emergency Power Supply 

Main Steam System (MSS) 

Main Feedwater System (FWS) 

Emergency Feedwater System (EFWS) 

Volume Control System 

Intermediate Cooling System 

Fuel Poop Cooling System 

Emergency Core Cooling System 

Additional Borating System 

Service Water System 

Primary System 

Radiological Representative Incident 

Incident is Prevented or Controlled by Technical 

Precautions 

Main Steam Isolation Valve 

Turbine Stop Valve 

Loss of Osite and Of site A.C. Power 

Single Failure 

Residual Heat Removal System 

0 Explanation of Abbreviations 
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Appendix 10-A-3 

Short Description of Computer Codes Used for the Accident Analyses 
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List of computer codes used in the ROVNO 1 and 2 safety report 

Accident 

Spontaneous withdrawal of a group of control 
members 

Ejection of the control member 

Drop of control member 

Actuation of emergency protection 

Reduction of boric acid concentration due to failures 
in boron control system 

Connection and disconnection of inoperable loop 

Main steam line break 

Closing of the main isolation valve 

Seizure of one RCP out of n-operating ones 

De-energization of part of RCPs out of n-operating 
ones (1,2 or 3 on 6) 

De-energization of all RCPs 

RCP shaft break 

Emergency disconnection of one feed pump and 
failure to connect of the stand-by one 

Complete inadvertent opening of one control valve of 
feed water system 

Inadvertent opening of one HPH bypass valve 

Instantaneous increase of load by 10% of the nominal 
value 

Inadvertent closing of the valves in feedwater supply 

Loss of off-site power supply (blackout) 

Emergency disconnection of one turbogenerator out 
of two operating ones 

Instantaneous shedding of nominal power down to the 
level of the station auxiliaries with one turbogenerator 

stop valves fitting 
Inadvertent closing of one isolation valve on the 

steamline 
Large break LOCA 

Instantaneous guillotine break of pipeline that 
connects ECCS tank with reactor pressure chamber 

(pipe: 273x20 ; Dy = 250 mm) 
Partial breaks of primary pipelines (Dy: 25, 50,73, 

90 and 200 mm) 
Break of pulse tube outside the hermetic containment 

of reactor plant rooms 

Computer codes 
(Developper) 

MOST-7 et BIPR 
(Kurchatov Institute) 

MOST-7 et BIPR 
(Kurchatov Institute) 
MOST-7 et BIPR-5 

(Kurchatov Institute) 
DINAMIKA 
(Gidropress) 

BIPR et MOST-7 
(Kurchatov Institute) 

MOST-7 et BIPR 
(Kurchatov Institute) 

DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 

DINAMIKA-5 
(should be Gidropress) 

DINAMIKA-5 
(should be Gidropress) 

Not specified but should be DINAMIKA 

Not specified but should be DINAMIKA 

DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 
DINAMIKA 
(Gidropress) 

DINAMIKA 
(Gidropress) 

TECH-M-4 (for the blowdown phase) (Gidropress) 
ZALIV (for the reflood phase) (Gidropress) 

TECH-M 
(should be Gidropress) 

DINAMIKA and UROVEN 
(Gidropress) 
DINAMIKA 
(Gidropress) 
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List of computer codes used in the RO VNO 3 safety report 

Accident 
Withdrawal of a group of control members at nominal 

power 
RCP connection in the loop being inoperative before 

Control member ejection 
Decrease of boric acid concentration 

Seizure of the rotor of one RCP 
De-energization of one RCP 

De-energization of all RCPs 

NPP de-energization (loss of offsite power) 

False injection in the pressurizer from the make-up 

Turbogenerator disconnection from power 

Closing of steam generator shut-off valves 

Loss of feedwater supply 

High pressure heaters disconnection 
Steam line break 

Inadvertent opening of S.G safety valve 

Inadvertent opening of BRU-K 

Break of feedwater pipeline 

Break of main coolant pipeline and primary pipeline 
with Dnom 2 300 mm 

Inadvertent opening of pressurizer pulse safety device 
(PSD) 

Break of primary pipelines Dnom £ 109 mm 

Break of steam generator heat exchange tube (SGTR) 

S.G collector cover break off (Dnom = 100 mm) 

Computer codes 
DINAMIKA 

ALPHA, TVEL-2 
DINAMIKA 

ALPHA 
DINAMIKA 

BIPRUS 
TVEL-2 

DINAMKA 
DINAMIKA 

ALPHA 
DINAMIKA 

DINAMIKA 
ALPHA 

DINAMIKA 
ALPHA 

DINAMIKA 
ALPHA 

DINAMIKA 
ALPHA 

DINAMIKA 
ALPHA 

DINAMIKA 
Not mentioned 
DINAMIKA 

ALPHA 
DINAMIKA 

ALPHA 
DINAMIKA 

TETCH-M-4 for taowdown phase 
ZALIV for reflood phase of large break LOCA 
DINAMIKA for breaks of connecting pipelines 

"ECCS-tank to reactor11 and "discharge pipeline from 
the pressurizer" 

DINAMIKA 

DINAMIKA 
UROVEN 

DINAMIKA 
ALPHA 

DINAMIKA 
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DYNAMIKA (OR DESfAMIKA DEPENDING ON REFERENCES) 

REF 1 Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987. 

REF 2 Computer code for transient calculation of W E R reactors "DINAMIKA-5", OKB 
GIDROPRESS, 1989, in russian, not yet used for evaluation 

REF 3 Calculation of characterisation test of ISP-33 Pactel experiment with TETSCH-M-4 
and DINAMIKA-5, OKB GIDROPRESS, 1992. 

REF 4 Results of Post-calculation of IAEA Standard Problem SPE-1, SPE-3 with Computer 
Code DYNAMIKA, 1990, in russian but contains many plots which have been used in the 
evaluation 

REF 5 Reactor facility V-341 - Reasons of the methods and of the programs for the 
calculation of instationary conditions based on experimental data, OKB GIDROPRESS, 1983, 
in russian, not yet considered in the evaluation. 

CODEDEVELOPPER 

GIDROPRESS. 

DESCRIPTION 

DYNAMIKA is used for the relatively slow transient calculations where flashing and 
pressure waves in the system can be neglected. Therefore, the terms representing expansion 
work and changes in kinetic energy are neglected in the energy equation. A one dimensional, 
quasi-steady state slip flow model with experimentally determlined bubble rise velocity is used. 
The primary side of the reactorsystem can be represented by one to six loops, each with a 
pump, main gate valve and a steam generator. The core can be modeled with one to seven 
parallel channels. Models for heat slabs and the basic control systems are also present. 

Core power in DYNAMIKA is calculated using a point kinetics model with six delayed 
groups. The program takes into account the fuel temperature, moderator temperature and 
moderator feedback mechanisms, as well as the reactor power control system and boron 
effects. Axial power distributions in different channels are defined at the beginning and 
preserved throughout the transient. 

COMMENT 

The computer code DYNAMIKA is widely used for accident analysis of WER-440 
and WER-1000. 

Working Group "Accident Analysis" have requested written documents related to the 
basis of verification of this code. Until now, these documents have not been yet provided. 
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KANAL 

REF.l Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

REF2 Computer code for transient calculation in the channels of W E R reactor core, 
KANAL-4, OKB GIDROPRESS, 1989, in russian, not yet used in the evaluation. 

REF3 Calculation of the void fraction in the core of W E R by means of programme KANAL-
4, OKB GIDROPRESS, 1992, in russian, not yet used in the evaluation. 

REF4 Reactor facility V-341 - Reasons of the methods and of the programs for the 
calculation of instationary conditions based on experimental data, OKB GIDROPRESS, 1983, 
in russian, not yet considered in the evaluation. 

CODEDEVELOPPER 

GIDROPRESS 

DESCRIPTION 

In the course of the DYNAMIKA calculations, pressure in the vessl, reactor power, 
and coolant enthalpies are recorded and subsequently used by the program KANAL 
("channel") for detailed core thermal calculations. KANAL takes into account the effects of 
flashing coolint density and allows for a flow rate variation along the loop. From one to five 
parallel channels can be used for modelling the core each with 4 to 20 calculation^ cells. 

COMMENT 

The computer code KANAL is used as a subprogram in DTNAMKA as well as in 
TETSCH-M-4. 
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TETSCH-M-4 

REF1 Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

REF2 Computer code TETSCH-M-4 for calculation of the parameters in the primary circuit 
at accidents with pipe breaks, OKB GIDROPRESS, 1989, in russian, not yet used for the 
evaluation. 

REF3 Results of post-test calculation of IAEA Standard Problems SPE-1 and SPE-2 with 
computer code TETSCH-M-4, OKB GIDROPRESS, 1990. 

REF4 Calculation of characterisation test of ISP33 Pactel experiment with TETSCH-M-4 and 
DYNAMTKA-5, OKB GIDROPRESS, 1992 

REFS Analysis results of phenomenological tests and experimental data with computer code 
TETSCH-M-4, OKB GIDROPRESS, in russian, partially used in the evaluation. 

REF6 Reasons of the methods and of the programs for the calculation of instationary 
conditions based on experimental data, OKB GIDROPRESS, 1983, in russian, not yet used in 
the evaluation. 

CODEDEVELOPPER 

GIDROPRESS 

DESCRIPTION 

The computer code TECH-M-4 is in ref. 1 referred as a "best estimate" program for 
LOCA ; in ref. 2, however, it is refereed to as a conservative model A broken and a lumped 
intact loop are analysed with the pressurizer connected to either loop. The primary circuit, 
including the core, can be represented by a maximum of 48 calculational cells. The secondary 
side is modeled by two volumes for the intact and broken steam generators. Heat transfer to 
the structures can be calculated. Critical flow is obtained from tables taking into account the 
flow acceleration in the break cell. Models for the accumulators and emergency injection 
pumps are also included. 

The TECH-M-4 thermal-hydraulic model is based on the bubble rise velocity approach 
and accounts for tha condensation delay during two phase-flow mixture compression or 
condensation on subcooled liquid. 

COMMENT 

The computer code TECH-M-4 is used for large break LOCA in the ROVNO 
1, 2 and 3 safety reports. 
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UROVEN 

REF1 Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

REF2 Reasons of the methods and of the programs for the calculation of instationary 
conditions based on experimental data, OKB GIDROPRESS, 1983, in russian, not yet used in 
the evaluation. 

CODEDEVELOPPER 

GIDROPRESS 

DESCRIPTION 

The computer code UROVEN ("level") is used to model residual heat removal under 
natural circulation conditions after a large break LOCA. The modelling accounts for 
accumulation of the subcooled ECCS water in the U-tubes of the primary loop as well as for 
bubble rise in the two-phase mixture (i.e loop seal effects). Mixture levels in the lower and 
upper plena are calculated accounting for the level swell due to vapor generation in the core 
and flashing in the plena. Plena pressures are defined based on the mass and energy 
conservation equations, while the pressure distribution in the rest of the primary system is 
obtained using the momentum equation. 

COMMENT 

The computer code UROVEN is used with DYNAMIKA computer code for small and 
intermediate break LOCA (D = 25 mm to 200 mm) in the ROVNO 1 and 2 Safety Report. 

Written documents related to the basis of verification of this code are needed by 
reviewers to complete their analysis. 
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ZALFV-2 

REF1 Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

REF2 Reasons of the methods and of the programs for the calculation of instationary 
conditions based on experimental data, OKB GDDROPRESS, 1983, in russian, not yet used in 
the evaluation. 

CODEDEVELOPPER 

GIDROPRESS 

DESCRIPTION 

The computer code ZALIV-2 simulates the reactor core reflood phenomena, blow 
down phase being calculated with TETSCH-M-4 computer code. 

COMMENT 

The computer code ZALIV-2 is used with TECH-M-4 computer code for large break 
LOCA in the ROVNO 1 and 2 as well as in ROVNO 3 Safety Report. 
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ZONA-2 

REF Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

CODEDEVELOPPER 

GIDROPRESS 

DESCRIPTION 

The computer code ZONA-2 is similar to KANAL and is used with TVEL program for 
detailed core thermal predictions. This program can model from one to three core channels 
with ten computational cells in each channel. Each channel has a special core entrance and exit 
section which leads to a maximum number of 36 core cells. The model allows for flow 
redistribution between different channels. 

COMMENT 

The computer code ZONA-2 is not mentioned in the ROVNO 1 and 2 Safety Analysis 
Report and ROVN 3 Safety Report. However, M. ZAYTZEV has mentioned this code as a 
code used in safety analysis calculations, as a subprogram. 

Until now, no such documents have been provided to "Accident Analysis" working 
group. 

10.A.3/9 



TVEL 

REF Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from: 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

CODE DEVELOPPER 

GIDROPRESS 

DESCRIPTION 

The subprogram TVEL ("fuel pin") is used in all programs analysing the reactor core 
thermal conditions. TVEL predicts temperature fields in fuel elements. Axial heat conduction is 
not accounted for and the radial power profile is assumed to be uniform in the fuel pellets. This 
subprogram accounts for the effects of the clad deformation and steam-zirconium reaction. 

COMMENT 

The computer code TVEL was used in ROVNO 3 safety report for DNBR evaluation. 
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MOST 

REF Department of energy's team's analyses of Soviet designed WERs, DOE/NE-0086, 
REVISION 1, Analysis Appendices, US Depertment of Energy, September 1989, adapted 
from : 
"The Status of Computer Codes and Experimental Research for Safety Analysis of Nuclear 
Power Plants with WER-Type Reactors", V.G ASMOLOV et al, KERNENERGIE. 
V.30,N°8, p. 273-277, 1987 

CODEDEVELOPPER 

KURCHATO V INSTITUTE 

DESCRIPTION 

MOST is a suite of codes. We can find MQST-7, MOST-10 and MOSBIP. 

MOST-7 is an operational transient code that simulates the entire reactor system 
including the reactor control and protection modules. A point kinetics model is used for the 
power calculation. A homogeneous incompressible flow model is employed and a boron 
transport is calculated. User defined mixing coefficients for the lower plenum are used to 
predict the effects of addition of cold loops to a plant during operation. 

The maximum number of calculational volumes representing the primary loop is 247 
which includes 185 volumes for the core region. The average fuel and cladding temperatures 
are computed in every calculational volume of the core. For a multi-channel core 
representation, the total number of the fuel and cladding temperature nodes can reach 18500. 

MOST-10 is an extension of the MOST-7 code with a capability to predict the space-
time core neutron kinetics in one-group diffusion approximation. The MOST system is 
currently being modified for the analysis of small break LOCA and ATWS. 

MOSBIP is a combination of the MOST-10 and BIPRUS programs. This code is used 
for predicting the three-dimensional core power distribution and fuel burnup history using a 
one-group diffusion approximation. It can also simulate core power transients involving no loss 
of coolant. 

COMMENT 

The computer code MOST-7 is used with BIPRUS in the ROVNO 1 and 2 Safety 
Analysis Report. The code BIPRUS was used also in the ROVNO 3 Safety Analysis Report. 
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Accident Analysis Sheets - Rovno, unit 2 
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Accident Analysis Sheets - Rovno, unit 2 

These accident sheets have been prepared with reference to chapter 4 (accident analysis) of the 
TOB for Rovno, unit 2 and with reference to, the discussions with Ukrainian and Russian 
experts during our workung meetings at Rovno NPP in 1993. 

The answers on our open questions given in the course of our discussions are written in 
cursive 

Each of the accident analysis sheet follows the same structure: 

1 Paragraph in chapter 4 of TOB 
2 Name of Event 
3 Initial Conditions 
4 Boundary Conditions 
5 Applied Code 
6 Time Period of Calculation / Number of Plots 
7 Acceptance Criteria 
8 Main Results 
9 Remarks, Open Questions, First Evaluation 
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List of Content: 

Accident 

Withdrawal of a group of control members from start-up conditions 

Withdrawal of a group of control members from nominal power 

Ejection of one control member 

Drop of a control member 

Scram 

Reduction of boric acid concentration due to failures in boron con
trol system 

Connection and disconnection of inoperable loop 

Random cooldown (secondary leaks) 

Closing of the main gate valve (MGV) in cold or hot leg of main coolant 
pipe 

Seizure of one MCP out of n operating ones under all possible condi
tions of reactor plant operation 

De-energization of part of MCPs out of n operating ones under all poss
ible combinations of operating conditions 

De-energization of all RCPs 

MCP shaft break 

Emergency disconnection of one feed water pump and failure to con
nect the stand-by one 

Complete inadvertent opening of one control valve of feed water 
system 

Inadvertent opening of one HPH bypass valve (HPH disconnection) 
HPH = High Pressure Preheater in Feed Water System 

Instantaneous increase of load by 10 % of nominal value 

Inadvertend closing of the valves in the feedwater supply in one 
steam generator 

loss of off-site power supply 

Emergency disconnection of one turbogenerator out of two operat
ing ones 

Instanteneous loss of nominal power down to the level of the sta 
tion auxiliaries with one TG valves fitting (not clear) 
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Inadvertend closing of one isolation valve on the steam line (MSIV) 

Large break LOCA (1): Instantaneous guillotine break of primary pipline 
of the maximum diameter in the "hot" and "cold" sections 

Large break LOCA (2)instantaneous guillotine rupture of pipelines that 
connect ECCS tank (accumulator) with reactor pressure chamber 
(downcomer) pipeline 273 x 20,equivalent diameter: 250 mm 

SBLOCA: Partial breaks in primary pipelines. 

Break of pulse pipe outside hermetic containment 

Break of SG tube 
Unsealing SG header cover over the primary side (primary to secondary 
leak) 

Inadvertend opening and unfitting of pressurizer safety valve 

Break of pipeline for identified leakages, selections of ways of acci 
dent sequence (Radiological calculation) 

Steamline break (inside and outside containment) 

Break of feedwater pipeline before and after check valve 

Inadvertend opening of one safety vaive of steam generator 
Inadvertent opening of relief valve BRU-A 
Drop of fuel assembly during refuelling 

Drop of container with spent fuel 

Seismic effects on the reactor in concrete pit 
Seismic effects on steam generator 

Break of pipeline of gas blow-offs 

Remark: 

- All typing in normal letters refers to the TOB. 

- All typing in kursive letters refers to the answers given during the discussions at 

NPP ROVNO during our visit at December 1993. 
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Number 1 

1 4.2.1.1.1 (classified into class 2) 
2 Withdrawal of a group of control members from start-up conditions 
3 Subcritical condition, reactor power 1 %, 3 MCPs in operation, fuel temperature 

in reactor: 269 °C, pressure at core outlet: nominal minus 2 bar, position of con
trol member's group to be withdrawn: 50 cm from core bottom, BOC (5th fuel 
loading). 

4 Reactivity coefficients of fuel and coolant 20 % lower than calculated, reactor 
trip: neutron flux level > 112 % of nominal, or period < 10 s, control member 
group moves upwards with 2 cm/s, withdrawal of defect group continues after 
scram, after scram the remaining control assemblies with the exception of the 
most effective control assembly (stuck rod) move downwards with 20 cm/s (0.5 s 
delay), 

5 MOST-7, BIPR (3-dimensional code) for reactivity coefficients calculation 

6 O-120S/4 plots 

7 DNBR > 1.0, primary pressure < 115% of design pressure 

8 Scram due to reactor period < 10 s at about 8 s, no information on plot about 
DNBR, probably no problem (verbal: DNBR > 10), the failure of the first scram 
signal was not observed in the analysis, but it was discussed verbally. Partial re
sults are given only for the withdrawal of one group, no results are given for the 
withdrawal of one control assembly. 

9 The initial conditions seem to be sufficiently conservative. Integrity of fuel rods 
and of pressurized components is assured. 
It was not demonstrated that ignorance of first scram signal would also not viol
ate the acceptance criteria. But it was stated that there are sufficient other sig
nals which would limit the accident without violating the DNB-criterion (also 
signals of type of EP-II and EP-III, e.g. high primary pressure, high neutron flux 
level). 

The single failure criterion need not be applied because tis accident is of class 2. 
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Number 2 

1 4.2.1.1.2 (classified into class 2) 

2 Withdrawal of a group of control members from nominal power 

3 Reactor power 102 % of nominal, coolant pressure at reactor outlet: 2 bars lo
wer than nominal, coolant temperature at reactor inlet: 2 K higher than nominal. 
Position of the control assembly to be withdrawn at bottom of core, the position 
of the whole working group is not specified (possibly at the lower edge of the nor
mal range which is 200 ± 50 cm from the bottom). 
For the withdrawal of one control assembly, analysis results were not presented 
in form of plots but verbally. For these analyses BOC and EOC initial conditions 
were used. 

4 Reactivity coefficients (fuel, coolant) reduced conservatively by -20 % of calcu
lated values, reactor trip: 112 % of nominal neutron flux, control member moves 
with 2 cm/s, other boundary conditions same as 4.2.1.1.1. 

5 MOST-7, BIPR 

6 O-40 s / 5 plots 
7 DNBR>/.0 

8 Scram due to neutron flux > 112 % of nominal at about 13 s. Fuel temperature 
rises from 1530 °C to 1680 °C (+ 150 K), DNBR > 3.0 for the case of withdrawal 
of one group, for the single control assembly DNBR > 2.8 (BOC) resp. 2.85 
(EOC). 

9 Comment: same as for Number 1, and: 

New version of TOB takes into account 102 % power for the maximum steady 
state condition instead of 107 % in the design project report. It was stated that 
102% is the correct value. This implies that larger values would be limited by 
means of the reactor power limitation system. 
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Number 3 

1 4.2.1.2 (classified into class 3) 
2 Ejection of one control member 

(claimed to be of relative low probability because of locking device = hydro 
stopper) 

3 Two initial states 

- Normal operating state with 102 % power, EOL, pressure of coolant -2 bar, 
temperature of coolant +2 K, 6 MCPs working, control element to be ejected: 
150 cm from bottom of core 

- Hot zero power state: 1 % power, EOL, pressure -2 bar, temperature +2 K, 
3 MCPs working, control element to be ejected: 50 cm from bottom of core 

4 During ejection no feedback considered and adiabatic process, conservative time 
interval for ejection (no friction considered): 
- 0.05 s from normal operating state 
- 0.09 s from hot zero power state 

linear time function for the insertion of reactivity 
conservative feedback functions (fuel, coolant); - 20 % 
scram due to neutron power high or reactor period low or pressure high, most ef
fective control assembly stuck in extreme upper position, 20 cm/s insertion rate 
with 0.5 s delay 
loss of station service power at the moment of ejection 
flow area (coolant leak) 23.2 cm2 (300 kg/s) 
The single failure was applied on the mechanical device (hydro-stopper) which 
would prevent the ejection of the control member. This device is considered as a 
safety system. Each device is checked and tested on a full scale test facility. 
For the hot spot factor a value of 6.91 was assumed troughout the transient. 
A linear power density of 325 W/cm was assumed. 
A gap HTC ofO. 74 W/crrf/K was used (about 3 more less than actual) 

5 MOST-7, BIPR (in connection with KR for reactivity coefficients), PI -04 M 

6 0-10 s/13 plots (5 plots for hot stand-by case are missing) 

7 fuel melting 280 - 300 cal/g (new feed), burned fuel 10 % less, if > 140 cal/g then 
cladding is considered heaving failed, some failures of fuel elements are to- ler-
ated because the case is considered as highly improbable, 
DNBR > 1.0, maximum pressure < 115% of design pressure 

8 - nominal conditions, EOL: reactivity insertion: 0.15% (w/o consideration of 
feedback effects), average neutron flux increases 1.38, average heat flux 
106%, power peaking factor increases from 2.08 to 2.14, local heat flux 
from1.56 to 1.81, power released to the hottest fuel pellets < 70 cal/g, max. 
fuel temperature < 1380 °C DNBR > 3.5 
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- hot stand-by, EOL: reactivity insertion: 0.59 %, av. neutron flux 1.23, average 
heat flux 19 %, av. fuel temp. incr. to 307 °C, average coolant temperature in
creases to 273 °C, coolant press, incr. to 12.5 MPa, local heat flux from 
1.68 to 3.73, power released in the most powered fuel pellets < 55 cal/g, max. 
fuel temp.: 1400 °C, DNBR > 3.0 

9 Hot stand-by has the most unfavourable consequence. The procedure to arrive 
at the assumptions about fuel densification with its influence on pellet-clad gap, 
average linaer density, hot spot factor should be made more clear. 
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Number 4 

1 4.2.1.3 (classified into class 2) 

2 Drop of a control member 
3 normal operating conditions at 102 % power 

PCS pressure -2 bar, PCS coolant temperature + 2 K 
4 control assembly with highest negative reactivity considered (- 0.003), drop from 

top position, EP-4 signal ignored 

5 several calculations (parameter rod reactivity) with MOST-7, BIPR-5 

6 calculation time period not known / no plots, one table 

7 acceptance criteria not especially mentioned, it should be DNBR > 1.0. 

8 DNBR > 2.17, reactor power is decreased by 18 % 

9 chapter 3.1.3 of RSK-LL fulfilled (DNBR.max. no safety valve opening at pres-
surizer, no fuel melting) 
What is the difference between BIPR and BIPR-05? 
The single failure criterion need not be applied because of the classification. 
Is this transient considered as envelope of control rod misalignment? If it is, 
would you justify it. If it is not, why is the case control rod misalignment not 
considered? 
The initial HTC from primary to secondary has not been given. The maximum 
HTC would maximise the DNBR risk. 
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Number 5 

1 4.2.1.4 (classified into class 2) 

2 Scram 

3 Nominal conditions 

4 Two cases were calculated: 

- case 1:10 s after scram => turbine shutdown (closing of turbine stop values), 
thereafter BRU-K opens if pSeo> 50 kgf/cm2, closes if pSeo<46.3 kgf/cm2 

- case 2: Signal to shut off 1st turbine: main steam header pMSH < 39.4 bar, Sig
nal to shut off 2nd turbine: pMSH < 37.4 bar, primary coolant pressure falls => 
pressurizer heaters on, pressurizer level falls => CVCS make-up pump on 

5 DINAMIKA (version not mentioned) 

6 - case 1:0- 270 s / 5 plots 

- case2:0-610s/4plots 

7 Acceptance criteria not specified, it seems to be excessive cooldown of the pri
mary circuit, DNBR> 1.0. 

8 - case 1: results are less stringent than those of case 2 

- case 2: 
at 30 s, pSec < 39.4 bar reached => 1 * turbine off, 
at 240 s, p < 37.4 bar => 2nd turbine off, 
at 90 s PCS pressure reaches lowest pressure: 107 bar 
maximum coolant temperature (PCS): 249 °C at 240 s 
=> no considerable cooldown 

9 This case is not considered usually as a design basis accident, 
Comparison of results with commissioning test results required (code 
qualification) 

BRU-K seems to open periodically with a period of about 100 s. Is the BRU-K 
qualified to operate in such a way? The actual behaviour of the BRU-K was not 
modelled in the calculation (valve and diaphragm full opening in 15 s assumed), 
in reality the BRU-K will not open/close like in the calculation. 
At the end of the simulation period the primary pressure is still increasing. The 
calculation should be continued to reach at least stable pressure in PCS and 
SCS. Argumentation is required instead of long period of calculation. 
Comparison with measured results of commissioning test results should be 
made. 
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Number 6 

1 4.2.1.5 (classified into class 2) 

2 Reduction of boric acid concentration due to failures in boron control 
system 

3 Three initial conditions were considered: 
case 1: normal operating state, approx. 200 m3 primary water 
case 2: refueling state: approx. 1000 m3 including refueling pool 
case 3: start-up situation: approx. 200 m3 primary water 

4 Make-up pump capacity 6 to 50 m3/h, conservatively assumed 65 m3/h, in
jected diluted solution = pure water to PCS 
case 1: 4 min time for the operator to reach lower position of control members 
from 175 cm to 150 cm above bottom of core, another 16 min time to reach 
lowest position, scram occurs at 112 % of nominal power 
case 2: refueling work is performed at 12 g/kg, at 10 g/kg refueling work 
must be stopped -> 3 hours time (1000 m3) 
case 3: criticality is reached at 7.5 g/kg, 
from 12 g/kg with 6 m3/h make-up of pure water -> 13 h, 
with 65 m3/h make-up of pure water -> 1.2 h 

5 BIPR, MOST-7 

6 Case 1:0-1100 s / 3 plots, no plots for cases 2 and 3 

7 Max. power, max. temperature of fuel (no data given), DNBR>1.0 

8 Continuous dilution of boric acid may not result in severe damage of the core 
because 
- sufficient time for the operation 
- monitoring, signals 
- scram 

9 Results plausible, however identity with operational handbook should be dem
onstrated, the single failure criterion need not to be applied because of class 
2 event. 
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Number 7 

1 4.2.1.6 (classified into class 2) 

2 Connection and disconnection of inoperable loop 

(case considered as hypothetical because of interlockings and administrative 

prohibitions) 

3 4 cases were analyzed 

Common initial conditions: 

Primary coolant pressure: -2 bar compared with nominal 

Primary coolant average temperature: +2 K compared with nominal 

Reactivity coefficients: 

Water temperature: -4.68 x 10-4 K"1 (20 % below EOL value) 

Fuel temperature: -0.25 x 10"4 K1 (20 % below EOL value) 

Stationary fuel loading, EOC, no Xenon poisoning 

Effective function of delayed neutron: 0.628 x 10'2 

Life of prompt neutron (s): 0.225 x 1O4 

Case-specific initial conditions: 

Case 

1.1 

1.2 

2.1 

2.2 

Number of 
operating 

loops 

3 

5 

5 

3 

Initial power 
(% of 

nominal) 

55% 

88% 

88% 

55% 

Boric acid 
concentation 

in operating loops 

2 g/kg = 350 ppm 

1.56 g/kg = 273 ppm 

1.56 g/kg = 273 ppm 

2 g/kg = 350 ppm 

Boric acid 
concentration 
in loop to be 
connected 

0.0 

0.0 

0.0 

0.0 

Temperature 
in loop to be 
connected 

270 °C 

270 °C 

100°C 

100 °C 

4 Complete mixing of coolant was assumed for the calculations of core inlet 

coolant temperature. 

Results of an alternative calculation without mixing (sectional entry of cold 

water) were dealt with (case 2.2A with same initial conditions as case 2.2) say

ing that an earlier scram (at 2 s) occurred. 

In cases 1.1 and 1.2 the main gate valves were already open at t = 0 

10.A.4/12 



Number 7 (cont.) 

(backward flow in loop to be connected), then MCP is switched on in this loop. 

In cases 2.1 and 2.2 the MCP is already running and the main gate valve at 

hot leg is open. During the analysis the main gate valve in the cold leg is 

opened (time for complete opening: 90 s). The interiockings for opening of this 

valve (temperature difference between cold leg of intact loop and hot leg of 

loop to be connected should be < 15 K, boric acid concentration A CB < 0.1 

g/kg = 7.5 ppm and power < 10 %) were not considered in the calculation 

(violence of rules). 

Scram may occur due to: 

neutron flux > 112 % of nominal 

reactor period < 10 s. 

5 MOST-7 for hydraulic calculations (incl. DNBR) and reactor kinetics 

KP for reactivity coefficients 

BIPR for power distribution in core (3-dimensional code) 

6 Case 1.1:0-30 s /6 plots 

Case 1.2:0-30 s / 6 plots 

Case 2.1: 0-30 s/6 plots 

Case 2.2: 0-30 s / 6 plots 

7 DNBR (value not given), >1.0 

Fuel temperature (value not given) 

8 Main results of the four analyses 

Case 

1.1 

1.2 

2.1 

2.2 

Scram 

no scram 

no scram 

7 s, > 112% power 

9 s, < 10 s period 

Maximum fuel 
temperature (°C) 

1 080 

1470 

1 380 

1 100 

Minimim 
DNBR 

6.2 

4.42 

4 

7 
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Number 7 (cont.) 

Result for an additional case (no plots). 

Case 

2.2 B 

Number of 

operating 

loops 

3 

Initial 

power 

(%) 

55 

Boric acid 

concentation 

g/kg 

7.6 (1330 ppm) 

Concen

tration in 

loop to be 

connected 

0 

Tempera

ture in loop 

to be 

connected 

100 °C 

Scram time 

and reason 

not known 

Maximum 

fuel tern 

pe nature 

(-C) 

960 

DNBFU 

6 

This boric acid concentration in the operating loops corresponds to BOC condi

tions. 

The disconnection of one loop does not lead to changes in the core reactivity 

(no analysis required). 

9 Results are far below acceptance criteria usually defined 

Results are plausible. 

It is a deficit that no calculations were provided in detail about BOL cases for 

deboration (results were only summarized in the chapter on conclusions), also 

cases without the assumption of complete mixing. 

There is no need to apply the single failure because of class 2 event 

Additional plots should be presented for demonstration of reactivity influence 

resulting from temperature and content of boron. 
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Number 8 

1 4.2.1.7 (classified into class 3) 

2. Random Inadvertend cooldown (secondary leaks) 

3 Two cases were analyzed (at full power, at nearly zero power) 

Case 1: 102 % power, 122.5 bar, 269 °C at core inlet, 46.1 bar at SG, SG vol

ume 34.5 m3, EOC conditions, stationary 

C_as£-2: 3 % power, 122.5 bar, 257 °C at core inlet, 43.7 bar at SG, SG water 

volume 47.6 m3, EOC, core poisoned with Xenon, 1 % decay heat. 

4 Operational systems were also considered (e.g. make-up system), 

Reactivity coefficients: boric acid: -0.0157 (g H3BO;/kg H20)"1 

coolant temperature: table f(temp.) 

• Rupture of MSL upstream of main isolation valve (MIV), i.e. isolation not 
possible 

• NPP blackout considered simultaneously, -> early scram -> more severe 
cooldown of primary system 

• The disconnection of MCP in defect loop is considered as very probable 
because of two interlockings: 

- Ap between MSH and defect SG >. 4.9 bar 
(due to this signal also the MIV is closed in the defect SG) 
-water level low in (one or two ?? SGs ?) 

The disconnection of MCP in defect loop is only of importance if blackout 
is not assumed, in this case there will be backflow in the defect loop which 
provides better mixing than the cases which were analyzed. 

• Closing time MIV: 5 s 

• Emergency boron injection pumps on if Lprizef<2.7 m, injection with 40 g/kg 
(= 7000 ppm) into the cold leg of the defect loop, failure of 2 pumps 
considered 

• BRU-A operation: 53 bar (opening) / 46.1 bar (closing) 

• Emergency feedwater (EFW) pump beginning to operate if AL,SG >200 
mm, failure of 1 pump considered 

• Pressurizer safety valve operation: 144.2 bar (opening) /130.5 bar closing 

• Scram considered with stuck of most effective element 

5 DINAMICA 

Four loops represented: 1 = prizer loop, 2 = emergency loop with boron 
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injection, 3 = operable loop, 4 = operable loops with weight 3 (loops of second 

turbine generator) 

The boron injection emergency pumps inject into the defect loop. This is 

claimed to be conservative, probably because this water is cold (see item 10). 

3 parallel core channels: (hot channel with maximum power, average power 

channel, bypass), each 5 axial sections, hot leg and cold leg each 5 sections, 

SG tubes: 6 loop sections, no information on secondary side nodalization. 

Simplified modelling of physics on SG secondary side: heat exchanging sur

face is kept constant as long as water level is above the lower edge of the heat 

exchanger tubes. No information about water entrainment given. 

Simplified modelling of mixing in downcomer and lower plenum. Assumption of 

complete mixing (not conservative!), alternative results without mixing 

(complete separation) are dealt with. 

6 Case 1: 0-1000 s /13 plots 

Case 2: 0-1850 s (table refers to 2900 s) /13 plots 

7 Subcriticality with scram (stuck rod) and during long term due to emergency 

boron injection system, recriticality (enrichment 3.6 %, end of boron control 

with Xenon poisoning): at •& < 134 °C 

Case 

1 

2 

Minimum 

at defect 
SG outlet 

147 °C 

114°C 

primary coolant temperatures 

at core inlet 
with complete 

mixing 

232 °C 

172 °C 

at core inlet 
with complete 

separation 

127°C 

100°C 

Safety valve 
at pressurizer 

opens 

yes 

yes 

This result clearly shows that there is a danger of recriticality in case 2! 

Measures to prevent recriticality, as per TOB: 

- It is not allowed to operate the reactor at low power after termination of boron 

control. 

- In case of scram with stuck rod, at once supply of boron solution must be 

provided to the primary system. 
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9 Which is the signal for the disconnection of MCP due tu water level low in SG 

(low in 1 or in 2 SGs) ? The MCPs are disconnected because the ECC signal 

produces the artificial "loss of power". 

It should be demonstrated that the assumption to consider injection by means 

of the boron injection pump is conservative. Te higher boron content of this 

system compensates partly for the lower temperature. There is no boron con

tained in the injeczed water (c=0.0). Only the temperature effect was taken into 

account. 

Information on consideration of water entrainment on secondary side in DiNA-

MIKA is needed. The user can specify the steam bubble velocity. 

According to German rules the pressurizer safety valve should not open. In the 

present analysis it does. It is allowed according to the Russian rules. 

What are the assumptions to maximise the overcooling of the primary side 

(EFW flow rate: nominal condition: 65 t/h, •& =30°C, in the calculation the 

pump characteristics was taken realistically, vapour quality to maximise energy 

release at the break, inverse heat transfer between intact SG and primary 

side, safety injection and EFW temperature:^ =30°C )? The heat input from 

the sec. to the prim, side was not considered in the calculation. 

What are the assumptions to maximise the consequences of the core reactivity 

and the DNB risk (initial negative reactivity, EOC to maximise moderator ef

fect, ...) ? 

Besides the case with simultaneous blackout it should be demonstrated by 

means of an additional analysis that the case without blackout conditions is 

less severe. In France the case without blackout is the worst one. In German 

practice only the case without blackout is analyzed. The reason is the more 

intensive transport of heat from the prim, to the sec. with the help of the MCPs. 

Information given in table 4.2.1.18 cannot completely be checked because 

plots are only up to 1850 s for case 2. 

In both cases pressurizer level is still increasing at the end of the plotted 

period. 

Pressurizer safety valves operate in cycling mode. Are they qualified to do so? 

The modelling was simplified. 

As the single failure the failure of two boron injection pumps and the stuck of 

the most effective rod was assumed. It seems that the high pressure safety in

jection pumps of the emergency core cooling system are named as 
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emergency boron injection pump. In this case the single failure assumption is 

aceptable, because this sytem is a safety system and the stuck rod assump

tion is an additional assumption. 
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Number 9 

1 4.2.2.1 (classified into class 2) 

2 Closing of the main gate valve (MGV) in cold or hot leg of main coolant pipe 

3 Full power conditions 102 % 
Krad= 1.55, Kax= 1.42 
Coolant temperature + 2 K (compared to nominal) 
No information on initial pressure in text, but in fig. 2:12.26 MPa at reactor exit, 
this is not 2 bar below nominal which should be assumed if DNBRmin is the limit
ing criterion. 

4 Analyzed is only the slow closing of either the cold leg MGV or the hot leg one 
(fast closing could occur due to MGV failure, but this is not considered). It could 
be covered by the seizure of 1 MCP. 
The reactor continues to operate on full power. 
The reactor main coolant pump is switched off after 3 min if the cold leg MGV is 
closed. No such signal exists if the hot leg MGV closes. 

5 DINAMIKA 

6 0-98 s / 6 plots 

7 DNBR >1.0 

8 • Coolant flow reduced to 84 % (little more than 1-1/6 = 83 %) 
• Coolant average temperature slightly increased (approx. 2.5 K), due to re

activity feedback power decreases down to 97 % 
• DNBR > 1.8 (if power would remain constant at 102 %: DNBR > 1.68, not 

demonstrated by plots). It is recommanded to add a plot DNBR vers. time. 

• Primary pressure increases by 5 bar (!) 

9 The increase of primary pressure seems to be rather small 

The single failure criterion need not be applied because of class 2 event. 
The analyzed time period of 98 s is very small compared to the MIV closing 
time of 78 s. It is considered sufficient by OKBG. 
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Number 10 

1 4.2.2.2 (classified into class 3) 

2 Seizure of one MCP out of n operating ones under all possible conditions of 
reactor plant operation 

3 Full power conditions (102 %) 
Pressure -2 bar of nominal 
Temperature +2 K of nominal 
Working group of control assemblies at top of core 
DNBR = 2.0 

4 Due to relative low probability: only one seizure at the same time considered. 
Seizure of one MCP out of 6 operating ones is the worst case, comparing out 
of 5, 4, 3 operating pumps (no reason given, probably DNBR much larger). 
Other cases were also considered by calculations: 1 out of 3, 1 out of 4. Finally 
1 out of 6 was found to be the worst case: 
Reactor power is lowered due to reactor power controller (no scram), working 
speed 2 cm/s 

5 DINAMIKA 

6 0-8 s (DNBR), 0-40 s (other parameters) / 3 plots (9 parameters) 

7 DNBR (no value given) >1.0 

8 New power level approx. 80 % reached after about 28 s 
DNBR > 1.57 
Pressure increase: primary system + 1.9 bar 
Coolant temperature increases to 300 °C 

9 Which is the permitted DNBR (should be proven by experiments) ? 1.0 
Why is the seizure of one out of six operating MCP the worst case ? 

How is the single failure criterion applied? It was not applied because normal 
conditions are going on, no safety systems are required. The power controller 
ROM actuates. If it would fail, than safety systems would come into action. 
However if the normal operating systems will benefit to the accident, the single 
failure should be applied (Western position). A difference in the safety philos
ophy remains. 
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Number 11 

1 4.2.2.3 (classified into class 2) 
2 De-energization of part of MCPs out of n operating ones under all possible 

combinations of operating conditions (1,2, or 3 on 6) 

3 Full power conditions (no specific information) 

4 it is argued that not more than 3 MCPs simultaneously could fail, 
3 cases was analyzed (but de-energization of all pumps is considered in number 
12): 
case 1 : 1 MCP fails out of 6 
case 2 : 2 MCPs fail out of 6 
case 3 : 3 MCPs fail out of 6 
worst case is nominal power because DNBR is already the lowest at initial value 
conditions 
appr. description of MCP run out: n = n0 e

 T/3°, e = 1100 kgm2, 70 kW friction 
loss at nominal speed, 
no scram 

5 Dl NAMI KA, the 4-quadrant model for the simulation of the MCP was used. 

6 case 1: 0-100 s / 3 plots 
case 2: 0-100 s / 3 plots 
case 3: 0-200 s / 3 plots 

7 DNBR >1.0 

8 new power levels: 84 % / 69 % / 55 % for cases 1, 2, 3 
DNBR > 1.62 for case 3 (no information for cases 1, 2) 

9 An experimental proof for the RCP run out is required. The applied equation is 
an approximation of the experimental curve. 

The single failure is not applied because of event class 2. 
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1 4.2.2.4 (classified into class 2) 

2 De-energization of all RCPs 

3 4 cases with different initial conditions were considered: 
case 1 : failure of 6 MCP out of 6 operating RCPs, Power 100 + 2 % 
case 2 : failure of 5 MCP out of 5 operating RCPs, Power: 83 + 2 % 
case 3 : failure of 4 MCP out of 4 operating RCPs, Power: 67 + 2 % 
case 4 : failure of 3 MCP out of 3 operating RCPs, Power: 50 + 2 % 
in the inoperable loops the MGV are open, SG are connected to operating ones 
on steam and feed water side 

4 • scram is actuated, signal time 3.3 s, speed 20 cm/s 
• all systems (also operational systems, e. g. feedwater system, pressurizer 

heaters) are considered 
• turbine stop valves close after scram with delay 10 s 
• BRU-K operations is considered simplified as ON/OF with following data 

(taken from plots): 
opening if p > 49.0 bar, closing if p > 46.4 bar 
open question: in text; scram if >. 4 RCPs fail, consequently in case 4 there 
should be no scram, but there was scram (definitely) in the analysis (see also 
first paragraph of 4.2.2.4.2 of the TOB, page 222), text error: it should be >3 

5 DINAMIKA 

6 case 1 up to 800 s /10 plots 
case 2 up to 500 s / 9 plots 
case 3 up to 500 s /10 plots 
case 4 up to 500 s /10 plots 

7 DNBR>7.0 

8 most severe conditions in case 1 with lowest pressure in PCS (113 bars at 70 s), 
no detonation of core cooling, DNBR not below stationary values 

9 The single failure is not applied because of event class 2. 
What are the differences between DINAMIKA and DINAMIKA-5 ? 
Is BRU-K allowed to operate in cycling mode ? (see Plot 4.2.2.25). 
In case 4, the pressure still increases at the end of the calculation period. Analy
sis should be continued until safe state, at least until stable parameters are 
reached. 
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1 4.2.2.5 (classified into class 3) 
2 MCP shaft break 

3 full power condition 100 + 2 %, no information about pressure and temperature. 
12.4 MPa/297°C from plot, which means + 2 bar/ +2K. +2 bar is not conserva
tive with respect to DNB calculation. 

4 • malfunction of anti-reverse gear is assumed (add. conservative assump.) 
• no signal to the power controller to reduce the setpoint since the speed is 

measured at the motor shaft and remains unchanged 
• no scram signal 

5 DINAMIKA-5 

6 0 - 200 S / 9 plots 

7 • DNBR (value not given) >1.0 
• maximum cladding temperature < 335 °C (not clear, initial value is 331 °C) 
• fuel temperature below melting temperature 

8 • DNBR is reduced from 2.27 to 2.02 
• maximum fuel temperature: 1640 °C 
• maximum cladding temperature: 333 °C 
• average coolant heat up in core increased to 36 K 
• core outlet temperature: 327 °C 
• all parameters stabilized exept the pressurizer level (still rising) 

9 Calculation not ready since pressurizer level and pressure still rise. The risk that 
pressurizer safety valve can stuck open by operating with water or mixture must 
be checked. 
What about initial pressure and temperature ? 
As the single failure probably the failure of the power controller ROM is applied. 
But this is not a safety system! 
What is the origin of the criterion "Maximum cladding temperature < 335 °C"? 
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1 4.2.3.1 (classified into class 2) 

2 Emergency disconnection of one feed water pump and failure to connect 
the stand-by one 

3 Full power condition 102 % 
reactor exit temperature: +2 K of nominal, no information about initial pressure, 
balance of feedwater flow rate and MSL flow rate 

4 It is assumed that the flowrate of feedwater falls to 75 % of the nominal value 
(due to the failure of one out of four operating feedwater pumps). It follows the 
drop of level in all SGs. 
EP-3 occurs due to A L i 2SG > 0,2 m, then also the MSH pressure controllers 
does not operate anymore, i. e. the MSH pressure drops. If EP-3 would fail, the 
SG water level falls down to A L z2 SG > 0,4 m which means RCPs off with delay 
of 20 s and thereafter scram with 3.3 s delay. The turbine stop valves close (10 
s), BRU-K opens periodically (setpoints: see number 12) 
Two cases were analyzed 
case 1: with consideration of EP-3 (insertion of control members with working 

speed: 2 cm/s) due to A L i 2 SQ > 0,2 m 
£ase_2; with assumed failure of EP-3 

5 code not mentioned, DINAMIKA-5 

6 sass_uo- 400 s/10 plots 
cjase_2l 0 - 600 s /10 plots 

7 Reliable core cooling (no limits given) 

case 

1 

2 

time of un
covering 
SG-tubes 

116s 

116s 

time to reach 
AL s 2 G 

20,2 m 

150S 

150S 

time to reach 
A L i 2 G 

>0,4m 

217 s n 

276 S 

RCPs off 
at time 

-

296 s 

scram 
time 

-

300 s 

lowest SG level 
(m) at time 

1.67 mat 240s 

1.4mat315's 

9 No information about state of bum-up. 
1) Question: why no RCPs off and later EP-1 (scram) due to AL2f f iQ >0,4 m re
ached? The 20 s delay correspond to the technical specification. 

What are the assumptions about initial pressure? 
The single failure criterion need not to be applied because of class 2 event. But 
in case 2 calculation the failure of operational system EP-3 was assumed which 
improves the accident situation. 
Which nodalization, especially on secondary side? not specifically answered at 
Rovno, also from general description of DINAMIKA-5 no onformation about de
tained nodalization of secondary side of steam generators is obtained. Probably 
only one control volume. 
Is the BRU-K qualified for cyclic operation (fig.19)? not yet answered. 
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1 4.2.3.2 (classified into class 2) 

2 Complete inadvertent opening of one control valve of feed water system 

3 Full power condition 100 + 2 % 
Core exit coolant temperature: +2 K, no information about initial pressure in text 
but from plot 12.375 MPa which is not conservative with respect to DNB. 

4 • Completely opening leads to 157 kg/s - (25 % overload) compared with 126 
kg/s nominal value of 102 % power 

• if ALgG >0.1 m above nominal, gate valve starts to close 

• if level falls and Al_gG is only <0.075 m above nominal, gate valve starts to 
close 

5 code not mentioned, DINAMIKA was used 

6 0 - 250 s / 9 plots 

7 Reliable core cooling (only qualitative), not reaching the setpoints for closing the 
stop valves due to high water level in SG (+0.1m) 

8 Gate valves keep the SG water level between 2.1 m and 2.22 m 

9 Results seem plausible 
The single failure criterion is not applied because of class 2 event. 
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1 4.2.3.3 (classified into class 2) 

2 Inadvertent opening of one HPH bypass valve (HPH disconnection) HPH = 
High Pressure Preheater in Feed Water System 

3 Nominal power 100 + 2 % 
Core exit temperature: +2 K , initial pressure not given. Can not be identified 
from plot 30. 
Krad = 1.55, Kax= 1.42 

4 • constant steam flow rate assumed 
• failure of following systems assumed 

- APC = ARM 
- PG = ROM 
-EP-3 

5 DINAMIKA 

6 0-165 s /9 plots 

7 Reliable core cooling (only qualitative) 

8 Feedwater temperature falls from 223 °C to 165 °C, as a consequence the MSH 
pressure falls, primary power is increased, it reaches 107 % (setpoint of EP-3) 
at 36 s, if EP-3 does not work a new stable power level is reached after 120 s at 
110 % power. DNBR > 1.71 (not shown in plot). 
Additional results without analysis: With APC or PG the power level would be 
controlled to 103% 

9 '' abbreviations not know APC = Automatic power controller (= ARM) ? 

PG = Pressure controller on secondary side ? 

Which is the initial pressure? 
The single failure is not applied because of event class 2, however the failure of 
operational systems for power control (ROM,ARM) was considered. 
What is the difference between DINAMIKA and DINAMIKA-5? 
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1 4.2.3.4 (classified into class 2) 

2 Instantaneous increase of load by 10 % of nominal value 

3 Nominal power 100 + 2 % 
Core outlet temperature: +2 K, initial pressure not given. 
FR = 1.55, Fax =1.42 

4 Failure of APC = ARM, PG = ROM, turbine regulator and reactor protection 
(EP-3 ?1)) is considered 

5 DINAMIKA 

6 0 -180 s / 8 plots 

7 Restriction of reactor power 

8 • secondary pressure drops -> core coolant temperature drops -> core power 
increases (APC or PG would control the power at 103 %), however APC and 
PG are not considered. 

• discrepancy between text and plots: 
text (page 326): at 51 s max. power reached 112 % 
plot 4.2.3.38: at 518 max. power reached 110.9 % 
nevertheless scram occurs at 51 s, MCP continue to run (if APC or PG 
would work the secondary pressure could further fall and if p < 39.2 bar -> 
disconnections of one turbine in the analyzed case (10 s after scram the tur
bine is shut down) 

9 1) should be made more clear 
Why is the initial water level so low (compare plot 4.2.3.45 with 4.2.3.21)? 
What is the threshhold for scram ? 112% 
How is the primary pressure controlled ? only by heat exchange to the SCS 

What is the initial pressure? It cannot be taken from plot 39. 
The single failure was not applied because of event class 2, however the power 
controlers ARM and ROM were assumed as failed. 
What is the difference between DINAMIKA and DINAMIKA-5? 
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1 4.2.3.5 (classified into class 2) 

2 Inadvertend closing of the valves in the feedwater supply in one steam 
generator 

3 no information, taken from plots: full power 102 %, about 12.22 MPa (difficult to 
read exactly), 298 °C. This is not conservative with regard to DNB. 

4 reference given to case 14 (see page 279 of TOB), at A L, SG >0,4 m with 20 s 
delay MCP in emergency loop off, power control by APC (=ARM), the turbine 
controller brings the turbine power in conformity to the reactor power. 

5 Dl NAMIKA (see page 195) 

6 0 - 400 s /11 plots 

7 Reliable core cooling (only qualitativ), DNBR >1.0 

8 It is not completely clear from the figures when the signal AL1SQ > 0,4 m in the 
emergency SG is reached (fig. 4.2.3.54 at about 60 s, however MCP off only at 
about 105 s as per fig. 4.2.3.46). 
Anyhow the power is therafter reduced to ~ 86 % (little above 102 • 5/6 = 85 %) 
DNBR (no plot !)> 1.86 

9 see item 8, 
1) at 4.2.3.5.5 unclear statement: "it is necessary to take measures for timely 
opening of the valves or disconnection of the emergency loop". This is only a 
recommandation for the operator to open the failed valve if possible. If he does 
not perform this action the consequences will be not more severe than the ana
lyzed ones. 

How is the single failure criterion applied? 
Which are the initial pressure and temperature? 
How is the nodalisation on secondary side? Most probably only one control vol
ume for the steam generator secondary side? Not yet answered. 

10.A.4/28 



Number 19 

1 4.2.3.6 (classified into class 3) 
2 loss of off-site power supply 

3 Full power (102 %, 122.5 bar / 46.1 bar, 269 ° at core inlet), maximum heat rate 
in core: 325 W/cm 

4 If > 4 MCP OFF + 3.3 s -> scram (20 cm/s) 
Due to power failure the following system fail: 
• make up system 
• heaters and spray injection into prizer 
• feed pumps 
• BRU-K 
Diesel generators are started, step-wise loading, emergency feed pumps (EFP) 
supply water to the SGs 
BRU-A opens (49 bar ± 0.5 bar) and safety valve (setpoint not given), no single 
failure assumed 
Only one out of three emergency feedwater pumps are considered 

5 Code not mentioned, probably DINAMIKA 

6 0 -200s/10 plots (DNBR:0-15s) 

7 Reliable core cooling, DNBR > 1.0 (conservative for cfass 3 event) 

8 Short term pressure and temperature incrase in PCS (301 °C, 127.5 bar) there
after depresurization due to scram (113.5 bar), BRU-A controls secondary pres
sure. DNBR > 1.61 (4s), SG level increases after EFP (from 135 s) 
setpoint for pressurizer safety valves not reached! 

9 Realistic analysis, single failure not considered ? It was stated at Rovno that the 
sticking of the most effective control rod and the loss of two emergency feed-
water pumps was considered in the analysis. The table 4.2.6.7 with this in
formation is missing in the translated version of the JOB. The 30 min criterion 
for operator action is fulfilled (but the calculation is not much more than 30 min). 
Longer calculations were performed, but they are not documented in the TOB. 
It should be demonstrated how close the maximum primary system pressure is 
to the opening pressure for the safety valve, ft is far away. 
The calculation period is too small to demonstrate that one emergency feed-
water pump is sufficient. 

How is the secondary side nodalized? Not yet answered 
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1 4.2.3.7 (page 362) (classified into class 2) 

2 Emergency disconnection of one turbogenerator out of two operating 
ones 

3 Full power (102 %, 122.5 bar / 46.1 bar, 269 ° at core inlet), conservative as
sumption with regard to reactivity coefficients (minimum power decrease due to 
temperature increase) and to reach minimum DNBR (max. power factor, control 
member in the position of minimum efficiency: 0.5 m away from top of reactor) 

4 one turbine shut off, all RCPs remain operating 
Setpoints for BRU-K, BRU-A: 

Pressure Pressure Regulating capacity Time for 
for opening for closing setpoint opening/closing 

BRU-K 49 bar 46.1 bar 46.1 bar 440 t/h 11s 

BRU-A 53 bar 46.1 bar 47.1 bar 200 t/h 11s 

stuck control member is assumed 

5 DINAMIKA (see page 195 of TOB) 

6 0 - 200 S / 5 plots (DNBR : 0 - 25 s) 

7 Reliable core cooling 
8 Secondary pressure incraeses to maximum value 51.1 bar and reaches finally 

47.5 bar (initial value 46.1 bar), BRU-K opens at about 6 s and closes at ? . 
BRU-A opening pressure is not reached. Primary pressure increases to maxi
mum valve of 130.9 bar and reaches finally 113.3 bar (initial value 122.6 bar). 
The new power level is reached after 75 s (52 %). The DNBR > 2.08, core 
outlet temperature below 300 °C, level in SG reaches the new setpoint of 2.1 m 
after 100 s (initial value 2.0 m) 

9 The new setpoints are not clear 
Does BRU-K still remain open at the end of the calculation? 
When does it close? (as per the setpoint for closing at 46.1 bar it should remain 
open. This is questionable! Not yet answered. 
The single failure need not be applied because of class 2 event. 
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1 4.2.3.8 (classified into class 2) 

2 Instantaneous loss of nominal power down to the level of the station aux
iliaries with one TG valves fitting (not clear, probable error in translation) 

3 No information on initial conditions. From plots: full power (102 %, 122.5 bar/ 
46.1 bar) 

4 Loss of vaccum in one turbine is assumed, hence only the BRU-K of the intact 
TG can open. If pressure in MSH is ApMSM > 2.5 bar than nominal then power is 
transfered to house load. Data for BRU-K, BRU-A see number 20 

5 DINAMIKA (see page 195 of TOB) 

6 0 - 400 S / 8 plots 

7 Reliable core cooling (only qualitative) 

8 At 4 s BRU-K opens (49 bar), at 8 s BRU-A opens (53 bar), maximum pressure 
56.3 bar (very near to opening pressure of safety valve !) 
Maximum primary pressure: 139 bar, 
at 250 s probably ApMSH > 2.5 bar than nominal reached 

9 It is probable that the secondary safety valves opens. It would be allowed for 
class 2 events according to the Russian rules. But stuck open conditions would 
not be assumed. This is not acceptable according to the French and German 
practice. Plot is missing to demonstrate the action at 250 s (probably the pres
sure in main steam header). Question still open. 

The single failure need not be applied because of event class 2. 
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1 4.2.3.9 (classifiedinto class 2) 
2 Inadvertent! closing of one isolation valve on the steam line (MSIV) 

3 Full power (102 %, temperatur + 2K, no information about pressure, Frad = 1.55, 
Fax = 1.42), flowrate in core (plot 4.2.3.80) 98 % of nominal 

4 Case 1: 
Additional failure: One safety valve at the failed steam generator does not open. 
Capacity of safety valve is 250 t/h. Complete mixing of coolant from all loops 
takes place in the reactor pressure chamber (lower plenum). 
Case 2: 
operation of both safety valves assumed 
Remark: The opening of safety valves is not considered as a DBA in this case. 

5 No information on code, DINAMIKA 

6 Case 1:0- 200 s /10 plots, Case 2:0 - 200 s /1 plots, 

7 Pressure in SG should not exceed the limiting value (60.5 bar) 

8 Case 1: under the assumption mentioned above, the maximum secondary pres
sure is 59 bar. However if complete mixing would not be assumed, the permis-
able pressure would be exceeded. Primary pressure safety valve is not 
actuated. Cladding temperatur increases due to increase of reactor coolant 
temperatur (slight increase) 
Case 2: cycling of secondary pressure beetween 57.6 bar and 49 bar 

9 Is it assured, that in this case the reactor coolant pump of the loop with failed 
SG is to be disconnected and that measure are taken to open the closed isola
tion valve. In which time is this action required by the operators (grace time) ? 
The calculated time is too short to include this in the sequence of events. 

The single failure criterion need not be applied because of class 2 event. The 
role of the safety valves is not yet clear. 
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1 4.2.4.1 (classified into class 3) 

2 Large break LOCA (1): Instantaneous guillotine break of primary pipline of the 
maximum diameter in the "hot" and "cold" sections 

3 • Full power (102 % + 2 %), pressure and temperature not given in text 
(impossible to read exactly from figures) 

• maximum linear heat generation rate: 325 W/cm, 
• maximum value of axial power near top of core with Kax = 1.32 (table 4.2.4.2 

at p. 403) 
• 3-years fuel cycle, EOC 
• gap condudance depending on linear power based on experiments (table 

4.2.4.3 on p. 403) 

4 • Intantaneous double-ended break (no information on break opening time) 
• scram assumed if primar pressure below 93.2 loar + 0.35s delay at the 

same time opening of LPECCS valve, scrame efficiency (table 4.2.4.6 on p. 
404), stuck of most effective control member considered 

• loss of normal onsite and offsite power (LONOP) considered at time t=0: 
stop valves of TG close, this needs 0.6 s for closing, start up of diesel gener
ator (DG),stepwise loading, e. g. LPIS at 40 s and primary pressure below 7 
bar 

• HPIS not considred because of small contribution 
• Accumulator injection if pressure below 58.8 bar 
• BRU-A opens if pressure above 53 bar 
• Residual heat +15% (table 4.2.4.5 on p. 404) 
• Reactivity due to coolant density: fig. 4.2.4.1 
• single failure considered: one redundancy of active ECCS (LPIS), no in

formation which one (pressurizer loop or another one), in adition consider
ation of the long term undetected failure: one of the accumulators 

• assumption of 100 % fuel damage for the reflood calculation with 75 % flow 
blockage in the core 

• steam corium oxidation considered for cladding temperatures above 700 °C 
• Contaiment volume assumed 30000 m2 

• Sprinkler flow rate assumed 600 t/h 
• Back pressure in containment: 1 bar 
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• blowdown phase: TECH-M-4 
- 48 cells in PCS (14 for intact loop, 20 for defect loop, 7 for lower plenum, 

3 for upper plenum, 1 for pressurizer, 3 for surge line) 
- 3 core channels (average, hot, bypass) each with 12 axial sections (10 for 

the heated zone) 
- no belooning during blowdown 
- homogeneus model for 2 phase friction 

• refill/reflood phase: ZALIV 
- gas release from accummulators not considered 
- condensation of steam in contact with ECCS water considered in upper 

plenum but not in downcomer and lower plenum 
- simplified modelling of loop seal formation by mean of increased pressure 

loss 
- 75 % channel bockage assumed of the beginning of ZALIV calculation 

• blowdown phase of cold leg break 0 - 30 s /14 plots 
• refil/reflood phase of cold leg break 30 - 500 s / 7 plots 
• table of sequence of events 
• long term explanation is missing! 

Acceptance criteria as per appendix K (1200 °C, 18 % local, 1 % total) and 
dose limits: 10 rem for the whole body (external), 30 rem for the thyroid of 
children (SP AES-88) 

Only results from cold leg break, which is considered as DBA for ECCS. 
DNB at 0.2 s (hot rod), 1.5 s (average rod) 
First cladding temperature maximum 851 °C at 3.4 s (hod rod), 530 °C at 4 s 
(average rod) 
Accu injection starts at 5 s, empty at 50 s 
BRU-A opens according to table of events at 17.5 s, but on plot 4.2.4.3 maxi
mum pressure - 51 bar at 7 s (contradiction !) 
Second temperature maximum: 1050 °C at 150 s (hot rod), 680 °C at 300 s 
average rod 
0.5 % zirkonium has oxidized, max. local oxidazation: 2 % of thickness -
Dose results at the border of sanitary area: 
- whole body 0.86 Rem (10 Rem is limit according to SP AES -88) 
- thyroid of children 22.8 Rem (30 Rem is limit) 
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9 Which are the initial values of pressure and temperature in PCS? nominal 
Which is the temperature of ECC water? not yet answered 
Can sensitivity studies with regard to core stagnation be provided which can 
demonstrate that the instaneous double-ended break is really the worst case? 
not yet answered 
What are the measures to avoid the problem of boron crystallization risk in the 
long term? not considered as a problem because of injection into hot side and 
cold side. 
What the the long term measures in case of long term failure of LPIS or con
tainment spray system? AS beyond-design situation, to be considered later 
Was the LBLOCA in hot leg calculated ? Which is the worst case with regard to 
the bubbler condenser ? not yet answered 
Which is the break opening time assumed ? not yet answered 
In which redundancy is the single failure considered (in pressurizer loop or 
another) ? not yet answered 
It should be demonstrated that the assumption not to consider condensation in 
the downcomer and in the lower plenum but in the upper plenum for the ZALIV 
calculation of the refill/reflod phase is a conservative assumption, not yet 
answered 
The analysis is made with several conservative assumptions, however explana
tion and presention of plots is insufficient: 
• proof of relative low gap conductance is missing (experimentel result) 
• single failure assumption should be given with more detail (which pump, 

which accumulator), scheme required 

• what means ECCS low pressure hydrotank (p. 399), the flooding tank? yes 
• contradiction between BRU-A opens (table 4.2.4.7) and BRU-A cannot open 

(plot 4.2.4.3) should be explained, not yet answered 
• continuation of parameters from blowdown calculation and reflood calcula

tion until long term stable conditions are reached should be demonstrated (e. 
g. injection rates) 

• plot information is insufficient, particularly for the reflood phase 

The maximum cladding temperature of 1050 °C is very near to 1200 °C. Code 

uncertainty bandwith may be more than ± 150 K. It should be justified that 1200 

°C criterion is fulfilled. This is of special importance since the code TETSCH 

was categorized by ASMOLOV (see chapter 10.2) as best-estimate' code. 

The hot leg break should be discussed with regard to the load on the 

bubbler-condensor. 
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1 4.2.4.2 (classified into class 3) 

2 Large break LOCA (2):Instantaneous guillotine rupture of pipelines that con
nect ECCS tank (accumulator) with reactor pressure chamber (downcomer) 
pipeline 273 x 20, 
equivalent diameter: 250 mm 

3 TETSCH-M 

4 Same as for number 23 with exceptions: 
- leak size and location 
-100 % fuel element untightness assumed 

5 TETSCH-M 

6 - 0-30 S, 25-50S / 31 plots 
- table of sequence of events 

7 Same as for number 23 

8 - Always positive core flow (no stagnation in core) 
- always water existing in core, but inspite of this: 
- cladding temperature reaches maximum of 760°C 
- accu injection starts at 15 s (plot), 13.75 s (table) minor contradiction 
- dose rates the same as for number 23 (not clear why the same result has 

been obtained) no specific calculation because case 23 considered as the 
covering case. 

9 Long term explanation is missing. 
It is not clear why the same amount of dose rates has been calculated as for 
number 23 
It is not clear why relative high cladding temperature was calculated in site of 
the relative large amount of water beeing present in the core throughout the 
time of the calculation. 

Which are the initial pressure and temperatures ? 
Which are the differences between TETSCH-M and TETSCH-M4 ? Why to use 
different codes within the group of LBLOCA ? TETSCH^M-4 to be used for 
break sizes > 140 mm. TETSCH-M is less precise because of less cells, 
TETSCH-M-4 has 49 cells in primary system. 
The calculation period is very small. What about long term behaviour including 
boron cristallisation risk, failure of LPIS and containment spray system? con
sidered as beyon design situation. 
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1 4.2.4.3 (classified into class 3) 

2 SBLOCA: Partial breaks in primary pipelines. 

3 Full power (102%) as described for number 23 
4 Seven cases were calculated: 

case 1: with leek size of 25 mm equivalent diameter 
case 2: with leek size of 50 mm equivalent diameter 
case 3: with leek size of 73 mm equivalent diameter 
case 4: with leek size of 90 mm equivalent diameter 
case 5: with leek size of 113 mm equivalent diameter 
case 6: with leek size of 170 mm equivalent diameter 
case 7: with leek size of 200 mm equivalent diameter 
As boundary conditions some differences were mentioned in comparison to 
number 23: 
- scram due to loss of > 4 MCPs 
- the emergency borating system EBS (most probably the HPIS is meant) 
starts at the earliest 73 s after Diesel start-up if the primary pressure is below 
83.4 bar and the water level in pressurizer below 2.76 m 

- failure of one Diesel generator as single failure assumed, this affects 1 HPIS, 
1 LPIS, and 1 EFP (which one from each, scheme required?) 

- leaks are assumed at the junction of EBS injection, the injected water is not 
considered 

- failure of one accu (no information which one) 
- only case 7: a second accumulator is connected to the defect loop (water not 
supplied to the reactor), obviously to consider bypass of ECC, emergency 
make-up (= EFP) is completely absent. 

5 Case 1 as described in number 23 (why that ?) probably mistake in document 
cases 2 to 7: DINAMIKA (short term), UROVEN (longterm), radiological cal
culation (dose rates): ATOM 
DINAMIKA was not well suited to calculate leak situations in the low tempera
ture period at that time, it was instable in the reflood region, it could also not be 
used if the natural circulation was interrupted (today's versions can be used), 
TETSCH-M-4 was considered more realistic but it required much calculation 
time, so UROVEN was used which is faster. 

6 Casel: 0-1800s/6plots 
Case 2: 0 - 600 s, 600 - 4000 s /12 plots 
Case 3: 0 - 300 s, 300 - 3300 s /14 plots 
Case4: 0 - 185s, 185 -1400s/13plots 
Case 5: 0-98 s, 98-1500 s/12 plots 
Case 6: 0 - 38 s, 38 - 585 s /16 plots 
Case 7: 0-20 s, 20-1600 s/19 plots 

7 Same as mentioned in number 23 
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8 Main results are summarized in table: 
Case 

1 

2 

3 

4 

5 

6 

7 

Pressuri-

zer emp

ty 

(s) 

480 

80 

40 

27 

17 

12 

10 

Beginning/ 

end of accu

mulator in

jection 

(s) 

1750/>EoP 

380/>EoP 

160/1580 

120/976 

100/520 

52/200 

34/156 

Begin

ning of 

LPIS 

(s) 

>EoP 

>EoP 

>EoP 

1320 

820 

295 

185 

Loss of 

natural 

circula

tion 

(s) 

stable 

NC 

600 

280 

185 

100 

40 

20 

Max. 

cladding 

tempera

ture of 

hot rod 

(°C) 

below 

initial 

values 

below 

initial 

values 

below 

initial 

values 

below 

initial 

values 

753°Cat 

800 s 

941 "Cat 

400 s 

990-C at 

430S 

Fuel 

damma 

ge (un

sealing 

of clad

ding) 

(%) 

0 

0 

0 

0 

<50 

50 

77 

Local 

depth of 

oxidation 

(%) 

0 

0 

0 

0 

0.18 

0.89 

1.97 

Whole 

fraction 

of oxida

tion 

(%) 

0 

0 

0 

0 

0.22 (?) 

0.14 

0.4 

Dose rates 

whole body/ 

thyroid child 

(rem) 

1.2/12.45 

1.2/12.45 

1.2/12.45 

1.2/12.45 

1.8/18.7 

EoP = End of plot time, NC = natural circulation 
At the end of natural circulation water seals are formed on both sides of the 
steam generators 
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9 The increase of cladding temperatures is mainly caused by the pressure gap be
tween end of accumulator injection and onset of LPIS. The authors of TOB argue 
that this is only important if the circulation is interrupted and if a loop seal is 
formed. The calculated results uncertainty has not been dealt with, nor is any 
proof given with regard to loop seal formation and loop seal clearance. The 
authors propose to backfit the plant by a loop seal connection line between hot 
leg loop seal and cold leg loop seal. There is no proof that this would improve the 
core cooling conditions sufficiently. 
The efficiency of such a draining line which should be opended by automatic ac
tion should be demonstrated. A more effective backfitting measure would be to 
deduce the gap between end of accu injection (at about 17 bars) and the beginn 
of LPIS (7 bars), e.g. by exchange of LPIS pumps. It would be supported by fast 
cooldown of the secondary side (automatically initiated and controlled). The pres
ent situation is not acceptable. 
Some remarks with regard to the calculation: 
- The criterion for rewetting seems to consider only the existence of water but 
not the Leidenfrost phenomenon, to be answered later 

- having 10 axial sections for hydraulic calculations but only 5 sections for 
cladding calculation is not conservative because of averaging 

Which are the initial pressure and temperature ? 
Which are the low pressure safety injection characteristics ? book 2 of TOB, plot 
120. 
What is the meaning of "due to loss of power at 4 SGs or more a signal for reac
tor scram is sent"? It seems to be "due loss of power at 4 RCPs" (page 467) yes. 
What is the limit between large break and small break that justifies the use of DY-
NAMIKA instead of TETSCH-M? 140 mm 
The contribution of SG in small leaks transients is important. How is the SG mo
delled ? The SG secondary side was not divided into nodes at the time of per
forming these analyses. Today's calculations are performed with 5 vertical zones 
within the tube bundle region and with 5 corresponding parallel tube bundles 
For cases 1, 2 the calculation should be performed until reaching LPIS actuation 
(7 bars). 
Compared to rupture of 250 mm (sheet number 24) the rupture of 200 mm (case 
7) leads to higher maximum cladding temperature (990 °C instead of 760 °C). Is 
this a computer code effect ? 
Sensitivity calculations should be performed for leaks between 200 mm and 250 
mm with both codes (TETSCH-M, DYNAMIKA) in order to find out the worst case 
in this range of leak sizes. 
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Number 26 

1 4.2.4.4 (classified into class 3) 

2 Break of pulse pipe outside hermetic containment. 

3 Nominal power. 

4 Break of pipe with diameter 13 mm (short length assumed so that initial flow rate 
is Iarge16kg/s) 
2 cases were calculated during the initial phase: 
Case 1: with 2 out of 3 make-up system (injection rate 50 t/h = 13.8 kg/s) 
Case 2: failure of make-up system assumed, it is assumed that reactor cool-
down is performed within 10 h, then the leak rate is stopped. 2 HPiS out of 3 
were considered 

5 Same as number 23 

6 Casel: 0-1800s/5plots 
Case 2: 0-2400 s/12 plots 

7 Dose rate limit for annual exposure rates at normal NPP operation (20 and 60 
mrem for external and internal exposure). 

8 Scram occurs due to primary pressure below 118 bar and pressurizer water 
lever below 2.7 m: 
Case 1: (2100 s, extrapolated), 
Case 2: (555 s) 
No problems for core cooling occurs. Loss of coolant is < 5761. 

9 There should be results presented which show the leek rate during the 10 hours. 
Such results are available but not documented in TOB 

How is the single failure applied? Failure of HPIS 
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Number 27 

1 4.2.4.5 (classified into class 3) 

2 Break of SG tube 

3 Full power conditions (102 %) 

4 Leek rate of 20 kg/s assumed. Defect tube near header (which one?). 
Two cases were calculated: 
Case 1: with two make-up pumps (the second is activated if ALpr > 400 mm 
below nominal (within 32 s increase from 10 kg/s to 16.7 kg/s) 
Case 2: only one make-up pump considered (10kg/s) 
Both calculations are not conservative (operational systems considered, electri
cal power available). MCP run continuously. 
Actions: 
- if primary pressure below 115.7 bar all heaters in pressurizer on 
- if primary pressure below 112.8 bar. EP-II 
- if primary pressure below 108 bar and level in pressurizer below 2.7 m: EP-I 
(scram), turbine shutdown (10 s delay), closing steam sampling line 

- if pressurizer level below 3.2 m (additional the primary pressure must bebelow 
107.9 bar?): DG start and HPIS starts to inject (35 s later) 
- BRU-K opens if pressure above 49 bar and closes if pressure below 46.1 bar 

5 DYNAMIKA (revised and completed for SGTR) 

6 Case 1: 0-1900 s / 5 plots (not sufficient) 
Case 2: 0-2000 s / 5 plots (not sufficient) 

7 Not mentioned specifically 

8 Case 1: no scram, no HPIS within calculation time 
Case 2: scram at 960 s, DG start at 855 s HPIS starts at 890 s, water level in 
SG (defect) increases by more than 1 m. 

9 Analyses are insufficient because no stable condition is reached. In particular 
the SG level is still increasung in case 2. Other analysis results are available at 
OKBG which cover a longer period but they are not documented in the TOB. At 
least a detailed description of the further sequence is required. Also the super
position of steam generator tube rupture and loss of offsite power should be 
considered. 
The required demonstration must include the isolation of the defect steam gen
erator, the reduction of primary pressure until leak rate is zero (arid the cool-
down procedure until the long term cooling condition is reached). The 
acceptance criteria should be given (e.g. to avoid filling of defect steam gener
ator, opening of BRU-A, etc..) 
The initial leak rate of 20 kg/s seems to be conservative (GRS calculations indi
cate a smaller rate). 
What happens in case 1 at 110 s (plot 4.2.1,167) ? not yet answered 
Why were MCPs still running after DG start in case 2? not yet answered 
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Case at low power (water volume at secondary side higher: 48 m3 against 35 m3 

at nominal power) should also be considered because it maximises the risk of 
filling the SG. It was principally agreed by the Ukrainian/Russian experts. Such 
analyses are available at OKBG. Should be discussed in the second phase. 
Where is the break location? It should be selected in order to maximise the 
break flow rate. However, a flowrate of 20 kg/s seems to be conservative. 
Case with blackout should also be considered. The time of blackout should be 
conservatively selected such that it leads to the worst case (overfilling of the 
SG). This was also principally agreed. Such analyses are available at OKBG. 
Should be discussed in the second phase. 
How is the single failure criterion applied ? 2 out of 3 HPIS for core cooling 
Which characteristics of MPIS and EFW were used ? 
Which modifications had to be foreseen in order to make DYNAMIKA suitable 
for SGTR calculation ? 
Plots are not sufficient, e. g. SG level in case 1 is missing. 
Plot 4.2.4.169: in which SG is the pressure depicted ? in the intact SG 
In the unsealing SG header cover the primary side (see sheet no. 28), it is said 
in the TOB that "Ingress of the primary coolant into steam generator results in 
closing the feedwater control valve during level increase by 50 mm against nom
inal value and closing the gate valves in the main and bypass feedwater pipe
lines during level increase by 100 mm against nominal value" (page 614). not 
yet answered. 
In case 2, the increase of SG level by 50 mm against nominal value happens at 
50 seconds. Does it lead to the closing of the feedwater control valve ? not yet 
answered. 
At 100 seconds, the level in the emergency SG is higher by 100 mm against the 
nominal value, do the gate valves on the main and bypass feedwater pipelines 
close?nof yet answered. 
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Number 28 

1 4.2.4.6 (classified into class 4) 

2 Unsealing SG header cover over the primary side (primary to secondary leak) 

3 Full power condition (102%) 

4 -100 mm equivalent diameter leak considered (at which header?) 
- normal make-up pump not considered 
- failure of one accumulator and on HPIS ("safety boron injection pump") 
considered, on the other hand 3 HPIS are in operation (?) 

- Due to increasing SG level following actions: 
- > 50 mm: feedwater control valves close 
- > 100 mm: gate valves on main and bypass (?) feed water lines close 
- > 200 mm: stop valves at both TG close, subsequently scram (EP-1) 

- BRU-A opens/closes at 49/46.1 bar 
- Due to falling pressurizer water level following actions: 

- < 2.76 m (& prim, pressure < 83.8 bar), MCPs off, MFW off 
- < 3.26 m (& prim, pressure < 107.9 bar) DG starts 

- If p < 58.8 bar accumulators start 

5 DINAMIKA (see p. 195 of TOB). Calculation performed 1988 with special modifi
cations for this case. 

6 0 -160 s / 9 plots and table of sequence of events (time period too short). 

7 No criteria explicitly given (it cannot be "filling up of the defect SG" because 
this occurs in the analysis at about 50 s). Under development for this case. 

8 - turbine shutdown at 10 s 
-scram at 106s 
- MCPs, MFW pumps off at 13 s because pressurizer level < 3.26 m & pressure 
in PCS < 10.76 MPa 

- BRU-A opens at 15 s 
- Pressurizer level < 2.76 m at 15.5 s 
- SG SV open at 21 s, closing at 50 s (at 58 bars / 48 bars) 
- HPIS start at 85 s. 

9 - The case "Unsealing of SG header" would require the consideration of a 
leaksize equivalent to a diameter of 107 mm 

which header was considered in the calculation ? 
the discrepancy regarding the number of operating HPIS pumps should be 
explained 
what is the meaning of bypass feed water line ? 
- The performed calculation is by far insufficient. There are neither stable condi

tions at the end of the calculation nor long term safe conditions. At least, the 
further procedure to reduce the pressure on primary system should be 
demonstrated and the cool down of the plant. Also the influence of the 
simultaneous loss of power should be discussed. Also there is no estimation 

of doser charge on the population 
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9 - Why is the flow rate so slowly increasing at the beginning ? (plot 4.2.4, 182), 
con why is it not maximal at the beginning ? 

- How is the single failure applied? failure of 1 ECCS pump and one accumu
lator (obviously with the objective to worsen the core cooling) but the latest cal
culation was a best-estimate calculation which was not ready when the TOB 
was compiled. 
- HPIS and EFW characteristics are missing. 

The case should be analysed carefully and completely because of its potential 
risks. 
In 1982 several of these accidents occurred at the Rovno-2 plant. As one of the 
major reason deviation in the water treatment was found. Now the water treat
ment has been changed and in addition a complex of measures was introduced. 
The probability therefore is now considered much lower. 
The classification of this case is not based on probability but on the risk of radio
active releases. 
This case is not considered as a DBA but as a BDBA. 
The acceptance criteria of DBA are exceeded. Appropriate counter measures 
are under development. 
We asked for calculations of the 1982 accidents. It was not yet answered which 
codes have been used. The NPP has a comprehensive report which is still 
confidential. It is suggested for the second phase to discuss this in more detail 
also with the objective to use the plant data for code verification purpose. The 
wish was expressed to release at least the thermalhydraulic data. 
The calculation period is not sufficient. The operator actions to minimize the 
break rate and to bring the reactor into a safe state, should be considered in the 
calculation. But the procedure is still under development. Should be discussed 
in the second working phase. 
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Number 29 

1 4.2.4.7 (classified into class 3) 

2 Inadvertend opening and unfitting of pressurizer safety valve 

3 Nominal conditions at full power, no information about pressure and temperature 

4 Simultaneous loss of station service power is considered. 
Consequently the scram occurs at 3.3 s after loss of power, the DGs are started 
and the Diesel loading programm starts. The gate valves for the HPIS are 
opened if primary pressure below 83.4 bar, SGs are fed by one EFP, 
BRU-A operation at 49 bar/ 46.1 bar. 
3 of 4 accumulators are considered. 

5 TECH-M-4 (why not DYNAMIKA as for other SBLOCA ?) 

6 0 - 2700 S / 4 plots 

7 Reliable core cooling 

8 Minimum pressurizer level at 80 s (4.4 m) thereafter HPIS starts at 82 s, at 215s 
accumulator injection starts. 
BRU-A opens at 12 s, water outflow at leak: t > 290 s 

9 Additional information about single failure application required (reasons, 
scheme) 
What are the parameters in plot 4.2.4,188? 

The initial conditions should be given. It is expected that they are conservatively 
assumed for the limiting criterion of DNBR, hence the pressure should be re
duced (not as for LBLOCA). However, it is said on page 628 that the "calculation 
of the conditions ... has been performed by procedure stated in 4.2.4.1.3, which 
is the chapter about LBLOCA. 
The limiting criterion is DNB if scram is delayed (blackout not considered), then 
the primary pressure will decrease maintaining the power at nominal level, so it 
will maximise DNB risk. 
For SBLOCA (sheet number 25) DYNAMIKA has been used up to 200 mm di
ameter leaks. This leak is only about 90 mm diameter. Why was DYNAMIKA not 
used? 
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Number 30 

1 
2 

3 

4 

5 

6 

7 

8 

4.2.4.8 

Break of pipeline for identified leakages, selections of ways of accident se
quence (Radiological calculation) 

Nominal power, water activity nominal, standard ventilation system operates 

Pipeline of leakages upstream of MCP, the consequence is release of radioac
tive products in the plant rooms and than into the atmosphere. 
Two cases were considered: 
Case 1: inside containment break 
Case 2: outside containment break 
Operator actions after realizing the situation due to 
- release of reactivity 
- level decrease in make-up deaerator 
- switch on the pump for boron solution supply in CVCS 
The action will be reactor stop and cooldown/depressurization. 
Flow rate towards the MCP from outside: 15 m3/h at 70°C 

Code for radiological calculation (not mentioned) 

Period of calculation not mentioned 

Acce 
case 

1 

2 

Dtance criteria ace. to SP AES-79 
external irradiation (cloud at bor
der of protection zone) 

2.4 10'3rem 

2.4 -10"3 rem 

internal irradiation (inhalation on thy
roid gland of children) 

4.1 -ia5rem 

4.9' 10"4rem 

Which code was used ? How long was the period of calculation ? 
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Number 31 

1 4.2.5.1 (classified into class 3) 

2 Steamline break (inside and outside containment) 

3 Nominal full power, pressure from plot 1/3:12.25 MPa/296°C (not conserv.) 
4 Two cases are analyzed: 

Case 1: break of SG steam header (inside containment) 
Case 2: break of main steam header (outside containment) 

5 DINAMIKA 

6 Casel: 0 - 300 s / 6 plots 
Case 2: 0 - 600 s / 6 plots 

7 Reliable core coling without fuel damage 

8 Case 1: Pressure in MSH drops to 39.2 bar in the first second, which results in 
shutdown of the first turbine. At 3.5 s a pressure difference between MSH and 
defect SG of 4.9 bar is reached which results in closing the fast acting shut-off 
valve of the defect SG and MCP shut-off in this loop, also the main feedwater 
gate valve starts to close (80 s closing time). At 8.5 s MSH is compl. isolated 
from leak, its (MSH) pressure starts to grow to until BRU-K opens (at 22 s). In 
the intact SGs max. pressure is reached at 27 s. At 75s (delay 3 s) reactor con-
troler decreases reactor power. As soon as turbine is switched off power is 
changed to 50%. Primary pressure falls to 112.7 bar if normal make-up pumps 
are not considered. The calculation, however was performed with consideration 
of 2 normal make-up pumps. At about 250 s the pressure in defect SG is reach
ing atmospheric pressure value. About 0.45 m water level remain in the defect 
SG. 
Case 2: Because of the sudden drop in the MSH the turbine stop valves close 
(1 s). Due to pressure gradient -0.2 to -1 bar/s, scram is initiated 1)(delay 5.3 s). 
Simultaneously with scram shutt off valves dividing semi-header close, fast act
ing valves of SGs begin to close, all MCPs off. Thereafter pressures in SGs jn-
crease until SG safety valves open (355 s resp. 385 s of the first/second turbine 
SGs). Feedwater is regulated by water level. 

9 A fully explaining sketch is required to understand undoubtful the leak positions 
assumed and the valves which are operated. 
It seems that the reliable core cooling is not interrupted. 
Is full power the worst case ? According to Western practice hot stand by is the 
worst case. 
Which are initial pressure, initial temperature, neutron kinetics assumptions? 
How is the single failure criterion applied? It was not answered at Rovno. 
Why is the acceptance criterion different from sheet number 8? not answered 

is this pressure gradient really resulting in scram ? 

10.A.4/47 



Number 32 

1 4.2.5.2 (classified into class 3) 

2 Break of feedwater pipeline before and after check valve 

3 Full power conditions, on the secondary side: collapsed level in SG: 2.1 m, 
pressure at SG outlet 4.8 MPa 

4 Two cases were calculated: 
Case 1: break downstream check valve: Water discharge at break is considered 
from both sides (affected SG and unaffected SGs). Since the discharge rate 
from the common feedwater header is > capacity of feed pumps -> check 
valves of unaffected SGs close and MF pumps off. With 40 s delay all MCP are 
switched off. - From the affected SG water flow at the beginning than 
(distributing header uncovered) steam. If Ap (MSH minus affected SG): shut-off 
valve in MSL of affected SG closed within 5 s, MCP disconnected, power gov-
emer reduces power to 83%. 
Case 2: upstream check valve: no outflow from SGs but all feedwater pumps 
disconnected (this is covered by the case: complete loss of main feedwater). 
If the leak is so small that no level decrease occurs in any SG than the water 
level in the deaerator is decreasing slowly. If this level is 500 mm below nominal 
one the main feed water pumps are disconnected (and thereafter?). 
If the leak is somewhat larger resulting in level decrease in the affected SG only 
by 400 mm below nominal then the MCP of this loop is disconnected and the 
power governor decreases the power. 
Failure of a check valve was not considered. Failure of EP-III actuation was as
sumed in addition (in case 1 only). 

5 DINAMIKA 

6 Case 1:0-600 s/12 plots 
Case 2: 0 - 800 s / 8 plots 

7 no specific acceptance criteria mentioned (for class 3 events the criteria are 
listed in chapter 10.1.3 about the Ukrainian/Russian practice) 

8 Case 1: DNBR > 1.91 (no plot shown) 
Case 2: Case similar as loss of main feedwater 
feed supply by emergency feed water pumps with flow rate not less than 65 
m3/h required. If they fail, grace time for operator actions about 2 hours. 

9 With loss of offsite power the situation would not be worse. 
Which are the initial pressure and temperature in primary system? From plot it 

. is12.25MPa, 198°C 
Which is the EPW temperature? Not yet answered. 
The transient requires fine noding of the secondary side. How is it nodalized? 
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9 The time period for calculation is too short, esp. in case 2 where the primary 
cont pressure is still increasing, also the pressurizer water level. The first pressurizer 

safety valve at pressurizer will open in case 2 at about 900 s. Because of in
creasing mixture level the valve may operate with mixture of vapour and liquid 
and may stuck open. As the valves cannot be isolated, the integrity of PCS may 
not be secured. The calculation should consider these aspects. 

The application of the single failure is not clear for this calculation. 
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Number 33 

1 4.2.5.3 (classified into class 3) 

2 Inadvertend opening of one safety valve of steam generator 

3 Full power conditions 

4 Opening of one safety valve increases the steam rate of all steam generators 
by 8% of nominal value (60 kg/s versus 6 x 125 kg/s). The reactor power con
troller is restricted in increasing the power. The turbine controler then controls 
constant pressure by reducing the steam flow rate to the turbine. Due to the 
continuous loss of secondary fluid, the water level in the deaerator decreases. 
Thereafter actions take place due to the falling water level in SGs, e.g. EP-III if 
level is 200 mm below nominal, EP-I if level is 45© 400 mm below nominal 
(always in two SGs). Following EP-I (= scram), there is delayed (10 s) turbine 
shutdown. Water level in pressurizer decreases. Two normal make-up pumps 
can compensate for this. The water level can be stablished. The MCPs remain 
in operation during the transient. 

5 DINAMIKA 

6 0 - 3900 S / 7 plots 

7 reliable core cooling, minimum DNBR 

8 Pressure drop in MSH is compensated decreasing steam flow to turbine by tur
bine regulator. Reactor controller keeps neutron power constant. 
At 200 s the water level in deaerator is 0.5 m below nominal which leads to dis
connection of all main feedwater pumps. 
EP-III occurs due to SG level decrease by 0.2 m 30 s after MFW pumps 
disconnection. 
Scram occurs due to SG level decrease to 0.45 m below nominal (70 s after 
MFW pumps disconnection). 10 s later turbine shutdown due to pressure de
crease in MSH. 
Due to the lower pressure in the defect SG, steam flows from the five intact 
SGs also to the open safety valve. Pressure differential between MSH and de
fect SG is not large enough (4.9 bar) for closing the fast acting shut-off valve. 

On primary side there is level decrease in pressurizer after shutdown. Two 
make-up pumps of the CVCS can compensate this. At 2700 s the level is stabi
lised. 
The further cooldown would continue. Operation of emergency feedwater 
pumps is required. In 
case the normal make-up pumps would not be available (as e.g. in the case of 
loss of offsite power) the HPIS would be called in due to level in pressurizer 
low, MCP remain in operation. 

9 Which is the setpoint for switch-off the main feedwater pump due to falling 
water level in the deaerator ? It is 0.5 m from the bottom of the deaerator. 
Contradiction: at the time SG water level 350 mm below nominal (fig. 4.2.5.3.4), 
scram already occurs. This is too early, it should occur if level is 450 mm below 
nominal. Explanation required. Scram should occur if level is 400 mm below 
nominal. 
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Is full power the worst case? Hot stand-by case may be worse (Western 
position). 
Which assumptions have been made to maximise: 
- the overcooling on the primary side (EFW flow rate, vapour quality to maxi
mise the energy release at the break, initial state, inverse heat transfer bet

ween intact SG and primary side, safety injection, EFW temperatures,...) 
- the consequences on core reactivity and DNB risk (initial negative reactivity, 
EOC to maximise moderator effect, ...) Best estimate conditions were used for 

the injection rate as they were given by the pump manufacturer. If the 
measured characteristics (determined during the commissioning tests) did not 
deviate more than 3 % from the manufacturers data, the manufacturers data 
were used furtherone. 
How is the single failure criterion applied? Not answered. 
Is DNB really one of the acceptance criteria? If it is, there is no information on 
minimum DNBR (1.0). 
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Number 34 

1 4.2.5.4 (classified into class 3) 

2 Inadvertent opening of relief valve BRU-A 

3 Normal power operation 

4 The reactor power controller begins to rise the power up to 102% (due to falling 
pressure in the MSH), then the controller changes over to control the neutron 
power. If the reactor power controller fails the reactor power may rise up to 
110% (then scram). 
Capacity of BRU-A: 200 t/h = 55.6 kg/s = 7.4% of total steam flow. 
The loss of offsite power is assumed simultaneously for the calculation because 
this also covers the case "stuck open BRU-A during loss of power". 
The emergency feed water pumps on the secondary side are needed. 

5 DINAMIKA 

6 0-1900 s / 5 plots (only the case with loss of offsite power was analysed). 

7 Reliable reactor core cooling, no fuel rod damage. 

8 Level drop in deaerators (- 0.5 m ?) would take place later than in case of inad-
vertend opening of SG safety valve (2500 s instead of 2000 s). However, this 
case was not analyzed. 10 s after closing the turbine stop valve, the setpoint for 
BRU-A opening is reached and at 18 s also the setpoint for opening SG safety 
valves. At 42 s the safety valves close and at 85 s the BRU-A would close. 
However, it remains open. At 695 s the level in pressurizer decreases to 3.2m 
below the nominal level at primary pressure of 104.7 bar, at 1800 f fhe HPIS 
ECC pumps (3 numbers) inject and the primary pressure increases up to 136 
bar. The level in pressurizer increases up to 4.37 m. 
It was found that at least 2 emergency feedwater pumps are required during the 
first 30 min because of relative large loss of secondary fluid through the open 
BRU-A. Later on one pump is sufficient. 
Operator actions after 30 min. should be done as follows: 
- closing the section valves of the main steam header 
- closing the valves on the MSL which are connect, to the aff. semiheader 
- cooldown of the reactor plant 

9 Analysis is too short. 
Open question with regard to the cooldown: how is primary pressure reduced in 
case of loss of power? not answered 
Same questions as for sheet number 33 with regard to initial conditions. 
Is loss of power the worst case? It was stated that the case without loss of 
power is covered by the complete rupture ofsteamline (case 31). 
How is the single failure criterion applied? Failure of RAM and ROM. This can
not be accepted because these systems are operational systems. The case 
with failure of all HPIS pumps and also the case with 1% power were investi
gated but not documented in TOB. 
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Number 35 

1 4.2.6.1 

2 Drop of fuel assembly during refuelling 

3 Shut-down condition 
4 Drop of fuel assembly into reactor or into cooling pond 

5 No information about calculation method, but reference is given: 
213 - P - 596, GKAE OKB Gidropress 1975 

6 No plots 

7 Avoidance of criticality, dose limits are to SPAES-88 (20 and 60 mrem resp.) 

8 Subcriticality not less than 0.05, loss of integrity of claddings and relax of fission 
products can occur. 
Doses of external and internal personnel irradiation during the period required 
to leave the rooms are less than permitted 

9 Which are the structural and organisational measures to prevent the drop of 
transported fuel assembly ? 
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Number 36 

1 4.2.6.2 

2 Drop of container with spent fuel 

3 Shut-down condition 
4 Drop of transport container with 30 spent assemblies into cooling pond (during 

withdrawel) or into reactor hail during its transportation or into transportation 
unit TK-6 
For the water 12 g/kg (= 2100 ppm) was assumed. 
She spent fuel assemblies were enriched with 3.6% U-235 and were 3 years in 
the spent fuel pond 

5 No information on calculation method 

6 No plots 

7 Avoidance of criticality, dose limits for category A workers. 

8 No criticality 

9 What is transportation unit TK-6 ? 
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Number 37 

1 4.2.7.1 

2 Seismic effects on the reactor in concrete pit 

3 Safe shut-down earthquake 
4 Reactor compartment equipment and structures: 5 - 6 s with maximum acceler

ation of 0.462 m/s2 

5 Seismic calculations have been performed and documented earlier (Reference 
list: Gidropress calculations in 1979 and 1980). 
Codes: OTLIK (accelerograms), GAMMA (forces of fastening components) 

6 No plots delivered, table with internal forces in the reactor supporting rods dur
ing horizontal seismic effects 

7 Operating earthquake magnitude 5, maximum earthquake magnitude 6. 
Microseismic zoning was planned to carry out in 1990. 

8 Stresses were calculated to be less than the allowable, i.e. destruction of the 
fastening components will not occur. 
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Number 38 

1 4.2.7.2 

2 Seismic effects on steam generator 

3 Normal operating conditions and safe shut-down earthquake 

4 - Absence of gaps in joints, 
- dead weight of SG is taken by 3 suspenders, 
- strength of fastening components for two cases: 

- normal operating conditions 
- safe shut-down earthquake 

The load due to seismic loads is added to the weight load 
5 Analogy with reference of NPP Kozloduy was performed 

6 No plot information given, also no tables but sketches of suspenders and sus
pender hangers are presented. 

7 No specific information of acceptance sriteria given 

8 Fastening components of SG meet the requirements, stresses are lower than 
the allowable ones, i.e. destruction of fastening components will not occur 
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Number 39 

1 4.2.8 
2 Break of pipeline of gas blow-offs 

3 Normal conditions 

4 - Release of fission products from the gas circuit: 100% 
- accumulation of activity in gas circuit during operation of power unit under 
nominal conditions 

- gas-aerosol release at the height of 100 m through ventilation chimney 

5 No information on code given 

6 No plots but one table with results (activity of gas circuit, integral land con
centrations, surface contaminations at the border of protection zone 

7 Sanitary standards 

8 Release does not exceed the allowable one for normal operating conditions. 
Surface contaminations are small enough to avoid limitation and inspection 
of food 
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Accident Analysis Sheets - Rovno, unit 3 

These accident sheets have been prepared with reference to chapter 4 (accident analysis) of the 
TOB for Rovno, unit 3 and with reference to, the discussions with Ukrainian and Russian 
experts during our workung meetings at Rovno NPP in 1993. 

The answers on our open questions given in the course of our discussions are written in 
cursive. 

Each of the accident analysis sheet follows the same structure: 

1 Paragraph in chapter 4 of TOB 
2 Name of Event 
3 Initial Conditions 
4 Boundary Conditions 
5 Applied Code 
6 Time Period of Calculation / Number of Plots 
7 Acceptance Criteria 
8 Main Results 
9 Remarks, Open Questions, First Evaluation 
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List of Content: 

(page numbers refer to the english version of the TOB) 

Number Accident Page 

1 Uncontrolled withdrawal of a group of control members 12 

2 RCP connection in the loop being inoperative before 16 

3 Control member ejection 20 

4 Decrease of boric acid concentration 31 

5 Seizure of one RCP 36 

6 De-energization of one RCP 41 

7 De-energization of all RCPs 48 

8 NPP de-energization (Loss of ofFsite power) 53 

9 False injection into the pressurizer from the make-up 59 
system 

10 Turbogenerator disconnection from power 74 

11 Closing of steam generator shut-off valves 84 

12 Loss of feedwater supply 93 

13 High Pressure Heaters (HPH) disconnection 103 

14 Steam line break 108 

15 Inadvertent opening of Steam Generator Safety Valve 132 

16 Inadvertent opening of BRU-K 142 

17 Break of feedwater pipeline 146 

18 Break of MCP and primary pipeline Dnom 300 mm and 158 
more 

19 Inadvertent opening of pressurizer safety valve 239 

20 Break of primary pipelines Dnom 109 mm 255 

21 Steam generator tube rupture 272 

22 Steam generator collector cover break off 282 
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FOREWORD 

These accident sheets are limited to accidents which have been discussed during the 
second visit trip (December, 6 - 1 5 , 1993). Other accidents are described qualitatively in 
chapter 4 of the book 4 of the TOB of ROVNO 3 but they have not been discussed during the 
meeting mentioned above. 

Some informations and answers to our questions provided during this meeting are 
written in italic; these procedure seems for us usefiill to show the evolution of the evaluation. 
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Number 1 

1 4.2.2.1.1 (clasified into class 2) 

2 Withdrawal of a group of control members at nominal power 

3 Initial power : 107 % , initial primary pressure : 157 bar (from plot), initial secondary 
pressure : 63 bar (from plot). 

No informations about: intial temperature, initial position of the control group to be 
withdrawn, fuel burnup 

4 Control member group moves upwards with 2 cm/s 
Reactor trip in the case of reaching the power of 107 % Nnom. But this is not 
consistent 
with the fact that reactor trip is at 14 seconds when the power is equal to 115 % Nnom 
(see plot 4.2.2.1). 

No information about the stuck rod. 

5 DINAMIKA (version not mentioned), ALPHA (for convective heat transfer coefficient 
andpressure loss coefficient), TVEL-2 (for DNBR calculation). 

6 80 s/ 1 plot, 1 table. 

7 DNBR (no limiting value is given, but it seems that the limiting value is equal to 1.0, 
see pages 42 and 362 in TOB englisch version). 

8 Scram at 14 seconds (see remark in 4), at 52 s, secondary pressure = 47 bar => 
closure of turbogenerator stop valve => secondary pressure increase to 68 bar => 
BRU-K opening (at 66 s) => secondary pressure decrease 
No plot about DNBR which is claimed to be higher than the allowable value. 
At the end of calculation (80 seconds), primary pressure is about 141 bar, secondary 
pressure is about 63 bar. 
No results are given for the withdrawal of one control assembly. 

9 Case at low reactor power should also be considered, 
Initial conditions are not conservative (for instance, primary pressure should be the 
nominal pressure minus 3 bars =154 bar instead of 157 bar assumed in the 
calculation, initial temperature should be 2 °C higher than the nominal,...). 

Not enough information about initial conditions, boundary conditions, single failure 
criterion application, limiting value of DNBR, concept of ignoring first scram signal 
(german practice), stuck rod. 
No consistency between the time of reactor trip and the power threshold (perhaps the 
power of the MCPs is included). 
Analysis should include also the consideration of hot stand-bye as initial condition 
and also initial situations during start-up and shutdown. 
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Generic request for all the accidents : table including the safety criteria and 
the component on which the single failure criterion has been applied. 
There are no sufficient legends on the figures. 
Design 1988, the first scram is considered 
Design 1991, the first signal is ignored for class 2 and class 3. 
The accident belongs to class 2; therefore the limiting criterion is DNBR and there is 
no need to apply single failure criterion. 
However, the initial pressure seems to be not conservative as DNBR is the limiting 
criterion. 
Besides, it has been answered that the withdrawal of one control assembly is not 
possible because one control assembly can not be driven separately. This still seems 
questionable and should be discussed in our second working phase. 
Concerning the study of the accident at lower power (intermediate and low power), 
the answer was that the calculations have been performed and have shown higher 
values of minimal DNBR 
In the second phase, these statements have to be checked. 
Due to the short period of calculation, it is recommended to improve this accident 
analysis by giving necessary argumentation that rector can be taken to a safe state. 
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Number 2 

1 4.2.2.1.2 (clasified into class 2) 

2 RCP connection in the loop being inoperative before 

3 Initial power : 77 % , initial primary pressure : 153 bar (from plot), initial secondary 
pressure : 61 bar (from plot), initial pressure level: Nominal (from plot), stationary 
fuel loading EOC 

4 Steam flow to turbine equal to 77% of nominal till the moment of closing the turbine 
stop valves 
Coolant temperature coeff. of reactivity is maximum negative (EOC) 
No information about the stuck rod. 
Reactor trip due to a signal of reactor power increase to 84% of nominal. 
RCPs remain in operation during the transient. 

5 DINAMIKA (version not mentioned), ALPHA (for convective heat transfer coefficient 
and pressure loss coefficient) 

6 24 s / 4 plots. 

7 Fuel element temperature <. ? Not relevant because of class 2 event 
Cladding temperature ^ ? Not relevant because of class 2 event 
T>NEK>'>1.0(ctass2) 

8 Scram at 6,7 seconds, secondary pressure remains below the initial one (according 
to the plot 4.2.2.3) 
No plot about DNBR which is claimed to be higher than the allowable value. 
At the end of calculation (24 seconds), primary pressure is about 139 bar, secondary 
pressure is about 55 bar 

9 Very short time of calculation, insufficiently documented. 
The given initial conditions seem to be conservative, incomplete mixing assumptions 
too. 
Not enough information about initial conditions, boundary conditions, single failure 
criterion application, limiting value of DNBR, limiting value of fuel temperature, 
limiting value for cladding temperature, stuck rod, ignorance of first scram signal 
(german practice). 

The signal of scram due to core power increase to 84 % from 77 % does not appear 
n the list given pp. 385-390. The case that the operator may not change the setpoint 
to 84% after RCP disconnection is not discussed in sufficient detail. 

Similar to increase from 100% to 107%. 

The accident belongs to class 2; therefore the limiting criterion is DNBR, and there is 
no need to apply the single failure criterion. 
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Concerning the DNBR it was answered that when min DNBR »1, the value is not 
given. 

Due the short period of calculation, it is recommended to improve this accident 
analysis by giving necessary argumentation that rector can be taken to a safe state. 
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Number 3 

1 4.2.2.1.3 (clasified into class 3) 

2 Control member ejection in the case of jacket guide tube break 

3 2 initial states : BOL and EOL. 
Initial power : Nominal, initial primary pressure : Nominal (see plots 4.2.2.6 and 
4.2.2.7) 
De-energisation of all RCPs at t = 0. 

4 Scram due to reactor period less than 10 seconds or increase of the neutron flux 
level. 
Delay of 0,4 s for control rods drop. 
Sticking of the most effective control member. 

5 DINAMKA (version not mentioned), 
No computer code mentioned for DNBR calculation. 
Point model neutron kinetics ; additional analysis with redistribution of power over the 
core volume. 

6 10 s / 4 plots (2 for each initial state) 

7 Fuel element temperature < ? 
Cladding temperature < ? 
DNBR>? 
DNBR limiting value seems to be 1,3 (see plot 4.2.2.8). Although this value is 
conservative compared to 1.0 (see page 362), it must be justified. 
The correlation and the method used here are developed by Kurchatov Institute ; the 
limiting value of DNBR (1.3) is higher due the fact that uncertainties are not taken 
into account. 

8 Reactor power increase during I s ; relative neutron power of the reactor increases to 
1,51 (BOC) and to 1,58 (EOC). Relative neutron power of the reactor is roughly 
stabilised in the two cases from 4 s till the end of calculation (10s) (see plots 4.2.2.6 
and 4.2.2.7). 
DNBR in the most powered fuel element is minimal in the two cases roughly at 1 s, 
its niinimal value is 1,08 (BOC) and 1,15 (EOC). 

It is claimed that the quantity of fuel elements in which dry-out condition can occur is 
less than 0,1% of that being in the reactor. 

9 Very short time of calculation 
The given initial conditions seem not to be conservative (nominal power, nominal 
pressure have been used instead of nominal power + uncertainties, nominal pressure 
minus uncertainties, nominal temperature + uncertainties). 
No information about fuel temperature, cladding temperature limiting values 
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How is the single failure criterion applied ? 
What about the case at hot stand-by which may be worst ? 
Curve for n in plot 4.2.2.4 is confusing. 

The present analysis of the chapter is an incomplete interpretation of the 
reference /4b/. We need this reference and not its interpretation. 
The accident belongs to class 3; the single failure criterion is: the stuck of the 
most effective control element (This is not acceptable by German Rule). This 
choice must be justified by argumentation. 

Moreover, hot standby should be considered This calculation must be 
provided for the next phase. 
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Number 4 

1 4.2.2.1.4 (clasified into class 2) 

2 Decrease of boric acid concentration 

3 Claimed conditions : refuelling, reactor start-up, operation at power, reactor 
shut-down. 

4 Conservative conditions are claimed : 
- maximum capacity of normal make-up pumps of the primary circuit, all fuel 

assemblies installed in the core, 
- during refuelling, control rods were withdrawn from the core 
- effectiveness of the emergency protection was taken as minimum without 
consideration of the most effective absorbing rod. 

5 BIPRUS (calculations of reactivity, boron concentration and power distribution in the 
core have been performed in 3-D and single group diffusive approximation). 

6 No calculations, no plots given. 

7 No criterion is given. May be DNBR but limiting value is not given. 

8 Time for operator action before recriticality is claimed to be more than 15 minutes in 
the case of dilution occurring during reactor start-up or during operation at nominal 
power. 
In the case of dilution occurring during cold shutdown, it is claimed that operator has 
enough time (?). 

9 Qualitative analysis. There is a need for a more quantitative analysis with the 
appropriate conservative assumptions. 
How is single failure criterion applied ? 

The accident belongs to class 2; therefore the limiting criterion is DNBR and there is 
no need to apply single failure criterion. 

However, it was said that an additional failure is considered: stuck of the most 
effective control element. 

It is recommended to justify that the delay of 15 minutes is enough for the operator to 
take the reactor to a safe state. 
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Number 5 

1 4.2.2.2.1 (clasified into class 3) 

2 Seizure of the rotor of one RCP. 

3 Initial power: 107 % F.P (see plot 4.2.2.9), initial pressure seems to be as high as 
159 bar (see plot 4.2.2.9), then it is not conservative if the DNBR is the limiting 
criterion. 

4 The case considered is the seizure of the rotor of one RCP out of four operating ones 
The other cases: one out of 3 or 2 operating RCPs are claimed to be less 
unfavorable due to the lower initial power level. 
Calculations are made with the folowing assumptions : 

- RCPs remained in operation operate normally, 
- Support systems (make-up, discharge devices,..) of the primary and 

secondary circuits operate normally, 
- Scram occurs due to decreasing the pump head below 0,2 MPa in RCP (not 

consistent with table 5.1.1.4) 

5 DINAMIKA (version not mentioned) 

6 180 s / 3 plots 

7 DNBR>? 
Cladding temperature < ? 
Fuel temperature £ ? 

8 Reactor scram occurs 1 s from the moment of RCP seizure and power decreases to 
residual heat level in 5 seconds. 
Dry-out and increase of cladding temperature are possible. 
The maximum of the average temperature of fuel element cladding (595 °C) is 
reached at 5 seconds (see plot 4.2.2.11). 

9 Initial conditions seem to be not enough conservative. Investigations should include 
BOC and EOC. 
Criteria have to be clearly defined. 
Clarification about scram signal is needed. Ignorance of first scram signal (german 
practice). 
How is single failure criterion applied ? 

This accident belongs to class 3 ; the single failure is the stuck of the most effective 
control element. This choice must be justified. 

Besides the RCP shaft break must be considered or it must demonstrated that this 
accident is covered by RCP shaft seizure. 

Due the short period of calculation, it is recommended to demonstrate that the 
reactor can be taken to a safe state. 
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Number 6 

1 4.2.2.2.2 (clasified into class 2) 

2 De-energization of one RCP. 

3 Initial power : 107 % F.P (see plot 4.2.2.12), initial pressure is equal to 155 bar (see 
plot 4.2.2.12), should be 153 bar to be conservative. 
Initial value of DNBR: 1,3. 

4 The case considered is the de-energization of one RCP out of four operating ones. 
Disconnection of one RCP => insertion of control working group with the velocity of 
2 cm/s and reduction of the power to a level consistent with the number of remained 
operating RCPs (70 % F.P). The steam flow into the turbogenerator is reduced to a 
level corresponding to the new level of reactor power to avoid excessive cooldown of 
the primary and secondary circuits. The reactor continues to operate at the reactor 
power corresponding to the number of RCPs remained in operation, the other 
equipment being in normal operation. 

5 DINAMIKA (version not mentioned), ALPHA (for convective heat transfer coefficient 
and for pressure loss coefficient calculation). 

6 80 s / 4 plots 

7 DNBR > 1,0 
Open question: definition of DNBR limiting value is not clear (especially, what is the 
meaning of:" A consideration of minimum departure from nucleate boiling ratio being 
not less than 1,0 with consideration of experimental values equal to 25 % is a 
criterion..." ?). 

S Minimum value of DNBR is reached at 12 seconds and is equal to 1,21. 
The case of failure of power governor operation in the case of disconnection of one 
out of 4 operating RCPs is claimed to have been considered in spite of its low 
robability of occurrence. 
To exclude dry-out in this case, emergency protection due to increase of coolant 
temperature at the reactor outlet is used (Coolant temperature in any of of four hot 
legs of loops is more than Tnom + 8°C ?). The argumentation is not free of 
contradiction with regard to the avoidance of core dry-out. 

9 Initial conditions seem to be not enough conservative. 
How is single failure criterion applied ? 
Clarification of DNBR limiting value is needed. 
No legend in plots ; it was extremely difficult to identify the parameters. 
A special condition seems to exist for ROVNO 3 : simultaneous disconnection of 2 
RCPs. The explanation given is not clear. 

This accident belongs to class 2 ; the limiting criterion is DNBR>1.0 and the 
application of single failure criterion is not required 

Demonstration that the reactor can be taken to a safe state must be given. 
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Number 7 

1 4.2.2.2.3 (clasified into class 2) 

2 De-energization of all RCPs. 

3 Initial power: 107 % F.P (see plot 4.2.2.16), initial pressure is equal to 153 bar (see 
plot 4.2.2.16) 

4 The case considered is the de-energization of four RCPs out of four operating ones. 
0,3 s from the moment of all RCPs de-energization, there is insertion of working 
group at 2 cm/s. 
Reactor scram operates 2,3 seconds from the RCPs de-energization. 
The most effective rod is assumed to be stuck. 
If necessary, BRU-K provides decrease of the secondary pressure and keeps it equal 
to the control pressure. 

5 DINAMIKA (version not mentioned), 

6 200 s / 2 plots 

7 DNBR > 7,0 

8 Minimum value of DNBR is reached at 3 seconds and is equal to 1,03. 
As the real curve of RCP run out lies under the design value, decision about 
reduction of delay for reactor scram by a signal of RCP de-energization to 1,4 sec. 
has been implemented. 
This statement should be clarified in order to know if the signal has been or 
has not been implemented. 

9 DNBR minimal value is close to the limiting value. Is the margin sufficient with 
regard to uncertainties (DNB correlation) ? 
How is single failure criterion applied ? 
Ignorance of first scram signal (german practice) ? 
Comparing sheet number 1 and sheet number 7, the setpoints for closing T.G stop 
valves and for opening BRU-K are different, (value is 4,9 MPa ±0,2 MPa) 

The accident belongs to class 2 ; DNBR is the limiting criterion ; S.F.C not 
applicable. 
Additional failure: stuck of the most effective control member. 
Initial conditions are conservative and the DNBR limiting value is not reached; results 
plausible; however, it must be demonstrated that reactor can be taken to afsafe 
state. 
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Number 8 

1 4.2.2.2.4 (clasified into class 2) 

2 NPP de-energization (loss of offsite power). 

3 Initial power : 107 % F.P (see plot 4.2.2.18), initial pressure is equal to 155 bar (see 
plot 4.2.2.18), should be 153 bar with regard to DNB criterion. 

4 The case considered is the loss of power supply to the plant systems. 
Reactor scram operates 2,3 seconds from the loss of power supply. 
The most effective rod is assumed to be stuck. 
If necessary, BRU-A and S.G safety valves provide decrease of the secondary 
pressure. 
EFWP are connected in 2 minutes to D.G and provide supply water to S.G at 164 °C. 
Power peaking factors over the core are claimed to be taken maximum. 

5 DINAMKA (version not mentioned), ALPHA. 

6 200 s / 2 plots ( 8 plots were mentioned in the text). 

7 DNBR>1,0 

8 Minimum value of DNBR not given. 

It is claimed that conditions of core cooling in the case of loss power supply will not 
be worse than those with de-enegization of all RCPs. This statement should be 
justified. 
Implementation for all WER-1000 

9 More information should be given about the possibility of primary dilution by injecting 
3 m3 of pure water during 3 minutes after power supply restoration. 

Actual situation: there is no make-up water back-up by diesel; no potential risk of a 
dilution when restarting primary pumps. However, this risk will exist if the make-up is 
backed by diesel. 

How is the single failure criterion applied ? 
Ignorance of first scram signal (german practice) ? 
The initial conditions does not seem to be conservative. 
Which power peaking factor has been assumed ? 
The experimental results of GIDROPRESS, 1988, /9a/, should be presented and 
analysed in the second phase. 
SG S. V should not open during this event but it does. 
The loss of power should also be considered for other initial conditions. 

The accident belongs to class 2; DNBR>1.0 is the limiting criterion ; S.F.C not 
applicable. 
Additional failure: stuck of the most effective control member. 
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Initial conditions are not enough conservative . However, as the min DNBR is claimed 
to be» I; results are plausible. 
It must be demonstrated that reactor can be taken to a/safe state. 
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Number 9 

1 4.2.2.3.1 (clasified into class 2) 

2 False injection in the pressuriszer from the make-up 

3 Initial power : 107 % F.P (see plot 4.2.2.20), initial pressure seems to be equal to 
154 bar (see plot 4.2.2.20), should be 153 bar with regard to DNB criterion. 
No information about burnup conditions. 

4 The case considered is the false injection into the pressurizer from the standard 
make-up with a flow rate of 80 t/h at 60 °C. 
Time of opening of the injection valve on the line of standard make-up = 30 seconds 
Gate on the line does not close as the primary pressure decreases below 15,3 MPa. 
Reactor scram operates 2,3 seconds from the loss of power supply. 
The most effective rod is assumed to be stuck. 
If necessary, BRU-A and S.G safety valves provide decrease of the secondary 
pressure. 
EFWP are connected in 2 minutes to D.G and provide supply water to S.G at 164 °C. 
Power peaking factors over the core are claimed to be taken maximum (no data 
given).. 

5 DINAMKA (version not mentioned), ALPHA. 

6 200 s / 4 plots 

7 DNBR> 1,0 

8 Minimum value of DNBR is 1,1 in the case of false injection in the pressurizer with 
loss of offsite power. 

Are plots 4.2.2.20 - 4.2.2.23 really for the case of injection in Prz with loss of offsite 
power ? 
It is claimed that in all cases, minimal DNBR is higher than 1,0. 

9 This analysis is very confusing (translation problems ?) ; There is a need for 
clarification because again it seems that it is a bad synthesis of the reference 191. 
Our evaluation should be based on the original and complete reference and 
not on the interpretation of this reference. 

A detailed legend must be given for each plot. 

How is single failure criterion applied ? 

In plot 4.2.2.8 (sheet number 3), the limiting value for DNBR was 1.3 ; here it is 1.0. 
Explanation is needed. Explanation given in sheet number 3. 

The accident belongs to class 2 ; DNBR>1.0 is the limiting criterion ; S.F. C not 
applicable. 
Additional failure: stuck of the most effective control member. 
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As the min DNBR is I, I; results are plausible. 
It must be demonstrated that reactor can be taken to a/safe state. 
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Number 10 

1 4.2.2.3.1 (clasified into class 2) 

2 Turbogenerator disconnection from power 

3 Initial power : 107 % F.P (see plot 4.2.2.24), initial pressure seems to be equal to 
158 bar (see plot 4.2.2.24), should be 153 bar with regard to DNB criterion. 

4 Three cases are considered: 
- twithout loss of offsite power, 
- with loss of offsite power 
- with reduced parameters for BRU-A opening and the operation of accelerated unit 
unloading (AUU) (?). 

Stop valves of the turbine are closed practically instantaneously. 
Protective protection of kind 1 (PP-1) is actuated due to increase of pressure in the 
secondary circuit, may be due to the signal "pressure in the main steam header 
more than 6,85 MPa" (see page 391).=^> working group is inserted at 2 cm/s. 
Thereafter, due to secondary side pressure increase, reactor scram is actuated by 
"pressure in any of four SGs is more than 7,84 MPaH (see page 388). 

In the case with loss of offsite power, reactor scram is actuated by 2,3 s. 

For the third case, it is claimed that parameters stabilizes at about 10% of nominal 
(no details, no plots are given). 

5 DINAMTKA. (version not mentioned), ALPHA. 

6 80 s / 6 plots (only for case 1 and 2). 

7 Seems to be DNBR > 1,0 

8 Minimum value of DNBR is 1,0 at 7 seconds in the case of turbogenerator 
disconnection with loss of offsite power (verbal statement). 
It is claimed verbally that in the two other cases, there is a reliable cooling of the 
core. 

9 Initial conditions (pressure) seem not to be enough conservative with regard to DNB 
criterion. 
Plots are not complete (DNBR, for instance) 
How is single failure criterion applied? 
Is stuck rod considered? 
Ignorance of first scram signal? 
Also part load should be considered as initial condition. 

The accident belongs to class 2 ; DNBR is the limiting criterion ; SF.Cnot 
applicable. 
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Initial conditions are not enough conservative (pressure) and the min DNBR is equal 
to 1.However, it was answered that other calculations have been made at lower 
pressure and have shown that the reliability of the core cooling is ensured. These 
calculations must be checked during our second working phase. 
It must be demonstrated that the reactor can be taken to a/safe state. 
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Number 11 

1 4.2.2.3.2 (clasified into class 2) 

2 Closing of steam generator shut-off valves 

3 Initial power: 107 % F.P (see plot 4.2.2.30), initial pressure seems to be equal to 
154 bar (see plot 4.2.2.30), should be 153 bar with regard to DNB criterion. 

4 The case considered is the closing of one steam generator shut-off valve. 
Time of closing of the shut-off valve is equal to 5 s and the RCP of the 
corresponding loop is the disconnected. 
The increase of pressure in the affected S.G leads to BRU-A operation then to 
reactor scram due to further increase of pressure. 
Efficiency of the reactor scram is taken with the consideration of sticking of the most 
effective control rod. 

5 DINAMIKA (version not mentioned), ALPHA. 
Mixing in the lower plenum was conservatively not considered in spite of a study for 
Zaporoshye-1 

6 80 s / 5 plots 

7 DNBR > 1,0 (not explicitly given). 

8 DNBR min is equal to 1,17 at 10 seconds (see plot 4.2.2.34) 
At 5s, complete closing of the shut-off valve and disconnection of RCP 
corresponding to the affected loop and beginning of the reactor unloading with 
protection governor to the level of 67 % F.P. 
Reactor scram due to steam line pressure increase (7,8 MP a) at 8 seconds, then 
opening of failed S.G safety valve at 11 seconds, which closes at 39 seconds. 

9 How is single failure criterion applied ? 
Ignorance of the first scram (german practice) ? 
The calculation was obviously performed for another plant than for ROVNO-3. 
This event should also be considered at part load. 

The accident belongs to class 2; DNB>1.0 is the limiting criterion; S.F.C not 
applicable. 
As the min DNBR is 1,17; results are plausible. 
It must be demonstrated that reactor can be taken to afsafe state. 

10.A.5/21 



Number 12 

1 4.2.2.3.3 (clasified into class 2) 

2 Loss of feedwater supply 

3 Initial power: 107 % F.P (see plot 4.2.2.35), initial pressure seems to be equal to 
155 bar (see plot 4.2.2.35), should be 153 bar with regard to DNB criterion. 

4 Two cases are considered: 
- loss of feedwater supply into four S.G and loss of feedwater 
- supply into one S.G out four. 

Normal operating of all primary equipment 
Reactor core power peaking factors are claimed to be maximum 
Operation of BRU-K, emergency feed pumps as well as reactor scram due to 
increase of coolant temperature in hot leg are not considered, (strange assumption 
concerning emergency feedwater pumps because this is the case "total loss of 
feedwater" which is BDBA.) 
In fact, the emergency feedpumps stand for additional electrical feed water pumps 
(translation problem) 

Efficiency of the reactor scram is taken with the consideration of sticking of the most 
ffective control rod. 

5 DINAMKA (version not mentioned), ALPHA. 

6 200 s / 5 plots, 2 tables 

7 DNBR^i.O 

8 DNBR min is equal to 1,18 at 20 s for first case (see plot 4.2.2.38) and 1,08 at 22 s 
for the second case (see plot 4.2.2.40). 
In the first case, disconnection of the RCPs due to S.G level decrease by 200 mm 
compared to nominal occurs at 16 sec. Reactor scram in response due to 
signal of disconnection of 2 or more RCPs is actuated at 18,3 sec. 

In the second case, disconnection of the RCP of corresponding loop in response to 
S.G level decrease by 200 mm compared to nominal occurs at 18 sec. Protective 
action of the first kind (PP-1) in response to one RCP disconnection is actuated at 
18,3 sec. At 33 sec., reactor scram is actuated by signal of temperature rise in the hot 
leg of affected loop to T = 330 °C + 2°C. 

It seems that there is a confusing translation because in page 94, it is said that 
"operation of EP as to coolant temperature in hot leg of the loop is not considered" 
and in table 4.2.2.7, there is a reactor scram due to this signal. 

This should be clarified. 
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9 Initial conditions (pressure) seem not to be enough conservative with regard to DNB 
criterion. 
Again, the original analysis (ref. 191) should be submitted, the actual one being an 
ncomplete synthesis of the latter. 
How is single failure criterion applied ? 
Ignorance of first scram signal (gentian practice) ? 
The differences between the setpoints applied in the analysis and the ROVNO-3 
setpoints are essential. It is therefore doubtful to recognize this analysis for 
ROVNO-3. 

The accident belongs to class 2 ; DNBR>1.0 is the limiting criterion; S.F.C not 
applicable. 
Additional failure: sticking of the most effective control member. 
As the min DNBR is 1,08; results are plausible. 
It must be demonstrated that reactor can be taken to afsafe state. 
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Number 13 

1 4.2.2.3.4 (clasified into class 2) 

2 High Pressure Heaters (HPH) disconnection 

3 Initial power: 107 % F.P (see plot 4.2.2.41), initial pressure is equal to 157 bar (see 
plot 4.2.2.41). 

4 The case considered is the disconnection of the secondary high pressure heaters 
which decreases the feedwater temperature in steam genarators by 60 °C 

5 Not mentioned DNBR>1.0 

6 200 s / 2 plots 

7 Not mentioned DINAMKA 

8 The feedwater temperature decrease leads to S.G pressure decrease, then control 
valves decrease steam flow rate to the turbine and the turbogenerator load is 
decreased by 12 % of the nominal 
It seems that there is a confusing translation because in page 94, it is said that 
"operation of EP as to coolant temperature in hot leg of the loop is not considered" 
and in table 4.2.2.7, there is a reactor scram due to this signal. 
On the other hand, the reactor power is 109.5% of nominal at the end of calculation, 
this should lead to reactor scram. 
This should be clarified. 

9 Initial conditions (pressure) seem not to be enough conservative with regard to DNB 
criterion. 
Again, the original analysis (ref. 191) should be submitted, the actual one being an 
incomplete synthesis of the latter. However, reference 191 does not seem to be 
ROVNO-3 specific. 
How is single failure criterion applied ? 
Which code was used ? 

The accident belongs to class 2; DNBR>1.0 is the limiting criterion; S.F. C no 
applicable. 
Results are plausible. 
It must be demonstrated that reactor can be taken to afsqfe state. 
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Number 14 

1 4.2.2.4.1 (clasified into class 3) 

2 Steam line break 

3 Initial power: 107 % F.P (see table 4.2.2.8), initial collapsed and swell levels in the 
emergency steam generator are respectively : 2,25 m and 2,55 m. 
EOL. 

4 Two cases have been analysed: 
- steam line break without isolation of the leak and with loss of offsite power, 
- steam line break with disconnection of RCP of the emergency loop and loss of 
feedwater supply in the emergency S.G. 

In the first case, feedwater supply to the emergency S.G is injected at 5°C after 40s 
and "absence of complete mixing" (?) is assumed. In this case, reactor scram is 
actuated after 2,6 seconds from the beginning of the accident. 

In the second case, reactor scram is actuated by coincidence of pressure decrease in 
the corresponding steam line below 4,9 MPa and difference between primary and 
secondary temperature exceeding 75 °C with delay of 0,3 s.Feedwater is injected at 
164 °C and ideal coolant mixing is assumed. Disconnection of JICP of emergency 
loop takes place after 10 seconds. 

Common assumptions: EOL, coolant temperature coefficient of reactivity maximum 
negative, but nothing is explicitely said about stuck rod. 

5 Not mentioned 

6 200 s / 13 plots 

7 Temperature of fuel rod cladding not exceeding 1200 °C 
Local fraction of oxidization of fuel rod claddings not more than 18% of the initial 
cladding thickness 
Fraction of the zirconium reacted not more than 1% of its mass in the core. 

8 Obviously, the first case is worst than the second one in which there is no power rise 
in the core. 
In the first case, the maximum value of the power in the "cold" sector of the core is 
43% of nominal. Fuel temperature does not exceed 2000 °C and cladding 
temperature is 1020 °C. 
Local depth of fuel rod cladding oxidization is claimed do not exceed 1,2 % of the 
initial value. 
Maximum fraction of zirconium reacted in the "cold" sector of the core is not clear . 
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9 Initial conditions (power) seem not to be conservative. The case of steam line break 
at zero power must be performed. 
It must be demonstrated that disconnection of RCPs (loss of ofFsite power) is worse 
than keeping RCPs in operation. 
Statement about "absence of complete mixing coolant in the reactor" should be 
clarified. 
How is single failure criterion applied ? 
Ignorance of the first scram signal ? 
The translation is very bad then the analysis is not understable. 
Beginning of EWFP operation in case 1 at 40 sec. after NPP loss of ofFsite power, 
but in NPP ROVNO-3, time is 75 to 100 sec. 
It is not clear what means injection by boron pumps TZN 150-110 at P < 8.82 MPa. 
It is difficult to understand that steam line break leads to 1020 °C maximum cladding 
temperature wheras loss of ofFsite power does not result in core dry-out. To 
understand this more plots are necessary (e.g. core flow).{see plot 4-2-2-55) 
This accident belongs to class 3. The single failure is applied on the most ejfectiv 
control element (but it is not mentioned in the text). According to German rules this is 
not acceptable. 

The criteria of the class 3 are met with these assumptions. 

However, the case of steam line break at zero power must be performed Besides, it 
must be demonstrated that disconnection of RCPs (loss of offsite power) is worse 
than keeping RCPs in operation This item can be planned for the phase 2. 

It must be demonstrated that the reactor can be taken in a safe state. 
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Number 15 

1 4.2.2.4.2 (clasified into class 3) 

2 Inadvertent opening of S.G safety valve 

3 Initial power: 107 % F.P (see plot 4.2.2.57), initial primary pressure about 154 bar, 
initial secondary pressure about 63 bar (see plot 4.2.2.57). 
Burn-up conditions are not mentioned. 

4 The case analysed is the inadvertent opening of the safety valve of.S.G with loss of 
offsite power. 
It is claimed that power peaking factors are maximum and coolant temperature 
coefficient of reactivity are maximum negative (no quantitative proof). 
Reactor scram is assumed to take place due to reactor power increase, with regard 
for sticking of one of the most effective rod 
Loss of offsite power is assumed at the moment of scram signal emission. 
At the moment of loss of offsite power, RCP, make-up pumps, BRU-K and 
pressurizer spray are disconnected. 
Feedwater supply to S.G from EFP takes place in 120 seconds from the moment of 
loss of offsite power at 5°C. 

5 DINAMIKA (version not mentioned), ALPHA 

6 200 s / 5 plots, 1 table. 

7 Not given explicitly. Considering the reference /8/, the criteria seem to be the same 
than for steam line break : 

- Temperature of fuel rod cladding not exceeding 1200 °C 
- Local fraction of oxidization of fuel rod claddings not more than 18% of the 

initial cladding thickness 
- Fraction of the zirconium reacted not more than 1% of its mass in the core. 

8 Number of fuel rods on which DNB takes place does not exceed 1140 (which are « 
2.2% of all 50856 rods) . 
Maximum cladding temperature is equal to 656 °C 

9 Initial conditions (power) seem not to be conservative. The case of inadvertent 
opening of S.G safety valve at zero power must be performed. 
Why EFWP are not connected 40 seconds after loss of offsite power as for steam 
line break? 
There is no consistency between the text and the table 4.2.2.10. According to this 
table, EFWP are connected 2 times : first time due to a signal of SG level 
decrease; second time 120 seconds after loss of offsite power. 
How is single failure criterion applied ? 
Ignorance of first scram signal (german practice) ? 

This accident belongs to class 3. The single failure is applied on the most effective 
control element. This is not acceptable according to the German rules. 
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The criteria of the class 3 are met with these assumptions. 

Maximum cladding temperature is not higher than 656 °C. The margin is so high 
that it, is not expected that the same case with keeping primary pumps running will 
lead to cladding temperature higher than 1200°C. 

It must be demonstrated that the reactor can be taken in a safe state. 
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Number 16 

1 4.2.2.4.3 (clasified into class 3) 

2 Inadvertent opening of BRU-K 

3 Initial power: 107 % F.P (see plot 4.2.2.62), initial primary pressure about 157 bar, 
initial secondary pressure about 64 bar (see plot 4.2.2.62). 

4 The case analysed is the inadvertent opening of BRU-K which is assumed to take 
place linearly for 15 sec. 
The following assumptions are taken into account: 

- in case of consideration of pressure regulator the secondary pressure 
decrease takes place to 4,9 MPa and the turbine stop valves are closed, 

- in case of the primary pressure decrease to 14,7 MPa, reactor scram 
actuates with sticking of the most effective rod 

- RCPs remain in operation 
- operation of the other support systems of the primary and secondary 

circuits is normal. 
It is assumed that shut off valves of steam generators were not closed, 
otherwise the cooldown of the primary circuit will stop due to reaching the 
setting of closing the shutt off valves. 

5 DINAMIKA (version not mentioned), ALPHA 

6 500 s / 2 plots. 

7 Not given explicitly but seems to be DNBR > 1,0. The real criteria are those of class 
3, but reference to DNBR was made to demonstrate that even the criterion of class 2 
isfulfilled 

8 It is claimed verbally that minimum DNBR is higher than 1,0., according to ref. 111. 
which should be provided to us. 

9 Initial conditions (power, pressure) seem not to be conservative. The case of 
inadvertent opening of BRU-K at zero power must be performed. Also during start-up 
and shutdown. 
BRU-K initial maximal flow rate is 220 kg/s (see plot 4.2.2.63) then less than 900 t/h 
= 250 kg/s (note that in the text, it is claimed that the considered BRU-K flow rate is 
higher than 900 t/h). 
How is single failure criterion applied ? (failure of shut off valve to close ?) 
Ignorance of first scram signal (german practice ) ? 

This accident belongs to class 3. S.F.C seems to be sticking of the most effective 
control member. This is not acceptable according to the German rules. 

The assumption are conservative with regard to maximising the primary coolant 
cooldown (RCPs running, shut-off valves of steam lines not closed) and the reliability 
of the cooling of the core seems to be ensured 
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However, the same accident should be considered at zero power. 

It must be demonstrated that the reactor can be taken in a safe state. 
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Number 17 

1 4.2.2.4.4 (clasified into class 3) 

2 Break of feedwater pipeline : 

3 Initial power: 107 % F.P (see plot 4.2.2.64), initial primary pressure not given, initial 
secondary pressure about 64 bar (see plot 4.2.2.66). 

4 Two cases are considered: 
- break of feedwater pipeline between steam generator and check valve 
- break of feedwater pipeline after check valve, this case being considered 

previously as a loss of feedwater supply. 

The following assumptions are taken into account: 
- actuation of reactor scram takes place by steam generator level decrease or in 

response to a signal of the primary pressure decrease. The efficiency of the reactor 
scram is assumed with regard to the sticking of the most effective rod 

- during the first 15 sec., steam-water mixture is assumed to be entrained at the 
break and after level decrease, the steam is entrained into the leak. 

- core power peaking factors are claimed to be maximum (value not given, perhaps 
2.56) and coolant temperature coefficients of reactivity are assumed to be 
maximum negative (detail not given perhaps at EOL). 

- point model of neutron kinetics 
- RCP of the affected loop is assumed to fail to disconnect ( ? ) 
- ideal coolant mixing in the reactor and of complete unmixing have been considered 
- the feedwater pumps are switched off because of low pressure in the feedwater 
header. 

5 DINAMKA (version not mentioned) 

6 200 s / 4 plots, 1 table, (primary pressure is missing). 

7 Not given explicitly but seems to be DNBR > 1,0. The real criteria are thos of class 3. 

8 It is claimed verbally that minimum DNBR is higher than 1,0., according to ref. 111. 
which should be provided to us. 
The table 4.2.2.11 gives short chronological sequence: 
0 s Break of feedwater pipeline between steam generator and check valve 
1 s Actuation of emergency protection by signal "steamline break" (???? ) 
10 s Closing of steam isolation valve QSIV in steamline of failed SG. 

At the end of calculation (200 sec.), coolant temperature in the core reaches 220 °C 
in the case of incomplete mixing and 270 °C with ideal complete mixing in the 
reactor. 

9 Initial conditions (primary pressure, level in S.G) are not given. 
Emergency protection signal is not clear. 
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Ignorance of the first scram signal considered (german practice) ? 
Secondary side nodalisation and assumptions (heat transfer, for instance) should be 
clarified. 
How is single failure criterion applied ? 
This accident belongs to class 3. S.F.C seems to be stuck of the most effective 
control member. This is not accepatable according to the German rules. 
The results are plausible. 
However, the same accident should be considered at zero power. 
It must be demonstrated that the reactor can be taken in a safe state due the short 
period of calculation. 
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Number 18 

1 4.2.2.5.1 (clasified into class 3) 

2 Break of MCP (main coolant pipeline) and primary pipeline Dnom 300 mm and 
more: 
MCP break in cold leg, MCP break in hot leg, break of connecting pipeline 
"Prz-MCP hot leg", break of Prz discharge pipeline, break of the connecting 
pipeline "ECCS tank- reactor pressure chamber", break of the connecting 
pipeline "ECCS tank- reactor collection chamber". 

3 Initial power : 107 % F.P, other initial parameters (pressure, temperature,...) are not 
explicitly given and can not be deduced from plots. 
- maximum linear heat generation rate : 448 W/cm 
- gap conductance depending on linear power 
- the 3-years cycle reactivity data were claimed to be used. 

4 Primary break (Dnom £ 300 mm) with loss of offsite power 

The following assumptions are taken into account: 
- actuation of reactor scram takes place by pressure in the upper plenum less than 

145 bar (0.3 sec delay) or loss of offsite power during 2 sec (2.3 sec. delay). 
The efficiency of the reactor scram is assumed with regard to the sticking of the 
most effective rod. 

- Start-up of high pressure and low pressure ECCS pumps when the difference 
between saturation temperature taken as a function of pressure above the core and 
coolant temperature in any of hot legs drops to 10 °C. 

- Beginning of water entering from ECCS hydrotanks (accumulators) when pressure 
in the reactor decreases to 58,8 bar. 

- signal for closing the shut off gates in the lines of ECCS accumulators when level in 
acculators decreases to 1,2 m. 

- single failure of the ECCS active component (one of the high and low pressure 
ECCS pumps) caused for example by failure of one Diesel generator to start-up. 

- failure of one passive component ECCS accumulator 
- inefficative operation of one ECCS accumulator and one low pressure ECCS pump: 

injected water is lost to the break. 
- high pressure ECCS pumps are not taken into account (for MCP break). 
- in actuation of the ECCS active part, a delay of water supply is assumed to be 40 

sec. from the moment of the parameters reaching the settings of emergency 
signals. 

- steam condensation in the upper plenum is not taken into account 
- heating-up of the cooling water supplied into the upper plenum with its downward 

motion through the core is not taken into account ( ? ) 
- entrainment of water with the upward steam flow is neglected (it is claimed that the 

ratio of rates of steam and water excludes such entrainment). 
- discharge of gas dissolved in water is not taken into account ( ? ) 
- gas expansion in the ECCS tanks is assumed to be adiabatic. 
- pressure in the containment during the whole accident process is assumed at the 

minimum value : 0.98 bar. 
- the uniform locking of the flow area in the hot channel is assumed; blocking of the 
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area is 75 % on the length of 75 mm ( ? ). 
- simplified modelling of loop seal formation by mean of increased pressure loss 
- heat transfer of water in the pressure chamber (downcomer ? ) with the reactor 

vessel metal is taken into account. 

5 TETCH-M-4 for blowdown phase and ZALTV for reflood phase for large break 
LOCA(MCP break) 
DYNAMIKA for break of connecting pipeline "ECCS-tank reactor" (tube 351x36) 
and discharge pipeline from the pressurizer (tube 245x18). 

TETCH-M-4 nodalisation: 
- 1 loop (broken one) and 1 intact loop (with weight 3 for all the intact loops) 
- 48 cells for PCS ( 14 for intact loop, 20 for broken loop, 7 for downcomer and lower 

plenum, 3 for upper plenum and upper head, 1 for pressurizer (Prz), 3 for Prz surge 
line), 

- 3 core channels (bypass, average, hot) each with 12 axial sections (10 for the 
heated zone) 

ZALIV: 
- 1 loop (broken one) and 1 intact loop (with weight 3 for all the intact loops) 
- 1 cell for the downcomer, 2 cells (?) for the lower plenum, 
- 2 channels (average and hot) for the core without cross flow; the channels are 

divided in 12 sections ( 1 for the inlet, 10 for the heated part and 1 for the outlet). 

DYNAMIKA: 
- core is represented by 2 channels, each with 5 cells 
- hot leg is represented by 3 cells 
- cold leg is represented by 8 cells 
- S.G tubing is broken down in 9 cells 
- upper plenum and downcomer are represented by 1 cell each. 

6 min 14 sec., max 360sec. / 59 plots, 4 tables, 2 figures (nodalisation). 

7 Temperature of fuel rod cladding not exceeding 1200 °C 
Local fraction of oxidization of fuel rod claddings not more than 18% of the initial 
cladding thickness 
Fraction of the zirconium reacted not more than 1% of its mass in the core. 

8 The most unfavorable case is claimed to be cold leg break at the inlet of the vessel 
with flow rate coefficient equal to 0.8. For this case: 
- the maximum cladding temperature is 1078 °C ; this maximum is reached at 6 sec. 
- the maximum local fraction of oxidization of fuel rod claddings is 15.5% of the initial 

cladding thickneess 
- fraction of the zirconium reacted is 0,7% of its mass in the core. 

The following table summerises results obtained for analysed cases: 

9 Initial conditions (primary pressure, level in the pressurizer, coolant temperature) are 
not explicitly given. 

Single failure criterion application should be detailed. 
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Sensitivity study on flow rate coefficient should be included in the analysis 

The maximum cladding temperature of 1078 °C is very near to 1200 °C. 
Uncertainty bandwith may be more than ± 122 °C. It should be justified that 1200 °C 
criterion is fulfilled as TETCH-M-4 is claimed in some literature to be a best estimate 
computer code. 

The hot leg break should be discussed. 

The reference /18/ on which the analysis is based should be provided to us for 
detailed evaluation. 

For the initiation of HPSI and LPSI a delay time of 40 sec. was assumed (D.G start
up and load programme). But in case of sheet number 17, 60 sec. were assumed. 
Why this difference ? 

Why reactor scram occurs at primary pressure = 145 bar (see table 4.2.2.14) instead 
of 147 bar as per table 5.1.1.4 in the TOB ? 

More information about the transition between TETCH-M-4 and ZALTV is needed. 

Information about ZALIV computer code is needed. 

Fig. 4.2.2.73 is insufficiently described. 

Up to which leak size is the function of scram guaranteed ? 

GRS investigations for WER-1000 have confirmed that the case 1/ 0.8 break leads 
to the longuest core stagnation periods and hence to the highest cladding 
temperature of 840 °C which is 238 °C lower than the results of reference /18/. 

These cases of primary breaks belong to class 3. S.F.C is applied on one diesel 
generator. Additional failures are applied (failure of one accumulator, stuck of the 
most effective control element). 

Results are plausible and are below the permissible value of the criteria of class 3. 
Confirmation of the conservatism by calculations made by GRS with ATHLETand 
FRAMATOMEwith CATHARE. 

It must be demonstrated that the reactor can be taken to a safe state. 
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Number 19 

1 4.2.2.5.2 (clasified into class 3) 

2 Inadvertent opening of pressurizer pulse safety device (PSD) : 

3 Initial conditions are not explicitly given. In this case, DNBR is the limiting criterion, 
hence : 
-Power should be maximal, according to unertainties 
- Pressure minimal, according to uncertainties 
- Temperature maximal, according to uncertainties. 

4 Two cases are considered : 
- Inadvertent opening of Prz safety valve with loss of offsite power at the same time 
of the opening of the break, 
- Inadvertent opening of Prz safety valve with loss of offsite power at the same time 
of the reactor scram by low primary pressure signal (P < 147 bar). 

The following assumptions are taken into account for the first case : 
- actuation of reactor scram takes place by loss of offsite power with a delay of 2.3s. 

The efficiency of the reactor scram is assumed with regard to the sticking of the most 
effective rod. 

- delay for boron solution supply for from the high pressure pumps is 60 sec. 
- delay for EFP for S.G is 120 sec. 2 pumps are available and feed S.G with a flow 
rate of 150 m3/h each at 20 °C. 

- single failure of active component (pump) is applied to safety boron injection and 
emergency cooldown ( ?). 

- failure of 1 accumulator. 
- safety boron injection is insured by 2 high pressure pumps which supply boron 

solution with concentration of 16 g H3B03/kg H20 and temperature between 20 
and 60 °C (which temperature has been assumed in the calculation ?). 

- 2 low pressure ECCS pumps are also available and can supply primary circuit with 
borated water of which characteristics are the same than for high pressure ECCS 
pumps. 

- Actuation of active ECCS pumps is by ATsat ^ 10 °C signal (difference between 
saturation temperature of the coolant and the maximum temperature of the hot 
part). 

- 4 BRU-A are available, each with a capacity of 900 t/h. Opening of BRU-A takes 
place at the secondary pressure increase to 77 bar; closing at 61 bar. Time of 
opening (closing) is 15 sec. 

5 DYNAMIKA (version not mentioned) 

6 1800 s /10 plots. 

7 The same than for LOC A, but DNBR criterion has been also considered 
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8 In the two cases, LOCA criteria as well as DNBR criterion are fulfilled. 
Maximum cladding temperature does not exceed initial one (350 °C). 
For the first case, DNBR min is 1.27 ; it is 1.33 for the second case (seems to be 
equal to the initial value according to plot 4.2.2.139). 

At the end of the transient, primary pressure is stabilised at 60 bar, core outlet 
temperature at 260 °C, maximum cladding temperature at 265 °C, maximum fuel 
temperature at 290 °C and coolant mass in the primary circuit at 292 tons, (see plots 
4.2.2.130, 4.2.2.131, 4.2.2.2.132, 4.2.2.136) 

9 Initial conditions are not given. Also the burnup condition should be clarified 
(paragraph 5 in page 240 is not clear). 

The acceptance criteria should be clarified. 

It is not clear why the secondary pressure is continuously falling. 
Curves in fig. 4.2.2.133 are not clear. 

Ignorance of first scram signal (german practice) ? 

30 minutes period is reached and results are plausible provided that initial conditions 
are conservative with regard to DNBR criterion. 

This accident belongs to class 3. S.F.C seems to be the same than for large break 
LOCA (see sheet number 18). 

Results are plausible 

It must be demonstrated that the reactor can be taken to a safe state. 
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Number 20 

1 4.2.2.5.3 (clasified into class 3) 

2 Break of primary pipelines Dnom <. 109 mm : 

3 Initial conditions are not explicitly given. 
4 The reference /19/ from which this analysis is extracted has considered : 

- leaks of Dnom 50 and 80 mm from hot MCP and have been simulated with breaks 
from upper plenum, 

- leaks of Dnom 25, 50, 80 and 109 mm from cold MCP and have been simulated 
with breaks from downcomer. 

However, in the present analysis, only the case of break Dnom 109 mm on cold MCP 
cumulated with loss of offsite power has been provided due to the claimed fact that it 
is the most hasardous from the point of view of thermal state of the core (?). 
Assumptions are the same than for inadvertent opening of Prz safety valve. 

5 DYNAMIKA (version not mentioned) from the initial stage of the accident until the 
loss of natural circulation (0 to 423 sec.) and UROVEN for the remaining part of the 
transient (423 sec. to 1000 sec.). 
In the two steps of the transient, condensation due ECCS injection is not taken into 
account in the pipelines and the upper plenum. 

6 1000 s /12 plots. 

7 The same than for LBLOCA, but DNBR criterion has been also considered 

8 LOCA criteria as well as DNBR criterion are fulfilled. 
Maximum cladding temperature does not exceed initial one (350 °C). 
DNBR min is not less than initial one (1.3). 
At the end of the transient, primary pressure is stabilised at 13 bar, and coolant 
mass in the primary circuit at 105 tons, and the flowrate of S.I is higher than break 
flowrate. 

9 Initial conditions are not given. 

The acceptance criteria should be clarified. 

What about break of which Dnom is between 109 mm and 245 mm ? Justifications 
should be given that acceptance criteria are met in the case of such breaks. 

The contribution of S.G to remove residual heat in the case of small break is 
important. How is the S.G modelled ? 

Stabilisation of the main parameters seems to be reached at the end of calculation. 

Reference /19/ should be provided to us. 

Information about UROVEN is needed. 
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Fig. 4.2.2.143 and 4.2.2.144 are not clear. 

Ignorance of first scram (german practice) ? 

It was explained that: D < 100 mm => small break 
D >100 mm => large break 

But what are the physical reasons of this classification? 

This accident belongs to class 3. S.F.C is applied on the most effective control 
member. This is not acceptable according to the German rules. 
It must be demonstrated that this choice leads to the worst case. 
Calculations have been performed for 130 mm, 180 mm and 280 mm and have 
shown that results are covered by those of higher diameter. 
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Number 21 

1 4.2.2.5.4 (clasified into class 2 or 3; not clear) 

2 Break of steam generator heat exchange tube (SGTR) : 

3 Initial conditions are not explicitly given, some can be drawn from plots : 
- initial power : 107 % of nominal (plot 4.2.2.152) 
- initial primary pressure : 152 bar (plot 4.2.2.152) 
- initial secondary pressure: 64 bar (plot 4.2.2.152) 
- initial level in the S.G: nominal (plot 4.2.2.154) 
- initial level in the pressurizer: nominal (plot 4.2.2.157) 

4 SGTR with and without loss of offsite power has been considered. 
In the latter case, it is claimed that break is compensable with make-up when 
pressure in the primary circuit drops below 150 bar. 

Partial results are given for SGTR cumulated with loss of offsite power to investigate 
minimum DNBR 

5 DINAMTKA (version not mentioned) and ALPHA. 

6 3000 s / 7 plots. 

7 DNBR (probably). 

8 For the case of SGTR without loss of offsite power, as the make-up system is 
available with the maximum capacity of 16.67 kg/s, the break (17.03 kg/s) is not 
compensable during the ten seconds. Therafter, when the primary pressure drops to 
150 bar, make-up flow rate compensates break flow rate. With the availability of 2 
tanks of borated water, the leak may be compensated during 6 hours. Therefore, 
operator has enough time to identify the affected S.G and to take appropriate 
measures. 

In the case of SGTR with loss of offsite power, make-up system is not available and 
the leak is not compensable in the first stage of the transient. When primary pressure 
will decrease until 108 bar, HPSI can inject in the primary circuit and then, it is 
claimed that leak will be compensable. 

In this latter case, reactor scram is actuated due to loss of offsite power with a delay 
of 2.3 sec. Closing of turbine stop valves leads to the increase the secondary 
pressure at first to pressure of operation of BRU-A then to steam generator safety 
valves. Further on, secondary pressure is kept by operation of BRU-A. 

The DNBR min is claimed to be equal to 1.2 (no plot). 

9 Initial conditions are not conservative with regard to overfilling of the failed S.G. The 
worst case is at low reactor power when initial mass in the secondary of S.G is 
maximal. 
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There is no information about single failure criterion. 
Nothing about emergency feedwater control with regard to level in S.G. 
Minimum information should be given about procedure applied by the operator in 
order to reach a safe state shutdown or at least the time at which break is 
compensated. 

Reference 191 from which this analysis is extracted should be provided to us. 

It was claimed that this accident belongs to class 3; however, it is classified in class 2 
according to the table 5.1.2.7 of the TOB. 

The accident has been considered from the point of view of core cooling reliability. 
The aspect of radiological consequences must also be considered The worst case 

for this purpose is at low power when the mass of water in the secondary side of the 
S. G is maximal; this maximises the risk of affected S. G overfilling. 

There is agreement that this investigation will be done in the second phase. 
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Number 22 

1 4.2.2.5.5 (clasified into class 3) 

2 SG collector cover break off (Dnom 100 mm) : 

3 Initial conditions are not explicitly given but they are roughly nominal according to 
plots. 

4 Two cases have been considered : 
- SG collector cover break off with loss of offsite power 
- SG collector cover break off with loss of offsite power and failure of BRU-A to close 

5 Not mentioned but should DINAMIKA. 

6 400 sec. / 3 plots for the first case 
1100 sec. / 20 plots for the second case. 

7 DNBR (? ). 

8 For the first case, very partial results are given (primary pressure, cladding 
temperature and break flowrate). However, detailed actions of the operator are 
described to manage the accident. 

In the second case, break of SG collector is cumulated with loss of offsite power and 
with failure of BRU-A of damaged S.G to close. Complete analysis is given in 
reference /25/. 
Sticking of the most effective control rod is assumed. 

Operator is supposed to take action 15 minutes after the beginning of the accident. 

Main events are the following : 

0 s break Dnom 100 mm, initial flow rate : 700 kg/s and loss of offsite power 
RCPs are disconnected, emergency protection operates with a delay of 2.3 s, 
D.G are started-up. the program of stepwise start-up of safety systems 
begins to operate. Stop valves of turbogenerators are closed and TFPs are 
disconnected. 

8 s setting for the opening of BRU-A in emergency SG 
10 s setting for the opening of BRU-A in intact SGs 
15 s maximum pressure (78.4 bar) is reached in the failed SG 
23 s full opening of BRU-A of the emergency SG and failure to close 
* 40 s primary pressure * 98 bar and HPSI can inject in primary circuit (from plot 

4.2.2.163) 
50 s Pressurizer is empty and steam begins to enter to the primary circuit. 
105 s filling of the emergency S.G 
200 s secondary pressure in the emergency SG drops to 49 bar due to the failure 

of BRU-A to close. 
260 s ECCS accumulators begin to inject in the primary circuit and are isolated at 

1100 sec. (due to low level: 1.2 m ?) 
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900 s Beginning of operator actions, at this time primary pressure is roughly equal 
to 22 bar, secondary pressure in emergency S.G is equal to 19.6 bar. 
Operator starts to cool down the reactor through BRU-A of intact S.G and 
opens the valves in lines of emergency gas removal from the reactor into the 
bubbler (?), provides discharge of steam/ water mixture through pressurizer 
pulse safety device (PSD). 

When primary pressure reaches 21.5 bar (950 th second), operator closes 
gate valves in recirculation lines of low pressure ECCS pumps and performs 
cooldown of the reactor by unclosed scheme: sump- tank - pump - reactor -
emergency SG - BRU-A. 

When primary pressure decreases to 17.6 bar, the operator changes over 
one pump of the emergency cool down into the scheduled cool down of the 
primary circuit (???). With reaching the primary temperature of 100 °C (at 
1500 sec., not seen on the plots), the operator disconnects ECCS pumps 
operating from sump tank and coll down continues according to the 
scheduled cool down. 

Initial conditions are not conservative with regard to overfilling of the failed S.G. The 
worst case is at low reactor power when initial mass in the secondary of S.G is 
maximal. 

Ther is nothing about single failure criterion. 
Nothing about emergency feedwater control with regard to level in S.G. 
Procedure applied by the operator in order to reach a safe state shutdown is not very 
clear (for instance the use of pressurizer PSD, compare the fifth paragraph of page 
289 and the third paragraph of page 290 of the English version of TOB). 

References /25/ and /26/ from which this analysis is extracted should be provided to 
us. 

The presented part of the analysis in form of plots is too short to draw the conclusions 
of the text. 

This accident is a design basis accident for WER-1000 and is classified in class 3. 
S.F.C is applied on the BRU-A of the affectedS.Gwhich remains stuck open. 

The accident has been considered from the point of view of core cooling reliability. 
The aspect of radiological consequences must also be considered The worst case 

for this purpose is at low power when the mass of water in the secondary side of the 
S.G is maximal; this maximises the risk of affected S.G overfilling. 

There is agreement that this investigation will be done in the second phase. 

10.A.5/43 





11 SYSTEMS ANALYSIS 

11.1 BASIS FOR EVALUATION 

This analysis is based on the documentation on Rovno Power Plant presented during the 
meetings held on the Rovno Power Plant and our knowledge of: 

- the W E R 440 obtained from the Greifswald 5 safety analysis, made in 1990 by 
IPSN and GRS and from the Kozloduy 1 and 2 safety analysis made in 1992 and in 
1993, 

- the W E R 1000 get from the Stendal safety analysis made in 1991 by IPSN and 
GRS. 

Consequently, for each item we have pointed out the identified problem (previous assessment), 
and after we have given the status at Rovno NPP with our final assessment. 

The main systems of Rovno Power Plant with functions equivalent to those of the safeguard 
and safety-related systems of French reactors are covered. 

For units 1 and 2, the analysis is given in paragraph 11.2, for unit 3, it is given in paragraph 
11.3. 

The approach has been to review the contribution of each system to the main safety functions, 
namely: 

- control of reactivity, 
- maintaining the water inventory, 
- removal of decay heat from the reactor and from the spent fuel pool, 
- control of the primary pressure (embrittlement problems), 
- confinement of radioactivity, 
- support systems. 

Systems providing these functions are: 

- function control of water inventory and primary coolant reactivity: 
• safety injection system, 
• purification and makeup systems, 
• control rods, 

- function primary system cooling: 
• the secondary systems, 
• heat exchangers common to the containment spray and safety injection systems, 

- function primary system pressure control: 
• the pressurizer safety valves, 

- function containment (partially), 
- function fuel pool cooling, 
- function main system auxiliaries: 

• the cooling system, 
• the electrical power supplies (for memory), 
• the instrumentation and control systems (for memory), 
• the compressed air system, 
• the ventilation systems. 
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Systems associated with the containment function are not analyzed, except containment spray 
system and the containment isolation function. 

For each system, each of the points listed in the standard analysis form (see table ll.T.l) is 
examined from the viewpoint of the safety rules applied in France to pressurized water reactors 
in operation. 

A summary of these rules is given in appendix 11.A.1. 

Moreover, in addition to the deterministic requirements needed for the design of the systems, a 
special attention was also paid to the tendancies coming mainly from the probabilistic studies 
carried out for existing Western plants and from their operating experience. 

Consequently, a number of issues have been identified for consideration when designing the 
improvements of the Rovno plants. These main issues have to be kept in mind to improve the 
existing situation. 

They are related to the improvements needed to reduce the importance of the accidental 
sequences leading to core melt under high pressure, of the accidental sequences leading to core 
melt with containment bypass, and of the accidental sequences leading to core melt in 
shutdown conditions because containment preservation cannot be guaranteed during these 
periods due to maintenance operation. For this purpose, the possibility to provide additional 
automation has to be investigated in depth to reduce the possibility of human errors as far as 
possible. 

Common mode failure possibilities, qualification of safety components, and testability of safety 
equipment are also examined in this chapter. 

Design of systems must comply with the safety rules covering: 

- the design basis of the system, 
- the single failure criterion, 
- additional provisions of the single failure criterion. These are essentially the 

practical arrangements made at design level to minimise the risks associated with 
common cause failures or human error which can cause them: 
• protection against hazards of internal and external origins, 
• geographical and physical separation of equipment, 
• independence of electrical power supplies and their distribution systems, 
• additional resources and associated operating procedures making it possible to 

cope with total loss of the safety systems, 
- classification of equipment. 
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TABLE 11.T1: STANDARD SYSTEM ANALYSIS PLAN 

ROLE OF SYSTEM 

DESIGN OF SYSTEM 

- Design basis 
- Design basis situations 
- Hypotheses used 
- Performance levels required 
- Design criteria 
- Safety criteria 
- Verification of system design 
- Criteria concerning hazards 

• aircraft crashes, 
• explosions, 
• missiles, 
• flooding, 
• pipe bursts, 
• fires, 
• earthquakes, 
• freezing, 
• specific external hazards. 

- Protection against overpressure 
- Classification 
- Geographical separation and location 
- Requirements revealed in probabilistic analysis 
- Requirements resulting from feedback of experience 
- Assessment of the risks of bypass of the containment 
- Assessment of the risks of primary dilution 

DESCRIPTION 

OPERATION 

System activation signals 
Requirements associated with operation of the system in accident situations 
Monitoring of operation of system 
Technical specifications 

MAIN AUXILIARY SYSTEMS 

Verification of main auxiliary systems design 

EXAMINATION OF EQUIPMENT DESIGN 

Equipment 
Choice of materials 
Review of feedback of experience 

LINKS WITH OTHER SYSTEMS 
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11.2 UNITS land 2 

11.2.1 - Control of reactivity 

Reactivity is controlled by: 

- the control and shutdown rods, 
- boron by means of the make-up and safety injection systems. 

11.2.1.1 - Control and shutdown fuel assemblies 

There are 37 control fuel assemblies. They are divided into six groups (five groups of six 
assemblies and one group of seven assemblies). These assemblies are connected to their motor 
by linkage rods. The motor is electric and drives the assembly in the core by means of a rack 
and pinion system. Each motor is powered via a transformer. 

On a HS-I signal corresponding to a scram, a shut-off signal is sent to all the transformers 
which de-energizes the motors. 

The assemblies have the following operating modes: 

- fall of all the assemblies (HS-I), 
- consecutive fall of groups (HS-II), 
- staggered insertion of groups at a rate of 2 cm/s (HS-III), 
- operation individually or by group, 
- power adjustment by movement of the groups. 

In addition, upward movement is inhibited in the presence of HS-IV signals, with an unlock 
facility. 

The analysis is limited to remarks concerning: 

- the contingent possibility of failure of the control rods to fall, 
- the absence of certain scram signals. 

11.2.1.1.1 Possibility of failure of the control rods to fall. 

- Previous assessment 

During the Greifswald evaluation, a section in the first part of the qualification document 
attracted our attention. It related to the operations to be carried out in the event of a power 
increase to extract any fallen control rods. From this section, there appear to be two interlocks, 
obtained by switches S3 8 and S3 9, used in raising the control rods which could subsequently 
prevent their falling. 

In view of the information covering from Greifswald evaluation, it was necessary to explain the 
role of the interlocking obtained with switches S3 8 and S39, and to demonstrate that omission 
to reset these switches to the initial position did not prevent falling of the control rods. 
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- Information on the status at Rovno NPP 

During the meeting held in Rovno, it was confirmed that the switches S38 and S39 are used to 
inhibit HS IV. The utility has indicated that there are two mechanical resets actuated 10 s after 
the operator action which lead automatically the switches in their initial position. 

Consequently, we consider that the submitted problem has been taken into account by the 
utility and measures have been defined. Nevertheless, it is necessary to verify even the 
principles followed for the design of the reactor scram seem satisfactory, that it does not exist 
some possibilities of preventing falling of the control rods. This study has to be included in the 
general study required to prevent ATWS (see § 11.2.8.3.3). 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

See paragraph 11.2.8.3.3. 

- Proposals for future evaluation 

None. 

11.2.1.1.2 Reactor scram signals. 

- Assessment and information on the status at Rovno NPP 

The intention in this section is not to judge the adequacy of the scram signals used but merely 
to mention certain signals which are not taken into consideration. 

The main 

YT.1.01 
YT.1.02 
YT.1.03 
YT.1.04 
YT.1.05 
YT.1.06 
YT.1.08 
YT.1.09 
YT.1.10 
YT.1.12 

YT.1.13 

signals used for HS-I (fall of all control rods) are: 

_ 

-
-
-
-
-
-
-

-

-

Power increase to 110 % nominal power 
Flux variation signal 
Primary pressure below 92 bar 
Primary pressure less than 108 bar and low pressurizer level 
No voltage across 4 of the 6 primary pumps 
Loss of voltage in control room 
Closing of inlet valves of last turbine in service 
400 mm level drop in both steam generators 
0.1 bar pressure increase in leaktight enclosure 
Increase in primary pressure: 
2.85 bar with less than six primary pumps in service 
3.70 bar whatever the number of pumps in service 
Steam pressure drop in a half header (0.8 bar/s for 5 s) 
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Reviewing of the reactor sram signals shows: 

- the absence of a signal for a high level in the pressurizer, 
- correlation of the first low primary pressure signal with a low pressurizer level 

signal. This type of signal does not make it possible to anticipate the accident 
consisting of inadvertent opening of a pressurizer safety valve, 

- the absence of a signal for a high level in the steam generators indicating improper 
operation of the main feedwater system of the steam generators preventing them 
from being filled. 

The position of the utility is the following: 

- in spite of the fact that the demonstration for safety valves of the pressurizer to 
carry water is not brought, it does not intend to install a signal of high level in the 
pressurizer, 

- a reflection about installation of reactor scram using ATsat is in progress. 

- Recommendation for improvements 

It is adviced to change the signal of low primary pressure correlated with a low 
pressurizer level to anticipate accident consisting of inadvertant opening of pressurizer 
safety valve. 

- Recommendation for complementary study 

It will be necessary to perform a review of the scram signals in relation with the accident 
studies. 

Especially, a study has to be performed to examine the need to install a scram signal on 
high level in the pressurizer. This study has to consider the possibility of filling up the 
pressurizer when ECCS is in operation. 

For high level in steam generators, it is needed first to identify if for some incidental 
transients this signal can constitute a redundancy of reactor scram signal. Depending of 
reactor scram list, this signal could be used particularly in case of loss of one primary 
pump or in case of SGTR. 

- Proposals for future evaluation 

None. 
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11.2.1.2 - Control of boron concentration 

11.2.1.2.1 General comments 

- Previous assessment 

The decrease of boron concentration in the primary water leads to introduction of reactivity in 
the core. During normal operation of the plant, boiling crisis can occur. During cold shutdown, 
criticallity can occur. Consequently, this problem on Rovno has to be examined in depth taking 
into account Western studies. 

Spurious dilutions can be classified as follows : 

- slow dilution with homogeneous primary concentration, 
- fast primary dilution when a water slug passes through the core. This kind of 

transient can occur especially in case of lack of circulation in one or many primary 
loops. 

Specific studies have been performed for Western plants to identify all the possible transients 
and to take corrective actions using probabilistic approach. One severe problem has been 
identified. This problem can be found during normal dilution following a refuelling in case of 
stopping of main coolant pumps (loss of main electrical network). Without improvement, the 
probability of this sequence is 10"3/y.r. Consequently, an improvement (additional automation) 
has been realized on the makeup system to avoid this problem. 

In view of Western experience, it was considered that the plant needed to take account of 
automatic and administrative measures to guarantee the shut-down reactivity, especially as 
regards possible dilution transients (water slug dilution, slow dilution, dilution from leak 
through heat exchangers, etc ). 

It was also considered that the plant needed to check the design of the boronmeter for 
monitoring, with a short response time, the boron concentration in the primary circuit. This is 
particularly important with regard to reactivity disturbance control. 

- Information on the status at Rovno NPP 

During the meetings held at Rovno, the NPP has presented technical and administrative 
measures to prevent dilution of primary water in the primary circuit (interlocks, monitoring, 
inspection, sampling). The NPP has ensured that following recommendations given by 
Kourchatov Institute, some improvements have already been realized. 

As positive points, we have identified the following: 

- during normal dilution before restarting of the unit, it is totally forbidden to isolate 
one loop. This constitutes a positive point and could avoid the possibility to create 
a pocket of pure water in an inactive loop (communication between loop is done 
by the treatment system). Normal dilution is performed when the primary 
temperature is higher than 250°C, 

- if the number of primary pumps in operation is reduced (only three), all the arrivals 
of water from demineralized water tanks are isolated and disconnected, 
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- in the event of disconnecting of all primary pumps, the protection signal HS-1 is 
activated and two serial valves on the distillate feed line to the make up system are 
closed, 

- special procedures are provided to avoid spurious dilution by the water system 
used to clean the primary pump seals. 

Regarding the risk of dilution identified on Western plants, we believe in agreement with the 
Eastern experts that the devices mentioned above avoid the same problem at Rovno NPP. 

Consequently, we consider that the situation is in a good way, but complementary study is still 
necessary to be sure that all the problems have been examined. 

Regarding the boron measurement, a boronmeter is installed with a response time of 5 minutes. 
But this boronmeter has not the capability to measure isotope 10 and consequently the 
situation has to be improved. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The plant will have to continue to study this problem in depth and to present its 
evaluation of the risks, especially of water slug dilution. This analyse can be based on a 
probabilistic approach and has to take especially into account human errors. 

A study has to be performed to define means to measure isotope 10 of boron. 

- Proposals for future evaluation 

None. 

11.2.1.2.2 Emergency core cooling system 

- Previous assessment 

The ECCS does not function during normal operation. Its function consists in injecting borated 
water into the primary circuit after an accident in order to maintain the negative reactivity 
margin required after reactor shut-down. Therefore it is important that the concentration of 
boron in the system is maintained at the nominal design value. 

In particular, periodic integrity control of heat exchangers should be implemented to prevent 
dilution from service water system and massive release after an accident in the event of a tube 
rupture. 

Service water is continuously circulated through the heat exchangers of the emergency core 
cooling system. A leak in the tube bundle would result a water intake into the safety injection 
system and could cause inadvertent dilution and corrosion problems. 
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- Information on the status at Rovno NPP 

We can mention that during our discussion no serious device to control the heat exchanger 
leaktighness has been submitted by the utility. Moreover, as service water system used in 
Rovno is an semi-open system with spray pools, the option of detecting easily leakage by 
measurements in the system (decrease of water level in tank) is not available. 

From safety point of view, two cases need to be considered: 

- occurrence of the leak while the safety injection system is shut down, without it 
being detected. On starting the safety injection system, a large quantity of 
unborated water would suddenly be introduced into the reactor core, 

- occurrence of the leak while the safety system is operating, which would result in 
slow dilution of the primary fluid. 

These two cases may equally well arise in situations involving loss of primary coolant and 
situations in the cold shutdown state. 

Regarding the risks mentioned above, the existing situation needs to be improved. 

- Recommendation for improvements 

Due to the risk of the primary fluid dilution which would result from an internal leak 
affecting the heat exchangers of the safety injection system and due to the difficulty 
found in detecting such leakage, consideration needs to be given to design measures to 
solve this problem. These measures could consist of providing diversified means of 
monitoring the internal leaktightness of the heat exchangers and also the boron 
concentration. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.1.2.3 Make-up system 

- Previous assessment 

The make-up system is connected with pure water reserves and includes heat exchangers or 
tanks connected with pure water systems. 

Arrangements needed to be communicated to ensure that the risk of dilution of the primary 
water by the make-up system remains remote, particularly: 

- during refilling of the primary loop after draining for maintenance, 
- in the event of a leak at the make-up water deaerator. 
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- Information on the status at Rovno NPP 

The Ukrainian experts consider that the measures that are provided especially for these two 
kinds of dilution exclude the risk of dilution of the primary water. They are: 

- the refilling of the primary loop after its draining is performed from the tanks of the 
emergency core cooling system after the measurement of the boron concentration 
and the disconnexion of the pure condensate tanks, 

- in the event of a leak at the make up water deaerator, the existing system of the 
boron content checking permits to detect the inadvertant arrival of the condensate 
and to take arrangements. Measures are being taken to elaborate a device 
measuring the boron concentration. 

We note that specific instructions are provided for the two identified cases. Nevertheless, we 
consider that all the risks of dilution due to the make up system have to be investigated and 
included in the general study required in the § 11.2.1.2.1. A special attention has to be paid to 
human errors and consequently arrangements as automation have to be investigated. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

Refer paragraph 11.2.1.2.1. 

- Proposals for future evaluation 

None. 

11.2.1.2.4 Treatment system 

- Previous assessment 

As the purification system is permanently connected to the primary system, it was required to 
provide means of preventing the inadvertent injection of pure water into the primary system 
during the regeneration operations and on returning the demineralizers to service. 

- Information on the status at Rovno NPP 

Procedures have been specially introduced to avoid entry of clear water into the core after 
deaeration of resin filters of the treatment system directly connected on the primary circuit 
(control of the in-service removal operations, control of chemical parameters, etc.). 

Consequently, the situation at Rovno NPP seems satisfactory for this point. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 
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- Proposals for future evaluation 

None. 

11.2.2 - Control of water inventory 

In normal operation, the primary water inventory is controlled by the make-up system. This 
system, in conjunction with the purification system, provides functions equivalent to those of 
the chemical and volume control system of a Western PWR. 

If a small primary leakage occurs, the primary water inventory is controlled by the make-up 
system. If there is a primary system break, the primary water inventory is controlled by the 
safety injection system. The safety injection system includes a low-pressure section and a high-
pressure section. These two sections can recirculate the water contained in the sumps of the 
hermetic compartment and provide cooling and residual heat removal through one common 
heat exchanger per train. 

First, we first describe two problems concerning maintaining the water inventory control 
function. These problems relate to: 

- allowance for a break in all reactor states, 
- allowance for a primary break at the primary pump seals. 

11.2.2.a) Allowance for the water inventory control function in all reactor states 

- Previous assessment 

It would appear necessary to study primary system breaks in all the operating conditions of the 
reactor, and to verify that the resources to be implemented and the action to be taken in such 
situations be stated in the operating documents. 

- Information on the status at Rovno NPP 

It appears that the safety injection is normally activated automatically, particularly by the low 
primary pressure signal (82 bar). In situations where this signal is inhibited (intermediate shut 
down or cold shutdown), safety injection can only be activated by the signal of the hermetic 
compartment pressure rise, which is not sufficient to cover all primary line rupture sizes 
automatically. 

Under 150°C, the safety injection can only be started automatically by the signal of increase of 
pressure inside the confinement (P>1,1 bar). In this case, the NPP has installed a general 
procedure to treat some events which can occurred during cold shutdown. 

Consequently, we consider that the situation has to be improved. 

- Recommendation for improvements 

None. 

11/11 



- Recommendation for complementary study 

It is necessary to define all the transients which can occur during cold shutdown and to 
examine if additional procedure or automation, are necessary to cope with them. The 
need of additional automation has to be examined with comparison to the minimal delay 
allowed to the operator to avoid unacceptable consequences. 

- Proposals for future evaluation 

None. 

11.2.2.b) Allowance for a primary break and the primary pump seals 

- General Assessment 

Examination of feedback of experience throughout the world has shown two cases of major 
leakage at the primary pump seals of sizes equivalent to a small primary break. 

Due to their design, the primary pumps of the W E R 440/213 are equipped with seals which 
need a cooling and there does not appear to be any grounds for discounting the possibility of a 
major leak along the shaft of the primary pumps, particularly in the event of loss of cooling of 
their seals. 

This raises problems concerning: 

- allowance for this event as a primary system break, 
- in this case of event, consideration of the operation of the safety systems, 
- allowance for this event in the design of the systems providing cooling of the seals, 

particularly in situations requiring safety injection, 
- the imposition of functional constraints to preserve the seals. 

All these problems have been submitted to the utility. 

- Previous assessment (i) 

The problem of primary pump seal failure has beensubmitted to the utility. An assessment of 
the behaviour of the primary pump seals in case of loss of their cooling, eventually an 
assessment of the consequences of a seal failure and corresponding design arrangements was 
required. 

- Information on the status at Rovno NPP 

The primary pumps are equipped with: 
- an injection line from the make-up system, 
- a heat shield, 
- a special impeller takes water behind the heat shield and is able to inject cold water 

into the primary pumps seals in the case of loss of the make-up system injection, 
- an emergency pump is able to take water from the primary circuit and to inject it to 

the bearings after its cooling when the main coolant pump starts or stops, 
- the material of the primary pump seals is silicated graphite. 
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During previous years, the manufacturer and the utility have paid a special attention to the 
problem of loss of the cooling of the primary pump seals and on their behaviour in this case. 
The utility mentioned that specific contacts have been established with Westinghouse. 

Moreover, a specific test has been performed on one primary pump of the 1000 MWe (§ 
11.3.2.b). The seals of the primary pumps of the W E R 440 MWe are quite similar to the seals 
equipping the W E R 1000 MWe. Nevertheless as the direct use of the VVER 1000 MWe 
primary seals for the W E R 440 MWe is not provided, the utility has the intention to define 
special tests in order to check the seal integrity of the W E R 440 MWe in case of loss of their 
cooling. The Eastern experts consider that the results of these tests will be similar to those of 
the W E R 1000 MWe. 

We consider that the proposal of the utility to perform specific tests is satisfactory if: 

- the conditions of the test will be representative of the design of the W E R 440 
primary pump seals especially the design of the cooling systems, 

- the reproducibility and the representativity of the test will be demonstrated, 
- the first phase after loss of the cooling systems has to be simulated. This a major 

item to define the possibility of arrival of hot water and of damage of the seals 
during run out period of the pump. This phase has not been simulated during the 
test on the W E R 1000 MWe primary pump seals. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

We have noted that the utility has the intention to perform specific tests to define the 
behaviour of the primary pump seals in case of loss of their cooling. This is satisfactory 
approach if it can be demonstrated the reproducibility and the representativity of the 
performed test especially during the phase of run out of the primary pump. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

The shaft line of the primary pump motor is located in a facility that is virtually sealed above 
the hermetic compartment containing the primary system. If there is leakage at the primary 
pump seals, primary water would enter the facility and the greater part of it would be liable to 
be trapped there with the result that safety injection activated by low primary system pressure 
would not be accompanied by recirculation. . 

The NPP has been requested to examine the possibility of avoiding unacceptable consequences 
in the case of leakage in the compartment where the motors and the seals of the primary pumps 
are located. 
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- Information on the status at Rovno NPP 

First, it is necessary to note that there are two possible sources of leakage in this compartment: 

- from the primary pump seals, 
- from the primary main isolating valves. Action has been begun by the manufacturer 

to improve their leaktightness using a high pressure injection system. 

The utility presented his approach to take into account a leak in this compartment. They are 
the following: 

- in case of very slight leakage inside the compartment where are located the motors 
and the seals of the primary pumps. Detection is realized by gamma metric 
measurement systems located near each primary pump shaft and isolation of the 
primary loop can be made using the primary main isolating valves from the control 
room. Nevertheless, it has to be considered that to perform this action it is 
necessary to send an operator in the compartment to obtain a complete closure of 
the valves, 

- in the case of large leak, the utility considers that the pressure in the compartment 
will rise and lead to the rupture of the seal between the two compartments 
(external seal along the primary pump shaft) and the water will flow from this area 
to the hermetic compartment. 

We consider that this answer is not fully satisfactory and that the situation has to be improved 
by installation of specific devices. 

- Recommendation for improvements 

In case of primary leak in the compartment where the motors and the seals of the 
primary pumps are located, due to the risk of trapping of water, it is necessary to define 
devices to allow to the water from the leak to reach the confinement and consequently to 
allow satisfactory conditions of operability of the safety injection system. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (iii) 

This assessment is related to the possibilities to lose the systems used to cool the primary pump 
seals and consequently in this case to have a possible leak along the primary pump shaft after 
seal damage. 
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- Information on the status at Rovno NPP 

Injection of cold water at the primary pump seals is provided by one part of the make-up 
system that is not at the present time automatically emergency-supplied and which is isolated if 
a safety injection occurs. In addition, the water injected to the seals is cooled by an 
intermediate cooling system. This injection of cold water is backed up by the self-contained 
cooling system that is intended to cool the lower bearing of the primary pump and which 
includes an emergency-supplied pump. 

Consequently, as the make-up pumps are not backed up by diesel generators in case of loss of 
off-site powers (mean value: 10-2/ reactor year) if the single failure criterion is applied to one 
emergency pump of one primary pump there is a possibility of damage of the primary pump 
seals and creation of a small primary break. This is not satisfactory. 

Moreover, this injection water cooling function is not maintained in the presence of a hermetic 
compartment pressure rise signal. When the pressure in the hermetic compartment exceeds 1.1 
bar, isolation of compartment is activated. This causes: 

- loss of the primary pump seal supplies due to closing of the make-up system 
valves, 

- loss of the self-contained cooling system of the primary pumps. This system is 
cooled by an intermediate cooling system. This does it possible to provide a 
standby supply for the seals. 

Consequently, an initial accident such as spurious safety injection or a secondary steam line 
break can lead to a primary break due to the absence of cooling of the primary pump seals in a 
short length of time. 

To solve these problems, it is especially necessary: 

1. to examine the possibility to back-up automatically by diesel generator the make
up pumps, 

2. to examine the hermetic compartment isolation logic. Especially, it may be 
necessary to review the hermetic compartment isolation logic to allow for primary 
pump packing integrity problems. 

During our discussions, the utility has mentioned the following. The utility intends to install an 
additional diesel generator and to back-up automatically the make-up pumps. For the second 
item, a first change has been realized: isolation of the make up system is no longer done in case 
of high pressure in the containment (P> 1,1 bar). Nevertheless, this improvement does not seem 
efficient when a technological parameter appears because the external power sources are 
disconnected and the make up pumps are not at the present time backed up by diesel 
generator. 

- Recommendation for improvements 

It is necessary: 

1. to back-up automatically by diesel generator the make-up pumps, 
2. to review the hermetic compartment isolation logic to allow for primary pump 

packing integrity problems. 
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- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (iv) 

In the documentation, we have not found mention of operating ranges with pressures 
guaranteeing the integrity of the primary pump seals. For Western reactors, there are specified 
conditions for maintaining the primary pumps in service after cold shutdown to avoid damage 
to the seals (technological parameters). We have required the communication of the operating 
ranges with pressure guaranteeing the integrity of these seals, especially during the cold 
shutdowns. 

- Information on the status at Rovno NPP 

The utility indicated that it was necessary to have a minimum pressure of 15 bars in the primary 
circuit to be allowed to start the primary pump. 

Consequently, this is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.2.1 - S afety inj ection system 

a) Role. 

The safety injection system is a safeguard system which, if there is a loss of primary coolant 
accident: 

- supplies the water necessary for cooling the fuel assemblies to limit cladding 
temperatures, 

- removes residual heat. 

In the event of steam line break or a feedwater line break, it supplies water with a sufficient 
highly borate concentration to bring the reactor to a sub-critical state. 
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If there is a loss of the off-site electrical power supplies, the safety injection system: 

- provides borated make-up water to maintain the water inventory and cool the 
primary system, 

- removes residual heat after cooling by the secondary side. 

b) Description and operation 

The safety injection system consists of: 

• three redundant low-pressure safety-injection trains, each including: 

- a motor-driven pump with standby electrical power supplies, capable of injecting 
water with a head of 7 bar, 

- a tank containing 340 m3 of 2000 ppm borate solution which is maintained at a 
temperature of 55.6°C by heating elements, 

- an injection line divided in two parts where it enters in the containment. Each part 
is equipped with two pneumatic valves, one outside the containment and one inside 
the containment. 

• three redundant high-pressure safety-injection trains, each including: 

- a motor-driven pump with standby electrical power supplies, capable of injecting 
water at a rate of 65 m3/h with a head of 135 bar or 150 m3/h with a head of 45 bar 
(130 m3/h with a head of 20 bar to be confirmed), 

- a tank containing 130 m3 of 7000 ppm borate solution. After emptying this tank, 
the high-pressure pumps draw water from the low-pressure pump tank, 

- an injection line divided in two parts at the entrance in the containment. Each part 
is equipped with two pneumatic valves, one outside the containment and one inside 
the containment. 

• three lines with draw water from the containment sumps common to the high-pressure and 
low-pressure safety injection systems and the containment spray system, each including: 

- a sump equipped with filter screens, 
- a heat exchanger cooled with service cooling water, 

• four accumulators, each containing 40 to 50 m3 of 2000 ppm borate solution at a gauge 
pressure of 60 bars. 

The high-pressure and low-pressure safety injection pumps draw borated water from their 
corresponding tanks in the direct injection phase, then water from the sumps in the 
recirculation phase through the heat exchangers cooled by service cooling water. 

The safety injection system is started up automatically: 

- unconditionally 
- if the hermetic compartment pressure exceeds 1.1 bar, 
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- conditionally (primary temperature above 150°C) 
- if pressurizer level and primary pressure (110 bar) are low, 
- if pressurizer level is very low, 
- if there is a high steam pressure gradient for more than 5 s in any steam generator 

(0.8 bar/s), 

- conditionally (primary temperature above 255°C) 
- if primary pressure is very low (82 bar). 

If there is an off-site electrical power supply blackout, the safety injection pumps are 
automatically started while the injection lines remain isolated. 

- Previous assessment (i) 

To be in accordance with the assumptions of the accidental studies, it has to be checked if 
diaphragms are installed on the safety injection lines to the cold and hot primary legs. 
Moreover, periodical test have to be performed to control them. 

- Information on the status at Rovno NPP 

During the discussion with the utility, it has been noted that separate diaphragms are not 
installed on the low pressure safety injection to cold and hot primary legs. Diaphragms are only 
provided on the common injection line and do not answer to the submitted problem. 

Equilibrate of flow rate and periodical testing may be source of concern. 

- Recommendation for improvements 

For the low pressure injection in cold and hot primary legs, it has to be installed on each 
line device to equilibrate the flow. In addition provisions have to be taken to periodically 
test the flow rate to cold and hot primary legs. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

On the W E R 440/213, we have noted that in the case of activation of one signal of safety 
injection system the off-site electrical powers are artificially disconnected. This additional 
transient can decrease the reliability of the safety injection function and moreover leads to stop 
systems which can be useful to avoid additional problems(make up system for example). 
Consequently, we have required the utility to justify this option. 
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- Information on the status at Rovno NPP 

The utility confirmed this artificial disconnexion of the off-site electrical powers. The reason 
comes from the delay of starting up of the existing diesel generators. In fact, for some kinds of 
primary breaks, the accidental studies have shown that if loss of external powers intervened 
after emptiness of accumulators, uncovery of the core will occur taking into account the time 
to start up the diesel generators. 

Consequently, improvements on the performances of the diesel generators could lead to 
change the chosen option. The utility agree. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It will be useful to give up the artificial blackout taking account of thanks to the time 
reduction of diesel generator activation, to maintain availability of external powers in 
case of activation of technological parameters. 

- Proposals for future evaluation 

None. 

c) Design 

The safety injection system is dimensioned to be able to cope with the following accidents 
combined with an off-site electrical power supply blackout: 

- total or partial primary pipe rupture, 
- steam header rupture, 
- steam pipe rupture of steam generators. 

The low-pressure safety injection system can provide a functional redundancy for the reactor 
shutdown cooling system using the secondary circuit. 

c. 1 Single failure criterion 

- Previous assessment (i) 

At Greifswald 5, the design of the safety injection system did not comply with the single failure 
criterion as regards the following two points: 

- the design of the high-pressure pump bearing cooling system, 
- the design of the primary suction line used in cold shutdown. 

Moreover, its function during cold shutdown raises the possibility of a V-Loca transient in the 
case of break on this system (see § 11.2.5.4). 
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- Information on the status at Rovno NPP 

On the first point, the design is not the same at Rovno. Cooling of the high-pressure safety-
injection pump bearing is ensured by an intermediate system located in each room where the 
safety equipment of each stream are located. This system is cooled by the main service water 
system with three streams. In first analysis, this solution seems satisfactory, however, this 
system will have to be studied more in depth taking into account detailed schedules. 

On the second point, three redundant primary suction lines are implemented. On each line, two 
isolation valves are installed. In the first analysis, this solution seems satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

Taking into account French requirements for ECCS suction lines from the containment sumps, 
it was needed to verify that the non-isolable sections of the containment sump suction lines are 
equipped with a device ensuring leaktightness of the containment. 

It has to be considered that the recirculation lines are an extending beyond the containment. 
So, as we have mentioned in the introduction this item is a major concern to avoid sequences 
of core melt with a bypass of the containment. 

By application of the single failure criteria, a passive failure such as a leak occurring in one of 
the three non-isolable sections of the sump suction lines is liable to develop into rupturing of 
the pipe, resulting in loss of the content of the sump outside the containment and hence making 
long-term cooling of the core impossible in the event of a primary break. 

- Information on the status at Rovno NPP 

In fact, at Rovno, the non-isolable sections of the containment sump suction lines "seems" to 
be equipped with a double jacket ensuring leaktightness of the containment up to the body of 
the isolating valve. In fact, it seems that this device is used especially to avoid significant 
thermal expansion. 

The monitoring of leaktightness of the main pipe during normal operation of the unit is not 
done. Moreover, small pipes are connected to this main pipe but they are not equipped with 
double envelop. 

The Ukrainian experts consider that the obligatory French requirement to equip with a double 
jacket the lines connected to the main suction line is some what conservative. They consider 
that these lines are not mostly under pressure, but their design has taken into account the 
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maximum admissible pressure of an accident in the containment with some margins. Moreover, 
the use of the lines without welding joints, their diameter and their small length excludes their 
rupture. 

- Recommendation for improvements 

All the parts of the non-isolable sections of the containment sump suction lines including 
the nozzles have to be systematically equipped with a double envelop. The monitoring of 
the leaktighness of the main pipes has to be foreseen. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

c.2 Installation criteria 

The redundant components of the safety injection system located outside the hermetic 
compartment are the subject of physical separation limiting overall damage of the system. 

This question is treated in § 8. Specific remark related to the extent of containemnt is done in 
§ 11.2.5.3. 

c.3 Isolation criteria 

- Previous assessment 

Western practice advice to not equip the parts of the ECCS injection lines located inside the 
containment with active components. This option increases the reliability of the safety 
injection. 

- Information on the status at Rovno NPP 

At Rovno NPP, active equipment as pneumatic operated valves are located on the two 
injection lines of each stream inside the containment. The pneumatic valves are closed during 
normal operation of the plant. But, the compressed air system is not backed up by diesel 
generators. Every channel of compressed air is equipped with a receiver which maintains the 
pneumatic operated valves in necessary position during 40 hours. 

Consequently, this design does not comply with the requirement to not have active 
components on these systems inside the containment. Moreover, if stringent requirements are 
applied for the accidental studies which consider that in case of LOCA, total loss of off-site 
electrical supplies occurs, the availability of the pneumatic valves is not ensured after emptiness 
of the compressed air reserves. 

11/21 



Consequently, two problems appear: 

- loss of compressed air system during normal operation of the plant: in this case, 
leakage of only the (two) check valve(s) located downstream the pneumatic valves 
on the injection line of the high (low) pressure injection can lead to a transient of 
bypass on the confinement. The stream 2 of LPSI is equipped with only one check 
valve on the injection lines, 

- loss of compressed air system in accident situations: it has to be demonstrated that 
the availability of the safety injection is not affected. 

To answer to these problems, the utility has mentioned that to maintain the closed position 
position, compressed air is needed. Nevertheless, if compressed air is lost, the valves are free 
to move to the open or closed position, it depends in fact of the level of pressure applied by the 
water upstream or downstream of the valve. We recall that compressors are not backed up by 
diesel generators. 

So, we considered that the utility has to confirm that the head of the low-pressure pumps is 
able to maintain the pneumatic valves in the open position in case of loss of the compressed air. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It has to be demonstrated by test that the pneumatic valves located on the injection lines 
of the ECCS, are able to take in the event of loss of compressed air, the right position in 
any case (open in case of safety injection, closed in case of leak of the check valves 
located downstream). 

If the demonstration could not be provided, it should be necessary to study the 
possibility to back up electrically compressed air system. 

It is necessary to study the possibility to replace the pneumatic valves located inside the 
confinement by check valves or to install additional check valves to avoid to have active 
components on the ECCS lines inside the containment. 

- Proposals for future evaluation 

None. 

c.4 Spurious dilution 

See§ 11.2.1.2. 

c.5 Prevention of bypass of the containment 

See§ 11.2.5.4. 
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d) Operation 

d. 1 Inadvertent stopping of safety injection 

- Previous assessment 

As the risk of inadvertent shutdown of the high-pressure injection pumps by the utility is high, 
particularly with the smallest primary breaks which cannot be compensated for by the make-up 
system, the utility was required to give the provisions taken to avoid isolation and 
consequently inadvertent shutdown of the high-pressure safety injection lines during a certain 
period of time after an accident. 

- Information on the status at Rovno NPP 

Thirty minutes after beginning of an accident, the operator has the possibility to stop the 
injection pumps independently from the primary parameters, depending of his situation 
analysis.. 

We have to recall that initially when the pumps have started, they have been connected on the 
diesel generators. In the case of stopping after 30 minutes of the pumps if the diesel generators 
remains in operation, it seems that the safety injection pumps cannot be automatically 
reconnected if they are needed. 

The principle submitted by the utility seems satisfactory, nevertheless it has to be checked 
because we have identified on Western PSA that if this risk exists it constitutes one of the main 
contributor to core melt probability. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is recommended to verify that it does not exist possibility for the operator to perform 
an inadvertent stopping of the safety injection. This study has to take especially into 
account the case when the diesel generators are in operation. 

- Proposals for future evaluation 

None 

d.2 Temperature resistance of high-pressure injection pumps 

- Previous assessment 

At Greifswald, the borated water in the safety injection storage tanks was kept at a 
temperature of 55°C. 
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It was needed to demonstrate that this temperature was not liable to result in damage to the 
high-pressure safety injection pump, whose maximum allowable temperature was 70°C, due to: 

- the possibility of recirculation of water into the storage tank when the primary 
pressure is above 125 bar, 

- the risk of preferential flow inside the storage tank. 

- Information on the status at Rovno NPP 

Knowledges about the temperature of the borated water in the safety injection storage tanks, 
and about the maximum allowable temperature of the high-pressure safety injection pump data 
have been communicated. 

The temperature in the tanks is maintained at 55°C. The allowed temperature for the pumps is 
104°C. 

Consequently, the identified problem does not exist. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

d.3 Containment sumps 

- Previous assessment (i) 

At Greifswald, two of the three sumps are located inside the containment, the third is located 
in the bubbler condenser. In the case of a loss of primary coolant accident combined with 
failure of a diesel generators, one stream of the safety injection system and one stream of the 
containment spray system become inoperable. This results trapping in the sump of the affected 
stream of a large quantity of fluid that is not recirculated. Furthermore, the two other streams 
of the containment spray system will continue to supply this sump. This may result in a 
significant reduction in the water inventory in the two sumps available for recirculation and, 
consequently, a risk of the pumps becoming unavailable due to unfavourable suction 
conditions. The most severe case to be considered is related to the failure of the spray system 
train connected to the sump located inside the bubbler condenser. Moreover, it seems that at 
Greifswald the pressurizer relief tank is located inside the bubbler condenser. This kind of 
design could lead to increase the need of intercommunication of the three sumps. 

To comply with the single failure criterion, it should therefore be ensured that, in all accident 
situations, the two available streams of the safety injection system with their sumps in the 
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hermetic compartment are properly supplied with water. If this condition is not met, 
intercommunication of the three sumps is required. 

The utility was required to provide the status at Rovno. 

- Information on the status at Rovno NPP 

On Rovno, there are three sumps all located inside the hermetic compartment and there is a 
permanent intercommunication between the hermetic compartment and the bubbler condenser. 

Moreover, there is no possibility of water being trapped inside the bubbler condenser, due to 
the installation. 

Consequently, this is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for nature evaluation 

None. 

- Previous assessment (ii) 

In Western practice, the finest screen in the sump is designed to retain particles liable to: 

- cause partial blockages inside the core, 
- cause partial blockages in the containment spray nozzles. 

The smallest openings, which are in the fuel pin support grids, are of 2,5 mm. The finest 
screen, and all the possible filter by-pass passages, should therefore be dimensioned to prevent 
the passage of particles of diameters greater than 2,5 mm. 

It was necessary to know the design basis of the sump filter mesh size and to demonstrate that 
the finest screen, and the screen bypass areas, can prevent the passage of particles of diameters 
larger than the narrowest circulation passage. This particle diameter should be specified as a 
pump operating parameter. 

- Information on the status at Rovno NPP 

In fact, each sump is equipped with six vertical continuous grids. The narrowest circulation 
passage has the following section: 2mm per 2mm. On the upper part, a stainless plate is 
screwed in place and a rubber seal of 3 mm is installed to avoid bypass areas. 
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The design of the containment sumps seems satisfactory, nevertheless the installation of the 
sump filters has to be checked especially to confirm that there are no bypass areas which can 
lead to send to pumps or fuel unacceptable sizes of particles. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The design of the containment sumps seems satisfactory, nevertheless the installation of 
the sump filters has to be checked especially to confirm that there are no bypass areas. 
In addition, the results of the tests performed in Zaporozhe have to be studied in detail 
to define the possible need to improve the sump filters or the quality of the insulation of 
the pipes. 

- Proposals for future evaluation 

None. 

d.4 Monitoring of system availability 

- Previous assessment 

Examination of the reactor protection logic at Greifswald has revealed the presence of 
inhibition commands with priority over the safety injection signal and, particular, automatic 
isolation of each of the four accumulators at a low level threshold. 

- Information on the status at Rovno NPP 

This point has to be checked. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to check that there is no common mode failure that can. cause inadvertent 
automatic actions liable to result in the simultaneous loss of a number of safety injection 
system streams. 

- Proposals for future evaluation 

None. 
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11.2.2.2 - Purification and make-up systems 

11.2.2.2.1 Make-up water system and blowdown system 

a) Role of system 

The main functions of the make-up water system are the following: 
- control of reactivity by adjustment of the primary fluid boron concentration, 
- control of the necessary fluid volume in the primary system, 
- auxiliary spraying of the pressurizer. 

b) Description and operation 

The make-up system in Rovno consists of: 

- two heat exchangers, 
- two deaerators, 
- two heat exchangers for the water leaving the deaerators supplied by service water 

system, 
- three trains (3 x 100%), each including a motor-driven feed pump with a maximum 

output of 50 m3/h and a discharge head of 135 bar. To avoid cavitation of the 
motor-driven feed pumps, they are supplied by a booster pump (nominal output: 
100 m3/h, discharge head: 7.4 bar). These pumps have no automatic standby 
electrical power supplies from a diesel generator. Nevertheless, they may be 
connected taking into account the load of the on-site power supplies. The pumps 
are cooled by the service water system. 

- Assessment (i) 

Risk of primary water dilution is treated in § 11.2.1.2, isolation of the make-up system in case 
of safety injection in § 11.2.2 b. 

- Assessment (ii) and information on the status at Rovno NPP 

The make-up pumps do not have automatic standby power supplies. Consequently, there is 
difficulty for adjusting the primary pressure in the event of an off-site power black-out. In fact, 
the primary pressure in this case when a cooling is performed will decrease following the 
decrease of primary fluid volum. Possibility to adjust the pressure is difficult. Moreover, the 
high-pressure safety injection system can be required with risk of non-closure of the pressurizer 
safety valves after activation. 

This problem has been already mentioned in paragraph 11.2.2.b. So, we consider that the 
numerous problems revealed the need to require electrical power back-up by the diesel 
generating sets for the components of the make-up system, particularly the pumps. 

- Recommendation for improvements 

See paragraph 11.2.2.b about automatic electrical back up of the make up pumps. 

- Recommendation for complementary study 
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None. 

- Proposals for future evaluation 

None. 

- Previous assessment (iii) 

The make-up system (including the blowdown system and the system used to maintain 
tightness of the primary pump seals) includes a certain number of components (filters, 
demineralizers and pumps) whose technological temperature limits need to be communicated. 
Exceeding these limits may result in damage (cavitation of pumps or the forming of debris by 
the destruction of filter cartridges) if specific automation are not provided in ther design in this 
case. We can mention the possibility to inject some particles to the primary pump seals with 
possibility of damage of them if the filters on the injection line of cold water can be destroyed 
after abnormal increasing of the temperature of the water that they carry. 

- Information on the status at Rovno NPP 

The automatic functions and the measures concerning the technological limits of the 
components of the system and the components cooled by this system, in particular the primary 
pump seals, in the event of an abnormal temperature rise in the make-up system water have 
been discussed. 

The technology of the equipment and the existing automation seems satisfactory to avoid the 
submitted problems. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.2.2.2 Primary water purification system 

a) Role of system 

The role of the primary water purification installation is to: 

- control the concentrations of corrosion and fission products in the primary coolant, 
- reduce the borate concentration of the primary coolant at the end of the lifetime of 

the fuel to reduce the amount of liquid effluents produced, 
- heat the make-up water before it is injected into the primary system. 
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b) Description and operation 

The purification system operates at primary pressure, the fluid being circulated by the head of 
the primary pumps. It is located inside the containment. The system includes two streams 
connected to three primary loops with: 

- a regenerative heat exchanger, 
- a cooling heat exchanger, 
- one or two demineralizer streams. 

c) Design of system 

- Previous assessment 

The purification system is permanently connected to the primary system. Consequently, any 
primary system transient in an incident or accident affects the purification system. 

So, the utility was requested to demonstrate the resistance of its components in accidents 
affecting the primary system, and consequently to avoid to send partcles in the fuel assemblies. 
Moreover, for this reason, it was necessary to verify that in case of leak on the treatment 
system the valves were designed to close under a big increase of flow. 

- Information n the status at Rovno NPP 

The NPP considers that the system includes a sufficient number of cut-off devices and control 
means and other arrangements used to avoid the inadmissible impact on the main primary 
components. In addition, the NPP considers that the devices are designed for closure in case of 
differential pressure increase in the event of leakage. 

This answer to be accepted needs to be justified in depth and completed. At the present time, it 
is not the case. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

As the purification system is permanently connected to the primary system, it is 
necessary to demonstrate the resistance of its components in accidents affecting the 
primary system, particularly the case of loss of primary coolant, when the demineralizer 
resin support screens must retain their integrity. Their destruction, with the resulting 
release of the resins, could cause clogging of the fuel assemblies. Moreover, for this 
reason, it is necessary to verify that in case of leak on the treatment system the isolation 
valves of this system are designed to close under a big increase of flow. 

- Proposals for future evaluation 

None. 
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11.2.3 - Cooling of primary coolant 

The heat produced by the core is removed and the primary coolant is cooled by: 

- transfer of heat to the secondary system. This transfer is used both in operation on 
power and in reactor shutdown phases, requiring the use of a shutdown cooling 
system operating with steam then water, 

- by transfer of heat to the service water cooling system by means of the heat 
exchangers of the safety injection system in accident situations or in the phases of 
maintaining the reactor in the cold shutdown state especially if the off-site electrical 
power supplies are lost. 

11.2.3. i - Secondary systems 

The analysis of the secondary system covers: 

• the steam generator feedwater system 

- examination of the steam generator auxiliary feedwater system, 

• discharge of the steam produced by the steam generators 

- examination of the steam generator safety valves and the steam relief valves, 
- examination of the steam isolation valves, 

• the shutdown cooling system. 

Each of the two turbine alternator sets is associated with a main feedwater system including a 
feedwater tank. 

The steam generators are normally fed by five motor-driven pumps connected in pairs to the 
three steam generators supplying each turbine generator set. These five pumps do not have 
standby electrical power supplies. 

The additional systems are: 

- the "auxiliary" feedwater system with two pumps (nominal output: 65 m3/h, 
discharge head: 50 bar), used to supply the steam generators during the reactor 
shutdown and start-up phases. The two pumps have standby electrical power 
supplies. The system consists of two trains which are installed in the turbine hall 
and situated close to the main feed water pumps and fed only from the two feed-
water tanks (deaerators). The system is interconnected with the main feedwater 
system. The steam generators have only one nozzle for both feedwater systems. 
The auxiliary feedwater pumps inject this water at the 14.7 m platform into the 
main feedwater pipes of each SG; 

- the "emergency" feedwater system used in case of failure of the main feedwater 
system. It includes three motor-driven pumps with standby power supplies with an 
output of 65 m3/h which are connected to special reserve tanks (1000 m3) and 
inject through separate lines to the steam generators. 
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The emergency feedwater pumps and the auxiliary feedwater pumps are located in different 
zones. 

Each turbine alternator set is connected to the steam outlets of three steam generators. Each 
steam line is equipped with: 

- two safety valves, 
- an isolation valve. 

A line connecting the six steam outlets of the steam generators downstream of the isolation 
valve is equipped with two steam relief valves (one for three steam generators). 

11.2.3.1.1 Steam generator emergency feedwater system 

a) Role and description of the system 

The emergency feedwater system feeds the SGs in the event of failure of the main system. The 
whole emergency feedwater system is installed in the turbine hall, without separation from the 
main feedwater system. In case of hazards (fire, flooding or missiles), all main and emergency 
feed water pumps can fail (common mode failure). 

Taking into account the behaviour of the steam generators, this system can be used only 22 
times in the life of the plant. 

It includes three independent and redundant files. Each file consists: 

- a pump with standby electrical power supplies cooled by deionate water, supplying 
two steam generators, 

- an injection line to each steam generator that is independent of the main feedwater 
line. 

For the three trains there are two feed tanks containing 1000 m3 of water which can be 
resupplied by means of mobile pumps. 

Two pumps start up in the presence of one of the following signals (valves remain closed): 

- decrease of level in two out of six steam generators (400mm), 
- loss of off-site power. 

If the decrease of level reaches 450 mm, the valves are automatically opened. The third pump 
is started manually or automatically in case of seism. 

Before doing our analysis, it is necessary to correlate the degree of importance of this system 
with the quantity of water contained in the steam generators. Indeed, the latter should make it 
possible, in most cases, to only use the steam generator auxiliary feedwater system in the 
medium term. 

b) Design of system 
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On the basis of the hypothesis that a single pump of the system is sufficient, the single failure 
criterion appears to have been met. Indeed, in the event of a secondary system water line 
break, it is assumed that there is one pump unavailable combined with damage caused by the 
main feedwater line to the auxiliary feedwater line of the steam generator due to the break, it 
remains possible to supply the two undamaged steam generators from a single pump. 

c) Installation criteria 

- Previous assessment 

The emergency feedwater system is located in the machine hall. Consequently, this system is 
not properly protected against hazards (see § 8 but also risk of external hazards). The number 
of problems militates in favour of moving the steam generator auxiliary feedwater system 
outside the turbine hall. 

- Information on the status at Rovno NPP 

To solve the problem mentioned above, the manufacturer has proposed the construction of a 
new emergency feedwater system located in the reactor building. This location will ensure its 
protection during an earthquake. Each of the three closed streams of this new system will be 
equipped with: 

- a small reserve tank, 
- a pump, 
- a regulating valve, 
- a condenser. 

This proposal seems to be satisfactory. Moreover this kind of design can avoid also release into 
the environment after a SGTR. 

Nevertheless, the present position of the steam generator auxiliary feedwater system and 
emergency feedwater system actually increases the possibility of total loss of the steam 
generator feedwater supply. Consequently, provisions have to be taken to cope with the event 
of total loss of the steam generator feedwater supplies. In this purpose, for the short term, it is 
necessary to examine the possibility to implement diversity for decay heat removal like for 
example primary "feed and bleed" capability and to describe and to stipulate it in the operating 
documents. 

- Recommendation for improvements 

In the W E R units, safety is currently based on the continuity of the water feed to the 
steam generators, and the removal of decay heat by steam dump to the atmosphere. The 
most likely cause for the loss of this function is an internal (such as fire) or external (such 
as earthquake) event in the turbine hall. Separation or protection of the existing 
equipment seems to be very difficult to obtain. 

Two measures are needed for the maintenance of the function: 
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1. In short term: 

Seeking an alternative long-term decay heat removal system, when the secondary system 
is unavailable, by the use of resources (present ECCS in conjunction with pressurizer 
safety relief valves) which would allow "feed and bleed" of the primary and the removal 
of the energy contained in the sealed compartments (by use of the emergency core 
cooling system heat-exchangers cooled by the service water system). This solution, in 
particular in the context of an earthquake, would require a review of the ability of the 
service water system to cope with an earthquake and by qualification of the safety valves 
and relief valves of the pressurizer for operation with water, 

Because of the large amount of water contained in the steam generators and because of 
the presence of one reactor scram signal on decrease of level in the SGs, which both 
guarantee decay heat removal for several hours, the "feed and bleed" will only be used 
after some hours. 

Consequently, present performance of ECCS, and service water system have to be 
demonstrated. Additional short term requirements are: 

- availability of pressurizer relief valves if they are used due to the fact that the 
safety valves are not qualified to carry water, 

- availability of the service water pipe running in the turbine hall for which it 
is necessary to demonstrate that the floor is designed to withstand a heavy 
load. 

2. In the medium term: 

Creating a new EFW circuit outside the turbine hall, and also moving the valves for 
steam dump to the atmosphere outside the turbine hall. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

d) Re-supplying of EFWS tank 

- Previous assessment 

If there is loss of the main feedwater system, operation of the emergency feedwater system 
may be required during a period requiring resupplying of the EFWS tank. The following 
needed to be stated: 

- the possibilities of resupplying the tanks, 
- the water reserves and the resupply rates allowed for. 
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- Information on the status at Rovno NPP 

In fact, two tanks with 1000 m3 are foreseen for the secondary side of both units. Three pumps 
backed up by diesel generators have the possibility to refill the emergency water tanks. 

In a first approach, this seems satisfactory but it is necessary to confirm this point of view after 
definition and examination of the events which will require resupplying of the tanks. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to analyse the events which may require the water reserves for the 
emergency feedwater system tanks. This evaluation may serve as a base for 
consideration of complementary procedures of filling the tanks. 

- Proposals for future evaluation 

None. 

e) Station black-out 

- Previous assessment 

If the case of total loss of the on-site and off-site electrical power supplies (beyond design basis 
accident), the system has no pumping resources making it possible to maintain removal of 
residual heat by the secondary system. 

This problem on French plants is solved by the fact that the emergency feedwater system is 
equipped with turbine driven pumps and provisions are taken to maintain in operation the 
equivalent of BRU-A. 

Electrical power blackout results in a situation where: 

- the primary water inventory cannot be maintained and there is a potential risk of a 
primary break caused by rupturing of the primary pump seals, 

- residual heat cannot be removed as the steam generator auxiliary feedwater system 
and the steam relief valves are dependent on electrical power supplies, 

- the reactor cannot be controlled after the batteries have discharged. 

The utility was requested to provide his point of view. 

- Information on the status at Rovno NPP 

No provision has been taken into account to cope with this beyond design basis accident. 

Measures should be defined using a probabilistic approach, to avoid consequences in the 
blackout case (see § 11.2.8.3.1). 
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- Recommendation for improvements 

None 

- Recommendation for complementary study 

See§ 11.2.8.3.1. 

- Proposals for future evaluation 

None. 

11.2.3.1.2 Main steam system 

a) Role and description 

The steam line of each steam generator can be closed by an isolation valve and is provided with 
two safety valves with a unit capacity of 450 t/h. 

A line connecting the six steam outlets of the steam generators downstream of the isolation 
valve is equipped with two steam relief valves (one for three steam generators). The steam 
relief valve (BRU-A) is an electrically operated valve which cannot be isolated and is not 
qualified for discharging water. 

The main isolation valve is electrohydraulically-operated with three independent systems 
providing the rapid-closing function. 

- Assessment (i) 

Examination of the documents supplied leads us to think that very few measures were taken in 
the design to protect against filling of the steam generator with water and avoiding the creation 
of a break in the steam generator steam system after operation of the discharge devices with 
water. Indeed: 

- there is no protection signal corresponding to the presence of a very high level in 
the steam generators (see § 11.2.1.1), 

- the safety valves and the steam relief valves (BRU-A) are not qualified for 
discharging water, 

- the steam relief valves cannot be isolated. 

- Assessment (ii) 

The design of the BRU-A is not satisfactory and has to be improved. The manufacturer and the 
utility are paying attention to this requirement and agree with it. This improvement will be 
decided after the results of the accident studies, especially the multiple SGTR. 
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- Assessment (iii) 

In case of multiple rupture of main steam lines (14.7 m platform), unacceptable consequences 
are reached (see results of study in § 11.2.11). Among other reasons, this is due to the 
relatively high closure time of main isolation valves and to the high leakage flow (no flow 
restrictors). 

- Recommendation for improvements 

Measures need to be taken to prevent the filling of the steam generators with water. 
Also, as the steam relief valves (BRU-A) are not qualified to discharge water, it is 
necessary especially for the case of SGTR, to study the possibility of installing isolation 
valves at the steam relief valves qualified for operating with water. 

It is necessary to study the possibility of installing a steam relief valve (BRU-A) on each 
steam generator outlet before the main isolating valve. 

- Recommendation for complementary study 

A study is required to search for alternative solutions for installation of fast-acting 
isolation valves on the main steam lines, and for the installation of flow restrictors at the 
SG outlet. 

- Proposals for future evaluation 

None. 

b) Installation 

- Assessment and information on the status at Rovno NPP 

The safety valves, as well as the steam relief valves and the steam isolation valves, which are 
considered to be safety related, are installed in the turbine hall. 

These devices and their auxiliaries, particularly the electrical wiring, may be affected by 
hazards such as fire, etc ... 

- Recommendation for improvements 

According to the results of the accident studies which have to be performed, 
improvement will be perhaps necessary to guarantee the availability of the steam relief 
valves and their auxiliaries especially due to their location. This analysis may lead to 
move these valves outside the turbine hall. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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11.2.3.1.3 Secondary reactor shutdown cooling system 

a) Role and description 

The reactor shutdown cooling system is dedicated to one unit. It consists of: 

- three pumps which have standby power supplies from the diesel generators, 

- two shutdown condensers cooled by the service water system. 

The reactor cooling systems: 

- remove decay heat from the reactor, 
- cools the primary system to a temperature of 60°C, 
- preserves the feedwater system and the steam generators. 

The process of removal of decay heat and cooling the primary circuit consists of three phases. 
This system cools the primary system, first by the production of steam in the secondary system 
and reduction of the secondary pressure, then by transfer of heat to the secondary system filled 
with water, and, in a third stage, by removing residual heat. 

b) Design 

- Assessment and information on the status at Rovno NPP 

This system is not a safety system. However, it provides redundancy for certain safety systems, 
making it possible to limit the number of times they are demanded. 

There is a problem concerning the water/water phase cooling. Indeed, in loss of primary 
cooling, it is necessary to consider that there is a risk of overpressure both on the primary side 
and on the secondary side. On the secondary side, a safety valve is provided in the suction line 
of each shutdown cooling system pump, whereas on the primary side, no measures appeared to 
have been taken. After discussions, it appears that standby power supplies from diesel 
generators of the pumps are provided. 

Consequently, this provision allows to avoid overpressurisation of the primary circuit at low 
temperature. 

- Recommendation for improvements 

None 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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c) Behaviour of equipment 

- Assessment and information on the status at Rovno NPP 

During cold shutdown, when the secondary side is in water, the safety valves on the secondary 
side are in contact with water. 

Consequently, it is necessary to check that this fact does not decrease their reliability when the 
reactor will be restarted or in power (spurious opening, water hammer). 

- Recommendation for improvements 

None 

- Recommendation for complementary study 

It is necessary to justify by examination of the operational feedback and of the 
maintenance reports that the filling of the steam generator lines with water does not 
contribute to reduce the operating reliability of the following components: 

- safety valves, 
- steam relief valves, 
- steam isolation valves. 

- Proposals for future evaluation 

None. 

11.2.3.2 - Sump water cooling system 

The function consisting of cooling the water contained in the containment is associated with 
the function consisting of maintaining the water inventory by the design of the systems, 
particularly the safety injection system. 

As concerns examination of the primary water cooling function, this is discussed in the ECCS 
chapter. 

11.2.4 - Primary pressure control 

The reactor cooling system is equipped with a pressurizer connected to the hot leg of one 
primary loop by two connecting pipes in the part which cannot be isolated. The pressurizer 
spray pipe is connected to the cold leg of the same loop by means of a pipe. The pressurizer is 
equipped with two safety valves discharging into a cooled relief tank protected against 
overpressure by a bursting membrane. There is a possibility of opening these valves manually. 

There is no activation criterion for reactor scram in the case of high water level inside the 
pressurizer. 
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There is no specific device to protect the primary circuit against overpressure especially when 
the primary circuit is cold during cold shut-down if the pressurizer is full of water without 
nitrogen blanket. 

- Assessment (i) and information on the status at Rovno NPP 

In operation of the reactor protection against overpressure in the primary system is provided 
by two safety valves, each of which is on a line connected to the steam phase level of the 
pressurizer which discharges into the pressurizer relief tank. 

As concern features of these safety valves, it must be pointed out that: 

- they cannot be isolated. In fact, isolation means that there are in series two safety 
valves on each line. Each of these valves has a different setpoint to open and a 
different setpoint to close. So, this design increase the possibility of closure of the 
line after opening, 

- they are designed to carry water but no information has been provided about the 
test performed to demonstrate their qualification, 

- they could be opened intentionally from the electrical room by means of their 
electrically operated pilot valves. 

Application of the single failure criterion to these components involves considering loss of their 
leaktightness after operation with steam or their sticking in the open position after operating 
with water. As they cannot be isolated, it is necessary to consider that the flow rate will 
eventually reach a value corresponding to the maximum cross-sectional area of the valve. 
Consequently, such a transient accident could develop into an accident in which the integrity of 
the primary system is not maintained, which is unacceptable. 

Application of Western regulations to the design of the pressurizer safety devices would 
require for it to be possible to isolate them (two protection safety valves in series) and for them 
to be qualified for operating with water, as well as their isolation devices. This installation 
should not however affect the reliability of the overpressure protection function. 

- Recommendation for improvements 

It is necessary to confirm that the safety valves of the pressurizer have been tested to 
carry steam and water even they have been designed for this. 

If this kind of operation cannot be proved, it is necessary to change these valves and to 
study means to reduce the probability of inadvertent opening and non closure of 
discharging lines. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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- Previous assessment (ii) 

The NPP was required to provide information about the means and devices installed to protect 
the primary circuit against overpressurisation at low temperature for the two possible following 
cases: 

- with increase of primary mass, 
- with increase of primary energy. 

- Information on the status at Rovno NPP 

There is no specific device protecting the reactor vessel against the risk of inadvertent 
overpressure in the cold shutdown condition. Nevertheless, it has to be mentioned that in 
normal cold shutdown states, the risk of inadvertent overpressure is limited by the presence of 
a pocket of nitrogen introduced inside the pressurizer before to reach the critical temperature. 

The risk remains high if the operator forgets to apply the corresponding procedure for injecting 
nitrogen, if the quantity of nitrogen is small or during the frequent hydraulic tests carried out 
with the core loaded and with single-phase conditions in the primary system. 

In addition, some provisions have been taken into account. They are the following taking into 
account the following sources of an inadvertent overpressure in the primary system: 

- returning to service a primary loop containing water at a temperature lower than 
that of the primary system. The Eastern experts consider that a technological 
instruction is provided to forbid this transient; 

- returning to service a primary pump in a loop with a slug of cold water created by 
injection at the primary pump seals. The Eastern experts consider that a 
technological instruction is provided to forbid this transient; 

- excessive make-up water, particularly resulting from inadvertent starting of a high-
pressure safety injection pump.To protect against the arrival of an excessive 
amount of make-up water, the make-up pumps are automatically disabled when, 
with a primary system temperature below 80°C, the primary system pressure 
exceeds 30 bar; 

- loss of the residual heat removal systems. The secondary cooldown system has 
electrical backed up pumps (see § 11.2.3.1.3.b). 

The first conclusion for Rovno is to consider that during normal cold shutdown states, the risk 
of inadvertent overpressure is limited by the nitrogen blanket in the pressurizer. Nevertheless, 
this risk remains because we have to consider that usually the protection against 
overpressurisation is made only by human actions. 

- Recommendation for improvements 

It is necessary to study the possibility to install a special device to protect against 
overpressure the primary circuit in cold shutdown. This automatic device has to ensure 
that primary pressure is always under the authorized maximum pressure for each value 
of the primary temperature during cold shutdown. 

- Recommendation for complementary study 

11/40 



None. 

- Proposals for future evaluation 

None. 

- Assessment (iii) and information on the status at Rovno NPP 

The systems used during cooling down of the plant must be supplied with emergency power to 
specifically avoid over-pressurisation of the primary circuit in the event of an offsite power 
blackout. 

The plant has confirmed that the pumps used to cool down the primary system with the 
secondary system full of water are backed-up by the diesel generators (see § 11.2.3.1.3.b). 

This design consequently allows to limit the risk of cold overpressurisation of the primary 
circuit. This is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.5 - Confinement 

11.2.5.1 - Spray system 

This system was not analysed under confinement aspect. 

11.2.5.2 - Containment isolation system 

The role of the containment isolation system is to avoid any release of radioactivity into the 
atmosphere by isolating all the systems which are not necessary for controlling the accident and 
which pass through the containment, particularly in the event of a primary circuit line break. 

- Assessment (i) and information on the status of Rovno NPP 

The safety injection system that serves as a decay heat removal system is located outside the 
containment. We have noted on the drawings that the lines used for this purpose are not 
equipped with containment isolation valves. The manufacturer agree. 
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- Assessment (ii) and information on the status at Rovno NPP 

To guarantee the containment isolation system after an accidental transient, it is necessary to 
test periodically the tightness of each isolation devices (internal device and external device). 

At the present time, no provision has been submitted to us to demonstrate that these controls 
are performed. On Western plants, special devices are provided to test every year every 
isolation containment equipment taking into account specific criterion for each. 

- Recommendation for improvements 

It is necessary to verify that all the pipes coming through the containment are equipped 
with isolation means and to improve the revealed deficiencies. 

It is necessary to foresee adequate devices and procedures to be able to control 
periodically every isolation containment equipment and to define for each isolation 
device an internal leak criterion. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.5.3 - Treatment of the extension of the containment in accident situations 

- Previous assessment (i) 

The first problem relates to the emergency core cooling system and the spray system which, 
during accidental situations, carry primary water outside the containment. It has to be justified 
that independance of each stream is ensured and that means are provided to identify and to 
isolate a leak of a stream. 

- Information on the status at Rovno NPP 

The three redundant trains of the system are located in three separated rooms. Each room 
contains the pumps of one train of the following: 

- high-pressure safety injection system, 
- low-pressure safety injection system, 
- containment spray system. 

Flooding of the room itself results in the loss of one train of the safeguard systems which is 
acceptable. Nevertheless, it would appear that there is a possibility of a common mode 
regarding the drains that connect the three safeguard pump rooms. The avoidance of the 
common mode risks requires a more detailed study (see § 8). This study should include 
reviewing all possibilities of propagation of flooding among the three rooms. 
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During the visit of these rooms, we noted that there are two level detectors in each room to 
identify abnormal leakage. But, it seems that no one level detector is backed up by diesel 
generator (to be confirmed). 

Their indications are sent in the main control room. To evacuate the water from the room there 
is no pump. The operator has to open a valve on the drain line by a manual wheel located 
outside the room. During operation, the valves have to be closed to avoid flooding by the drain 
line that connects the three safeguard pump rooms. We noted that they were open. 

We consider that the situation has to be improved. Nevertheless, the utility considers that the 
existing procedures and devices are sufficient to cope with. 

- Recommendation for improvements 

It is necessary that the utility present the means of identifying and localising a leak on 
the emergency core cooling system and the spray system which, during accidental 
situations, carry primary water outside the containment. 

An analysis of the risk of flooding of the three separated rooms housing the safeguard 
systems through the drain connection is needed. Furthermore, it is necessary to indicate 
the means available for localising and isolating a leak in the facilities outside the 
containment. 

• - Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Assessment (ii) and information on the status at Rovno NPP 

We noted that the inlet lines of the HPSI and LPSI pumps are equipped with safety relief 
valves. Their purpose is to protect the low pressure parts of the SI against overpressurisation. 
During accidental situation, taking into account an additive pressure in the containment they 
could be activate. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is needed to implement periodical testings of the safety relief valves located at the inlet 
of the safety injection pumps to avoid during accidental situations bypass of the 
confinement. 

- Proposals for future evaluation 

None. 
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11.2.5.4 - Detailed analysis of isolation of all lines connected to the primary side 

11.2.5.4.1 General comments 

- Previous assessment 

The rupturing of lines which are connected to the primary circuit may cause the hermetic 
compartment system to be by-passed. Such leaks, e.g. the emergency core cooling injection 
line, make-up line, blowdown line, pressurizer auxiliary spray line, sampling line or transmitter 
lines, intermediate cooling for primary pumps through heat shield have to be prevented, since 
the coolant water from the leak does not flow back into the sump and the emergency water 
tank, but is lost from the containment. This leads to major direct releases of activity. 

- Information on the status at Rovno NPP 

The Eastern ewperts believe that all the lines connected with the primary circuit and crossing 
the containment are provided with devices. Nevertheless, no study has been provided to justify 
this point of view. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

As a first priority, it is required to check all the lines going through the containment and 
to analyse the possibility of isolating of the lines from the primary circuit to avoid bypass 
of the containment transients. 

- Proposals for future evaluation 

None. 

11.2.5.4.2 Specific problems already identified on the emergency core cooling system 

- Previous assessment (i) 

The safety injection system that serves as a decay heat removal system is located outside the 
containment and creates a potential risk of bypassing the containment if it is ruptured. If there 
is a break, the discharge of the primary coolant outside the containment should be stopped 
extremely rapidly. 

The utility was required to provide the studies performed to evaluate the consequences of 
break of the safety injection system during reactor cold shutdown state and to provide details 
about installed devices to avoid large release outside the containment. 
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- Information on the status at Rovno NPP 

It has to be noted that no study is available for this case. Moreover, no automation or device is 
provided to avoid consequences in case of break of the safety injection system when it is used 
as a decay heat removal system. 

The utility does not agree to improve the present situation in spite of the risk of bypass of the 
containment. The utility considers that the probability of damage of the ECCS lines is low 
because: 

- the pipes work at low pressure, 
- the working pressure is sufficiently lower than the designed pressure, 
- the pipelines are in operation during short period of time. 

Nevertheless, the utility considers that a small leak can occurs. In this case, the utility considers 
that check valves and cut-off devices can be closed after detection of water in the compartment 
and after radiation protection signal. 

We consider that this problem has to be studied in depth. An accidental study has to be 
performed to define automation to install to avoid in case of leak to have a large release 
outside the containment. The study of the possibility to use the same device and signal which is 
installed on the WER-1000 has to be investigated (see § 11.3.5.4.2). 

- Recommendation for improvements 

Reliable improvements and automation have to be defined to avoid large release outside 
the containment in case of rupture of the ECCS when it is used to cool down the 
primary circuit. The solution that is provided on the WER-1000 has to be studied. 

- Recommendation for complementary study 

It is necessary that studies should be performed to evaluate the consequences of break of 
the safety injection system during reactor cold shutdown state. 

- Proposals for future evaluation 

None. 

- Assessment (ii) 

One cause of bypass of the containment can occur in case of internal leak of the isolating 
devices which equip the lines from the primary circuit to the low pressure safety injection. To 
prevent primary water reaching the low pressure parts of the emergency core cooling system, it 
is necessary to control internal leaktightness of the check valves located on the ECCS injection 
lines. 

No information was available on this point. 

- Recommendation for improvements 

None. 
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- Recommendation for complementary study 

It is necessary that the utility present the procedure and the means used to follow the 
leaktightness of the check valves which are equipping the injection lines of the safety 
injection system. 

- Proposals for future evaluation 

None. 

11.2.5.4.3 Specific problems already identified on the primary transmitters lines 

- Previous assessment 

This type of device and its installation, concerning which we have very little information, 
raises, in our opinion, a certain number of questions relating to the risk of bypassing the 
containment 

- Information on the status at Rovno NPP 

As concerns the instrumentation for monitoring the parameters of the primary coolant, it is 
stated that, depending on the degraded conditions which may arise in the containment after an 
accident, only temperature sensors are installed directly on the pipes. The other primary 
parameters measuring instruments are installed in separate rooms (one per train). But,the utility 
mentioned that these compartments belong to the containment. 

Consequently, we considered that the problem of bypass of the containment does not exist in 
this case. 

Nevertheless, we have paid attention of the possibility to isolate a leak on one transmitter line 
and consequently to reduce the probability of very small primary break. It was stated that in the 
event of leakage of one of the measurement channels, the channel affected is isolated by 
passive means (ball in the impulse lines). 

For this passive device, it seems that periodic tests are not foreseen. Consequently, the 
situation has to be improved. 

- Recommendation for improvements 

Specific procedures have to be elaborated to perform periodical testings of the passive 
means used to isolate a rupture of a measurement channel. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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11.2.6 - Cooling of the spent fuel pool 

This item was not examined. 

11.2.7 - Support systems 

11.2.7.1 - Cooling water systems 

The cooling water system consists of: 

- the service water system (closed loop with reserve basins), which cools the 
equipment which guarantees the safety of the plant. The equipment that is not 
safety related is cooled by another system, 

- intermediate cooling systems which cool the important safety systems where 
primary coolant circulates. 

11.2.7.1.1 - Service water system 

a) Role and description of.system 

Service cooling water system is used to cool equipment that guarantees the safety of the plant. 

The following consumers are supplied: 

- shutdown condensers, 
- standby diesel generators, 
- heat exchangers of the safety injection system, 
- heat exchangers of the spent fuel pool cooling system, 
- heat exchangers of intermediate cooler systems, 
- motors, bearings and oil coolers of primary circuit make-up water pumps (to be 

confirmed). 

It consists of three independent trains, each including: 

- two pumps provided with standby diesel generators power supplies, 

- a spray pool with capacity of 4500 m3. 

b) Design of system 

- Previous assessment (i) 
The service water system consists of three redundant trains, which in principle means that it 
complies with the single failure criterion. A makeup system (two channels), common to the 
three streams, is used to compensate for the losses due to evaporation. The water intake is far 
3 km from the plant and the makeup pumps are not backed up by diesel generators. The flow 
of the river is not regular and sometimes its flow is very small. 

For Western countries, the heat sink capacity design basis principles are as follows. When the 
heat sink is of limited capacity (a pool for example), its capacity is to be evaluated and justified 
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with allowance made for the existing possibilities of refilling or the use of an alternate source 
of water, the meteorological conditions considered shall apply for the entire duration thus 
calculated. For the design basis of the reserve, in the case where it is not possible to justify a 
specific length of time for re-obtaining the heat sink, it is arbitrarily set at 30 days. 

Consequently, it was required that the utility present the design of the reserve basins. 
Especially, it was required information to know in case of loss of the makeup system during 
what delay it is possible to evacuate decay heat without reaching the maximal allowed 
temperature for the components. In addition, information was asked about the technical 
specifications concerning the level and temperature in the spray pools. 

- Information on the status at Rovno NPP 

According to information provided by Ukrainian experts, in case of loss of the make up 
system, the spray pools ensure the heat removing during 30 hours with extreme external 
temperature (summer conditions) and without exceeding a temperature of 33°C (maximum 
allowed value). Nevertheless, no thermohydraulic study is available to justify this result. 
Moreover, it has to be confirmed that technical specifications are installed on the level in the 
reserve basins to justify the result mentioned above. 

We consider that at the present time, even we can admit that the stringent rule to have a 
reserve of thirty days can be bypassed, it is very difficult to judge the existing situation. 

Consequently, it is necessary to have a clear understanding of the consequences of the loss of 
the service water system and to study the need to improve the existing situation. We admit that 
it can be done using a probabilistic approach. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

To be able to judge if the water reserve of the spray ponds are sufficient, it is necessary 
to have a clear understanding of the consequences of the loss of the service water system 
and eventually to study the need to improve the existing situation. 

- Proposals for future evaluation 

None. 

- Assessment (ii) and information on the status at Rovno NPP 

At the heat exchangers of the safety injection system, service cooling water system forms part 
of the second containment barrier. Now, as system is an semi-open system, the option of 
detecting leakage by measurements in the system is not easy. The utility presented the 
measures taken into account to avoid releases to the outside. On each pipe of the SWS, at the 
outlet of the heat exchangers of the ECCS is installed one measure of activity. This 
measurement is sent in the MCR and in the remote panel. The operator has to take measure in 
case of alarm to isolate the corresponding stream. 
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- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to analyse in detail the monitoring of release at the outlet of the heat 
exchangers of the ECCS in order to identify if improvements are necessary. 

- Proposals for future evaluation 

None. 

c) Operation 

- Previous assessment 

The heat exchangers of emergency core cooling system and the coolers of the diesel sets are 
permanently supplied with water. It is necessary to understand the taken measures for 
monitoring the fouling of the heat exchangers or for cleaning them. 

It is necessary to lay down methods making it possible to determine the degree of fouling of 
the heat exchangers of service water system, so as to be able to permanently monitor the heat 
exchange capacity of the heat exchangers, particularly in the light of accident situation 
requirements. 

- Information on the status at Rovno NPP 

No system is foreseen to control during normal operation of the plant, the degree of fouling of 
the service water system heat exchangers. These exchangers are cleaned one time per year. The 
situation is not satisfactory. 

- Recommendation for improvements 

It is necessary to define reliable means to follow permanently the fouling of the heat 
exchangers and means to clean up them when it is necessary. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.7.1.2 Other cooling systems 

We have not sufficient information on the other cooling systems and on their safety role in 
order to perform an assessment.. 
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11.2.7.2 - Electrical system 

See § 5. 

11.2.7.3 - Instrumentation and control 

See § 6. 

11.2.7.4 - Ventilation systems 

Climatic conditions of some safety system compartments have to be examined, especially: 

- safety systems rooms, 
- DG buildings, 
- main control room, 
- battery rooms, 
- transmitters rooms, 
- rooms where safety-related electrical equipment is located. 

-Assessment and information on the status at Rovno NPP 

For the safety equipment, usually two closed ventilation systems are installed, one is cooled by 
the service water, the other by a frigorific group. The second one is needed for summer periods 
but it is not backed up by diesel generator. 

According to Ukrainian experts, the initial project included the analysis of environmental 
conditions in the compartments and the choice of the ventilation systems and of their 
technological parameters have been made taking into account the technological limits of the 
active element located inside the compartment. In the future, at the stage of safety 
reevaluation, an analysis will be performed taking into account the real characteristics of the 
ventilation systems. 

This proposal is in accordance with our proposal mentioned in § 11.2.8.1. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

About the problem of qualification of safety equipment used to reach in case of 
incidental or accidental transient a safe state of the reactor, the utility is requested to 
provide a demonstration about the capability of the ventilation systems to maintain 
satisfactory conditions in their rooms. For this purpose, the climatic conditions of these 
rooms have to be defined and compared with the limits in temperature of equipment 
located in these rooms. 

- Proposals for future evaluation 

None. 
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11.2.7.5 - Compressed air system 

a) Role and description 

The essential purpose of the compressed air system is to supply the pneumatically controlled 
containment isolation valves. 
This system consists of three independent streams, each including: 

- a compressor not backed up by diesel generator power supply, 
- a buffer tank that enables the pneumatically-operated valves to maintain their 

position for approximately forty hours and to move 5 times (to be confirmed). 

b) Design of system 

- Assessment 

The presence of independent streams, interconnected by isolable links, each with a buffer tank, 
enables compliance with the single failure criterion until depletion of the reserves. 

The absence of a standby power supply for the compressors results in contingent unavailability 
of the compressed air system after depletion of the reserves. 

- Recommendation for improvements 

Permanent availability for long periods of the functions relating to injection of water in 
the primary circuit results in the requirement for either high capacity buffer tanks or 
standby power supplies for the compressors of the compressed air system. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.8 - Link with the accidental studies 

11.2.8.1 - Accident studies 

- Assessment 

We consider that it is necessary taking into account the accidental studies to check that the 
minimal performances of the safety systems and of their support systems are in accordance 
with the existing equipment or require improvements. 

- Recommendation for improvements 

None. 
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- Recommendation for complementary study 

The list of transients to be provided by the NPP has to be checked in order to verify its 
relevance, taking into account an in-depth analysis of operational feedback for this kind 
of reactor and initiating events specific to WER's plants such as rupture of the welds of 
one header inside the steam generators. 

The purpose of these requirements is first to verify or to determine interlocks and 
protection setpoints. But it is also necessary to verify minimal performance of the safety-
systems, especially of: 

- the emergency core cooling system, 
- the spray system, 
- the emergency feedwater system, 
- the safety valves of the pressurizer, 
- the secondary safety valves, 
- the secondary main isolation valves, 
- the BRU-A valves. 

A study will be performed to verify if the values of the setpoints and of the minimal 
performances of the safety systems and of their support systems obtained by accidental 
studies are in accordance with the existing components or lead to define some 
improvements. 

- Recommendation for improvements 

None. 

11.2.8.2 - Specific comments 

11.2.8.2.1 SGTR 

- Previous assessment 

A steam generator tube rupture (SGTR) could lead to a situation where the leaktight 
compartment system is by-passed, in the case of overfilling of the affected steam generator and 
of secondary safety valves being actuated. However, one of the positive aspects of the design 
of this kind of reactor has to be taken into account, as it can mitigate the consequences of this 
accident: the presence of the Main Isolation Valves (MIV). These valves could be used in a 
valuable way to isolate the affected steam generator, if this steam generator has been 
previously identified. 

Consequently, the utility was requested to give his point of view on this possibility and to 
submit the existing measurement to identify a SGTR and the corresponding procedure. 

During normal operation, possible leaks would be identified. The plant had to confirm the 
implementation of technical specifications on primary to secondary side leaks, and the 
implementation of a procedure to cope with such primary to secondary side leaks (without 
HPSI activation). 
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- Information on the status at Rovno NPP 

Concerning the possibility of using the MIV in SGTR conditions, the manufacturer has begun 
studies to guarantee the leaktightness of the valves (seals of the MIVs). It seems that the 
valves can operate under a maximum pressure differential of 125 bars. However, it seems that 
their reliability has to be increased. The radioactivity of the room where the operator has to 
operate the valves is monitored. This would appear to indicate that the use of the MIVs in the 
SGTR procedure is possible. 

Fission product levels are monitored in both the primary and secondary circuits. The 
measurements in the secondary circuit are used to monitor for damaged steam generator tubes. 

This is achieved by sampling in the main condenser gas exhaust. Early isolation of steam 
generators with ruptured tubes is important in terms of maintaining the primary circuit water 
inventory and avoiding the transfer of large quantities of activity to the secondary circuit. The 
existing equipment identifies tube ruptures in specific steam generators by instrumentation at 
each steam generator outlet. 

A specific procedure for SGTR is available in the main control room. The NPP indicated that 
there is an activity measurement system for each turbine ejector and that gamma metric 
measurement systems are installed at each steam generator outlet and confirmed that 
measurements of activity at each SG outlet are given in the main control room. It has to be 
checked that they are used during the SGTR procedure to confirm the affected steam 
generator. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

Regarding the SGTR situation, it is necessary to check the efficiency of means of 
identifying the affected steam generator and to study the possibility to install additional 
means like measurement of nitrogen 16. 

Moreover, the corresponding procedure would include the possibility to isolate the leak 
by using MTVs. 

- Recommendation for improvements 

None. 

11.2.8.2.2 Main steam line break 

- Assessment and information on the status at Rovno NPP 

Main steam line break can be identified by a signal of steam pressure drop in a half header (0,8 
bar/s for 5 s). Nevertheless, to avoid that overcooling of the primary occurs, it is necessary to 
limit the quantity of water injected in the SG because at the present time, in this case the main 
feedwater system is not disconnected. 

11/53 



- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to study disconnection of the main feedwater system in case of symptoms 
identifying steam line break. 

- Proposals for future evaluation 

None. 

11.2.8.3 - Improvements for transients not covered by the existing design 

11.2.8.3.1 Treatment of blackout (beyond design basis accident) 

- Previous assessment 

Total loss of the electrical power supplies results in a situation where: 

- the primary water inventory cannot be maintained and there is a potential risk of a 
primary break caused by rupturing of the primary pump seals, 

- residual heat cannot be removed as the steam generator auxiliary feedwater system 
and the steam relief valves are dependent on electrical power supplies, 

- the reactor cannot be controlled after the batteries have discharged. 

In the event of station blackout, it is necessary to determine: 

- if necessary means to maintain integrity of the primary circuit especially for the 
primary pump seals, 

- means of injecting borate water into the primary circuit, 
- means of refilling the SGs, 
- means of maintaining operation of the BRU-A after the batteries have 

discharged, 
- means of supplying I&C parameters enabling reactor control, 
- means of recovering a power source. 

- Information on the status at Rovno NPP 

This transient is not covered by the existing design and has to be considered as a beyond design 
basis accident. 

Implementation of means and procedure to cope with station blackout (power supply to 
minimum vital instrumentation, means of supplying SGs, means of using BRU-A, means of 
replenishing feedwater tanks, etc) needs to be investigated especially by a probabilistic study. 
First, the manufacturer wants to perform a probabilistic study. Taking into account the results 
of this study and a criteria for core melt probability measures will be defined. The study will be 
available at end of 1995. 
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For this study, the following points have to be precised: 

- the reliability of the external power supplies, 
- the capability of the steam generators to remove the decay heat, 
- the capacity of the batteries, 
- the behaviour of the primary pump seals without cooling. 

- Recommendation for improvements 

Due to delay necessary to perform the probabilistic study of total blackout, it would be 
necessary to define compensatory measures as soon as weak points are identified. 
Investigations have to be performed on the following: 

- means to maintain primary circuit integrity, 
- means to inject borated water, 
- means to continue decay heat removal by the secondary side, 
- means to recover electrical power for needed equipment. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.8.3.2 Treatment of total loss of SG feedwater systems (beyond design basis accident) 

See paragraph 11.2.3.1. 

11.2.8.3.3 Anticipated transients without scram (beyond design basis accident) 

- Assessment and information on the status at Rovno NPP 

This transient is not covered by the existing design and has to be considered as a beyond design 
basis accident. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary, as a first priority, to demonstrate and to ensure high reliability of the 
existing protection system, especially in view of the scram breakers, and mechanical 
components. Taking into account the operational feedback on the reliability of, among 
other things, relays, reactor scram contactors and on the probability of mechanical 
blockage of the control rods, the need to perform an accidental study on the anticipated 
transients without scram has to be investigated. 
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- Proposals for future evaluation 

None. 

11.2.9 - Qualification of safety equipment used to reach a safe state in an accident 
situation 

- Assessment 

One of the main purpose of the safety evaluation, it is to check that for every transient 
(incidental or accidental), there is always one way to reach a safe state for the plant. For this, it 
is required to define for each transient all the equipment needed like instrumentation, 
automation, electrical and mechanical components, support systems, control room commands. 

Taking into account the specific conditions linked with each transient, it has to be checked that 
for each needed equipment its design and environmental conditions allow its operation. 

For this purpose, qualification requirements have to be defined and tested. 

Moreover, it has to be checked by periodical testings that the equipment are able to accomplish 
their mission during incidental or accidental transients. 

- Information on the status at Rovno NPP 

None. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The plant will has to establish a list of the equipment used during emergency situations 
to reach a safe state and to examine qualification of these equipment. 

The methodology followed can be based on: 

- analysis of equipment needed in accident situations to reach a safe state 
including the instrumentation, 

- environment conditions of this equipment, 
- technological characteristics of this equipment, 
- qualification conditions. 

In addition, it is recommended to request the plant to prepare a list of unqualified 
equipment taking account of: 

- results of study in this field to establish the list of equipment. This study has 
to be improved due to new accident evaluations, 

- analysis of operational feedback on the W E R (examination of accidents 
which have already occurred) to have information on the behaviour of 
equipment during accident situations. 
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- Proposals for future evaluation 

None. 

11.2.10 - Testability of safety equipment 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is recommended to perform, for all the safety systems, a complete review of the test 
program and of the periodical tests. The tests should include the support systems such 
as of diesei generators, I & C, ventilation system and cooling systems. 

Especially, it is necessary to examine: 

- correspondence between the performance required in accident or incident 
situations and periodical testing performed: 
- configurations of the system during the tests, 
- checking of the performance: 

- start-up time, 
- values of flow, pump caracteristics, etc. 

- vibration checks, 
- testing of start-up sequences, 
- tightness checks of the check valves, particularly those which equipped SI 

injection lines, 
- testing of safety valves that are located on inlet line of HP and LP safety 

injection pumps, 
- testings of sensors and logic of the I & C, 
- test frequencies, 
- checks performed in the main control room during the tests, 
- follow-up process. 

- Proposals for future evaluation 

None. 

11.2.11 - Common mode failure of safety equipment 

- Previous assessment 

In the turbine hall, at level 14,7 m, we observed a run common to all the secondary pipes: the 
main steam lines and the main and emergency steam generator feedwater lines. The 
geographical grouping and the absence of physical separation are liable to result in the failure 
of a number of lines if there is rupturing of one large diameter line, without it however being 
apparently possible to cause total loss of the systems. 

The 14,7 meter platform houses a concentration of steam pipes, main feedwater and 
emergency feedwater pipes and isolation valves. It is necessary to analyse the consequences of 
damage on this platform (see § 8). Technical solutions must be eventually found to prevent 
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consequential damage in the area of the 14,7 m platform to pipes or equipment in the adjacent 
areas. 

- Information on the status at Rovno NPP 

The utility does not intend to change the arrangement of the steam pipes. Nevertheless, it 
proposes: 

- to install a new emergency feedwater system inside the reactor building, 
- possibly, to change (1 per SG) and to move the BRU-A valves. 

A study has been made of the breaking of many steam lines. Unacceptable consequences are 
reached in case of multiple ruptures. Consequently, the utility proposes to intensify in-service 
inspection. 

The Eastern experts consider that the requirement for detailed study of this problem are 
justified taking into account the existing design. But at the same time, the Eastern experts think 
that it is necessary to take into account the following considerations: 

- taking into account the complexity of implementation of possible design 
improvements, the necessity of improvements must be defined on the base of the 
impact of each on the safety. The probability of unacceptable situation must be 
taken into account relating to the volum of the modernization; 

- the most acceptable improvement against the risk of multiple rupture is the 
implementation of the concept of "leak before break". 

We understand the complexity of implementation of improvements but we consider that 
detailed studies have to be provided to judge each problem. 

The implementation of the concept of "leak before break" especially on the secondary pipes 
could be considered only as a compensatory measure, taking into account the design and the 
operating conditions of these pipes. Consequently, the submitted proposal of the Eastern 
experts has to be accompanied by an analysis of the limits for these pipes of this concept. 

- Recommendation for improvements 

In view of the results of studies recommended to be performed in § 8.2.3.3.4, technical 
solutions must be found to prevent consequential damage in the area of the 14.7 m 
platform to pipes or equipment in the adjacent areas. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.2.12-Open items 

Gas extraction systems used during normal but also accidental situation should be 
reviewed in depth during next phase. These systems are needed to evacuate the 
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production of gas (mainly nitrogen due to systematic injection of ammoniac) during any 
depressurisation and consequently to avoid to lose natural circulation. For this reason, 
we consider that they are important. One of these systems is considered like a safety 
system and is backed up by diesel generators. Its actuation is manual and can be decided 
by the team in the control room if AT sat becomes lower than 10°C. 

11.3 UNIT 3 

11.3.1 Control of reactivity 

Reactivity control is by: 
- the control and shutdown rods, 

- boron by means of the make-up and safety injection systems. 

11.3.1.1 - Control and shutdown rods 

11.3.1.1.1 Role and description of system 
The control and shutdown rods and the associated mechanisms constitute the lower level (the 
actuators) of system SUS. 

The principal functions of the system are the following: 

- keeping the reactor critical during stationary operation and controlling the energy 
distribution in the core, 

- modifying the reactor power level, 
- enabling reactor protection actions to be performed. 

This control system is linked to the boron control system used to adjust the reactivity of the 
core. The control rods act on the reactivity by means of mechanical adjustment devices which 
are moved inside the core, enabling partial or total insertion of control rods. These devices 
make it possible to start and stop the reactor and to adjust its power level. 

The system comprises 61 control rod clusters, each consisting of 18 control rods. They are 
divided into 10 banks, which make it possible to preserve distribution symmetry when they are 
moved. 

The reactor protection actions are of three types: 

- AZ: Scram 
Rapid cut-off of the control rod power supply and dropping of the control rods by gravity in 
less than 4 seconds. Disappearance of the AZ signal does not stop the dropping of the control 
rods. 

- PS-I: Emergency protection 1 
Reduction of the reactor power by gradual lowering of the control rods at a rate of 20 mm/s. 
This action ceases when the PS-I signal disappears. 
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- PS-H: Emergency protection 2 
Stabilisation of the reactor power by inhibiting or blocking control rod rise commands, 
lowering alone remaining possible. This action ends when the PS-II signal disappears. 

Power reduction and limitation signals PS-I and PS-II are consistent with the arrangements in 
French power plants. Their role is to counter trends in certain parameters by setting thresholds 
slightly lower than those resulting in a scram so as to limit the causes of scram activation. 

11.3.1.1.2 Design of reactor scram 

Protection system output signals controlling scrams and protecting actions are generated by 
2/3 voting in the measurement channels in two redundant control trains. 

The scram signal acts redundantly at three separate areas: the individual control of control rod 
clusters, the power supply contactors of the command and the power supply contactors of the 
drive mechanisms. 

This design principle is a positive point, as it ensures satisfactory operating safety in effecting a 
scram. 

11.3.1.1.3 Activation signals of drop of all control rod clusters (AZ) 

The scram signals are listed below. 

Neutron flux criteria 

- neutron flux density change period less than 10 s (at power, intermediate or source zone 
level), 

- increase in neutron flux density: 
• at source and intermediate levels, the reactor setpoint is determined by the operator 

according to the technical specifications requirements, 
• at power level, the reactor setpoint is of 107% rated power, 

- increase of neutron flux density at power level. 

Primary coolant system criteria 

- primary pressure > 176.4 bar, 
- primary pressure < 137.2 bar and temperature in hot leg of primary circuit > 260°C, 
- primary pressure < 147 bar and power greater than 75 % rated, 
- drop in coolant pump pressure from 3.9 bar to 2.5 bar in less than 5 s, 
- increase in primary temperature of more than 8°C above the rated value in one of the four 

primary circuit loops, 
- ATsat<10°C, 
- ATsat > 75°C. This signal initially was based on temperature measurement. But due to 

problem of reliability of the measurements, the signal has been changed and now is based on 
pressure measurement, 

- overpressure in containment > 0.3 bar, 
- pressurizer level < 4600 mm. 
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Steam generator criteria 

- pressure in one steam line < 49 bar and saturation temperature difference between primary 
circuit and steam line > 75°C, 

- pressure in one steam generator > 78.4 bar, 
- drop in level of 650 mm relative to nominal value in one of the four steam generators, with 

the corresponding coolant pump in service (nominal value: 2500 mm). 

Electrical power supply criteria 

- power supply frequency drop (< 46 Hz) in three of the four coolant pump power supplies, 
- loss of coolant pump power supply, depending on power level and number of pumps in 

service: 
• when power level is greater than 5 % rated: one of two or two of three (with 1.4 s time 

delay), 
• when power level is greater than 75 % rated: two of four (with 6 s time delay), 

- loss of backed up power supply of reactor protection system in two trains out of three, 
- loss of power supply of two 220 V a-c power supply trains of the control rod cluster 

control system (3 s time delay), 
- loss of the d-c 220 V power supply of the "accident control panel". 

External criteria 

- earthquake of an intensity greater than 6 on the MKS-64 scale, 
- manual operation of the AZ triggering contactor in the control room or emergency 

shutdown panel. 

- Previous assessment 

We have the following remarks to make concerning the scram signals. There are no scram 
signals associated with reaching a high level in the pressurizer or a high level in the steam 
generators. This omission needs to be correlated with the absence of knowledge about the tests 
performed to verify qualification of the pressurizer safety valves for carrying water. 

A review of additional scram signals should be performed. It is possible in a first time to 
mention: 

- high level in the pressurizer, 
- high level in the steam generators, 
- fast decrease of pressure in the steam generators. 

- Information from the Rovno NPP 

A study is in progress to examine the need to install a scram signal on high level in the 
pressurizer. This study considers especially the possibility of filling up the pressurizer when 
ECCS is in operation. 

It has to be noted that in normal operation, there is a setpoint which sends a signal to close the 
valves on the charging line of the make-up system if the level in the pressurizer increases 1,5 m 
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more than normal one. But, there is no alarm in the control room to advert the operator about 
high level in the pressurizer. 

For high level in steam generators, it is needed first to identify if for some incidental transients 
this signal can constitute a redundancy of reactor scram signal. Depending of reactor scram 
list, this signal could be used particularly in case of loss of one primary pump, in case of 
SGTR, or in case of failure of SG level regulation. 

For additional reactor scram to be used in case of main steam line break (fast decrease of 
pressure in the steam generators), the reliability of the existing reactor scrams has to be 
analysed in detail. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The follow up of the additional scram review has to be pursued. 

The aim of the installation of a reactor scram in case of a high level in the pressurizer is 
linked with the lack of guarantee demonstrating that the safety valves of the pressurizer 
could carry water. It has to be accompanied by installation in main control room of a 
preventive alarm (increase of level in the pressurizer). In the future, if actions are 
performed to improve the reliability of these safety valves, this problem should be 
considered again. 

- Proposals for future evaluation 

None. 

11.3.1.2 - Control of boron concentration 

11.3.1.2.1 - General assessment 

The decrease of boron concentration in the primary water leads to introduction of reactivity in 
the core. During normal operation of the plant, boiling crisis can occur. During cold shutdown, 
criticallity can occur. 

Spurious dilutions can be classified as follows: 

- slow dilution with homogeneous primary concentration, 
- fast primary dilution when a water slug passes through the core. This kind of 

transient can occur especially in case of lack of circulation in one or many primary 
loops. 

Specific studies have been performed for Western plants to identify all the possible transients 
and to take corrective actions using probabilistic approach. One severe problem has been 
identified. This problem can be found during dilution following a refuelling in case of stopping 
of main coolant pumps (loss of main electrical network). Without improvement, the probability 
of this sequence is 10"3/y.r. An automation has been realized on the makeup system to avoid 
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this problem. 

- Information on the status at Rovno NPP 

A generic study has been performed by Kourchatov Institute for WER's but the results are 
not available for 1000 MWe units. 

Nevertheless, detailed discussion has taken place especially on the possibility to have water 
slug dilution. Two problems have been discussed: 

- loss of external powers during dilution. In this case, AZ1 signal occurs (power 
supply frequency drop in 3 of 4 coolant pump power supplies). This signal leads to 
automatic closure of the two successive valves from clear water tanks on the make 
up system, 

- possible dilution by the line used to clean the primary pumps seals. To prevent this 
transient, administrative procedures are used during cold shutdown to isolate the 
lines which provide clear water to clean the primary pumps seals and to disconnect 
the contactors of the corresponding pumps when the primary pressure is lower 
than 10 bars. 

In addition, it has to be mentioned that normal dilution before start up of the plant takes place 
only when the primary temperature reaches 250°C. Moreover, the Kourchatov Institute studied 
the possible complementary sources of unboricated water fed into the primary circuit, which 
served as a base for technical specifications. 

Regarding the risk of dilution identified on Western plants, we believe in agreement with the 
Eastern experts that the devices mentioned above avoid the same peoblem at Rovno NPP. 

Consequently, we consider that the situation is in a good way, but complementary study is still 
necessary to be sure that all the problems have been examined. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The plant has taken positive measures (technical and administrative measures) to 
prevent dilution of primary water in the primary circuit. However, the utility has to 
study in detail this problem and to present its evaluation of the risks of dilution 
especially of water slug dilution. This evaluation has to take into account all the 
possibilities to inject pure water in the primary system. The need for improvements 
could be estimated by a probabilistic approach. 

For measurements of boron concentration, improvements have to be realized to be able 
to control isotope 10. 

- Proposals for future evaluation 

None. 
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11.3.1.2.2 Emergency core cooling system 

- Previous assessment 

The heat exchangers of the low-pressure cooling system are supplied by permanent circulation 
of service water system. 

In the event of leakage in the tube bundle, there are two possible situations depending on the 
pressure conditions in the heat exchanger. 

In the initial phase of a primary break accident, the primary pressure is higher than that of 
service water system. The leak results in the ingress of active primary water into service water 
system. Measurements of the activity of the cooling water should result in isolation of the 
safety injection system side of the heat exchanger and shutdown of the affected safety injection 
train. 

If the pressure conditions are the reverse, in normal operation or primary break accident phases 
when the primary circuit is depressurized, the leak is in the opposite direction and raw cooling 
water enters the safety injection system. No means of detection of such leakage is provided. 

If the leak occurs while, the safety injection system is shut down, a certain quantity of 
unborated water is suddenly introduced into the reactor core on starting the safety injection 
system in an accident situation or on placing the reactor in the cold shutdown state. 

If the leak occurs while the safety injection system is operating in an accident situation or 
during normal cooling of the reactor, slow dilution of the primary coolant takes place. 

Due to the risk of the primary fluid dilution which would result from an internal leak affecting 
the heat exchangers of the safety injection system and due to the difficulty found in detecting 
such leakage, consideration needs to be given to design measures to solve this problem. These 
measures could consist of providing diversified means of monitoring the internal leaktightness 
of the heat exchangers. 

- Information on the status at Rovno NPP 

The utility considers that this risk has been taken into account. 

On the side of the emergency core cooling system, the heat exchanger is completely isolated 
during normal operation of the plant (all the valves are in closed position). In case of leak in 
the heat exchanger, the pressure on the side of the emergency core cooling system will increase 
suddenly and reach the pressure of the service water system. In this case, the operator is not 
averted because there is no alarm in the main control room. Moreover a boronmeter is installed 
to control boron concentration in each ECCS stream. 

The possibility to control the release in case of leak in the heat exchanger when the emergency 
core cooling system is actuated, is analysed in the paragraph 11.3.7.1.1.2. 
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- Recommendation for improvements 

Regarding the risk of dilution from leak through heat exhangers, the actions dependent 
of the boron concentration measurement on the ECCS lines must be clarified and 
improved. That raises the problem of the safeguard system operation in the event of 
accidental situation, especially regarding their start up. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.1.2.3 Make-up system 

Makeup system, due to its design, comprises a number of components which constitute 
possible sources of unboricated water liable to cause dilution of the primary coolant. These 
include: 

- the tanks connected to the system concerning which we have no information on 
their boron content, 

- the heat exchanger located downstream of the supply deaerator in which the 
service water system pressure is greater than that of the make up system, 

- the deaerators in which secondary steam is used, 
- the hydrogen combustion systems, 
- CBO-2, 
- the controlled leakages system. 

- Previous assessment 

Administrative and technical measures are necessary to avoid the risk of dilution of the primary 
water by the make-up system. This analysis could be based on a probabilistic approach. 

- Information on the status at Rovno NPP 

A boronmeter is installed on the make up system. In case of suction of inadequate water by the 
make up pumps, the measure needs 3 minutes to be performed. A specific instruction is in 
progress and also specific studies to provide the possibility to measure isotope 10 of boron. 

- Recommendation for improvements 

Regarding the risk of dilution, it seems necessary to develop the boron concentration 
measurement device which is located on the make up system and to specify what kind of 
actions are planned in the specific instruction which is now elaborated in the event of 
detection of inadequate water. 

- Recommendation for complementary study 

None. 
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- Proposals for future evaluation 

None. 

11.3.1.2.4 Treatment system 

- Previous assessment 

During regeneration of the demineralizers of the treatment system (bypass of the main coolant 
pumps), loosening and flushing of the resins must be carried out with unboricated water, which 
may result in substantial dilution of the primary coolant. Similarly, when a demineralizer is 
returned to service, in the event of improper borate saturation of the demineralizer, the primary 
water entering the filter supplies the missing borate, and this retention of borate will result in 
dilution of the water in the primary circuit. 

Consequently, arrangements should be made to prevent the inadvertent release of pure water 
into the primary circuit during regeneration operations and on putting into service 
demineralizers which are new or thought to be saturated but previously isolated. 

- Information on the status at Rovno NPP 

It should be noted that the existing instructions specify procedures during the operation of 
cleaning devices. These procedures are used to avoid entry of clear water into the core after 
deaeration of resin filters of the treatment system directly connected on the primary circuit 
(control of the in-service operations, control of chemical parameters, etc.). 

Consequently, the existing situation is estimated satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.2 - Control of water inventory 

The primary water inventory is controlled by: 

- the make-up system in normal operation, 
- the make-up system in the event of slight primary leakage, 
- the safety injection system in the event of a primary system break. The safety 

injection system includes a low-pressure section and a high-pressure section. These 
two sections can recirculate the water contained in the sumps of the leaktight 
enclosure and provide cooling and residual heat removal via one common heat 
exchanger per train. 
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We first describe two items concerning maintaining the water inventory control function. These 
items relate to: 

- allowance for a break in all reactor states, 
- allowance for a primary break at the primary pump seals. 

11.3.2.a) Allowance for the water inventory control function in all reactor states 

- Previous assessment 

In the event of a primary break, the safety injection system is activated by the presence of one 
of the following signals: 

- ATsat<10°C, 
- pressure rise in containment of 0.3 bar. 

Consequently, it is necessary that these signals are not inhibited during the cold shutdown 
states. 

- Information on the status at Rovno NPP 

It appears not to be necessary in principle to inhibit these signals in certain reactor states to 
avoid inadvertent safety injection. It is to be remembered that in units where safety injection is 
triggered by a low primary pressure signal, it is necessary to inhibit this function when the 
reactor is at a pressure less than a particular threshold. 

It has to be noted that the signal ATsat uses measures of primary temperature in hot legs which 
can be considered like conservative when the primary pumps are stopped. 

The signals chosen for activation of safety injection must ensure its automatic starting for all 
break sizes and in all reactor states. 

Subject to reservations concerning measures possibly taken at operating level, the design 
appears satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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11.3.2.b) Allowance for a primary break at the primary pump seals 

Examination of feedback of experience throughout the world has shown two cases of major 
leakage at the primary pump seals of sizes equivalent to a small primary break. Due to their 
design, the coolant pumps are equipped with seals and there does not appear to be any grounds 
for discounting the possibility of a major leak along the shafts of the coolant pumps, 
particularly in the event of loss of cooling of their seals. 

This raises problems concerning the allowance for this event in the design of the systems 
providing cooling of the seals, particularly in situations where safety injection is necessary. 

Injection at the coolant pump seals is carried out by the makeup system which is not backed up 
and which is isolated in the event of safety injection. This function is backed up by the self-
contained cooling system which is designed to cool the lower bearing of the pump and which 
includes an emergency supply pump. Loss of both systems or loss of the cooling system ZUP 
results in unacceptable consequences within a small delay. Furthermore, this injection water 
cooling function is not maintained in the presence of a leaktight enclosure isolation signal. 

Consequently, in the presence of the transient "loss of off-site electrical power supplies", if the 
single failure criterion is applied to the self-contained cooling system of one of the coolant 
pumps, there is a risk of loss of the integrity of the primary system outside the leaktight 
compartment, which is totally unacceptable. The situation would be acceptable if the makeup 
system pumps had standby power supplies and automatic reloading. 

- Previous assessment (i) 

It was considered that the problem of coolant pump seal failure needed to be examined by the 
utility. 

- Information on the status at Rovno NPP 

The manufacturer and the utility have paid a special attention to this problem during previous 
years. The design of the primary pump was presented by the utility. It appears that the primary 
pump is equipped with: 

- an injection line from the make-up system, 
- a heat shield, 
- a special impeller takes water behind the heat shield and is able to inject cold water 

to the primary pumps bearings in the case of loss of the make-up system injection. 
This injection avoids to the hot water to reach the primary pump seals, 

- an emergency pump is able to take water from the primary circuit and to inject it 
into the bearings after its cooling when the pump starts or stops, 

- the material of the primary pump seals is silicated graphite. 

Moreover, a test has been performed on one primary pump of the 1000 MWe. This test has 
been performed during 24 hours with the following conditions: 

- the pump was stopped, 
- the temperature of the primary circuit was at 300°C, 
- no cooling of the seals was available. 
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The results were the following: 

- no damage of the seals appeared, 
- toric rubber o-rings were destroyed, 
- no leak along the shaft appeared. 

The manufacturer considers that this test performed during 24 hours shows that the seal 
tightness was ensured and demonstrates that in case of loss of the cooling of the primary pump 
seals no leak along the shaft appears. 

To have a better knowledge about the reproducibility and the representativity of the test, we 
have required to examine in detail the conditions of the test. Especially, we have required to 
know if: 

- the hot water from the primary circuit could reach to the seals when the pump is 
stopping with a low speed of rotation, 

- the quality of the water during the test was equal to the quality of the primary 
water (size of particles), 

- the quality of the seals used during the test was equal to the quality of the primary 
seals after some period under operation. 

On the first point, the utility has precised that the volume of cold water contained in the 
injection line of the seals can be injected when the primary pump is stopping using the residual 
pressure in the treatment system. This volume represents 80 liters and doesn't seem enough to 
avoid arrival of hot water during the complete stopping of the primary pump (3 minutes) in the 
case of total blackout. 

On the second point, the utility has precised that the water quality was in compliance with that 
of the circuit during first filling up. 

On the third point, the utility precised that during the test performed of the primary pumps 
PCP-195M, the seals were new, but during the test performed on the PCP-1392 which are 
equipped with the same seals, the sealswere used before during about 400 hours. 

Consequently, regarding the fact that during the test the pump was not running, the first phase 
when hot primary water could reach the seal before complete stopping of the primary pump 
has not been simulated. In fact, it has to be considered that before complete stopping of the 
pump, the residual pressure from the primary pump can be no longer sufficient to inject cold 
water to the seals and hot water can in this case arrive to the seals. The Eastern experts believe 
that during run-out of the primary pump, the arrival of the hot water into the sealing system is 
not probable. 

- Recommendation for improvements 

None. 

11/69 



- Recommendation for complementary study 

At the present time, we consider that the problem of coolant pump seal failure is always 
opened. The conditions and the results of the test which was performed on one primary 
pump have to be provided. 

Nevertheless, we consider that the performed test was not representative especially 
during the phase of run out of the primary pump. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

The utility has been requested for the following: 

1) to examine the possibility to back-up by diesel generator the make-up pumps, 
2) to examine the hermetic compartment isolation logic. Eventually, it can be 

necessary to review the hermetic compartment isolation logic to allow for primary 
pump packing integrity problems. 

- Information on the status at Rovno NPP 

The utility intends to install additional diesel generator and to back-up the make-up pumps. For 
the second item, hermetic compartment isolation occurs when the pressure inside the 
containment is higher than 1.3 bar or when ATsat is lower than 10°C. In this case, the make up 
system and the intermediate cooling circuit of the primary pumps are isolated. Taking into 
account the doubts of the behaviour of the primary pump seals in this case, the situation has to 
be improved. 

- Recommendation for improvements 

The make-up pumps have to be backed up by diesel generators. 

In the present state of knowledge, improvement is needed for hermetic compartment 
isolation logic related to injection of cold water to the primary pump seals. One solution 
would be to maintain after hermetic compartment isolation, operation of the make-up 
pumps only to inject to the primary pump seals cold water with adequate boron 
concentration. For this it is necessary to connect the suction of the pumps to boron tank. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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- Previous assessment (iii) 

Operating ranges with pressure guaranteeing the integrity of these seals, especially during the 
cold shutdowns, need to be communicated. 

- Information on the status at Rovno NPP 

The utility indicated that it was necessary to have a minimum pressure of 15 bar in the primary 
circuit to be allowed to start the primary pump. 

This is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.2.1 - Safety injection system 

11.3.2.1.1 Role and description 

The safety injection system is a safeguard system whose role is to: 

- ensure reflooding of the reactor core with cold boricated water and help remove 
decay heat after a loss of coolant accident, 

- inject concentrated boric acid solution into the core in the event of a reactivity 
accident while maintaining a high pressure in the reactor coolant system, 

- help remove decay heat from the core and cool the reactor coolant system under 
normal operating conditions below a primary temperature of 130°C. 

The safety injection system has three redundant 100 % capacity trains. Each train can perform 
the functions of the system alone, and consists of a high-pressure section and a low-pressure 
section. A set of four medium pressure accumulators each constitutes the balance of the 
system. 

The components of the system, with the exclusion of the accumulators and the boricated water 
tanks associated with the high-pressure cooling pumps, are located beneath the containment. 

Safety injection system accumulators 

The accumulators are arranged to form two trains. Each train consists of two tanks, one of 
which supplies boricated water to the lower mixing compartment of the pressure vessel 
(downcomer) and the other to the upper mixing compartment (upper plenum). The 
accumulator discharge lines are connected directly to the pressure vessel. 
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High-pressure safety injection system 

In each train of the safety injection system, the high-pressure section consists of a high-
pressure borate injection device and a high-pressure cooling device. 

The principal components providing the high-pressure borate injection function are: 

- a tank containing 40 g/1 boric acid solution, 
- a pump. The discharge pressure ranges to 191 bar. The pump packings are stuffing 

boxes. The motor, the packings and the bearings of the pump are cooled with 
water from service water system. The rated flow is 6 m3/h. 

The principal components providing the high-pressure safety injection function are: 

- a tank containing a 40 g/1 boric acid solution located inside the containment, 
- a centrifugal pump. The motor and bearings of the pump are cooled with water 

from service water system. The maximum discharge pressure is 108 bar and the 
maximum flow is 253 nf/h at a height of 400 m water gauge (to be confirmed). 
The temperature of the fluid pumped must not exceed 90°C. 

The two parts of the high-pressure system discharged into a common pipe, connected to a cold 
leg of the reactor coolant system. 

The suction line of the high-pressure cooling pump is also connected to the low-pressure 
header downstream of the safeguard heat exchanger of the same train. This connection is used 
when the high-pressure cooling pump tank reserve is depleted to supply the pump with water 
from the containment sump which has been cooled in the heat exchanger. 

Low-pressure safety injection system 

The principal components performing the low-pressure cold boricated water injection function 
are: 

- a pump. The pump motor and the bearings are cooled with water from raw water 
system. For cooling the pump packings, the pump is equipped with a heat 
exchanger of which the coolant is water from service water system. The maximum 
discharge pressure is 23 bar, the flow is 700 to 750 ntf/h at a primary pressure of 1 
bar, and 250 to 300 ntf/h at a primary pressure of 21.6 bar, 

- a heat exchanger of which the cooling water is taken from service water system. 

The discharge lines of two of the three trains are connected to the discharge lines of two 
accumulators. The third train is connected to the hot and cold legs of one of the reactor 
coolant system loops. 

Containment sump 

The suction line of the low-pressure section of each of the three safety injection system trains is 
connected to the containment sump, which acts as a common reservoir. 

This sump, which is at level + 6.6 m, is filled, in normal operation, with 630 ntf of boricated 
water at a concentration of 16 g/1. This volume allows satisfactory operation of the pumps. 
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The boricated water in the sump will be pre-heated to a temperature of 55°C in normal 
operation by a set of two pumps and two heat exchangers supplied with secondary circuit 
steam. Its contents are periodically mixed by the low-pressure standby cooling system pumps, 
with a direct return line to the sump. 

11.3.2.1.2 Design of system 

11.3.2.1.2.1 Design basis 

- Previous assessment 

The safety injection system is designed to be able to cope with an accident consisting of a total 
rupturing of a primary pipe combined with an off-site power blackout. 

The sump has been designed with allowance for retention of water inside the containment 
under accident conditions requiring containment spraying so as to ensure a sufficient height of 
water to avoid the suction of air into the safety injection system lines. 

This loss of water due to trapping in certain areas of the containment and to run-off is 
estimated at 300 m3. 

It was needed to demonstrate that the 630 m3 reserve in the sump is sufficient in view of the 
possibility of trapping the water during spraying in the containment in the event of a large 
primary break. 

- Information from Rovno NPP 

A test has been performed on the Zaporozhe plant. It has been estimated that 200 m3 are 
trapped inside the containment. The design of the safety pumps (emergency core cooling 
pumps and spray pumps) is defined with containment sump completely empty. In this case, the 
margin is 7 m. 

Consequently, the design seems satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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11.3.2.1.2.2 Design criteria 

a) Single failure criterion 

- Assessment 

The safety injection system consists of three independent trains, each equipped with its own 
mechanisms, valves, heat exchangers, tanks, power supplies, water supplies, monitoring 
systems, indicating systems and control systems which are globally satisfactory. 

This system does not meet application of the definition of the single failure criterion as it is 
applied in Western countries at containment sump pump suction line level. 

This is because a passive failure such as a leak occurring in one of the three non-isolable 
sections of the sump suction lines upstream of isolation valve TQ10S01, TQ20S01 or 
TQ30S01 is liable to develop into rupturing of the pipe resulting in loss of the content of the 
sump outside the containment and hence making long-term cooling of the core impossible in 
the event of a primary break. 

The Eastern experts do not agree with our conclusion that the system does not meet the single 
failure criterion because they consider that: 

- the sump suction is a passive element, 
- this device is operating without pressure, 
- the corresponding line has been designed using the highest requirements as for the 

materials and for evaluation. The design pressure is more higher than the operating 
pressure, 

- the control of this line is provided according to stringent requirement. 

Consequently, the Eastern experts consider that the probability of failure of this line is very 
small. 

We consider that the submitted problem is a very severe problem for which it has to be 
considered that it could lead to a bypass of the contaiment with core melt. Consequently, 
stringent rules have to be applied in the design to eliminate it. 

Our conclusion on this problem is given in the § 11.3.5.3 related to containment bypass. 

- Recommendation for improvements 

See paragraph 11.3.5.3. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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b) Installation criteria 

The redundant components of the safety injection system located outside the containment are 
the subject of physical separation limiting the risks of damaging the entire system in the event 
of failure of one of its components. To meet this objective, separate pipe runs and separate 
routing of the power and control cables have been provided. 

This problem is treated in § 8. Specific remark related to the extent of containment is done in § 
11.3.5.3. 

c) Specific requirements 

c. 1) Spurious dilution of the primary fluid 

See§ 11.3.1.2.2. 

c.2) Prevention of bypass of the containment 

See §11.3.5.4. 

c.3) Containment sump 

- Previous assessment 

It was necessary to justify the design basis of the sump filter mesh size. Furthermore, it was 
needed to check that the layout of the sump filters (horizontal or vertical) is not conducive to 
blinding. 

- Information on the status at Rovno NPP 

The minimum opening size, which is at the fuel rod retaining grids, is 3 mm. The finest screen 
mesh, and all possible bypasses of the filter are thus sized to prevent the passage of particles of 
diameters greater than 3 mm. 

In fact, there are two kinds of filters. 

The first filters are located on the upper part of the containment sump on each of the three 
arrivals (lm x lm) of the water contained in the containment. These filters are 60 centimeters 
and the screen mesh size is 10 cm per 10 cm. 

The second series of filters are located inside the containment sump. There are three vertical 
filters with seven screens (from 5 mm to 2 mm). On one side of each of these screens, the mesh 
size is greater (10 cm). These disposals are installed to not prevent the flow in case of plugging 
of the narrowest screen meshes and they are staggered. 

This design seems to be satisfactory. Nevertheless, the results of the tests performed in 
Zaporozhe have to be used to guarantee their efficiency and absence of plugging. These tests 
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can be used also to know the behaviour of the insulation of the pipes and the level of fouling of 
the heat exchangers of the ECCS. 

- Recommendation for improvements 

The results of the tests performed in Zaporozhe have to be studied in detail to define the 
need to improve the sump filters or to improve the quality of the insulation of the pipes. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

c.4) Uptake of hydrazine hydrate 

- Previous assessment 

Uptake of hydrazine hydrate by the safety injection pumps would appear to be possible when 
the valves downstream of the hydrazine hydrate reserve are open under accident conditions. In 
the event of failure of the spray pump of one train to start, the result would be injection of 6 ntf 
of unborated water in the core, which would result in considerable dilution and would 
constitute an aggravating event for the accident. 

A protection against uptake from the hydrazine hydrate tank by the safety injection pumps 
under accident conditions must be studied to avoid the possibility of dilution of the primary 
coolant. 

- Information on the status at Rovno NPP 

The utility has paid attention to this problem. In fact, the tank contains a mixture of hydrazine 
hydrate and acid boric. Due to their concentration, their respective roles can be maintained. 

This is satisfactory to avoid to send not borated water in the core. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 
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c.5) System activation signals 

- Previous assessment 

Sump suction valves TQ10S01, TQ20S01 and TQ30S01 seemed to not receive opening 
confirmation commands in accident situations. This signal needs to be provided for all primary 
pressure values. 

- Information on the status at Rovno NPP 

The utility precises that these valves receive opening confirmation commands in accident 
situations. 

This is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

d) Protection against overpressure 

- Assessment and information on the status at Rovno NPP 

Each accumulator is protected against primary pressure by two check valves connected in 
series. Two safety valves provide protection against check valve leakage. 

To avoid the possibility of overpressure in the low-pressure lines of the safety injection system 
connected to the primary circuit, the following components are installed on the pump discharge 
lines inside the containment: 

- a motor-operated valve, 
- two check valves. 

Each of the check valves is equipped with a bypass line including a diaphragm and two closed 
motor-operated valves. These lines are intended for checking the leaktightness of the check 
valves. Any leakage of the check valves is run off to the drain treatment circuit. This solution, 
providing the connecting pipes are able to withstand the primary pressure up to the isolation 
valve, allows checking of the check valves during normal operating of the unit. 

This arrangement raises a problem in terms of the rules: there should be no non-static remote 
controlled valves inside the reactor building as, due to the safety function of the system, 
preference is given to components of the static type. The motor-operated valves on the high-
pressure borate injection and high-pressure and low-pressure cooling pump discharge lines do 
not comply with this criterion as they are located inside the containment and they must be open 
under accident conditions. 
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The presence of motor-operated valves inside the containment in the safety injection system is 
not consistent with Western practice. 

During the meetings, the utility informed us that these motor operated valves are in fact 
opened during normal operation, this is foreseen in administrative procedures. 

Consequently, we consider that this disposal is positive for the availability of the safety 
injection but negative for the protection to avoid the possibility of overpressure in the low-
pressure lines of the safety injection system connected to the primary circuit. Only two check 
valves are provided for this aim. 

To improve the existing situation, the utility has to study the possibility to implement on the 
ECCS lines outside the containment isolation devices closed during normal operation. 

- Recommendation for improvements 

The low-pressure parts of the safety injection system are separated from the primary 
circuit by only two check valves during normal operation of the plant. To improve this 
existing situation and to reduce the risk of bypass of the containment, the utility has to 
study the possibility to implement on the ECCS lines outside the containment isolation 
devices closed during normal operation. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.2.2 Makeup and purification systems 

11.3.2.2.1 Makeup system 

11.3.2.2.1.1 Role and description of system 

The makeup system has the following main functions: 

- monitoring and compensating for reactivity by adjusting the boron content of the 
primary coolant, 

- compensating for controlled and uncontrolled leaks from the primary circuit (up to 
50t/h), 

- monitoring of the leaktightness of the coolant pumps, 
- injection at the coolant pump seals, 
- cooling of the pressurizer when the coolant pumps are shut down by auxiliary 

spraying. 

11/78 



The makeup system comprises: 

- a discharged system in which water is cooled in a regenerative heat exchanger then 
in a non-regenerative heat exchanger cooled by service water system (intermediate 
circuit), 

- a purification system of the heat transfer fluid used during the operations involving 
modification of the primary circuit boron content, 

- different subsystems with specific tanks, 
- a makeup water deaerator used when the reactor is on power, 
- a demineralized water deaerator used for dilution in the reactor start-up phase, 
- heat exchangers for the water leaving the deaerators supplied by the output of the 

makeup system and by the service water system, 
- three trains (3 x 100 %), each including a motor-driven feed pump with a 

maximum flow of 60 ntf/h, a discharge height of 178 bar for water at temperatures 
up to a maximum of 70°C. These pumps do not have standby electrical power 
supplies from diesel generators, and they are cooled by service water system, 

- the following injection lines: 
• the charging line, 
• the pressurizer auxiliary spray line, 
• the coolant pump sealing injection lines. 

The make up system installations (excluding the regenerative heat exchanger and the after-
cooler) are outside the containment. The supply lines leading to the coolant pump seals and the 
primary circuit are equipped with pneumatic isolation devices at the containment penetrations. 

11.3.2.2.1.2 Design of system 

- Assessment (i) 

Risk of primary water dilution is treated in § 11.3.1.2, isolation of make-up system in case of 
safety injection in § 11.3.2. 

- Previous assessment (ii) 

The design of the makeup system does not address some criteria. 

Injection of the coolant pump seals is not available in situations involving off-site power 
blackout, loss of service water system and in the event of isolation of the containment: 

- this is because, in an off-site power blackout, the makeup pumps stop, as they do 
not have standby diesel generator power supplies, which results in loss of injection 
at the coolant pump seals. In such a situation, which is of Category 2, cooling of 
the coolant pump seals is provided by injection of primary water cooled in system 
ZUP, by means of a pump associated with each coolant pump. If the single failure 
criterion is applied to one of these pumps, the seals of the corresponding coolant 
pump are no longer cooled. Consequently, the initial accident (off-site power 
blackout) can degenerate into a primary break, which is a Category 3 accident, 
which is unacceptable. It is needed to have condition of the performed test (24h) 
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and results of calculations of cooling capacity during running down period of the 
primary pump (§ 11.3.2b), 

- in the event of loss of the heat sink, injection of cold water at the coolant pump 
ceases, with the result of a risk of a primary break. In such a situation, the safety 
systems with which it is possible to control the water inventory and remove decay 
heat are unavailable, which is unacceptable, 

- similarly, in the event of inadvertent or intentional isolation of the containment, 
injection of cold water at the coolant pump seals ceases. Indeed, the containment 
isolation command results in, firstly, closure of the fast-acting cut-off valves of 
makeup system which results in loss of injection at the coolant pump seals and, 
secondly, closure of the ZUP coolant pump cooling system isolation valves which 
causes loss of cooling of the coolant pump seal injection water. This situation can 
result in a primary break caused by the absence of cooling of the coolant pump 
seals. 
It is to be noted that in the event of isolation of the containment associated, for 
example, with a steam line break, the result is a combination of accidents: steam 
line break and small primary break. 

Adjustment of the primary pressure becomes difficult in the event of an off-site power 
blackout. Due to the large volum of the pressurizer, it has to be considered that primary 
depressurisation follows primary cooling by the secondary side (decrease of water volum due 
to cooldown). Nevertheless, in such a situation when the makeup system becomes unavailable, 
the high-pressure safety injection system can be started and connected to the primary circuit. 
This results in a large number of safety injection system demands 

To preserve the integrity of the coolant pump seals after an off-site power blackout and in the 
event of loss of service water system, the active components of the makeup system, 
particularly the feed pumps, must be: 

- provided with standby diesel generator power supplies, 
- cooled by a system independent of service water system. 

- Information on the status at Rovno NPP 

For the first point, the utility intends to provide an additional diesel generator and to back up 
the make up pumps. For the second point, it is necessary to integrate it in the study required in 
the §11.3.8.2.3. 

- Recommendation for improvements 

We approve the proposal to provide possibility to back up electrically make up pumps. 

If the results of the study required for the event of total loss of cold heat sink (see § 
11.3.8.2.3) are unacceptable, alternative measures should be implemented for the cooling 
of the make up system pumps and for instance this cooling should be made independent 
of the service water system. 
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- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.2.2.1.3 Design of components 

- Previous assessment 

The makeup system includes a certain number of components (filters, demineralizers and 
pumps) of which the technological temperature limits are not given. Exceeding these limits 
might result in certain types of damage (pump cavitation or the creation of debris by the 
disintegration of filter cartridges) of which we are unable to estimate the consequences. 

For the case of major temperature rise in the makeup system, it was necessary to state what 
automatic functions and measures are provided for the components of the makeup system and 
the components cooled by it, particularly the coolant pump seals. 

- Information on the status at Rovno NPP 

In case of increase of temperature (T > 58°C) the components of the treatment system are 
bypassed. Moreover, the filters installed on the make up system particularly the filters located 
upstream the primary pump seals are mechanical system and cannot be damaged in case of 
increase of the temperature. 

This is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.2.2.2 Primary water purification system 

11.3.2.2.2.1 Role of system 

Primary water purification installation has the role of purifying the primary coolant to remove 
any fission and corrosion products present in solid form in the moderator. 
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11.3.2.2.2.2 Description and operation 

The purification system comprises four demineralizer streams (one for each primary loop). 
They are shunt-connected across the coolant pumps. Each includes a high temperature 
mechanical filter, and a resin type trap. The filters are designed for a flow of 100 t/h. 

The system operates at primary circuit pressure and temperature conditions. Fluid flow is 
driven by the coolant pumps. During normal operation, the fluid enters the high-temperature 
filter where it is mechanically-purified of the corrosion products. At the filter outlet, the 
purified water passes through the resin-type trap, which is required to retain the filtration 
materials from the high-temperature filter, and returns to the primary circuit at the suction side 
of the primary pump. 

11.3.2.2.2.3 Design of system 

- Previous assessment 

The purification system is permanently in direct contact with the primary circuit. Consequently, 
any transients in the primary circuit affect the purification system. 

The purification system is not considered to be a safeguard system, but the main items of 
equipment (high-temperature filters and trap-type filters) are important from the point of view 
of safety and are of safety grade. 

Due to its permanent connection with the primary circuit, the resistance of the components of 
this system must be demonstrated for accidents affecting the primary circuit, particularly for 
the loss of primary coolant accident case in which the grids maintaining the demineralizer 
resins and the filter-type traps must not disintegrate. Disintegration would result in release of 
the resin which might cause plugging of the fuel assemblies or of the steam generator U-bends. 

So, we consider that the resistance of its components in accidents affecting the primary system 
must be demonstrated to avoid to send particles in the fuel assemblies. Moreover, for this 
reason, it is necessary to verify that in case of leak on the treatment system the valves are 
designed to close under a big increase of flow. 

- Information n the status at Rovno NPP 

The NPP considers that the system includes a sufficient number of cut-off devices and control 
means and other arrangements used to avoid the inadmissible impact on the main primary 
components. In addition, the NPP considers that the devices are designed for closure in case of 
differential pressure increase in the event of leakage. 

This answer to be accepted needs to be justified in depth and completed. At the present time, it 
is not the case. 

- Recommendation for improvements 

None. 
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- Recommendation for complementary study 

As the purification system is permanently connected to the primary system, it is 
necessary to demonstrate the resistance of its components in accidents affecting the 
primary system, particularly the case of loss of primary coolant, when the demineralizer 
resin support screens must retain their integrity. Their destruction, with the resulting 
release of the resins, could cause clogging of the fuel assemblies. Moreover, for this 
reason, it is necessary to verify that in case of leak on the treatment system the isolation 
valves of this system are designed to close under a big increase of flow. 

- Proposals for future evaluation 

None. 

11.3.3 - Cooling systems 

Heat is removed from the core and the primary circuit is cooled by: 

- transfer of heat to the secondary circuit. This transfer is used both during operation 
on power and the different stages of shutting down the reactor, 

- transfer of heat to the raw water system via safety injection system heat exchangers 
in accident situations, or during the successive stages of placing the reactor in the 
cold shutdown state. 

11.3.3.1 Secondary systems 

The analysis made of the secondary systems covers: 

- the steam generator feedwater supply, 
- removal of the steam produced in the steam generators. 

11.3.3.1.1 Steam generator emergency feedwater system 

11.3.3.1.1.1 Role of system 

The system supplies the steam generators in the event of unavailability of the main feedwater 
supply system, particularly in the case of an off-site power blackout. 

It consists of three independent trains, each including: 
- one supply tank containing 500 m3 of water (to be confirmed), 
- one pump, with a backed up electrical power supply, each supplying two steam 

generators and cooled by one train of service water system, 
- one set of valves for adjustment of the rate of injection into the steam generators or 

its isolation, 
- one injection line leading to each steam generator independently of the main 

feedwater supply line. 
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The first train can supply either steam generators 2 and 4 or, after operating valves, steam 
generators 1 and 3. The two other trains each supply two steam generators (1 and 4 for the 
second, 2 and 3 for the third). 

11.3.3.1.1.2 Design of system 

The three pumps are in geographically independent rooms in the safety auxiliaries building. The 
three tanks are in a single room. 

- Previous assessment 

During evaluation, the following problem has been pointed out. The line supplying steam 
generators 1 and 4 runs close to one live steam pipe and one main feedwater pipe. An initiating 
event consisting of rupturing of the live steam line or the main feedwater line might result in 
the loss, by pipe whip, of the emergency feedwater supply of the steam generators 1 and 4. 
This event, combined with a single failure consisting of loss of pump TX30D01 or of the diesel 
generator of train 3 would result in the use of a single pump for supplying steam generators 2 
and 4 (basic position). Most of the output of the pump in this situation would be lost through 
the break at steam generator 4. A sufficient supply for the two sound steam generators could 
not be provided until isolation of steam generator 4 and opening of the isolation valve of the 
auxiliary feedwater supply line to steam generator 3. 

Isolation of steam generator 4 is automatically triggered by the signal indicating high flow 
combined with low level in steam generator 4. This isolation makes it possible to correctly 
resupply steam generator 2 via the pump of stream 1. Supply of steam generator 3 is not 
possible until opening by the operator of valves TX14S01 or TX14S02. It must be verified that 
operation of these valves remains possible after loss of the diesel generator of train 3. 

Although this situation does not result in loss of the steam generator feedwater supply 
function, it is basically unacceptable. A live steam line rupture must not result in loss of the 
feedwater supply to two steam generators. 

The emergency feedwater supply pipes should be protected against the risk of multiple rupture 
caused by whipping of live steam pipes or main feedwater supply pipes. 

- Information on the status at Rovno NPP 

An evaluation of the probability of this kind of event has been performed. The results are not 
yet available. 

The Eastern experts consider that the requirement for detailed study of this problem are 
justified taking into account the existing design. But at the same time, the Eastern experts think 
that it is necessary to take into account the following considerations: 

- taking into account the complexity of implementation of possible design 
improvements, the necessity of improvements must be defined on the base of the 
impact of each on the safety. The probability of unacceptable situation must be 
taken into account relating to the volum of the modernization; 
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- the most acceptable improvement against the risk of multiple rupture is the 
implementation of the concept of "leak before break". 

We understand the complexity of implementation, of improvements but we consider that 
detailed studies have to be provided to judge each problem. 

The implementation of the concept of "leak before break" especially on the secondary pipes 
could be considered only as a compensatory measure, taking into account the design and the 
operating conditions of these pipes. Consequently, the submitted proposal of the Eastern 
experts has to be accompanied by an analysis of the limits for these pipes of this concept. 

- Recommendation for improvements 

The protection of the emergency feedwater supply pipes against the risk of multiple 
rupture is essential for the safety of the plant. So, taking into account especially results 
of probabilistic studies, improvements have to be defined and implemented as soon as 
possible. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.3.1.1.3 Operation 

a) Re-supplying of EFW tank 

- Previous assessment 

In the event of loss of the main feedwater plant, operation of the emergency feedwater system 
may be required for a length of time necessitating resupplying the tanks with water. 

It was necessary to state: 

- what are the events which may require the water reserves, 
- what means are available for resupplying the tanks, 
- what water reserves and resupply rates are allowed for, 
- the guarantee of operation of the pumps if fed with impure water. 

- Information on the status at Rovno NPP 

Two demineralized water tanks each containing 1000 m3 can be used to resupply the 
emergency feedwater tanks. Nevertheless, it has to be noted that the pumps used are not 
backed up by diesel generators. 

In a first approach, this seems satisfactory but it is necessary to confirm this point of view after 
definition and examination of the events which will require resupplying of the tanks. 
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- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to analyse the events which may require the water reserves for the 
emergency feedwater system tanks. This evaluation may serve as a base for 
consideration of complementary procedures of filling the tanks. 

- Proposals for future evaluation 

None. 

b) Station black-out 

- Previous assessment 

In case of total blackout (beyond design basis accident), it is necessary to demonstrate that it is 
possible to maintain decay heat removal. We can mention that this problem on French plants is 
solved by the fact that the emergency feedwater system is equipped with turbine driven pumps 
and provisions are taken to maintain in operation the equivalent of BRU-A. 

An electrical power blackout results in a situation in which: 

- the primary water inventory cannot be maintained and there is a potential risk of a 
primary break due to rupture of the coolant pump seals, 

- decay heat can no longer be removed as the steam generator emergency feedwater 
system and the steam venting systems are dependent on electrical power supplies, 

- the reactor can no longer be controlled after the batteries are discharged. 

- Information on the status at Rovno NPP 

In the event of an on-site and off-site power blackout, the emergency feedwater system can no 
longer be used to remove decay heat by the secondary circuit. 

Consequently and more generally, it is necessary to state the measures, which can be justified 
by a probabilistic approach, intended to counter an on-site and off-site power blackout (see § 
11.3.8.2.1). 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

See paragraph 11.3.8.2.1. 

- Proposals for future evaluation 

None. 
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c) Loss of cold heat sink 

- Assessment and information on the status at Rovno NPP 

In the event of loss of the cold heat sink (beyond design basis accident), decay heat is no 
longer removed either by the secondary circuit (loss of the steam generator emergency 
feedwater pumps) or by the primary circuit (loss of the low pressure safety injection system 
heat exchangers). 

Consequently, loss of the heat sink or of the service water system can result in a situation 
where: 

- the primary water inventory cannot be maintained and there is a potential risk of a 
primary break by rupturing of the coolant pump seals, 

- decay heat cannot be removed either by the primary circuit or the secondary 
circuit. 

It is necessary to study the possibility to improve the cooling of the steam generator emergency 
feedwater system pumps and to make it independent of service water system. This 
improvement can be based on a probabilistic study assessment. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

See § 11.3.8.2.3. 

The utility agreed to study the possibility to install a redundant system to cool the 
pumps of the steam generator emergency feedwater system by the water sucked from the 
emergency feedwater tank to be used in the event of total loss of cold heat sink. 

- Proposals for future evaluation 

None. 

11.3.3.1.1.4 Design of equipment 

- Assessment 

The emergency feedwater supply system pumps have a nominal output of 150 ntf/h. The limits 
of temperature of the emergency feedwater system pumps are: 

- 85°C for the bearings of the motors, 
- 70°C for the bearings of the pumps. 
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The main parameters for satisfactory operation of the pumps are the quality of oil and also the 
temperature of the service water system. Consequently, these points have to be checked in the 
testing programme and followed after every test to identify if an evolution occurs. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

See § 11.3.10. 

- Proposals for future evaluation 

None. 

11.3.3.1.2 Main steam system 

a) Role and description 

The steam line of each steam generator, which can be isolated by a valve, includes two safety 
valves controlled by the internal fluid and a BRU-A valve. 

The BRU-A valve is an electrically-operated valve which cannot be isolated and is not qualified 
for releasing water. 

The main isolation valve is an electro-hydraulically controlled valve with three independent 
circuits providing the fast closing function. This valve is followed by a check valve which 
prevents the draining of a number of steam generators in the event of non-closure of the main 
valves in a steam line break situation. 

b) Design 

- Assessment and information on the status at Rovno NPP 

The examination we have made of the documentation supplied leads us to think that very few 
measures have been taken at the design level to protect against filling of the steam generators 
with water and avoiding the forming of a break in the steam generator steam circuit after 
release of water by the relief devices. Indeed: 

- there is no protection signal for the presence of a very high level in steam 
generators, 

- the safety valves and the BRU-A valves are not qualified for releasing water, 
- the BRU-A valves cannot be isolated. 

It is necessary that measures be taken to prevent the filling of the steam generators with water. 
Furthermore, depending on the absence of qualification of the steam relief valves (BRU-A) for 
discharging water, it is necessary to install isolation valves qualified for operating with water. 
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- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The qualification of the steam relief valves (BRU-A) for discharging water is still an 
opened item. For that reason, studies relative to the installation of qualified isolation 
valves have to be continued. 

- Proposals for future evaluation 

None. 

11.3.3.2 - Reactor cooling systems 

11.3.3.2.1 Role and description 

The reactor cooling systems: 

- remove decay heat from the reactor, 
- cool the primary circuit to a temperature of 60°C. 

The process of removal of decay heat and cooling of the primary circuit consists of two 
phases: 

- a first phase in which decay heat is removed by the secondary circuit. For this 
purpose, there are two automatical regulations: 
- to control the level in the steam generators, 
- to adjust the speed of the primary cooling, 

- a second phase in which the primary circuit is cooled by the low-pressure safety 
injection system. 

During the first phase, cooling is carried out using the secondary circuit by release of steam, 
trapped from the live steam circuit, via a bypass-to-condenser system (BRU-K) or if this is 
impossible, or the unit is kept in the hot shutdown state, the decay heat from the core is 
removed via the two auxiliary reduction systems (BRU-SN) to the technological condenser 
(TK). The steam generators are supplied with water by the motor-driven pumps of the 
auxiliary feedwater supply system (start-up and shutdown system) or by the motor-driven 
pumps of the emergency feedwater supply system. 

In the event of a power blackout or when removal of heat by the technological condenser is 
impossible, the primary circuit is cooled or the unit is kept in the hot shutdown state by 
removing heat via the BRU-A valves. In this case, the steam generators are supplied with 
water only by the steam generator emergency feedwater supply system pumps. 

During the second phase, cooling is carried out using the low-pressure cooling system of which 
the heat exchangers are cooled by the service water system. 
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11.3.3.2.2 Design of system 

In this section, we shall restrict ourselves to the cooling system used during the second phase. 
The design of system BRU-A and the steam generator emergency feedwater system has 
already been considered in previous sections. 

The safety injection system which serves as a decay heat removal system is located outside the 
containment and creates a potential risk of bypassing the containment if it is ruptured. This 
problem is examined in the § 11.3.5.4.2. 

11.3.3.2.3 Operation 

- Previous assessment (i) 

The secondary cooling system makes possible to cool the primary circuit at a rate of 30°C/h 
under normal operating conditions and 60°C/h in incident situations. The first phase ends when 
the primary circuit reaches a temperature of around 130°C. It lasts between 5 and 6 hours. In 
the second phase, the reactor is cooled by the low pressure system. The low pressure system is 
used to cool down the primary when the primary temperature reaches 130°C down to a 
temperature of 60°C. 

During cooling of the reactor, at the end of the first phase in which only equipment of the 
secondary side of the installation is used, before connecting the low pressure safety injection to 
the primary circuit, it is necessary to establish suitable pressure and temperature conditions in 
the low-pressure long-term cooling system equipment to avoid damage (thermal shock 
especially). Consequently, we have requested the utility to present the corresponding 
procedure. 

This item is linked with item 11.3.5.4.2.a. because it contributes to reduce the possibility to 
have a rupture of the pipe and consequently a bypass of the containment. 

- Information on the status at Rovno NPP 

A specific procedure is used to establish suitable temperature conditions in the main parts of 
the low pressure system (suction lines, pumps, injection lines). The pumps are heated (function 
on the minimal flow line) to not exceed the admissible difference of temperature (60°C). This 
constitutes a main item to avoid primary leak outside of the containment when the ECCS is 
used during cold shutdown. 

- Recommendation for improvements 

Before connecting the low pressure long term cooling system to the primary circuit for 
the cooling of the reactor, some parts of the system cannot be put at the adequate 
temperature. So, improvements have to be realized. This item is very important taking 
into account the location of the ECCS outside the containment and the possible bypass 
of the containment if a rupture occurs (see § 11.3.5.4.2.a). 
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- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

On French plants, during some maintenance operation (inspection of steam generators tubes), 
it is needed to decrease the level in the primary loops til the medium plane of the primary pipes. 
In this case, the residual heat removal system which cools the primary fluid can suck air if the 
level in the primary loop is too low and its pumps can fail. This situation is critical because the 
volume of water in the primary is reduced. Special measures are taken on French plants to 
follow the behaviour of the residual heat removal system pumps and instructions are installed 
to avoid core uncovery if the pumps are lost. 

The utility had to precise the corresponding possibilities and measures taken on Rovno. 

- Information on the status at Rovno NPP 

When the cover is removed from the vessel, it is possible for some maintenance operation to 
decrease the level in the primary circuit til three quarters of the cold legs. This operation 
occurs before and after refuelling for primary pump maintenance. First the level is decreased, 
the internal part of the pump is removed. A special cover with a seal is installed. After this, the 
level is increased. After the refuellling the reverse operation is done. 

During this operation, when the primary level is decreased, the operator has to follow the level 
(specific column between hot leg and cold leg) to avoid draining of low pressure pumps. If this 
event occurs, the operator has to apply an instruction that requires to start high pressure safety 
injection pump to refill the primary. For this purpose, the valves on the injection lines of the 
iff SI pumps are re-connected during emptying of the primary circuit. Usually, these valves are 
not connected during cold shutdown to avoid overpressurisation. 

Another possibility can be used by the operator. He can put in service the trains of the LP SI 
which are not used to cool down the primary circuit and remain connected to the boron tanks. 

So, in every case only an human action is able to avoid unacceptable consequences but in a 
very short delay. 

In addition, under some conditions it is necessary to sweep the gaseous phase of the primary. 
In this case, the level is decreased till the hot legs, but the cover vessel is not removed. Only 
small lines are opened on pressurizer and steam generators. But their section does not allow to 
reconnect valves of the high pressure safety injection. In case of problem, all the actions have 
to be performed by the operator. 

We consider that the possibility of human error is very high and consequently the study of an 
automation (injection of water) has to be performed to improve the existing situation. 
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- Recommendation for improvements 

During reactor shutdown, the possibility to lose the low pressure pumps of the ECCS 
has a non negligible probability. In this case, the delay is very short to recover the 
situation when maintenance operation requires to decrease the level in the primary 
loops. 

Consequently, it is necessary to implement reliable measurements to follow in this case 
the primary level and to study and to implement an automation to recover the situation. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.3.3 - Sump water cooling system 

The function consisting of cooling the water contained in the containment is associated with 
the function consisting of maintaining the water inventory due to the design of the systems, 
particularly the safety injection system. The primary water cooling function is described in § 
11.3.1.1. 

11.3.4 - Primary pressure control 

11.3.4.1 - Normal operation 

- Assessment and information on the status at Rovno NPP 

During normal operation, the pressure in the primary circuit is 160 bar. Spraying in the steam 
section of the pressurizer is carried out using the cold leg of primary loop 1. In the event of 
unavailability of normal spraying, due in principle to failure of the loop 1 coolant pump, 
spraying is carried out by the auxiliary spray line of the makeup system. 

Furthermore, in the event of an off-site power blackout, auxiliary spraying is unavailable as the 
electrical power supply of the makeup pump is not backed up. Therefore, the primary pressure 
is then adjusted by activating the safety injection system and releasing steam through the safety 
valves. 

This method of pressure adjustment is unacceptable as its necessitates use of the safety 
injection system and opening of the safety valves, which increases the risk of a primary break 
associated with refusal of a safety valve to close. 

This is further reason for our suggestion of providing a standby diesel generator supply for the 
make up system pumps (see § 11.3.2.2.1), which would make pressurizer auxiliary spraying 
available in the event of an off-site power blackout. 
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- Recommendation for improvements 

See paragraph 11.3.2.2.1. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.4.2 - Operation during incidents 

- Assessment and information on the status at Rovno NPP 

In operation during incidents, protection of the primary circuit against overpressure is provided 
by three safety valves. The first safety valve acts as the control safety valve, the others as 
safety valves. Among the characteristics of these safety valves, it is notable that: 

- they cannot be "isolated". In fact like on French plants, "isolation" means that there 
are in series two safety valves on each line. Each of these valves has a different 
setpoint to open and a different setpoint to close. So, this design increases the 
possibility of closure of the line after opening without decreasing their reliability to 

, open, 
- there is no available demonstration to show that they are qualified for water, 
- only one, the first one, can be opened intentionally by actuating their electrically-

operated pilot valves from the electrical room. But there is setpoint to close pilot 
valves when pressure is less than 160 kgf/cm2. 

Application of the single failure criterion to these safety valves results in postulating loss of 
their leaktightness after operation with steam or their sticking in the open position after 
operating with water. As they cannot be isolated, it must be assumed that the flow will 
eventually increase to a value corresponding to the maximum opening cross-section of the 
valve. 

Application of Western regulations to the design of the pressurizer safety valves would require 
for it device to avoid consequences of stuck open of the valves (two protection safety valves in 
series) and for them to be qualified for operating with water. This installation should not 
however affect the reliability of the overpressure protection function. 

It has to be noted that, the Eastern regulations do not allow to mount closing devices upstream 
the safety valves. Moreover, these rules do not foresee to apply the single failure criteria to the 
safety valves. 

- Recommendation for improvements 

It is necessary to confirm that the safety valves of the pressurizer have been tested to 
carry water. 
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If this kind of operation cannot be proved, it is necessary to change these valves and to 
study means to reduce the probability of inadvertent opening and non closure of 
discharging lines. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.4.3 - Overpressure in the cold shutdown state 

- Previous assessment 

When the reactor is in the cold shutdown state, there may be a risk of overpressure in the 
primary circuit due to: 

- loss of the decay heat removal systems, 
- restarting a primary loop containing water at a temperature lower than that of the 

primary circuit, 
- restarting a coolant pump in a loop containing a slug of cold water resulting from 

injection at the coolant pump seal, 
- an imbalance between the charging and discharging rates of makeup circuit, 
- excessive makeup, particularly due to inadvertent operation of a high-pressure 

safety injection pump. 

The risk of overpressure is considerably increased when the primary circuit is in a solid. 

It has to be noted that the suction line of the primary circuit of the low-pressure safety 
injection system are equipped with two safety valves (TQ40S08 and TQ40S09) which could be 
used to counter overpressure in the cold state. 

Consequently, it was necessary to state what measures have been taken to counter the risk of 
primary circuit overpressure in the cold state, particularly during phases when the primary 
circuit is solid. 

- Information on the status at Rovno NPP 

In fact, the two safety valves of the emergency core cooling system are designed to avoid 
overpressure on this system. Their total flow is 600 t/h corresponding for each to a spurious 
start up of a safely injection high pressure pump and of a make up pump. Nevertheless, it has 
to be noted that the valves located on the suction lines upstream the two safety valves are 
automatically closed when the primary pressure reaches 18.5 bars. 

Consequently, these two safety valves do not constitute protection of the primary circuit 
against overpressurisation. 
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To prevent the risk of overpressurisation some measures are taken: 

- creation of a nitrogen blanket in the pressurizer when the primary temperature is 
closed to the critical temperature, 

- control of the pressurizer level by the make up system, 
- disconnection of the motors of the valves located on the injection lines of the 

HPSI. 

Moreover, a device stops the make up pumps when the primary temperature is less than 100°C 
and the primary pressure reaches 32 bars. 

The first conclusion is to consider that during normal cold shutdown states, the risk of 
inadvertent overpressure is limited by the nitrogen blanket in the pressurizer. Nevertheless, this 
risk remains: 

- if the operator fails to introduce nitrogen in the pressurizer, 
- if only a small quantity of nitrogen is introduced (due mainly to problem of 

homogeneous cooling of all the parts of the pressurizer), 
- during hydraulic tests carried out with the core loaded every year. 

- Recommendation for improvements 

It is necessary to study the possibility to install a special device to protect against 
overpressure the primary circuit in cold shutdown. This device has to ensure that 
primary pressure is always under the authorized maximum pressure for each value of 
the primary temperature during cold shutdown. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.5 - Containment 

In the context of the analysis described in this report, we restrict ourselves to examining the 
design of the following two systems: 

- the containment spray system, 
- the containment penetration isolation system, 
- the treatment of the extension of the containment, 
- the treatment of lines connected to the primary side. 
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11.3.5.1 - Containment spray system 

11.3.5.1.1 - Role and description 

The function of the containment spray system is to limit and reduce the pressure and 
temperature inside the containment after a loss of coolant accident or rupturing of a secondary 
line inside the containment, to comply with the containment design conditions. The spray 
system also contributes to the dissolving of certain volatile fission products, particularly as 
regards the retention in the water of the radioisotopes of iodine released in the gaseous phase 
into the atmosphere. For this purpose, a special solution of hydrazine hydrate is added at the 
spray pump suction side. 

Finally, the spray system is used as a standby means of flooding and cooling the spent fuel pit. 

The spray system consists of three independent sub-systems, each consisting of: 

- a pump with an output of 700 rrtf/h at a discharge pressure of 14 bar, 
- a spray line equipped with spray nozzles, 
- a tank into which the hydrazine hydrate solution is sucked by an ejector. 

From the containment sump, the borated water runs through the core standby cooling system 
heat exchanger to the pump inlets. 

11.3.5.1.2 -Design of system 

11.3.5.1.2.1 Design basis 

The design basis used to establish the minimum performance of the system (particularly pump 
output) in accidental situations is based on the primary pressure decrease with some allowance 
in the containment when one pump is operating in case of LOCA (see § 11.3.8.1). 

Furthermore, it must be stated whether the design basis of the system allows, in the accident 
situation case, for the cooling of the spent fuel pit assigned to the spray system. 

11.3.5.1.2.2 Operation 

During normal operation of the installation, the spray system is not in service. The spray pump 
is stopped, and the valves in the pump discharge line, the hydrazine hydrate solution supply line 
and the supply lines from the containment sump are closed. 

The spray system pumps automatically start in the presence of any of the following signals: 

- electrical power blackout, 
- primary leak criterion: 

• high pressure in containment (1.3 bar), 
• AT sat less than 10°C in one of the four loops, 

- secondary circuit leak criterion. 
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- Previous assessment (i) 

During refuelling operation, the connections between the bottom of the reactor cavity and the 
containment are closed. If these connections are not reopened, the result would be trapping of 
the spray water in the cavity pit in an accident situation. It was necessary to explain the 
measures taken to avoid spray water being trapped in the reactor cavity. 

- Information on the status at Rovno NPP 

Administrative measures are taken. When the primary temperature reaches 100°C, the operator 
has to open a valve and to disconnect its motor. 

This seems satisfactory. 

- Assessment (ii) and information on the status at Rovno NPP 

The hydrazine tank contains also a solution with a high concentration of acid boric. 
Consequently, the problem of crystallization of boron has to be examined especially in the 
columns used to measure the level in the tank. After emptiness of the tank in accidental 
situations, if no signal (low level) is sent by the corresponding sensors due to crystallisation of 
boron, the spray pumps could carry gas and be damaged. 

- Recommendation for improvements 

Regarding the problem of crystallization of boron, measures have to be taken to ensure 
the availability of the level measurement in the hydrazine tanks of the containment 
spray system. These measures are used to activate adequate protective actions in the 
event of detection of low level in the tanks and consequently they are needed to avoid 
damage of the spray pumps. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.5.2 - Containment isolation system 

- Assessment (i) and information on the status at Rovno NPP 

The role of the containment isolation system is to avoid any release of radioactivity into the 
atmosphere by isolating all the systems which are not necessary for controlling the accident and 
which pass through the containment, particularly in the event of a primary circuit line break. 

Isolation of the containment and the hermetic rooms is carried out by isolation devices (fast 
closing pneumatic-operated valves). 
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The containment isolation valves are pneumatically operated. It may reasonably be assumed 
that the safety position of the valves involved is closed. Consequently, the task assigned to the 
containment isolation system would appear to be carried out even in the event of loss of the 
compressed air system. On the other hand, the result may be inadvertent isolation, both of the 
systems used during normal operation of the reactor, such as the makeup system and the 
primary pump cooling system (ZUP), and of the spent fuel pit cooling system. 

The existing design of the compressed air system may lead to inadvertent isolation of important 
systems. 

This problem is treated in § 11.3.2.b. 

- Previous assessment (ii) 

To guarantee the containment isolation system after an accidental transient, it is necessary to 
test periodically the tightness of each isolation devices (internal device and external device). 

- Information on the status at Rovno NPP 

At the present time, provision have been taken into account to perform these controls. But, it 
is necessary to verify that for each isolation device special means are defined to measure 
internal leakage in air taking into account specific criteria. On French plants, special devices 
are provided to test every year every isolation containment equipment. 

- Recommendation for improvements 

It is necessary to verify that in the periodical test for each isolation containment device, 
special means and procedures are defined to measure internal leakage in air and to 
compare it to defined specific criterion for each device. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.5.3 - Treatment of the extension of the containment in accidental situations 

- Previous assessment (i) 

This problem is related to the emergency core cooling system and the spray system which carry 
during accidental situations primary water outside the containment. 

A passive failure such as a leak occurring in one of the three non-isolable sections of the sump 
suction lines upstream of isolation valve TQ10S01, TQ20S01 or TQ30S01 is liable to develop 
into rupturing of the pipe resulting in loss of the content of the sump outside the containment 
and hence making long-term cooling of the core impossible in the event of a primary break. 
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Consequently, it is suggested to equip the non-isolable sections of the containment sump 
suction lines with a device ensuring leaktightness of the containment in the event of leakage 
upstream of the isolation valves and to install isolation valves as close to the containment as 
possible. Furthermore, it is necessary to indicate the means available for localising and isolating 
a leak in the facilities outside the containment. 

- Information on the status at Rovno NPP 

The regulation (OPB 88) does not take into account a passive failure in the application of the 
single failure criterion. Consequently, the question remains opened on the 1000 MWe. 

The Eastern experts do not agree with our conclusion that the system does not meet the single 
failure criterion because they consider that: 

- the sump suction is a passive element, 
- this device is operating without pressure, 
- the corresponding line has been designed using the highest requirements as for the 

materials and for evaluation. The design pressure is more higher than the operating 
pressure, 

- the control of this line is provided according to stringent requirement. 

Consequently, the Eastern experts consider that the probability of failure of this line is very 
small. 

We consider that the submitted problem is a very severe problem for which it has to be 
considered that it could lead to a bypass of the contaiment with core melt. Consequently, 
stringent rules have to be applied in the design to eliminate it. 

- Recommendation for improvements 

Improvement of the design of the containment sump suction lines has to be realized to 
avoid on the not isolable part of these lines a direct bypass of the containment in case of 
leak on these parts in accidental situation. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

The three redundant trains of the system are located in three separated rooms. Each room 
contains the pumps of one train of the following: 

- high-pressure safety injection system, 
- low-pressure safety injection system, 
- containment spray system. 
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Flooding of the room itself results in the loss of one train of the safeguard systems which is 
acceptable. Nevertheless, it would appear that there is a possibility of a common mode 
regarding the drains that connect the three safeguard pump rooms. The avoidance of the 
common mode risks requires a more detailed study. This study should include reviewing all 
possibilities of propagation of flooding among the three rooms (see § 8). 

It was necessary that the utility present the means to identify and to localise a leak on the 
emergency core cooling system and the spray system which carry during accidental situations 
primary water outside the containment. An analysis of the risk of flooding the three separated 
rooms housing the safeguard systems through the drain connection is needed. Furthermore, it 
is necessary to indicate the means available for localising and isolating a leak in the facilities 
outside the containment. 

During the visit of these rooms, we note that there are two level detectors in each room to 
identify abnormal leakage. Their indications are send in the main control room. To evacuate 
the water from the room there is no pump but only drain line. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

An analysis of the risk of flooding the three separated rooms housing the safeguard 
systems through the drain connection is needed. 

This recommendation has to be included in § 8. 

- Proposals for future evaluation 

None. 

11.3.5.4 - Treatment of isolation of all lines connected to the primary side 

11.3.5.4.1 General comments 

- Previous assessment 

The rupturing of lines which are connected to the primary circuit may cause the hermetic 
compartment system to be by-passed. Such leaks, e.g. the emergency core cooling injection 
line, make-up line, blowdown line, pressurizer auxiliary spray line, sampling line or transmitter 
lines, intermediate cooling for primary pumps through heat shield have to be prevented, since 
the coolant water from the leak does not flow back into the sump and the emergency water 
tank, but is lost from the containment. This leads to important direct releases of activity. 

- Information on the status at Rovno NPP 
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The Eastern ewperts believe that all the lines connected with the primary circuit and crossing 
the containment are provided with devices. Nevertheless, no study has been provided to justify 
this point of view. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

As a first priority, it is required to check all the lines going through the containment and 
to analyse the possibility of isolating of the lines from the primary circuit to avoid Loca 
transients with bypass of the containment 

- Proposals for future evaluation 

None. 

11.3.5.4.2 Specific problems already identified 

a) Emergency core cooling system 

- Previous assessment (i) 

The safety injection system that serves as a decay heat removal system is located outside the 
containment and creates a potential risk of bypassing the containment if it is ruptured. If there 
is a break, the discharge of the primary coolant outside the containment should be stopped 
extremely rapidly. However, this isolation must not interrupt the vital overpressure protection 
function. The leaktightness of the isolation valves and the protection against fluid expansion 
should also be checked. 

- Information on the status at Rovno NPP 

The utility has explained the following. In case of big leak during normal cold shutdown, the 
"ATsat < 10°C" is always operating and could be activated. In this case, the emergency core 
cooling system is activated and the containment isolation occurs. The valves which connect 
during cold shutdown the primary circuit with the emergency core cooling system close in case 
of opening of the valves of the ECCS located at the sump suction. So, if the break is located 
outside the containment, this closure avoids the draining of the primary fluid outside the 
containment. The Eastern experts believe that the ATsat measurement using hot leg 
temperature is elaborated without delay. 

They indicate that accidental studies were performed for these units by OKB Guidropress but 
the studies are not available. 

- Recommendation for improvements 

It is necessary to check that the means submitted by the utility to avoid large release 
outside the containment in case of rupture of the ECCS when it is used to cool down the 
primary circuit are always available in this state of the reactor. 
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- Recommendation for complementary study 

It is necessary that studies should be performed to evaluate the consequences of break of 
the safety injection system during reactor cold shutdown state. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

The utility was requested to identify on the safety injection all the possibilities to have on the 
trains of the safety injection system direct and large bypass of the containment due to a 
possible leak on this system when it is used during accidental situation. 

- Information on the status at Rovno NPP 

We noted that the inlet lines of the HPSI and LPSI pumps are equipped with safety relief 
valves. Their purpose is to protect the low pressure parts of the ECCS against 
overpressurisation. During accidental situation, taking into account an additive pressure in the 
containment they could be activate. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is needed to implement periodical testings of the safety relief valves located at the inlet 
of the pumps of the ECCS to avoid during accidental situations bypass of the 
confinement. 

- Proposals for future evaluation 

None. 

b) Primary transmitter lines 

- Previous assessment 

The primary transmitters are located in three separate rooms outside the containment and in 
case of rupture of a line this fact can create a potential risk of bypass of the containment. The 
utility was requested to present the measures taken to avoid this transient. 

- Information on the status at Rovno NPP 

As concerns the instrumentation for monitoring the parameters of the primary coolant, it is 
stated that, depending on the degraded conditions which may arise in the containment after an 
accident, only temperature sensors are installed directly on the pipes. The other primary 

11/102 



parameters measuring instruments are installed outside the containment in separate rooms (one 
per train). 

It is stated that in the event of leakage of one of the measurement channels, the channel 
affected is isolated by passive means. This type of device raises, in our opinion, a certain 
number of questions relating to the risk of bypassing the containment if specific procedures are 
not provided to test them periodically. 

- Recommendation for improvements 

Specific procedures have to be elaborated to perforin periodical testings of the passive 
means used to isolate a rupture of a measurement channel. 

- Recommendation for complementary study 

A study must be made of all the risks associated with the installation outside the 
containment of a part of the primary instrumentation. 

- Proposals for future evaluation 

None. 

11.3.6 - Cooling of the spent fuel pool 

11.3.6.1 - Role and description 

The spent fuel pool is inside the containment alongside the reactor cavity to which it is 
connected by a transfer channel through which the fuel assemblies are moved. The pool is 
divided into three compartments: the first compartment and half of the second compartment 
are occupied by spent fuel, the other half of the second compartment is occupied by fresh fuel, 
and the third is held in reserve for complete defuelling in the event of an incident. The three 
compartments are interconnected. 

This system consists of three streams (3 x 100%), each including: 

- two isolation devices at the containment penetration, 
- one heat exchanger supplied by one stream of raw water system, 
- one circulation pump with diesel generator electrical back-up, 
- two isolation devices on the discharge side at the containment penetration. 

The pumps and heat exchangers are outside the containment. 

- Previous assessment 

In the event of inadvertent or intentional isolation of the containment, cooling of the pool is 
suspended, which is also unacceptable in the long term. In the event of an incident requiring 
containment isolation (loss of coolant, overpressure, etc .) , each of the three streams, which 
pass through the hermetic zone, are isolated by two fast-closing pneumatically operated valves 
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connected in series. Cooling of the pool is then suspended and the temperature of the water in 
it increases to its boiling point (100°C) in a length of time depending on the condition of the 
fuel contained in it. In this case, the level in the spent fuel pool is kept constant by a connection 
with the spray system. 

This situation is not acceptable as the maximum allowable temperature is 70°C during normal 
operation, which may be exceeded by 20°C for 20 hours in an incident situation. 

It is important from the point of view of safety that the system must perform its function in all 
operating situations and accidental situations. 

- Information on the status at Rovno NPP 

The manufacturer has precised that it was possible to maintain an admissible temperature of the 
pools during 7 hours if its cooling is lost for the most severe loading of fuel. After the spray 
system can be used to maintain the temperature. 

On its principle, this answer is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.7 - Main auxiliary systems 

Our analysis covers: 

- the cooling systems, 
- the electrical power supplies, 
- the instrumentation and control and the protection system. 
- the ventilation system, 
- the compressed air system. 

11.3.7.1 - Cooling systems 

There are two water cooling systems. The equipment guaranteeing safety of the installation is 
cooled by service water system (group A) while the equipment which is not important to safety 
is cooled by service water system (group B). 

Intermediate cooling system ZUP, which operates as a closed loop, cools the coolant pumps. 
System ZUP is cooled by service water system. 
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11.3.7.1.1 Service water system (group A) 

11.3.7.1.1.1 Role and description of system 

Service water system (group A) cools the equipment which guarantees the safety of the 
installation. 

These comprise: 

- the standby generating sets, 
- the motors and bearings of the containment spray pumps, 
- the motors and bearings of the high-pressure safety injection pumps, 
- the bearings of the high-pressure borate injection pumps, 
- the motors and bearings of the low-pressure safety injection pumps, 
- the motors and bearings of the steam generator auxiliary feedwater supply pumps, 
- the motors, bearings and oil coolers of primary circuit makeup water system, 
- the safety injection system heat exchangers, 
- the heat exchangers of primary pump intermediate cooling system, 
- the heat exchangers of the spent fuel pool cooling system. 

Service water system consists of three independent streams, each including: 

- two pumps with diesel generator backed-up power supplies, 
- an expansion tank, 
- the above-mentioned heat exchangers; each stream cools one of three of these heat 

exchangers with the exception of the two heat exchangers of system ZUP which 
are cooled only by the first two streams of service water system, 

- one spray pool, 
- a water intake structure, 
- a set of sluice gates. 

The mechanical filtration plant consists of: 

- two filter screens, 
- one endless screen, 
- a spray and drain pump. 

The system operates as a semi-open circuit. Heat is removed by the spray pools. A make up 
system with two channels, common to the three streams, is used to compensate for the losses 
due to evaporation. The make up circuit carries water from the river via an 3 km pipelines. 
This water is then treated and fed into the service water system. This makeup system is not 
considered to be safeguard system and does not have diesel generator backup. It is not 
protected against external hazards. 

- Assessment and information on the status at Rovno NPP 

Service water system is indispensable for operation of most of the safeguard systems. Loss of 
this system leads to lose the decay heat removal function by the secondary side because the 
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emergency feedwater pumps are cooled by this system. In this case, we can add that decay heat 
by the primary circuit is also impossible due to loss of cooling of the safety injection system. 

Consequently, the loss of the service water system leads to an unacceptable situation. 

Depending of the results of the study required in paragraph 11.3.8.2.3, modifications could be 
devised to diversify cooling of the safeguard system heat exchangers and motors which, at the 
present time, are all cooled by service water system. 

Detailed information is given in § 11.3.8.2.3, § 11.3.2.2.1.2 and § 11.3.3.1.1.3. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

Detailed information is given in § 11.3.8.2.3, § 11.3.2.2.1.2 and § 11.3.3.1.1.3. 

- Proposals for future evaluation 

None. 

11.3.7.1.1.2 Design of system 

a) Design basis of heat sink capacity 

Service water system consists of three redundant trains. A make up system (two channels), 
common to the three streams, is used to compensate for the losses due to evaporation. The 
water intake is far 3 km from the plant and the makeup pumps are not backed up by diesel 
generators. The flow of the river is not regular and sometimes its flow is very small. 

The service water system is indispensable for operation of most of the safeguard systems. Its 
proper operation depends on the capacity of the spray pools to remove the heat. The spray 
pools which constitute the heat sink water reserve of the site have a capacity of 12300 m3 for 
each stream. 

- Previous assessment 

For Western countries, the heat sink capacity design basis principles are as follows. 

When the heat sink is of limited capacity (a pool for example), its capacity is to be evaluated 
and justified with allowance made for the existing possibilities of refilling or the use of an 
alternate source of water, the meteorological conditions considered shall apply for the entire 
duration thus calculated. For the design basis of the reserve, in the case where it is not possible 
to justify a specific length of time for re-obtaining the heat sink, it is arbitrarily set at 30 days. 

Consequently, it was required that the utility present the design of the reserve basins. 
Especially, it was required information to know in case of loss of the makeup system during 
what delay it is possible to evacuate decay heat without reaching the maximal allowed 
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temperature for the components. In addition, information was asked about the technical 
specifications concerning the level and temperature in the spray pools. 

- Information on the status at Rovno NPP 

According to information provided by Ukrainian experts, in case of loss of the make up 
system, the spray pools ensure the heat removing during 30 hours with extreme external 
temperature (summer conditions) and without exceeding a temperature of 33°C (maximum 
allowed value). Nevertheless, no thermohydraulic study is available to justify this result. 
Moreover, it has to be confirmed that technical specifications are installed on the level in the 
reserve basins to justify the result mentioned above. 

We consider that at the present time, even we can admit that the stringent rule to have a 
reserve of thirty days can be bypassed, it is very difficult to judge the existing situation. 

Consequently, it is necessary to have a clear understanding of the consequences of the loss of 
the service water system and to study the need to improve the existing situation. We admit that 
it can be done using a probabilistic approach. 

The problem is summarized in § 11.3.8.2.3. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

See §11.3.8.2.3. 

- Proposals for future evaluation 

None. 

b) Design criteria 

Service water system consists of three redundant streams which, in principle, ensures 
compliance with the single failure criterion. At the safety injection system heat exchangers and 
the spent fuel pool cooling system heat exchangers, service water system forms part of the 
second containment barrier. 

- Previous assessment (i) 

At the heat exchangers of the safety injection system, service water system forms part of the 
second containment barrier. Now, as system is an semi-open system, the option of detecting 
leakage by measurements in the system is not easy. 

It was necessary that the utility present the measures taken into account to avoid releases to 
the outside. 

11/107 



- Information on the status at Rovno NPP 

On each pipe of the SWS, at the outlet of the heat exchanger of the ECCS are installed three 
measures of activity. If two out of three measures are activated (lO'8 Ci/1), an alarm appears in 
main control room and the operator has to take measure to isolate the corresponding stream. 

In its principle, this option is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to analyse in detail the monitoring of release at the outlet of the heat 
exchangers of the ECCS in order to identify if improvements are necessary. 

- Proposals for future evaluation 

None. 

- Previous assessment (ii) 

The three streams operate permanently with one pump with the second pump on standby. The 
latter starts automatically in the event of a pressure drop in the discharge manifold or in the 
event of stopping of the duty pump. The pressure gauge which measures the discharge 
pressure of the pump is located between the pump and the check valve. In the event of non-
opening of the check valve, for example after the diesel generator load return programme, the 
pressure gauge does not detect any abnormal situation and cannot trigger starting up of the 
standby pump. The pressure gauge must be moved downstream of the check valve. 

- Information on the status at Rovno NPP 

The service water system pump discharge pressure reading should be taken downstream of the 
check valves for identification of all flow loss causes. 

The utility agreed. Moreover, he wants to pay attention of this problem for the other systems. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

Regarding the problem of identification of all flow loss causes, it is necessary to check for 
all the systems the location of the pressure gauge at the outlet of the pumps. 

- Proposals for future evaluation 

None. 
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- Previous assessment (iii) 

The heat exchangers of the emergency cooling system and the diesel coolers are permanently 
supplied. 

It was necessary to precise methods of determining the degree of fouling of the service water 
system heat exchangers to make possible to permanently verify the heat exchange capacity of 
the heat exchangers, particularly that required in accident situations. 

- Information on the status at Rovno NPP 

No system is foreseen to control during normal operation of the plant, the degree of fouling of 
the service water system heat exchangers. These exchangers are cleaned one time per year. 

The situation is not satisfactory. 

- Recommendation for improvements 

It is necessary to define reliable means to follow permanently the fouling of the heat 
exchangers and means to clean up them when it is necessary. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.7.1.2 Service water system (group-B) 

The main items of equipment cooled by closed circuit service water system group-B are the 
following: 

- the steam generator drain cooling heat exchangers, 
- the drain cooling heat exchangers, 
- the post-hydrogen combustion installation cooling heat exchangers, 
- the sample-taking cooling heat exchangers, 
- the coolant pump motor oil coolers, 
- the gas analyser coolers, 
- the room air conditioning systems. 

Most of the consumers cooled by this system seem to be not important to safety and service 
water system group B is therefore not analysed in depth at the present time in this report. 
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11.3.7.1.3 Coolant pump intermediate cooling system (ZUP) 

This system removes heat from the following heat exchangers: 

- the coolant pump heat exchanger, 
- the primary circuit demineralization system heat exchanger, 
- the leak system heat exchanger, 
- the sample-taking system heat exchanger, 
- the relief tank heat exchanger. 

As the heat exchangers contain primary coolant, system ZUP constitutes the second 
containment barrier. The pressure in system ZUP is lower than that in service water system. 
This arrangement protects against radioactive releases to the outside. 

System ZUP consists of: 

- three pumps (3 x 100 %) with standby diesel generator power supplies, 
- two heat exchangers supplied only by two streams of service water system, 
- one tank, 
- one header supplying the above users, all of which can be isolated by motor-

operated valves. 

- Previous assessment 

In the event of an increase in pressure in the containment, the fast acting cut-off valves in the 
pipes passing through the containment close. The main primary coolant pumps are no longer 
cooled. The effects of such an incident are studied in the section relating to the makeup water 
system. 

It would appear to be necessary to ensure functional availability, in all situations, of the coolant 
pump intermediate cooling system containment isolation valves. 

Information is given in § 11.3.2 b and § 11.3.5.2. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.7.2 - Electrical system 

See § 5. 
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11.3.7.3 - Instrumentation and control 

See § 6. 

11.3.7.4 - Ventilation systems 

- Previous assessment 

Ventilation system is considered as a support system for some safeguard system. 
Consequently, it was necessary to verify that its design allows the operation of the 
corresponding safety system without problem in any environmental case. 

- Information on the status at Rovno NPP 

The general rules used for the design of ventilation systems used to cool rooms where are 
located safety components are the following: 

they are backed up by diesel generator, 
for each stream of safety systems, two ventilators are foreseen. They are four for 6 
KV switchgear rooms, 
they are designed to withstand seism, 
they are cooled by service water system (group A), 
in case of failure, alarms are sent in the main control room, 
they are periodically tested. 

The design of the ventilation systems is made for the maximal value of temperature of the 
service water system 33°C. 

According to Ukrainian experts, the initial project included the analysis of environmental 
conditions in the compartments and the choice of the ventilation systems and of their 
technological parameters have been made taking into account the technological limits of the 
active element located inside the compartment. In the future, at the stage of safety 
reevaluation, an analysis will be performed taking into account the real characteristics of the 
ventilation systems. 

This proposal is in accordance with our proposal mentioned in § 11.3.8.1. 

The utility has paid attention for the climatic conditions of the compartments where safety 
systems are located. We can mention especially: 

- safety systems rooms, 
- DG buildings, 
- battery rooms, 
- main control rooms, 
- transmitter rooms, 
- rooms where safety-related electrical equipment is located. 

Nevertheless, we consider that demonstration needs to be communicated for the conditions in 
the transmitter rooms and for the electrical compartments to define if they are satisfactory. 

l l / l l l 



- Recommendation for improvements 

None. 

- Recommendation for complementary study 

About the climatic conditions in the compartments where safety systems are located, a 
demonstration has to be provided for transmitter room and for electrical compartments 
(test or calculation) showing the variation of temperature. Information on the limits in 
temperature of equipment located in these rooms have to be communicated. 

- Proposals for future evaluation 

None. 

11.3.7.5 - Compressed air system 

11.3.7.5.1 Role and description 

The essential purpose of the compressed air system is to supply the pneumatically controlled 
containment isolation valves. 

This system consists of three independent streams, each including: 

- a compressor, 
- a buffer tank with a capacity of 15 m3, this tank enables the pneumatically-

operated valves to maintain their position for approximately seven hours or to 
move five times. 

Each compressor is located in a diesel generator building. This compressor serves for 
supplying the buffer tank and the 12 bottles of the start system of the diesel generator. The 
compressor is backed up by diesel generator and starts automatically during loss of off-site 
power after ending of the step by step start of the other users if the pressure in the tank or in 
the bottles is low. 

11.3.7.5.2 - Design of system 

11.3.7.5.2.1 Design basis 

The presence of independent streams, interconnected by isolable links, each with a buffer tank 
enables compliance with the single failure criterion until depletion of the reserves. 
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11.3.7.5.2.2 Protection of the containment 

- Previous assessment 

The compressed air system passes through the containment and a leak in the system may result 
in pressurization of the containment. The compressed air system must be designed to limit 
leaks inside the containment. An isolation valve closing at a high compressed air flow rate into 
the containment would make it possible to provide protection against pressure rise in the 
containment. 

Part of the compressed air system inside the containment should be designed to limit leaks so 
as to avoid pressure rise in the containment. 

- Information on the status at Rovno NPP 

The nominal pressure in the containment is 985 mbar. In case of abnormal increase of this 
pressure, an alarm is sent in the main control room when the pressure reaches 1015 mbar. 
After, the operator has to follow a specific instruction. 

This is satisfactory. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

None. 

- Proposals for future evaluation 

None. 

11.3.8 - Link with the accidental studies 

11.3.8.1 - Accident studies 

- Assessment 

We consider that it is necessary taking into account the accidental studies to check that the 
minimal performances of the safety systems and of their support systems are in accordance 
with the existing equipment or require improvements. 

- Recommendation for improvements 

None. 
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- Recommendation for complementary study 

The list of transients to be provided by the plant has to be checked in order to verify its 
relevance, taking into account an in-depth analysis of operational feedback for this kind 
of reactor and initiating events specific to VVER's plants. 

The purpose of this requirement is first to verify or to determine interlocks and 
protection setpoints. But, it is also necessary to verify minimal performance of the safety 
systems especially of: 

- the emergency core cooling system, 
- the spray system, 
- the emergency feed water system, 
- the safety valves of the pressurizer, 
- the secondary safety valves, 
- the secondary main isolation valves, 
- the BRU-A valves. 

A study will be performed to verify if the values of the setpoints and of the minimal 
performances of the safety systems and of their support systems obtained by accidental 
studies are in accordance with the existing components or lead to define some 
improvements. 

- Proposals for future evaluation 

None. 

11.3.8.2 - Improvements for transients not covered by the existing design 

11.3.8.2.1 Treatment of blackout 

- Assessment 

Total loss of the electrical power supplies which constitutes a beyond design basis accident, 
results in a situation where: 

- the primary water inventory cannot be maintained and there is a potential risk of a 
primary break caused by rupturing of the primary pump seals, 

- residual heat cannot be removed as the steam generator auxiliary feedwater system 
and the steam relief valves are dependent on electrical power supplies, 

- the reactor cannot be controlled after the batteries have discharged. 

Consequently, we consider that in the case of station blackout, it is necessary to determine: 

- if necessary, means to maintain integrity of the primary circuit especially for the 
primary pump seals, 

- means of injecting borate water in the primary circuit, 
- means of refilling SG, 
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- means of maintaining operation of the BRU-A after the batteries have discharged, 
- means of supplying I&C parameters enabling reactor control, 
- means of recovering a power source. 

Implementation of means and procedure to cope with station blackout (power supply to 
minimum vital instrumentation, means of supplying SGs, means of using BRU-A, means of 
replenishing feedwater tanks, etc) needs also to be investigated especially by a probabilistic 
study. 

- Information on the status at Rovno NPP 

First, the manufacturer wants to perform a probabilistic study. Taking into account the results 
of this study and a criteria for core melt probability measures will be defined. The study will be 
available at end of 1995. 

We agree with this approach for the future. For this study, the following points have to be 
precised: 

- the reliability of the external power supplies, 
- the capability of the steam generators to remove the decay heat, 
- the capacity of the batteries, 
- the behaviour of the primary pump seals without cooling. 

Nevertheless, we consider that taking into account the existing situation, compensatory 
measures have to be defined as soon as possible. 

- Recommendation for improvements 

Due to delay necessary to perforin the probabilistic study of total blackout, it would be 
necessary to define compensatory measures as soon as weak points are identified. 
Investigations have to be performed on the following: 

- means to maintain primary circuit integrity, 
- means to inject borated water, 
- means to continue decay heat removal by the secondary side, 
- means to recover electrical power for needed equipment. 

- Recommendation for complementary study 

We have noted that to define for the future additional improvements, the utility has the 
intention to perform a probabilistic study for the case of total blackout. 

- Proposals for future evaluation 

None. 
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11.3.8.2.2 Treatment of total loss of SG feed water systems 

- Assessment and information on the status at Rovno NPP 

To cope with the total loss of SG feedwater systems, the utility will examine the possibility to 
install "feed and bleed" procedure. A guide for accident management including some beyond 
design basis accidents has been developped by Kourchatov Institute. After this step, some 
russian utilities have written the corresponding procedures. The utility of Rovno has decided to 
install in the future "feed and bleed" procedure. Nevertheless, it remains economical problems 
to get the procedure. Moreover, it is needed to verify that testings have been performed on the 
pressurizer safety valves to guarantee their operability when they carry water. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The study of feed and bleed procedure which can avoid to have core melt at high 
pressure has to be developped. 

Moreover, it is needed to verify that testings have been performed on the pressurizer 
safety valves to guarentee their operability when carrying water. Technical studies 
relative to discharge capacity (safety valves, lines, pressurizer relief tank) and 
mechanical strength (vibrational behaviour) have also to be realized. 

- Proposals for future evaluation 

None. 

11.3.8.2.3 Treatment of total loss of cold heat sink 

- Assessment and information on the status at Rovno NPP 

See also § 11.3.7.1.1.2. 

In the event of loss of the heat sink, injection of cold water at the coolant pump ceases (loss of 
makeup system and loss of intermediate cooling system), with the possible result of a risk of a 
primary break at the primary pump seals (see § 11.3.2.b). In such a situation, the safety 
systems with which it is possible to control the water inventory and remove decay heat are 
unavailable, which seems unacceptable. 

The utility should examine in depth the consequences of a total loss of the cold heat sink and 
take if necessary measures to improve the design. This item has been discussed in depth. There 
are links to establish between: 

- the availability of the reserve basins of the service water system in case of loss of 
the make up system which refills these basins (see § 11.3.7.1.1), 

- the behaviour of the primary pump seals when their cooling is lost (see § 11.3.2.b), 
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- the design of the cooling of the makeup system pumps and of the steam generators 
emergency feedwater system (see § 11.3.2.2.1.2 and § 11.3.3.1.1.3). 

The design of the water reserve in the spray ponds is based on the fact that the volume of 
water is sufficient to maintain in operation the plant 30 hours without reaching the limit of 
temperature (33°C). Nevertheless, no thermohydraulic study is available to justify this result. 

We consider that at the present time, even we can admit that the stringent Western rule to have 
a reserve of thirty days can be bypassed, it is very difficult to judge the existing situation. 

Consequently, it is necessary to have a clear understanding of the consequences of the loss of 
the service water system and to study the need to improve the existing situation. We admit that 
it can be done using a probabilistic approach. This is the proposal of the utility. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is necessary to perform a study to precise, in the event of loss of the make up system 
for service water system, the delay available before loss of the service water system (see 
§ 11.3.7.1.1.2). Moreover, it is necessary to justify that during this delay the suction 
conditions of the service water system are always satisfactory. 

- Proposals for future evaluation 

None. 

11.3.8.2.4 Anticipated transients without scram 

- Assessment (i) 

The fact that the scram signal acts redundantly at three separate areas: the individual control of 
control rod clusters, the power supply contactors of the command and the power supply 
contactors of the drive mechanisms is very positive. Nevertheless, it has to be noted that there 
is no diversification of the signals and of the sensors. So, it is necessary for each transient to 
identify the sensors and the signal(s) used. Moreover, the need to perform an accidental study 
on the anticipated transients without scram has to be investigated. 

- Assessment (ii) 

Taking into account the operational feedback on the probability of mechanical blockage of the 
control rods, the need to install an automatic boration has to be investigated. 
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- Information on the status at Rovno NPP 

The designer has begun a study to implement some boron tanks at bypass line of the primary 
pumps. Nevertheless, it remains many problems to solve (installation, boron cristallization) 
before implementing this modification. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

This problem is essential for the safety of the plant. So, all studies related to anticipated 
transients whithout scram have to be continued and brought to a successful issue as soon 
as possible. 

- Proposals for future evaluation 

None. 

11.3.9 - Qualification of safety equipment used to reach a safe state in an accident 
situation 

- General assessment 

One of the main purpose of the safety evaluation, it is to check that for every transient 
(incidental or accidental), there is always one way to reach a safe state for the plant. For this, it 
is needed to define for each transient all the equipment needed like instrumentation, 
automation, electrical and mechanical components, support systems, control room commands. 

Taking into account the specific conditions linked with each transient, it has to be checked that 
for each needed equipment its design and environmental conditions allow its operation. 

For this purpose, qualification requirements have to be defined and tested. 

Moreover, it has to be checked by periodical testings that the equipment are able to accomplish 
their mission during incidental or accidental transients. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

The plant will have to define the list of equipment used during emergency situations to 
reach a safe state and to examine the qualification of the corresponding equipment. 

The methodology followed can be based on: 

- analysis of equipment needed in accident situations to reach a safe state 
including the instrumentation, 
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- environment conditions of this equipment, 
- technological characteristics of this equipment, 
- qualification conditions. 

In addition, it is recommended to request the plant to prepare a list of unqualified 
equipment taking account of: 

- results of study on this field to define the equipment list. This study has to be 
improved due to new accident evaluations, 

- analysis of operational feedback on the WER (examination of accidents 
which have already occured) to have information on the behaviour of 
equipment during accidental situations. 

- Proposals for future evaluation 

None. 

11.3.10 - Testability of safety equipment 

- General assessment 

None. 

- Recommendation for improvements 

None. 

- Recommendation for complementary study 

It is recommended to perform for all the safety systems, a complete review of the test 
program and of the periodical tests. The tests should include the support systems such 
as of Diesel generators, I & C, ventilation system and cooling systems. 

Especially, it is necessary to examine: 

- correspondance between the performance required in accidental or incidental 
situations and the periodical testings performed, 

- configurations of the system during the tests, 
- checkings of the performance: 
- startup time, 
- values of flow, pump caracteristics,.. 
- vibration checks, 
- testing of start-up sequences, 
- tightness controls of the check valves, 
- testings of sensors and logic of the I & C, 
- test frequencies, 
- checks performed in the main control room during the tests, 
- follow-up process. 

- Proposals for future evaluation 

None. 
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11.3.11 - Open items 

Gas extraction systems used during normal but also accidental situation should be 
reviewed in depth during next phase. These systems are needed to evacuate the 
production of gas (mainly nitrogen due to systematic injection of ammoniac) during any 
depressurisation and consequently to avoid to lose natural circulation. For this reason, 
we consider that they are important. One of these systems is considered like a safety 
system and is backed up by diesel generators. Its actuation is manual and can be decided 
by the team in the control room if AT sat becomes lower than 10°C. 
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APPENDIX 11.A.1 

WESTERN RULES APPLIED FOR SYSTEMS EVALUATION 
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1 - Design basis of systems 

In the design basis of the components, allowance is made for: 

- the internal initiating events 

These events are limited in number and divided into four categories on the basis of their 
estimated frequency of occurrence. They represent, for each category, operating conditions 
whose consequences are considered to be the maxima for the entire category. 

Study of category II and III conditions makes it possible to determine the natures and setpoints 
of the reactor protection systems. 

Study of certain category IV conditions generally makes it possible to determine the 
performance levels of the safeguard systems so as to comply with the safety criteria and thus 
limit the radiological consequences. Study of the other categories makes it possible to check 
that the systems are properly dimensioned. 

- the external events requiring consideration 

Among the external hazards, only earthquakes affect directly the design basis of the equipment 
as far as loading is concerned. Equipment required to resist earthquakes is assigned a seismic 
category depending on its role. 

2 - Single failure criterion 

2.1 - Objectives of the single failure criterion 

The single failure criterion provides protection against isolated random events. Multiple 
failures which can result in a single event are considered to be part of the single failure. This 
criterion makes it possible to guarantee that the design of a safety-related system will enable it 
to perform its function even in the event of failure of any one of its components. 

2.2 - Definitions 

Active failure 

In a mechanical or fluid system, active failure is: 

. - either refusal of an item of equipment, whose function necessitates mechanical 
movement of one of its components, to accomplish its function when ordered to do 
so, 

- or the inadvertent operation of such equipment. 

The single active failure of the type consisting of refusing to operate on demand is a fault 
affecting a system on standby in normal operation of the reactor, otherwise the fault would be 
an initiating event. This type of failure is a fault occurring after the initiating event. 
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Active single failure of the inadvertent operation type (for example the starting of the pump or 
the changing of the position of a valve) is a fault which can occur in a pre-accident period 
(incorrect positioning of a valve), during an accident or during the post-accident period. 

Passive failure 

In a fluid system, a passive failure is considered to be: 

- either a leak in the shell retaining the fluid, 
- or a mechanical failure affecting the fluid flow inside the system. 

The passive failure considered in design of the system is a leak at a valve spindle seal or pump 
packing; this leakage must be detectable and isolable, its rate being conventionally taken to be 
200 1/min for 30 minutes. 

It is then examined whether, in the event of passive failure, considered to be a leak at any point 
in the shell retaining the fluid, the required safety function or functions would be provided. 

If a leak is not detectable and isolable, it is necessary to consider that it is liable to develop to 
the point where it would be equivalent to total rupture of the pipe. 

Short term and long term 

a) Short term: this is the period which immediately follows the accident, during which 
automatic nuclear steam supply system action takes place, the response of the systems is 
verified, the nature of the accident is identified and the procedure to be followed is decided 
upon. By convention, the short term consists of the first 24 hours after the onset of the 
accident. 

b) Long term: this is the post-accident period in which systems are operated following the 
short term while safeguard and safety functions are necessary. Whereas in the short term, 
the essential goal is to limit radioactive releases, the long term comprises, when necessary, 
all action taken to reach the safe shutdown state, to gain access to the reactor building and 
to repair any damaged equipment. 

2.3 - The single failure criterion 

A system complies with the single-failure criterion for a given function if it is capable of 
performing the function even in the case of: 

- a single active failure in the short term, 
- a single active failure or single passive failure in the long term. 

For electrical systems, no distinction is drawn between active and passive failures. Failures are 
always considered to be active as concerns the application of the single failure criterion. 

For the design of the safety injection and containment spray systems, there is assumed to be a 
leak of 200 1/min for 30 min on switching to recirculation and it is assumed that there is an 
undetectable or non-isolatable leak only after 24 hours from the onset of the accident. 
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Genera! conditions of application 

When the single failure criterion is applied, the conditions are as follows: 

- the single failure is only taken into consideration for the period when 
accomplishment of the safety functions is required, 

- allowance for a single failure affecting an item of equipment must result in the 
worst case studied for the operating conditions considered, 

- a single active failure is postulated at the time of demand of the equipment under 
consideration, 

- when accomplishment of the safety function necessitates the simultaneous 
activation of a number of systems, the single failure criterion applies to the systems 
as a whole and not to each separately. 

Specific application conditions 

- failure of a check valve to close results in partial leakage at the seat (leaktightness 
not assured), 

- refusal to open is not a failure to be taken into consideration as a single failure in 
unpowered check valves, for example flap type check valves, but constitutes an 
active failure to be taken into consideration in power-assisted check valves, 

- safety valves are considered to be vulnerable to active failure. The nature of the 
failure to be taken into consideration is the following: 
• loss of leaktightness after closure subsequent to operation with water or steam 

if the safety valve is qualified for the operating conditions, 
• refusal to close subsequent to operation in water or steam if the safety valve is 

not qualified for the conditions, 
- for certain active equipment which is the subject of special preventive measures 

which require justification, it may be considered that they are not vulnerable to 
active failure; this essentially concerns the motor-operated valves and pumps 
whose power supplies are normally withdrawn and for which special arrangements 
are provided to avoid oversights. Similarly, the following are not considered to be 
active failures: 
• the inadvertent closure of normally-open valves whose states are signalled in the 

control room and which receive confirmation of the opening command when 
operation of the system is required, 

• complete closure of control valves for which a by-pass or a stop which prevents 
total closure is provided. 

Field of applicability 

The single failure criterion is applied: 

- in design of systems, 
- in accident analyses, 
- in safety analyses of the installation as a whole. 
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3 - Additional provisions concerning application of the single failure criterion 

3.1 - Provisions concerning design 

3.1.1 - Protection against hazards of internal and external origins 

a) Protection against external hazards 

For hazards of natural origins (earthquakes, floods and exceptional meteorological conditions), 
the nature of the hazard is established deterministically for the design basis of the structures 
and equipment. 

For hazards associated with human activities (aircraft crashes, risks due to the industrial 
environment and lines of communication), a probabilistic criterion consistent with the definition 
of the design operating conditions is complied with. 

For this type of hazard, the objective is the probability of an unacceptable release of radioactive 
substances at the site boundary no greater than 10-7 per reactor-year, per safety function and 
family of hazards. 

b) Protection against internal hazards 

Installation arrangements are taken to protect redundant equipment from fire, flooding, internal 
missiles and the dynamic effects of pipe ruptures. 

Thus, all safety-related systems are arranged so that no random event can propagate or result 
in an accident which would make the consequences worse. 

3.1.2 - Geographical or physical separation of equipment 

The application of the single failure criterion requires that if one of two items of redundant 
equipment should fail, the other remains available. For this to be the case, there must not be a 
risk of a failure with a common cause simultaneously rendering the items of equipment 
inoperable simultaneously. This imposes installation constraints in the form of the following 
provisions: 

- equipment is installed to benefit from geographical dispersal inside the power 
station, 

- if this is not possible, items of equipment are separated by physical barriers (walls 
or floors for example). 

Such precautions make it possible to avoid to damage to an entire set of redundant equipment 
by a single hazard (fire, flooding etc.). 

3.1.3 - Independence of electrical power supplies and distribution systems 

From the point of view of safety, the design of the electrical power supply of the site auxiliaries 
must meet the single failure criterion as it is required for systems to which the criterion applies. 
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The electrical power supplies consist of: 

- off-site power supplies from the grid, 
- on-site power supplies consisting of redundant diesel generating sets. 

The electrical distribution network consists of identical electrically-independent streams, with 
one normally carrying power from one of the off-site power supplies while the other provides 
redundancy, which can be backed up by on-site power supplies in the event of loss of the grid. 

Each diesel generating set is connected to a pre-established train. 

The redundant electrical equipment associated with redundant mechanical equipment is 
powered via redundant trains. 

3.2 - Operating arrangements 

During operation of reactors, situations occur where redundancy of safety-related systems may 
be reduced. Arrangements must therefore be taken to address the safety implications. Such 
situations result from equipment compliance with a single failure criterion, one of two solutions 
may be chosen: 

- either increasing the design redundancy of the system to avoid an operating 
constraint and allow maintenance while preserving a degree of redundancy. This is 
the approach adopted for systems which can only be maintained while there are in 
service. This is in particular the case of the intermediate cooling system, which 
operates permanently, 

- or to lay down stricter operating rules under which, in the event of unavailability of 
the equipment, the safety level is not significantly reduced relative to the case 
where all equipment is available. Choice of this solution results in more frequent 
stoppages in power generating. 

It is the technical operating specifications which determine the approach to be adopted in the 
event of unplanned unavailability of equipment. They set maximum authorized durations of 
operation, substantiated in certain cases by probabilistic methods. 

3.3 - Additional resources and procedures 

For the safety systems which operate permanently or which are frequently demanded, 
application of the single failure criterion is supplemented by analysis of total failure of the 
function. This involves: 

- failure on demand of the scram system in incident operating conditions, 
- total loss of the heat sink or the systems carrying heat to it, 
- total loss of the steam generator feedwater supply, both main and auxiliary, 
- total loss of the engineered safety feature electrical power supplies. 

Indeed, the initial results of the probabilistic analyses carried out in France show that such 
failures could result, within a few hours of the initiating event, in severe consequences due to 
their relatively high probability. 
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Furthermore, in view of the need to permanently guarantee the availability of the "residual heat 
removal" function in the long term after a LOCA, the following are also considered due to 
their likelihood during the post-accident cooling phase in the long term: 

- total loss of the safety injection pumping resources, 
- total loss of the containment spray system resources. 

4 - Classification of equipment 

Equipment is classified to establish a rational basis for determining the stringency of the 
applicable requirements in their design and construction, the stringency varies with the safety 
functions to be accomplished, resulting in requirements concerning the quality of the 
equipment. Safety classification ends in listing the equipment accomplishing a safety function. 

The equipment is that making it possible to: 

- trip the reactor, 
- cool the core or another system carrying out a safety function, 
- protect against the dispersion of radioactive substances after an accident. 

For classification, a sequential process is used, proceeding by the following stages: 

a) determination of the safety function or functions to be accomplished by each of the systems 
involved in all operating conditions: 

- the function or functions to be considered are those necessary for meeting the 
stated basic safety objectives, 

- identifying the equipment involved in accomplishing the function or functions and 
which must therefore be of safety class, 

b) for each item of equipment thus identified, determination of its safety class, upon which the 
other features depend: 

- its seismic category, 
- whether a design or construction code applies to it, 
- whether qualification requirements apply to it, 
- whether quality assurance requirements apply to it, 

c) for equipment of a particularly complex nature, determination of the classes of all the safety-
related components, 

d) classification of equipment thus results in the application of specified installation rules for 
the systems of which they are part. 

11. A. 1/7 





12 PLANT OPERATION 

12.1 BASIS FOR EVALUATION 

The western practices for nuclear power plant operation have been used as a basis for 
evaluation. This means that the situation of the plant operation in the Rovno NPP has been 
examined regarding all the main items addressed in western plants. The main aim was not 
looking for conformance with western rules, nor with Ukrainian rules, but to evaluate how the 
plant is operated safely. 

The following documents have served partly as input: 

- IAEA codes and guides 
- IAEA TECDOC 449: OSART guidelines 
- IAEA TECDOC 497: OSART results II 
- practice gathered during regulatory inspection and auditing in western nuclear power 

stations. 

The interviews and discussions have been prepared by establishing check-lists on management 
subjects including quality assurance, operation, maintenance, emergency preparedness and 
training. Practical examples have been prepared: western organisation schemes, list and 
structure of operating procedures, examples of general operating procedures, emergency 
procedures, test procedures, technical specifications for operation, structure of emergency 
plan. 

The following documents have been referred to during the discussions with the Rovno NPP's 
personnel: 

- Dolzjnostnaja Instruktsija: description of the responsibilities and duties of each (management) 
function, 

- Technitsjeskoje Zadanije, 1991, na rasraboty normativnogo dokumenta, "Proverky i inspeksi 
pri eksploeatatsi NPP " of the Minist. Atomnor Energetiki i Promisjlennosti USSR: a 
document that describes a future new organisation of the nuclear power plants in the former 
USSR, 

- Procedure 2PCPIE of the Rovno NPP, that describes the establishment, verification, 
approval, distribution, modification and storage of the various types of documents used in the 
NPP, 

-Programma Obetspechenija Kachestva Rovenskaja AEC (general outline of the QA 
programme of the Rovno NPP), 

- OPB88 : classification rules for safety related systems, 

- The general maintenance code, 

- PNAEG-7-008-89, "Rules for composition and for safe operation of equipment and piping 
systems of nuclear installations", 

12/1 



- Unified programme for in service inspection, 

- Technological specification for safe operation of Rovno NPP, unit 3, VVER-1000 reactor, 

- "Rules of the work organisation of personnel in plants and organisations of the Ministry of 
Atomic Energy of the USSR 1989" or abbreviated "Porp-89", 

- Status ("Polazjenije") containing the personnel policy and the preliminary training system of 
NPP personnel, 

- Status about the training centre. 

12.2 MANAGEMENT, ORGANISATION AND ADMINISTRATION 

12.2.1 Information on NPP organisation. 

12.2.1.1 Organisation 

a. The organisational scheme of the Rovno NPP is presented in appendix 12. A. 1. 
It is very recent: it has been approved on the 28th of February 1993 and was applicable 
from the beginning of April. Not all positions are filled in. This is not unusual, as the scheme 
is representing the goal to be obtained rather than only the existing functions. 

A clear distinction is made between the operational entity (operation, maintenance, nuclear 
safety) which is responsible for resources, personnel, material,... and the administrative 
entity. 

The operational entity is managed by the Chief Engineer. It has three staff functions. The 
production engineering department, the inspection and reliability group and the training 
centre. The inspection and reliability group is responsible for e.g. vibration monitoring 
activities, the internal and external experience feedback, inspection on ISI and repair 
activities. It was said that this group was actually responding to the production engineering 
department. Units 1 and 2 on one hand and unit 3 on the other hand have each a reactor and 
turbine department. All the other departments are common for the site. 

The shift organisation is shown in Appendix 12.A.2. For the 3 units there are 120-130 
people in each shift and there are 5 shift crews in total. The shift is managed by the plant 
shift supervisor. There are two operational shifts: operation of units 1 and 2 and operation 
of unit 3. Each unit shift supervisor leads the activities of the reactor department shift 
supervisor, turbine department shift supervisor, electric department shift supervisor, I&C 
department shift supervisor. The chemistry, hydrotechnical structure, radio protection and 
ventilation crews are common for the 3 units. 

In the administrative entity, a "supervision" part has been established. This supervision and 
quality directorate is intended to supervise inspections, qualifications of subcontractors, site 
inspection (environment, hydrological insp.), health and includes also international relations. 
The aim is to improve quality. The technological department within this directorate is 
responsible for the establishment of a QA programme. 
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b. The responsibilities and duties of each (management) function is said to be laid down in 
writing (Dolzjnostnaja Instruktsija). They are based on the following approach: 

- Operating departments ( reactor departments, turbine departments, electric department, 
instrumentation and control or I&C department, hydrotechnical department and chemical 
department) are the "owners" of the systems and equipment's that they are operating and 
they may perform urgent minor maintenance activities. The role of these departments is 
double: they have an operational role as well as a maintenance role (by requesting the 
maintenance people to perform all kinds of maintenance). The maintenance entities are 
thus performing a service to the operating departments. 

- The maintenance department executes the requests of the operating departments, who 
themselves not only give the authorisation for performing maintenance work, but also 
approve the maintenance, repair and inspection programme. 

- The Chief Engineer has to approve practically all decisions proposed by the different 
departments. 

-The responsibilities are distributed per system (cfr operating departments), subsystems 
(e.g. specialists in the I&C department), tasks (e.g. ordering spare parts by the 
construction department). Only the reactor department (and higher management) seems to 
have an overall view on the operation of the whole plant. 

- The responsibility for nuclear safety lies with the general director of the (whole) plant. It is 
the general director who received the license for operating the plant. 

- Extensive use of logbooks to report on personal actions or findings; particular rules for 
filling in the different logbooks exist. 

c. The deputy chief engineer presented a future new organisational structure. There would be 
no more departments, but the following organizations: 

- engineering support, 
- operation, 
- maintenance, 
- fuel cycle (reactor engineering), 
- training, 
- radio protection, 
- chemistry, radwaste, 
- emergency preparedness, 
- administration/management. 

It has been observed that this new structure, which clearly devides operational and 
maintenance activities, corresponds to the structure described in a former USSR document 
(Technitsjeskoje Zadanije, 1991, na rasraboty normativnogo dokumenta, "Proverky i 
inspeksi pri eksploeatatsi NPP " of the Minist. Atomnor Energetiki i Promisjlennosti 
USSR). 
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The NPP has already discussed this new structure with GANU. The NPP confirmed that a 
change towards this new structure is a very important task that should be carried out very 
carefully. The relocation of all the chiefs is one of the major problems. A change from a 
pure hierarchical system to a system in which importance of the function and the 
performance of the individual is better taken into account will also have social impacts. The 
deputy chief engineer is well aware of this and does not want a change if the things are not 
well understood. 

d. Examples of western approaches of site organisations have been given. The main idea is to 
make maximum use of the competence and experience of the on-site personnel, which leads 
to the creation of organisations that perform services for all the reactor units. The deputy 
chief engineer and the chief engineer have been paying visits to Finland, Germany and the 
USA and are aware of the organisations applied there. 

12.2.1.2 Management meetings. 

Once per month, a "nuclear safety day" is organised. During this day a meeting is held between 
the director, chief engineer, deputy chief engineer, deputies, heads of main departments. The 
agenda and material to be discussed is prepared on beforehand. The minutes of the meeting 
mentions the corrective actions to be taken to improve safety. 

Once per week, on Friday, an overall management meeting is organized. The director chairs 
this meeting, at which all department heads attend. The meeting is held according to the 
requirements described in a special document "rules for holding meetings" and the general 
operation of the plant is discussed. 

Each Thursday, a meeting is devoted to the new unit under construction. 

In general the decisions taken during these meetings and the actions taken are followed up in 
these meetings. 

Many other meetings are held, at which the higher management does not participate. For 
example: each department has its own meetings. Once per month a meeting is held with all the 
personnel of the department during which the co-ordination problems of technical and 
administrative nature are discussed. 

12.2.1.3 Personnel management. 

The complete policy on personnel management has not been discussed. Some examples have 
however cropped up during the discussions of technical subjects: 

- the jobs requiring shift work seem not to be paid sufficiently as to attract people, e.g. 
operators, for these jobs, 

- instructors who have long experiences and have afterwards accepted the instruction job, 
receive a salary which is much less than if they would have kept their former job. As a result, 
new instructors are very hard to find. 
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- experienced people of Russian nationality can earn in their homeland a salary, for the same 
job, which would be of an order of magnitude larger. It is probable that many of them will 
avail themselves of the first opportunity to return to their home land, mainly due to this 
reason of low salary. 

12.2.1.4 Qualification of subcontractors. 

In the spring of 1993, all NPP's in the Ukraine got the status of "operating organisation". 
The impact of this status on the delegation of responsibilities from centralized state 
organisations to the NPP's has not been discussed, except the responsibility for qualifying 
subcontractors (see 12.2.1.7 - point 5). At this moment, the NPP's find themselves in a 
transition period. They have to verify the quality programme of their subcontractors but they 
cannot perform their duty as they would like to, because of this sudden policy change. The 
Rovno NPP has several problems in carrying out its new responsibility: find and train people to 
carry out the job, lack of technical codes, difficulties in obtaining agreements on contracts with 
manufacturers who want to sell more than requested. 
The NPP hopes to obtain help from Western countries (e.g. utilities or architect engineers), 
especially in the area of technical codes and their use, whereby training would be given on the 
Rovno NPP site. 
The situation in some Western countries was briefly discussed and solutions for small orders 
(special verifications and inspection programmes) mentioned. 

12.2.1.5 Document control. 

The NPP has a procedure (2PCPIE) that controls the establishment, verification, approval, 
distribution, modification and storage of the various types of documents used in the NPP. The 
person, responsible for the drafting of the document is always formally indicated. A verification 
process involving all the intervening departments (e.g. in case of corrective maintenance) is 
carried out and the Chief Engineer is to sign the document before it can be applied. 
In case of safety related activities, the GANU is also required to sign formally for approval the 
document. 
Each document mentions the names of the personnel who should know its content. 

The orders issued by centralized state organizations are received by the Chief engineer, who 
indicates the department(s) which should apply these orders and he will issue a limiting date, if 
applicable, before which the order should be fully implemented. 

Documents and records are stored in different places. The departments have on file all 
documents and records they need for carrying out their work. In the archive room the originals 
of some controlled documents are found, mainly reports. The filing system seems to be well 
known and up-to-date. In the library, technical books are available for consultation. 
Modifications of documents are indicated on an additional page of the document and a new 
revision is issued every 3 years. 
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12.2.1.6 Plant status surveillance requirements. 

Plant operational surveillance is the duty of the Operating Departments (mainly the Reactor 
Department and the Turbine Department). The radiological status is controlled by the Nuclear 
Department and the main radiological surveillance data are also available in the control room. 
Plant operational status is controlled with the help of the different log-books that are used in 
the control room. 
If a corrective maintenance action is required, the request is noted in the reactor department or 
turbine department maintenance logbook. The unit shift supervisor notes the most important 
points also in his own logbook. After approval by the Chief engineer and approval of the 
procedure, indicating also the responsible maintenance personnel for carrying out the 
maintenance, the work is carried out. There exists a work control system that is used for these 
activities (see 2.4, Procedures). After completion, the maintenance personnel make an entry in 
the corresponding maintenance logbook and the operating department signs for acceptance. If 
a report is made (act), one copy is filed with the maintenance department, one copy with the 
operation department. In addition , the historic file (see 12.5, Maintenance) of the equipment 
concerned is filled in. The non resolved items are daily reviewed by the operating departments. 

12.2.1.7 Control of modifications 

The following is applicable for modifications in Mechanical, Electrical, Instrumentation and 
Control areas. 

Modifications are laid down in a modification plan. A deputy chief engineer is responsible for 
the follow-up of the modifications of this plan. 
The following main steps are taken: 

1. The department owning the equipment produces a technical description of the requested 
modifications. This is approved by the Chief engineer and transmitted to the main designer. 

2. The main designer performs the design calculations and indicates the list of the needed 
equipment, parts etc. He also indicates the choice of the equipment, parts, etc.. 

3. The modification is laid down in design documents and drawings. 

4. After the plant receives the information mentioned above (and produced by the main 
designer) the plant orders the equipment. The main designer produces. meanwhile the 
detailed descriptions, of all necessary tools, parts, etc. necessary for carrying out the 
modification. 
It has to be pointed out that GANU inspectors are present in the main designer's offices 
(Kiev Atomenergoproekt) and approve the design on the spot. 

5. The manufacturer of equipment has to be licensed by GANU. 

6. A project organisation is set up for performing the work. This can be done by the main 
designer or by the NPP. All the related documents are transmitted to GANU for approval of 
the implementation of the modification. 
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7. Planning, organisation, execution of the work. 
The implementation may be performed by the NPP or by a subcontractor. Inspections and 
tests are included in the work. 
After completion of the tests, a Commission for. acceptance of the modification is set up, 
which approves the modification. The GANU inspector signs in the historic file the 
permission for putting the modification into operation. The person responsible for operation 
of the equipment does the same. 
In parallel, changes are made to the operational procedures and in the historic file in order 
to have up-to-date documents. 

8. The department owning the equipment requests the maintenance department to order spare 
parts related to the modifications. 

Other actions are also requested: 
- review of the in service inspection programme 
- review of the testing programme (to be carried out by the department for preparation of 

maintenance). 
- review of the process diagrams 
- modify drawing(s) in the historic file 
- indication of the person responsible for the maintenance, including his reference number. 

Operational personnel are briefed on the modifications carried out. 

9. Verification that all actions have been carried out. 
The logbook of modifications describes all the actions that have been carried out. 
The responsible person of the operating department has to verify that all actions have been 
carried out, except for the actions of the preventive maintenance department. He notes this 
down in a special logbook (logbook of technical modifications) of his department. 
Finally, in the logbook of the orders of the Chief engineer it will be indicated that all actions 
have been carried out. 

12.2.2 Assessment 

- The people we have met in the different departments were in general middle management 
people, with a high degree of competence and being responsible for multitask jobs related to 
the plant as a whole. They seemed to take at heart the safety and reliability aspects of the 
plant and were well aware of the problems and the need for improvement. 

- The overall organisation is rather complicated due to the dilution (subdivision) of overall 
responsibilities into partial responsibilities. This may also be related to educational or training 
system, in which higher specialisation is favoured in a particular area, rather than 
specialisation in a broader area, but this could not be verified. 

It is a complex organisation, using a lot of detailed instructions. The responsibilities are not 
always allocated in an optimal manner, so that as a result only a limited number of people 
have an overall view on the plant safety. 
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As a summary, one can characterise the organisation of the NPP by following aspects. 
. structure comparable to the one used in military organisations; 
. high number of personnel with detailed descriptions of their duties; 
. built in mutual verification through the use of logbooks; 
. dilution of responsibilities when compared to a western organisation; 
. salary linked to position; 
. personnel is punished if it commits errors; 
. a lot of detailed and rigid rules. 

The basic differences between western utilities and the Rovno NPP's organisation are that the 
organisation of western plants are less complex, that western plants use more subcontractors, 
that western plant personnel is encouraged to give priority to the general interests of the 
company (production, safety) rather than to personal interests, that the existing western 
punishment system only comes into action in case of gross neglect or intentional bad 
behaviour. 

- A plant operation review committee does not exist, nor an independent safety evaluation 
group or a site safety independent surveillance committee. 

- Almost every function has a personal logbook in which tasks are registered. It seems to be 
essential to note down which personal activities have been carried out. This seems to 
"discharge" the person because he has reported to have worked according the rules. It might 
be that more priority is given in correctly filling in logbooks and sheets, rather then being 
concerned about the results of these activities (for Eastern experts, this Western opinion is 
subjective). 
This must be seen in connection with the philosophy that the guilty must be found in case of 
incident and that he will be punished. On the other hand, the system has the advantage that all 
activities of persons can be traced back in time if the filling-in is reliable. 

- The efficiency of the various meetings at different levels of the organisation has not been 
assessed. In general quite a lot of meetings seem to be held, involving a lot of man-hours. 

- Compared to western practice, the reactor operators e.g. have a higher educational degree: 
they are graduate engineers. Their expertise, as well as that of other personnel, is used mainly 
to operate and maintain the plant in accordance with the applicable rules and not so much to 
take initiatives for improvement. This is due to the very centralised rule making process in the 
former USSR. 

-It is recognised that the economic situation does not allow for large salary raises. 
Nevertheless, if no actions are taken, it is probable that within the coming year a shortage of 
competent people will occur. This may lead to difficult situations regarding nuclear safety and 
availability of the plant. 

- The qualification of subcontractors has become suddenly the NPP's responsibility, without 
sufficient preparation time for the NPP's to be able to assume this responsibility. 
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- The personnel met seems to know very well the document control procedures, the official 
orders applicable to their work, the use and content of different procedures and files. No 
assessment has been made of the correctness of the content (for this aspect, see also 12.4-
Procedures). The modification of documents, only through indication of the changes on a 
separate page, is cumbersome and an additional source for error. 

- The fire protection of the archive room located in the administrative building is however 
problematic. The files are stored on open racks, very close to each other, and a fire will easily 
destroy the content of the whole archive room. 

- The system for plant status surveillance seems to work. 

- The modification process seems to be well under control from a formal point of view. Due to 
limited time, it was not possible to examine a modification from a technical point of view. 

12.2.3 Recommendations for improvement 

- It is recommended to improve the safety culture by realising a better understanding of 
the safety aspects by personnel. 

- The NPP should establish a plan for improving the organisation. Co-operation with 
other NPP's in the Ukraine is recommended. The implementation of a new 
organisational structure should be carried out gradually. The instauration of a plant 
operating review committee, an independent safety evaluation group and a site safety 
independent surveillance committee should be considered. The NPP is recommended to 
instore a project management organisation with the aim of better controlling and co
ordinating the activities related to the technical modifications. This should include 
engineering activities in order to define optimal solutions for a series of modifications 
as a whole. In view of this recommendation and of the other recommendations made in 
this report, the presence of experts, preferably of Western plants and/or engineering 
organisations, for continuous on-site support is considered essential. 

- Management should urgently take measures to assure the stability of personnel. 
A plan should be established for training of the people for positions that will need 
replacement. A review of the salary policy is needed to keep experienced people and to 
attract people for positions (like shift work, instruction jobs, etc.) that are essential for 
the availability and safety of the plant. 

- It is suggested that the qualification of subcontractors, now entrusted to the individual 
NPP's, be entrusted to a consortium of NPP's in order to have an efficient qualification 
system (no overlaps) and to distribute the efforts. Nevertheless, each NPP should 
(continue to) perform the necessary inspections during the manufacturing period of the 
equipment or parts they have ordered, even if inspections on the state level (e.g. by 
GANU) are also carried out. 
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- Reference is made to the recommendation made in 12.3.3 regarding the review of the 
punishment system and the review of the organisation, the distribution of 
responsibilities and the corresponding procedures or orders. 
All these factors have to be considered in a coherent way in order to increase the 
motivation of the personnel and introduce an improvement process which will be to the 
benefit of reliability and safety of the plant. 

- The revision of documents, especially operational procedures, should be improved by 
using word processors, allowing the introduction of the modified text immediately on 
the correct place in the document concerned. This would reduce drastically the risk for 
errors and enhance the use of procedures which are established on the base of a step by 
step approach. It is recommended to indicate the reasons for changing the document, 
at each revision, on a separate sheet in the document. See also 12.4.3 on the 
recommendation addressing the establishment of more user friendly procedures. 

- The fire protection of the archive room should be improved. 

12.2.4 Recommendations for complementary studies 

None. 

12.2.5 Proposal for future evaluations 

The following should be conducted: 

- Evaluation of a new organisational structure and its implementation plan. 
Examination of function descriptions (responsibilities, authorities, duties, qualification 
requirements, training requirements) of leading people in the plant (in particular the 
operational entity). 
Review of the efficiency of the meetings on all levels of the NPP's organisation. 

- Evaluation of some modifications in more detail, in order to recognize better the validity of 
the system for modification control and also to discuss the occurring problems. 

- Discussion on external support organisations, their licensing and hiring of their services by 
the plant for maintenance activities of safety related systems and components. 
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12.3 QUALITY ASSURANCE 

12.3.1 Information on QA programme at ROVNO NPP. 

12.3.1.1 Regulatory requirements 

- The improvement of the quality assurance (QA) practice in the Ukrainian nuclear power 
plants will become a regulatory requirement. It is intended primarily to decrease incidents in 
the operating plants, by reducing the errors of personnel and by keeping the quality of the 
systems at an acceptable safety level. 

- GANU and the NPP's of Ukraine formed a working group for establishing a code for QA 
during operation of NPP's ("NPP quality assurance for operations - general requirements"). 
This code exists in draft form, but has not been approved yet. It is intended to be the upper 
level document that serves as a basis for the development of QA guides. An English version 
of the draft QA code was given to the Consortium for comment. 

GANU developed a (draft) QA-guide (a second level document) for establishment of a QA 
programme. The guide (which was not presented to the consortium due to absence of 
translation into English) has been sent to every NPP for comment. 

12.3.1.2 QA activities in the Rovno NPP 

- The Rovno power plant has been indicated as a leader for developing a QA programme. The 
Deputy Chief Engineer in charge of support services for production has presently the 
responsibility to control the development of a complete QA-programme. He is personally 
responsible for the development of the operations QA programme. 

The general contents of the future QA-programme were sketched: 

- main principles of assurance of nuclear safety, 
- list of QA documents, 
- terminology, 
- standard format of logbook, 
- function descriptions. 

It has been declared by the NPP that a QA manual exists but it is not considered: no practical 
application is derived from it. It has not been shown (or what has been shown is not a QA-
manual). 

- The Rovno NPP has already developed the following documents: 

A first document "QA programme of the Rovno NPP" (Programma Obetspechenija 
Kachestva Rovenskaja AEC) represents a declaration of principle, the list of codes and 
definitions and the QA goals for each department. 
Another document describes the responsibilities of the main functions in the NPP. 
These two documents were not available in English version. 
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- An inventory of technical documents that are already existing in Rovno NPP has been 
produced and shown to the Consortium. Other documents, like document control 
procedures, other administrative procedures, have not been listed yet. The NPP recognises 
that it is useful to review the existing procedures and detect possible missing items. Some 
work has been started (see Procedures, 12.4.1.6) 
The planning for the development of all the high level and lower level documents, which all 
together would constitute the QA programme, is under development. This is an important 
element for controlling the development of the QA programme documentation. 
It is not clear whether there will be a QA manual that would be a guide for all the 
departments that will have to establish their own QA programme: some departments have 
already started to establish their QA programme: operations, maintenance, fuel handling, 
metrology. 

- Even if some minor changes are regularly defined, a complete immediate re-organization of 
the present organisation is declared not to be a priority for the Rovno NPP. It is expected by 
the NPP operators that the application of the QA principles will lead to a gradual process of 
optimisation of the organisational structure. 

Some actions for improvement on the working level have already been taken in the NPP. In 
order to prevent failures/errors of personnel, check-lists for operational activities are 
developed. This yields procedures established on the basis of a step by step approach. 

12.3.1.3 Communication of western experience with QA 

The Western experience has been sketched. The qualification (technical, human factors, QA 
specific items) of auditors has been underlined. 

12.3.2 Assessment. 

- The group of experts, coming from GANU and all the Ukrainian NPP's, who took the 
initiative to clarify the general QA approach applicable for Ukrainian NPP's and to establish 
the draft of the high level document mentioned above, have a good understanding of quality 
assurance. Some western experience with QA has been discussed, especially the activities of 
the QA department and the organisation of the independent verification. It has been stressed 
that each activity should have an added value for maintaining or improving reliability and 
safety. 

- The draft code on QA ("NPP quality assurance for operations - general requirements") has 
been commented by the Consortium and the results are presented in appendix 12.A.3 

- The NPP has indicated in its organisation the department that would act as a QA department. 
One would expect from the latter that it would develop the QA-policy and the programme 
and that it would organise and administer training in QA-matters. Part of these activities are 
carried out by the Deputy Chief Engineer for operations and by operating departments. The 
inventorisation of the existing applicable documents in the NPP is a good exercise in view of 
the detection of missing items in the existing system. This is however only part of the total 
work to be carried out. 
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One can conclude that the NPP would benefit from an operable QA-department with a 
coherent and complete programme and planning for establishing and implementing a QA-
programme. 

- The present punishment system will hamper severely the functioning of the continuous 
improvement system that is aimed at in the QA-approach. It is common practice that each 
organisation defines rules for punishment, but a constructive and positive attitude would 
imply that these rules would be applied as a last resort or in case of intentional errors, pure 
neglect or major misdemeanour. 

- The NPP management did not yet receive training in QA-matters, neither did the personnel. 
In the long term all personnel should understand the policy and objectives of the high 
management regarding nuclear safety, radiation safety, reliability, safety culture etc. and 
understand that the QA programme is the tool to support the realisation of these objectives 
and to support a continuous process of improvement. Assistance from utilities having 
experience with QA can be very helpful. 

- The policy of the Rovno NPP, introducing a clear organisational distinction between the 
operational activities and the administrative functions, that also include a supervision 
function, aims at improving quality by increased supervision activities. This can be acceptable 
as a short term policy but it cannot be a long term one, because quality has to be built in on 
the work floor and not by inspection. The responsibility for the quality should be entrusted to 
the person or organisation performing the work. The supervision activities were not 
reviewed, because at the moment of our visit, situation was not clearly explained. 

- According to our experience it is believed that if no improvement actions are taken on the 
level of organisation, on allocation of clear responsibilities and on the motivation of personnel 
(including the fulfilment of basic needs, good salary policy and review of the punishment 
system), the formal or strict application of QA-rules is likely to worsen the situation, rather 
than to realise the expected improvements. In particular, the motivation of personnel is an 
essential factor to start a continuous improvement process, which will increase reliability and 
safety of the plant. This continuous improvement process is the main goal of the QA 
approach and is also underlined in the draft QA high level document that has been discussed. 

12.3.3 Recommendations for improvements. 

- It is recommended to already appoint a person in the NPP who will be trained in QA-
matters and who helps establishing the NPP QA manual and the QA-programmes in 
the different departments. This person should at the end be appointed, if he performs 
satisfactorily, as the head of the QA department that should become an operable 
entity. 

- In a near future, technical people from the NPP should be appointed to assist the 
future QA manager as QA auditors. They should be technical people, chosen from 
different areas, and trained in QA matters. They should also have enough human 
qualities to lead efficiently a discussion, to present in a constructive way the 
observations made during audits and to have organizational qualities. They should 
receive on-the-job training in auditing. Their training period could take one to two 
years. 
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- It is recommended that the NPP establishes by themselves their own QA-programme, 
taking into account their own practices, working conditions, qualification of personnel, 
used technology, encountered problems and any other boundary conditions, rather 
than implement meticulously pre established QA-rules. The latter should be used as a 
guideline. 

It is advised that information from other nuclear power plants on their QA-approach is 
obtained and used, where feasible, in the establishment of the Rovno QA-programme 
because their experience can give valuable guidance in the development of a complete 
QA programme. 
One element of this approach could be that QA programmes are established in some 
well chosen departments or services who have the highest success probability for 
achieving a good programme. This could then inspire other departments and services 
and convince them more easily that a complete QA-programme is a real improvement 
for the daily work. 

- The present punishment system should be reviewed and it should be gradually changed 
to a less stringent one. 

- It is recommended that one of the first actions is to train upper and middle 
management in the QA approach adopted by the NPP. The future QA manager and 
his assistants could administer (part of) this training. In the end all personnel should be 
trained in an appropriate way. 

- The internal verification on the quality should be entrusted to persons not having 
direct responsibility for actually performing the work, e.g. the superior. The evaluation 
of this verification is to be carried out by auditing. 

- An action plan and time schedule for the establishment and implementation of a QA-
programme should be established and regularly evaluated. 

- It is strongly recommended that the establishment of the QA-programme starts from 
the actual situation in the Rovno NPP. This situation should be analysed, the good 
characteristics should be indicated and the elements to be improved should be 
identified. A first but essential step is the systematic and careful analysis of the present 
organisation. 

-As planned, after consideration of the present responsibilities, authorities, duties, 
qualification and training requirements of each function, necessary relocation's of 
responsibilities should be planned in order to establish a less complex organization with 
clear responsibilities for all functions. Adequately trained and competent personnel 
should carry out these functions. If necessary, additional training or relocation of 
personnel has to be considered. 

- Due attention should be paid to the daily problems that are faced by e.g. the 
department heads, their deputies, their foremen and that they cannot solve due to lack 
of means. As a QA approach cannot be implemented if the basic needs of the personnel 
required for performing a good job are not fulfilled, higher management should obtain 
the means and take actions to solve these problems. This will be an important factor for 
increasing the motivation of the personnel. 
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- The salary policy should also be reviewed so that salary not only depends on the 
function (or hierarchy) but also on the experience and expertise of the personnel. This 
will enhance the motivation of all concerned. 

12.3.4 Recommendation for complementary studies. 

None. 

12.3.5 Proposal for future evaluations. 

Following activities should be performed: 

- evaluation of the action plan for establishment of the QA-prqgramme, 
- evaluation of the high level QA document that defines the general principles of QA in Rovno 

NPP, 
- evaluation of the review results of the organisation (see also 12.2.5), 
- evaluation of the contents of the future QA-programme, 
- evaluation of the QA manual (or its draft version) if existing, 
- evaluation of the concrete short term actions related to the organisation responsible for 

establishing a plant QA policy and a QA manual, discussion of the training programmes on 
QA for people of the QA organisation, the management and the technical people. 

12.4 PROCEDURES. 

12.4.1 Status and information on normal operating and emergency procedures. 

12.4.1.1 Work control system (narjad system) 

The system is based on the following principles: the plant or unit shift supervisor authorises the 
preparation for maintenance work (except for safety related systems, in which case the chief 
engineer has to give the authorisation), the preparation of the maintenance programme is 
carried out by the department owning (operating) the equipment, the maintenance is performed 
by the maintenance people. 
Using the example of non operabihty of a safety related component, the following steps are 
taken: 

- the non operability is mentioned in a logbook for safety systems; a maximal allowable outage 
time is recognised, 

- the unit shift supervisor mentions the event to the chief engineer or his deputy who authorises 
the work, 

- the work is prepared by the department that owns the equipment: instructions for the work, 
necessary tools, 

- the work permission describes all activities to ensure the safe working of the people, 
- the equipment is tagged, 
- the requested maintenance activities are organised by the maintenance engineers, 
- the work permit mentions the names of the maintenance people involved in the work, 
- then the shift supervisor of the department owning the equipment signs the work permit, 
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- the work is carried out by the maintenance people and all persons concerned (the ones 
mentioned above plus the supervisory people of the inspection and reliability group) sign the 
work permit for successful achievement of the work, 

- the requalification tests, as defined by the plant shift supervisor are carried out, 
- the logbook for reporting of tests is filled in. 

During normal operation only 4-5 work orders are issued per week and per unit. Smaller 
activities are requested from the concerned departments orally, without issuing a work permit. 
These departments perform these maintenance activities according to pre established working 
procedures. 

12.4.1.2 General information on western procedures 

In order to support the discussion on operating procedures, some examples from western 
NPP's have been commented. It has been stressed that procedures, in general, have to be 
coherent with the type of organisation, the management policy, the culture and background of 
the personnel etc. but that exchange of information may give some hints for improvement to all 
parties concerned. Therefore, a typical western organisation has also been shown. This 
information is presented in appendix 12.A.4. 

Examples of different procedures of a western nuclear power plant have been shown and the 
general structure, lay-out and ways of reporting have been discussed. Their content depend on 
the particular activities to be carried out, the organization and the allocation of responsibilities 
as well as on the training, competence, experience and motivation of the personnel. 
The use of procedures by western and eastern operators has been discussed, as well as the 
degree of detail in which the different actions have to be described and reported. 

12.4.1.3 Normal operating procedures of ROVNO NPP 

An example of an operational procedure has been examined: proc. 9-E-Pts.2, dated 8.2.93, 
applicable in unit 3: procedure for cooling the spent fuel pond. 
The procedure is established according to a common format (see appendix 12.A.5/12.A.5.1) 

12.4.1.4 Emergency operating procedures of ROVNO NPP 

The set of emergency procedures of units 1,2: nr 1-E-LGts, 1988 edition, is a bound volume 
containing all the emergency procedures. 
The content is presented in appendix 12.A.5/12.A.5.2. 

An example (5.5-Steam generator tube rupture) has been looked at in detail; in principle a left 
column indicates the possible observation to be made during the accident and the right column 
indicates the instruments to be looked at. 
This emergency procedure was examined in the control room of unit 2; the following actions 
are prescribed: 

. activity alarm in the control room (demonstrated in the control room of unit 2) 

. reactor operator observes primary circuit parameters 

. reactor dept. shift supervisor warns the unit shift supervisor. The latter (or the former) 
contacts the chemistry dept. for verification of the activity. 
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. activity verification in steam generator takes 1-1.5 h. 

. reactor operator checks activity measurements one in the control room (steam activity: 
one measurement per steam line), the other in the radio protection room and the last in 
the emergency control rooms). In case of heavy leak, an alarm button will be pushed, so 
that the alarm will be heard in several places, including the department shift supervisors. 
The alarm is specific for the unit. 

. the unit shift supervisor takes the lead of the control room (if not the chief engineer). He 
leads the reactor and turbine operators, the turbine department shift supervisor plus 
department shift supervisors of I&C, electric equipment, and clears the control room of 
unnecessary personnel. 

. the incident will be identified/verified using the appropriate primary and secondary 
parameters. The reactor operator may scram the reactor without permission of the unit 
shift supervisor if he thinks it to be justified. This is described in his function description. 

. actions are taken to mitigate the consequences of the accident. 

According to the NPP, the emergency procedures are not to be used during emergency, they 
are supposed to be known by heart. The NPP argues that in such stress situations it is not 
recommendable to use procedures as it would cause an additional (and time consuming) 
burden to the operators. In addition, their high qualification would not require them to use 
emergency procedures. 

A series of symptom based procedures seem to be in a preparational phase (in the Russian 
Republic) but it is not known when these will be available. 

12.4.1.5 Documentation in the control room and its use 

a. Control room unit 2. 

- Fill in tables used by the operators in the control room of unit 2: 

Reactor operator: 
DIN A3 table: covers 1 day (3 shifts), parameters (p, T, levels) to be noted every hour. 
table for auxiliary reactor equipment: covers 9 days, parameter to be noted every shift 

Turbine operator: 
Table: covers 1 day; parameters to be noted every 4 hours. 
List of operating or stand-by equipment: per 8 hours (shift). 

- Log-books in control room of unit 2: 

- reactor operator logbook. 
- turbine operator logbook. 
- reactor department maintenance logbook: entry of carried out planned maintenance 

activities. 
- turbine department maintenance logbook. 
- logbook of water chemistry (level, concentration that are orally communicated by the 

chemistry department). 
- logbook for chemistry of steam generators filled in by the reactor operator. 
- logbook for chemistry of primary circuit, filled in by the reactor operator. 
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- logbook for protection and interlocks: scheduled tests of pumps and valves, used for 
normal operation, filled in by the reactor operator. 

- logbook for the registration of programmed tests of safety systems. 

Note: the reactor and turbine department shift supervisors read these logbooks every day 
and the subjects are further discussed where necessary. 

- Procedures in the control room of unit 2, their storage and use: 

The documentation cabinet for the reactor department contains a list of normal and 
emergency procedures, as well as a description of the functions of the reactor department 
shift people present in the control room and of the field operators. The physical 
characteristics of the core were also described in a document, that has been briefly 
examined. Two examples have been examined from the point of view of application in the 
control room: make-up of the primary circuit and steam generator tube rupture. 

In return the Western approach was explained stressing elements like verification of the 
proper operation of safety systems, diagnostic of the accident use of the procedure step by 
step, organisation of the control room personnel. 

b Control room unit 3. 

The same type of documents are in use as in unit 2. 
A logbook is kept by the reactor and by the turbine departments to note down the work 
permits issued, in progress and completed. These logbooks are stored later on in the 
departments concerned. 

12.4.1.6 Actions started in ROVNO NPP 

The ROVNO NPP (unit 3) has started to review its procedures and information available on 
their systems. This review is supported by a computer system that has been acquired through a 
bilateral assistance programme with Germany. 
One has started to review the ECCS procedures and to inventorise the equipment and 
characteristics of each system. 
A demonstration of the actions carried out up to the date of the second visit has been given. 
The following items were reviewed (per system): 
- description of the system, with a list of all components and their technical characteristics 
- process and instrumentation diagram 
- per type of equipment (vessels, pump valves, I&C,...) all the information necessary to support 

maintenance activities. Tables are made per type of equipment, specifying, e.g. for pumps: 
number, name, location, technical characteristics, nominal operating parameters, safety 
classification in accordance with OPB88 (class 1,2,3 or 4), manufacturing classification (class 
A, B or C), registration number of the manufacturer, registration number of the plant as 
known also by GANU, name of manufacturer. 

Later, emergency procedures will be reviewed by the NPP as well. 
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12.4.2 Assessment 

- The content of a normal operating procedure has been compared with the existing elements in 
western procedures. In principle, the information presented in Rovno NPP's procedures are 
equivalent to the information presented in western procedures. The procedure that has been 
examined seemed to be present all necessary information. 

Western procedures would present the information in this NPP procedure in different kinds 
of operating procedures, as indicated in appendix 12.A.5/12.A.5.1 .They are written in such a 
way that for each type of activity only the necessary instructions for this activity is 
mentioned, without other information that would only cause an additional burden or 
confusion to the user. 

- The set of emergency procedures is set up so that one is supposed to recognize directly the 
incident or accident. Although a confirmation of the incident/accident is included, there does 
not seem to be a recovery system if the wrong diagnostic is taken. In other words, there is 
no description of how the identification of the incident (diagnostic) is made. It is left to the 
operators and their (theoretical) expertise in the field. This seems to be the major weakness, 
but the utility argues that the operators are engineers and that their training is carried out 
regularly. The procedures have been provided by the designer, but the qualification 
(calculations, simulator tests) have not been transmitted. 

In case of modification of an emergency procedure, the designer should approve the new 
revision. In the present circumstances of Ukraine, the relation with the designer are not 
rendered easy and it is not evident that modifications will be approved by the designer in the 
future. 

The emergency procedure that has been examined did not mention the indication of valves to 
be operated. This seems to be a weakness. 

Verification of proper operation of safety systems seem not to be provided for as a systematic 
item in emergency procedures. 

Summary of weaknesses in emergency operating procedures and their use: 

- the procedures are supposed not to be used during an accident, but known by heart 
- no system for diagnosing the accident (reliance upon qualification and training of 

operators) 
- no information provided by the designer on the qualification of the emergency procedures 
- no description of systematic verification of the proper operation of the safety systems 
- the equipment's (valves,...) to be operated are not identified. 
- future modifications of the procedures seem difficult due to modified financial relations 

with the designer. 

- The use of logbooks in the control room seems to be cumbersome. An entry in the reactor 
operator logbook is copied by the reactor department shift supervisor in his logbook. The 
fulfilment of tasks is transmitted from one position to the other and the verification of this 
fulfilment is made with utmost care. These administrative activities seem cumbersome and 
could be easily improved (simplified). 
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- The NPP seems to have a tendency to increase the verification of the tasks to be carried out 
by operators, or of personnel in general, by introducing more detailed instructions. The 
reason is to be found in the decrease of motivation of personnel. 

- It seems that procedures of the NPP are more difficult to use due to the amount of 
information present: operational and maintenance aspects are described in the same 
document. Therefore the personnel has to rely more on its memory when performing their 
tasks. 

- The present review, that has started by the reactor department of unit 3, of the procedures 
and process diagrams is a very good initiative. The review is aiming at establishing a correct 
as-built situation, e.i. describing the actual situation and it must be said that it is a valid step 
towards further improvement. 

12.4.3 Recommendations for improvement 

- The NPP is encouraged to acquaint themselves with the procedures of western plants 
as well as their organization and to use those elements that are felt as an improvement 
for the ROVNO NPP. 

- The review of the actual system procedures and the process and instrumentation 
diagrams should be continued, as it will eliminate inconsistencies and errors and it will 
establish a clear picture of each system. 
It is recommended to also include the experience feedback based on own experience so 
as to preserve the acquired know-how of the personnel in the plant. 

- In a second step the information, present in each actual procedure, should be 
reorganised into a series of procedures addressing e.g. normal operation, periodic 
testing, maintenance, incidents and their remedies, etc. in such a way that no 
superfluous information is given for each task or operation to be carried out. This will 
increase drastically the user friendliness of the procedures. 

- The weaknesses in the emergency procedures and their use (cfr 12.4.2) should be 
eliminated. 

- If organisational improvements are introduced, with better allocation of 
responsibilities, the procedures should of course be in compliance with these 
improvements. 

- If the degree of detail in the procedures or instructions has to be increased in order to 
compensate the decrease of motivation of personnel, it should be born in mind that this 
measure can only be a temporary one. In the long term, motivation should be 
enhanced. 

12.4.4 Recommendations for complementary studies 

None. 
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12.4.5 Proposal for future evaluations 

Following should be performed: 

- evaluation of the progress made in the review of operational and emergency procedures, 
- evaluation of the introduction of operational feedback in the procedures. 

12.5 MAINTENANCE 

12.5.1 Status and information on maintenance in Rovno NPP 

12.5.1.1 Organisation 

See par. 12.2, management, organisation and administration. 

The discussions on maintenance have been discussed mainly with the Preparation of 
Maintenance and of Technical Documentation service (PMTD). 

12.5.1.2 Maintenance facilities 

- Work-shops: 

The NPP has large workshops that are well equipped with various machine tools, which 
allow for the production of new parts (until some years ago only for non safety related 
applications) and allow for various repair activities. 

- Mock-ups: 

Mock-ups are not available. When new equipment arrives at the plant, it is disassembled and 
reassembled in order to familiarise the personnel with this new equipment. The NPP declared 
that, in the framework of bilateral contacts with Germany, this subject is under discussion and 
that mock-ups may be delivered to the training centre in the future. 

- Lifting devices 

The availability, maintenance and inspection of lifting devices has been discussed in general. 
The plant has no major problems regarding the availability of lifting devices. One problem 
was mentioned in unit 3: the crane in the diesel building is insufficient for carrying out all 
repair. 
The maintenance and repair is carried out by a small group of people of the maintenance 
department. The inspection and reliability group has one person who is inspecting all the 
lifting equipment of the Rovno NPP. 

12.5.1.3 General approach for the conduct of maintenance, test and inspection activities. 

The approach is described for maintenance of pressure retaining components during outages 
and includes the interface with the GANU on-site inspectors. 
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modifications during the last four years. Some manufacturers come to the site and take 
decisions on preventive maintenance or repair. 

From the discussion it was learned that the NPP tends to improve its maintenance 
programme, by learning from their experience, but that it is very tedious to change the 
maintenance programme because of the approval process. 

12.5.1.5 Co-ordination of maintenance activities 

The co-ordination of maintenance activities is carried out by the Preparation of Maintenance 
and of Technical Documentation service (PMTD). 

The tasks of the PMTD service are: 
- definition the preventive maintenance work, 
- managing the preventive maintenance work, 
- supporting other departments in maintenance methods, 
- carrying out preparatory work for maintenance (arrangements, software). 

- Organisation 

The service has two groups, the first one is working on long term planning, the other one on 
organisation of the work in the plant. 

- Activities: 

Group 1 (6 people): 
This group prepares the long term preventive maintenance planning (1 year, 5 years,...) for all 
units, including the refuelling. 
They establish the detailed maintenance programme for mechanical maintenance (water and 
steam systems) based on the general maintenance code. The additional maintenance is 
composed of modifications and special requests formulated by operating departments. For 
this planning a computer software from Paks is used. 
The electric and I&C departments develop manually their own detailed programme, on the 
basis of the general programme. 

PMTD receives all the planned activities from all departments concerned. 

The NPP declares that the management of maintenance was not regulated in the former 
USSR. At present the NPP recognizes that additional effort (and funding) is still required for 
optimising the maintenance (improvement of communication, well established priorities, 
careful planning of resources, tools, equipment and manpower). 

Group 2: 

This group plans the decided activities in time and optimises the whole maintenance process. 
A software from Belorussia is used to produce a bar chart indicating the time period for each 
group of activities (net work planning). 
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The follow-up of the planning is recognized to be a weak point by the NPP. Feedback of 
information and connection between activities is not satisfactory. The co-ordination between 
17 departments does not simplify the job. 

Schedules are produced for the management and the departments for their support. 

12.5.1.6 In service inspection (ISI). 

- The basic documents to start from is PNAEG-7-008-89, "Rules for composition and for safe 
operation of equipment and piping systems of nuclear installations". 
The equipment and systems are subdivided into three different groups, depending on their 
importance for nuclear safety: 
Group A (most important): reactor vessel (in case of damage, the fuel elements can be 
damaged to such an extent that the imposed limits cannot be respected). 
Group B (important): e.g. steam generators. 
Group C. 

- The basic document for in service inspection is the Unified Programme for ISI. 

The inspection techniques and the applicable criteria are defined in the basic document 
mentioned above. Some examples have been examined. 

- For the non destructive examinations (metal control), a complete programme is established 
for each outage, by the Metal and Welding Laboratory, for each department which has 
systems subject to in service inspection. An example has been shown for unit 2, steam 
generator G3. The programme contains the following examinations: visual internal and 
external, luminescent hydrotest for leakage detection at the collector-tubes interface, non 
destructive volumetric examination. It has been established on the basis of former inspection 
results and the results of last repairs. 

Each department has to approve (or to amend) the ISI programme for their own systems. 
The amendments to the ISI-programme are made by the designer who introduced 
improvements by repair and by GANU, who base themselves also on international 
requirements. These amendments are laid down in the historic files of the equipment's or 
systems concerned, and the department who owns the equipment or system has to apply 
them. The ISI programme is also sent to the preparation of maintenance service PMTD. 

- The Metal and Welding Laboratory (MWL) performs the non destructive examination in 
compliance with the approved programmes. Every line (item) in the programme is subject to 
a report. The reports mention the details and conditions of the examinations carried out. They 
are signed by the MWL and sent to the departments. 

- A global file is established, covering all ISI activities. If all reports are present and if there are 
no remarks, this file is signed by the Chief of the Metal and Welding Laboratory, the chief of 
the Preparation of Maintenance department PMTD and the chief of the department to which 
the systems belong, mainly the reactor department). 
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12.5.1.7 Quality control activities 

Quality control activities are carried out by: 

- the chief of the department to which the systems belong 
- the foremen of the maintenance inspection 
- the chief of the maintenance inspection 
- representatives of inspection and reliability group 
- the chief of the metal and welding laboratory who checks his own personnel when performing 

the examinations. 

The GANU inspectors verify the programmes, the reports and perform also visual inspection. 

The special Commission (cfr 12.5.1.3) will give its final approval, and sign the act of their 
meeting. The filing of the ISI-reports is carried out as follows: in the historic maintenance file 
("passport") a report on all inspections will be introduced (the sc*bpe, the conclusion of the 
special Commission). This report is signed by GANU, who indicates the date of the next 
inspection. Reference is made to all non destructive examination reports. These reports are 
filed in annex of this historic file. 

12.5.1.8 Activities of the Metrology Laboratory. 

- Organisation: 

The laboratory works with 28 persons. 
They are subdivided in 6 groups: 
- purchasing (of equipment, of documents,...) 
- calibration of technological instruments (manometers, temperature gauges) 
- calibration of electric/electronic instruments 
- calibration of instruments for measurements of ionising radiation 
- computer systems 
- physico-chemical group 

- Activities: 

The laboratory is responsible for surveying the calibration status of all instruments in the 
plant, as well as for the periodic calibration. 
The laboratory bases itself on two types of calibrations: one on the state level (Rovno, Kiev, 
L'Vov, depending on the instrument), one on the local level (the laboratory, using reference 
gauges calibrated by state organizations). 

All the process instruments are calibrated in the laboratory. 

A schedule for carrying out the calibration exist (either for state or for local level). 
An inventory of the results of calibration is established. The state calibration is supported by a 
calibration certificate. The calibrated instruments receive a stamp indicating that it has been 
calibrated. 
The laboratory operates ten calibration laboratories on site. A personal computer is now 
available and one starts to use it for own job management purposes. 
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The electric laboratory in units 1, 2 has been visited. It gave a clean and well organized 
impression. This laboratory carries out calibration of voltmeters, ampere meters and electric 
resistance meters using high precision equipment. 

12.5.1.9 Activities of the Metal and Welding Laboratory. 

- Organisation: 

The laboratory is subdivided in four groups: 
- non destructive examination (radiography, penetrant testing, ultrasonic examination, 

magnetic examination, eddy current examination of turbine rotor parts) 
- metallography (welding procedure and welders qualification, expertise of defects) 
- welding group (control and inspection of welding repair, checking of subcontractor 

documents) 
- non destructive examination remote handling devices (pressure vessel inspection remote 

control) 

- Activities: 

The laboratory is responsible for establishing and carrying out in service inspection 
programmes, the qualification of the personnel carrying out non destructive testing as well as 
qualification of welding procedures and welders and welding inspection. 

a. Qualification of personnel (non destructive examination, welding) 

The chief of the four groups mentioned above have to pass qualification examinations on 
state level (until some years ago these examinations were to be taken in Moscow). As there 
is no state organization in the Ukraine, the GANU has made it possible that these chiefs can 
still go to the Central Scientific Institute in Moscow. 
The chiefs are then authorized to sit in qualification committees and to administer 
examinations to candidates. 
The plant qualification committee examines the theoretical knowledge of the candidates, the 
laboratory carries out the practical tests on specimens. 

b. Maintaining of qualification. 

For non destructive examination personnel 1 examination is required every two years, as 
well as tests on specimens 
The verification of the skills of welders is to be verified by the maintenance department. No 
information could be given by the laboratory except that welders can practice on a welding 
simulator (developed for pipeline welders by an institute in Kiev). 

Inspection of welding rod/welding material storage is performed every 3-4 months. The 
laboratory tries to go unannounced. 
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c. Qualification of non destructive examination procedures. 

The procedures are developed by the state institutes (of the former USSR) and are to be 
followed in accordance with an order of the Ministry. 
If a new procedure is sent to the plant, the chief engineer will have to indicate which 
department has to apply it and to indicate by which date the personnel has to be qualified. 
The NPP does not develop own procedures. 

d. A visit was paid to the metallographic laboratory and the mechanical testing laboratory, 
which both contained standard equipment. These laboratories seemed to be in good order. 

e. Visit to the radiographic and ultrasonic testing laboratory. 

Ultrasonic examinations: 
A series of ultrasonic apparatuses, cables and probes for carbon and stainless steel were 
stored in this laboratory. In the controlled zone the laboratory has another storage room, 
with apparatuses of western make (Krautkraemer). Some calibration blocks and test items 
were also available. 
Welds are required to be ground flush at the outside and if the matching thickness differs 
more than 5 mm, a slope has to be provided for in the design. 
In the laboratory that was visited, the procedures to be applied were present. 

Radiographic examination: 
A film development room is available. Gamma sources are stored in a sealed room. The 
radiographic technique used seems similar to western practices (lead sheet, penetrameter). 
Use is also made of a probe for measurement of weld root excess thickness). The laboratory 
has also an apparatus to identify unknown steels by analysing the spectrum emitted by an 
electric arc, that is created between the steel probe and an electrode. 

The Metal and Welding Laboratory seems to be well organized. Due to the short time 
available no quantitative nor qualitative evaluation could be made. 

12.5.1.10 Maintenance historic files. 

For each main equipment or system (mechanical, electrical, instrumentation and control) a 
historic file (inventory file, "passport") exists. 
An example has been shown: historic file of a steam generator. The file indicates the summary 
of each action carried out on the equipment: maintenance repair, in service inspection, testing, 
as well as the authorization of GANU for further operation and date of next inspections to be 
carried out. 
In annex of the historic file, the report with the results of the actions carried out can be found. 
For example, for the replacement of the flange of the hot collector of the steam generator, the 
file for asking the permission of GANU and the repair file were available. 
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12.5.1.11 Purchasing of spare parts, equipment, materials, tools. 

In general, the procurement activities subdivided in several groups, in function of the 
application. 
It was declared that there exist codes or rules for particular equipment (e.g. with requirements 
concerning maximum allowable operation time, ageing aspects, etc..) 

The owner (department) of the equipment or system has to order/request in time the items he 
needs for keeping his equipment or system operable. 

The Construction Department is responsible for procurement. This department, subdivided in 
groups, is said to have all specifications available in their files. 

The maintenance organisation (the particular service in the maintenance organisation could not 
be indicated) orders spare parts. They sign an agreement with the manufacturer on the 
technical terms. 

Consumable products like oil, grease, are ordered by the operation department concerned. 
Seals are ordered by the maintenance department if they are standard. Otherwise the matter has 
to be discussed by all operating departments and approved by the designer. 

In the end, the administrative department of general affairs may block the agreement, e.g. if no 
funding is available. 

It could not be learned from the NPP nor from GANU representatives whether there were 
differences in specification for safety related and non safety related equipment. For safety 
related equipment special care is taken to assure that the correct equipment is ordered, the 
maintenance logbook in the control room has to be filled in and only the chief engineer can 
authorise maintenance. 
For the construction, the primary circuit and steam generator have been built to military 
standards. The balance of plant has been considered much less in importance. 
Recently more strict (special ) requirements have been introduced by special institutes for 
pressure retaining parts, but the NPP could not give further details. 

- Purchase of equipment: 

The operating departments have all to agree on the purchase of an equipment and they have 
to sign an agreement on yearly basis. The specification is determined by the operating 
department owning the original equipment. If there are any changes, the design organisation 
has to approve the modified design. The latter happens often, as the manufacturers often stop 
the production of a type of equipment, especially I&C. Finally the construction department 
places the order. 

The content of a purchasing specification has been discussed, starting from elements of 
western specifications (function of the equipment, environmental conditions, operating 
conditions, storage requirements, inspection requirements, maintenance requirements...). 
A typical example of a purchasing specification could not be discussed, but the NPP 
confirmed that above items were taken into account. 

12/29 



The NPP declared to perform some inspections at the manufacturer's premises. The first 
effort is to push manufacturers to speed up production in order to respect the delivery dates. 
Receiving inspection is declared to be performed. These inspections are performed by 
specialists of the operating departments (some of whom are now involved in the construction 
of unit 4). 
GANU performs inspection at the manufacturer's premises for nuclear systems and equipment 
(pressure retaining parts).They keep a register of these equipment's in a national register. 
Local authorities do the same. Non safety related equipment is inspected by mining 
authorities and introduced in a register. 

In addition the NPP declares to be much involved in the improvement of the equipment and 
discussions with the manufacturer are regularly held. For example, as a result of these 
discussions for improvement of the 1000/320 steam generators, the ROVNO NPP unit 3 has 
now the improved 1000 M type steam generators. The NPP also carried out inspections at 
the manufacturer's facility, for example when the turbine for unit 3 (turbine n°5, type K1000) 
was built, it was still a prototype, and inspections were felt necessary. 
The manufacturers usually indicate the conditions of operation and maintenance of an 
equipment, but don't respect the guarantee conditions. 
According to the NPP, the present situation on the equipment market has worsened. The 
former system, in which a certain qualification system existed (3 categories: highest category 
that had to meet international standards, first category that had to meet the requirements of 
the socialist countries, second category for which the standards were lowest) is not respected 
anymore. 
The present problems that the NPP's are facing in the Ukraine are: 

- monopolisation (it is hard to find a manufacturer who can produce the required quality), 
- unilateral imposed delivering delays, 
- frequent changes of the price, 
- problems of payment (due to transfer problems), 
- reduction of production or stop of production of certain items by some manufacturers, 
- not respect of the warrants. 

- Purchase of spare parts, tools, material. 

These items have to be ordered two years in advance. The requests are introduced to a 
centralised Ukrainian organisation which has all information on the manufacturers 
concerned. The former USSR system, where a main procurement organisation distributed 
the produced items amongst the various plants on the basis of the production quota of the 
manufacturers, does not exist any more. So, a direct contact with the manufacturers is often 
the only way out. 
The equipment ordered in eastern countries (outside USSR) gives also problems as no spare 
parts were ordered at the time of the main order. This causes a problem to-day, taking into 
account the hard currency problem. 

The maintenance organisation of the Rovno NPP has established a list of spare parts, based 
on the manufacturer's drawings and the references (codes, etc.) mentioned upon. 

The Ukrainian NPP's organized themselves to improve the spare parts problem. The State 
Committee for Use of Nuclear Energy has a centralized spare parts storage for urgent 
needs. The information on these spare parts will be improved in the future. 
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The NPP's can manufacture some spare parts by themselves, but this is not sufficient to 
respond to the needs. 

12.5.1.12 Storage of spare parts and equipment 

A visit has been paid to storage of spare parts: 
The mechanical spare parts warehouse and the electrical spare parts storage could not be 
visited. 
Some electrical items are stored elsewhere in the turbine hall (rotor of alternator, pumps) or 
outside. 

One small storage area in the I&C area, unit 3, has been visited. It stored the items necessary 
for 1 week of maintenance during operation. Most of the inventory concerns classical tools, 
some measurement instruments, some cables and a few small instruments (pressure gauges). 
A software for monitoring the items ordered, present in storage and lacking in storage was 
demonstrated. 

A visit to the switch yard showed some small transformers stored in open air without any 
protection, local deformation of the connecting bars, standing or lying on the soil, sometimes 
dirtied with foreign material. It could not be determined whether it was scrapped equipment or 
not. 

It was declared that very few spare parts were available and that sometimes it was required 
that some parts were to be taken from unit 4 (under construction). 

A visit has been paid to the open air material storage area. Carbon and stainless steel were 
stored together. Carbon steel contamination has been observed on stainless steel vessels 
outside the waste treatment building. 

12.5.2 Assessment 

- The overall conduct of maintenance is subject to rigid rules and a formal verification process 
that is heavier than in western plants. The added value of these formal verifications could not 
be evaluated. This observation is linked to the assessment of the organisation, 12.2.2. 

- The plant is allowed to disconnect safety systems that have to be operable, on condition that 
the two other safety systems are first tested to demonstrate their operability.and on condition 
that the maintenance does not take more time than the maximum allowable outage period 
(e.g. 72 h for an ECCS train). The justification of this approach could not be given nor 
verified. 

- The NPP declares to have incomplete maintenance instructions for different equipment. The 
co-ordination between the Ukrainian NPP's that exist can give good results. On the other 
hand, the rigid prescriptive system regarding preventive maintenance programme and 
schedule seems to counteract possible improvements that the NPP could introduce. 

- The plant understands the importance of the co-ordination of maintenance activities. The 
involvement of 17 departments or services is complicating this co-ordination. 
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- The ISI requirements have not been examined in detail. They seem to contain the same 
examination techniques as in western programmes. An exception is the absence of steam 
generator tube volumetric non destructive examination. The organization of the ISI activities 
seem to be well under control. The results of the ISI are easily retrievable. A summary report 
is included in the historic maintenance file. 

- No remote handling systems are used for non destructive examinations, except for reactor 
vessel inspection. 

- The quality control activities seem to be well developed. The quality of this activity could not 
be evaluated. 

- The Metrology Laboratory seems to work in a good and orderly fashion. It has not been 
investigated what corrective measures are taken if an instrument is found out of calibration 
range. 

- From the examination of some the historic files, stored in the department corresponding to 
the equipment or systems they cover, it can be concluded that they are complete. 

- It can be concluded that the responsibilities for ordering spare parts and of equipment are 
diluted. Many organisations contribute to the process, but there does not seem to be one 
organisation taking the responsibility for the complete specifications and for the conformity 
of the latter with the requirements. 

- The problem of spare parts seems to be a crucial problem in the Ukraine. 
No further investigation could be made on 

- the content of purchasing specifications 
- the particular requirements on safety related items 
- the storage of spare parts or equipment 

The lack of spare parts and tools also induces a lack of compliance with maintenance 
procedures. 

12.5.3 Recommendations for improvement 

- The NPP should first improve its preventive maintenance programme, but would 
benefit from enlarging gradually its predictive maintenance policy. 

- The use of mock-up is recommended for maintenance activities, in particular for 
training of personnel before they carry out maintenance or repair on equipment in the 
controlled area. 

- The NPP and GANU are suggested to examine the possibility to allocate more 
responsibility and authority to each NPP for adapting its maintenance programme, on 
the basis of justification. This justification may be based on manufacturer's 
recommendations, internal experience feedback, experience of other W E R operating 
plants. 

- It is recommended to introduce volumetric non destructive examination of steam 
generator tubes, using remote handling equipment. 
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- It is advised to indicate the validity date of the calibration on the instruments so that 
the user can verify that he is not using an instrument on a date later than indicated. 

- It is recommended that the Ukrainian NPP's would create one organisation that takes 
care of centralised ordering of spare parts, material, tools but that also takes car of the 
centralised spare parts storage for urgent use. 

- It is recommended that purchasing requirements include penalties for not respecting 
delivery dates. 

12.5.4 Recommendations for complementary studies 

None. 

12.5.5 Proposal for future evaluations 

Following should be conducted: 

- Evaluation of the acceptability of performing preventive maintenance on safety equipment 
during the period it is required to be operable. 

- Review of improvements made in the maintenance programme documentation. 

- Analysis of the content of the in service inspection requirements (general requirements as laid 
down in the Unified Programme for ISI, amendments to these requirements, practical 
application on a series of systems) and comparison with western practices. 

- Comparison of the non destructive examination procedures and their qualification with 
western practices. 

- Evaluation of the qualification procedure of non destructive examination personnel and of 
welders. Verification of the system of maintaining welders' qualification. 

- Evaluation of the quality control activities. 

- Evaluation of the purchasing process. 

- Evaluation of the requirements for safety related items 

- Evaluation of the storage of equipment, spare parts, tools, material. 

- Evaluation of the storage procedures of spare parts and equipment. 

- Evaluation of the experience feedback for maintenance. 
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12.6 TECHNICAL SPECIFICATIONS FOR OPERATION 

12.6.1 Information on Rovno NPP 

The contents of the technical specifications for operation of units 1,2 (ed. 1988) and the ones 
of unit 3 are in principle very comparable: 
The document "Technological Specification for Safe operation", edited per unit, serves as a 
reference for operational staff, but also for other personnel (administrative-technical staff, 
personnel of NPP's services and departments). It not only includes the design limits and the 
limiting conditions for operation but also the technical and administrative requirements for 
normal operation, maintenance, testing, incidents and accidents. It is prescribed in the 
document itself that its contents have to be reflected in the various operational procedures of 
the systems concerned and in the programme of periodic tests and maintenance. On the other 
hand the limiting conditions for operation are reflected in a table used by the operating 
personnel. This table gives an overview of the actions to be taken in case of unavailability of 
any safety related system; one column indicates the status of operational mode into which the 
plant must be brought. 

An example of limiting conditions that has been examined is the case of the unavailability of an 
auxiliary feedwater pump in unit 1 or 2 (par. 4.2.1.5). 

- requirements of availability : above minimum power level (min. control level) of 10"* to 
10~3 % nominal power 

- requirements of availability at full power 
- requirements regarding the verification of the availability (testing, calibration, 

verifications, required power sources). 
A system is considered unavailable if its emergency power supply (diesel) is not 
available. 

For the examined cases, the limits and limiting conditions for operation are similar to western 
ones. 
There is however no integrated unavailability time requirement nor a consideration of a 
combined unavailability of two equipment's of different safety systems. The administrative 
requirements do not address the detailed shift manning requirements nor the reporting 
requirements to the regulatory authorities. 

12.6.2 Assessment 

The technical specifications for operation applicable for units 1, 2 and for unit 3 contain 
comparable basic information as can be found in western technical specifications. 
In addition of the basic safety requirements (e.i. the ones found in western specifications) a lot 
of other operational requirements are also mentioned in the same document, which may cause 
unnecessary burden on those who have to verify the compliance with the requirements that 
must assure the respect of boundary conditions, used in design and especially in design basis 
accidents evaluation. Compared to technical specifications of the west, that are designed for 
use in the control room, the Rovno technological specifications for safe operation of the units 
are not designed as an operational document. 
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12.6.3 Recommendations for improvement 

- It is recommended to create a specific document that would clearly define the 
operational limits and limiting conditions for operation for each unit and that would be 
used as an operational document in the control room. Therefore, the present 
operational limits and limiting conditions for operation, which are actually a part of 
the actual technological specification for safe operation, should be extracted from the 
latter into a more users friendly document. 

- The NPP is recommended to inform themselves on the possible improvement of their 
technical specifications for operation, e.g. through the twinning programme with a 
western plant. 

12.6.4 Recommendations for complementary studies 

None. 

12.6.5 Proposal for future evaluations 

None. 

12.7 INCIDENT REPORTING SYSTEMS 

12.7.1 Information on the status at the Rovno NPP 

When a defect is discovered, the following actions are taken: indication of the person 
responsible for the defect (which probably leads to a punishment action), elimination of the 
defect, taking of preventive actions. 
In 1990 the NPP tried to set up a trend analysis system but it did not work. As a result, 
defects, if they are reported, are registered, with no trend analysis . 
For incidents, reports are established. 

The process of incident reporting is discussed in 13.2. All defects that are brought to the 
knowledge of the operating departments are registered in the corresponding logbooks and 
corrective maintenance is planned during the daily meetings of these departments. 

12.7.2 Assessment 

It is probable that not all defects are reported, especially if they can be repaired on the spot. 
The reason for this is the applicable punishment system, that does not allow for objective 
reporting of defects or human errors with the aim to learn from this experience and take the 
necessary corrective actions. Any trend analysis made on reported defects may be biased by 
incomplete reporting. 
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12.7.3 Recommendations for improvement 

- The punishment system should be reviewed, otherwise no efficient improvement of the 
incident/defect reporting system can be expected. A trend analysis system cannot be 
started up without this improvement. 

12.7.4 Recommendations for complementary studies 

None. 

12.7.5 Proposal for future evaluations 

None. 

12.8 EMERGENCY PLANNING 

12.8.1 Information on the status at the Rovno NPP 

12.8.1.1 The emergency preparedness plan 

- There exists a general emergency plan as well as procedures for all the departments 
concerned. The plan plans the protection of the workers (personnel) and of the population 
and has the aim to conform to IAEA standards. 

12.8.1.2 The EP infrastructure: present and future 

a. The infrastructure is impressive regarding the shelters provided for: 

- The emergency centre on-site can shelter 900 people. It has ventilation with absolute 
filtering, diesel generator, drinking water supply, storage of material needed in emergency 
instructions, a co-ordination area with the necessary instruction, documentation, 
connection with on-site and outside organisations, emergency procedures and 
documentation of the plant and area maps. The site has 4 other shelters, that can shelter 
together 2100 people. As a consequence, about half of the personnel can be sheltered on-
site. 

- The people of Kuznetsovsk can be sheltered for more than 50% in the caves of the 
buildings. Protection gear and Iodium tablets are stored locally . Communication and 
warning loudspeakers are installed in the town. 

- The town has also a medical centre that can treat wounded and contaminated persons. 
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b. The present projects for improving the EP facilities (planned after the Chernobyl accident) 
are: 

- construction of a new emergency building on-site for sheltering operating people during at 
least 5 days, expected to be ready at the end of 1994 

- construction of a main emergency centre in the town of Kuznetsovsk (1500 m2) expected 
to be ready on a later date. 

- implementation of an automatic monitoring system (AKRO) which will give access to 
physical parameters of all units and environmental monitoring of the 30 km radius round 
the plant. 
This system will be in a building connected to the new main emergency centre, it will be 
ready at the end of 1995. 

- connecting all the Ukrainian power plants and other organisations using radioactive 
sources. 

c. Communications between the high NPP management, the Government local crisis centre, 
local authorities and support organisations exist. A number of problems (design or 
concepts, general approaches) have still to be solved. 

The communication systems comprises: 
- Telephone connections with 3 levels of access 

normal, 
limited access, 
restricted access. 

- Radio connections (normal, military lines): 
to Governmental centres, 
to regional authorities, 
(there are 4 radio stations in the plant, with various characteristics.). 

- Two faxes are available. 

The former connections with the former USSR (Moscow centre) have been reduced to a 
telephone connection (which existed also before). There is a principle agreement between 
the Russian Federation and the Ukraine on the level of the states and on the level of the 
regulatory bodies to cooperate in the future but the details have still to be fixed. 

12.8.1.3 Evaluation of the impact of releases to the atmosphere 

The standard calculation of the impact on the environment is performed by a scientific institute, 
through connection by telephone. A computer connection allows sending /retrieval of basic 
data in order to calculate the impact; 5 telephone lines exist. The NPP mentions further 
developments for measurements atmospheric conditions by the institute for optical and 
ionospheric aspects. 

The NPP has also a computer programme "PROTON" that contains a series of subprograms 
which give information on the criteria used for decision making, as well as the calculation of 
the impact on the environment. 
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For detection of an accidental situation, the following continuously measured parameters are 
observed and the results are compared with the criteria (one per parameter): 

- dose rate on primary sampling (for boron concentration measurement) line, 
- activity in turbine ejector release, 
- noble gas activity in the stack, 
- noble gas and I activity in rooms, in the ventilation, 
- iodine and aerosol activity in the stack, 
- liquid release activity, 
- dose rate on site. 

In the 3 km sanitary zone around the plant, manual dose rates can be measured as well, and 
have also a criterion. 

The plant has precalculated hypothetical accident impacts, e.g. 2% fuel damage and 3% per 
day leakage rate of the confinement. The programme calculates dose rates in different rooms 
and dose of the population. The height of the release, the weather conditions (Pasquill rating) 
etc. are input parameters for the programme. 

The programme calculates dose rates and draws iso-dose lines (external dose in a period of 4 
hours) on the map of the surrounding area. The map of the surrounding area is stored in the 
computer. 

The programme can screen the area and indicates the villages requiring countermeasures: 
Zone Al: mandatory sheltering, protection of children, 
Zone A2: mandatory sheltering, protection of all the people, evacuation of children and 

pregnant women, 
Zone A3: mandatory evacuation of children and pregnant women, 
Zone A4: mandatory evacuation of all the population. 

The programme can do the same screening on calculated thyroid exposure and indicates the 
villages falling in analogue zones (they are called zones B1-B4). 

The NPP has also another programme that calculates iso-dose lines for external radiation. 

The programme is supposed to be used by the shift supervisor, on a lap-top computer, but he 
can delegate these calculations to others. The shift supervisor can take decisions on the 
measures to be taken to protect the plant personnel (group A). 
The local authorities in the town have to take the decisions for the protection of the 
population. These authorities can receive the calculation results from the shift supervisor by 
phone or by radio. 

12.8.1.4 Periodic test and exercises 

The communication system is regularly tested. 

Regular EP exercises are carried out. A yearly integrated test is carried out. 
Every 2-3 years the regional EP planning is tested. A scenario, unknown to the plant, is used 
for this purpose. 
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12.8.1.5 Used Emergency Preparedness criteria 

The NPP has defined a series of plant parameters with corresponding limits (e.g. primary water 
activity, noble gas or I release). If one or more exceed their limits, these parameters are 
followed up. 
The NPP has no post accidental sampling system. 

The main plan of measures to protect the personnel and the public is based on the following 
criteria. 

- for the early stage (first 10 days after the accident) 
sheltering, using respiratory protection: 
50-500 mSv whole body dose, 
500-5000 mSv thyroid dose. 

KI tablets administration: 
500-2500 mSv thyroid dose. 

Evacuation: 
100-500 mSv whole body dose, 
2000-5000 mSv thyroid dose. 

The lower value indicates the level beneath which no action is taken, the higher value indicates 
the level at which the actions have to be taken in any case. 

- for the long term (1 year): 
limitation of food and water consumption: 
50-500 mSv whole body dose, 
500-5000 mSv thyroid dose. 

relocation of people: 
500-5000 mSv whole body dose. 

The people are subdivided in two groups: 
Group A: plant personnel, required to mitigate the consequences of the accident, 
Group B: other plant employees and the public. 
For the latter, the people with extra risk (children) are treated along other criteria than 
those mentioned above. 

< 100 mSv: no action, 
> 100 mSv: action, 
> 2500 mSv thyroid: evacuation. 

12.8.2 Assessment 

- The demonstration of the radiological impact calculation programme "PROTON" showed 
that the programme can quickly indicate what kind of measures have to be taken. The 
"PROTON" programme seems to have very interesting features regarding decision making. 

- Western practice limits the duties of the shift supervisor in external emergency affairs to a 
minimum. The calculation of the impact on the environment is taken care of by senior 
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personnel with sufficient experience in radio protection and emergency planning, and who are 
on call. 

- The criteria used for plan of measures to protect the personnel and the public seems rather 
high: about a factor 10 higher than recommended in the EC. 

12.8.3 Recommendations for improvement 

- It is recommended that a post accidental sampling system is installed. 

- It is recommended to review the duties of the shift supervisor regarding the calculation 
of the impact on the environment of an accidental release, so that he can use most of 
his time for helping to fight the accident and mitigate its consequences. 

- It is recommended that the criteria, used in the emergency plan for determining the 
protection actions to be taken, are reviewed and lowered, 

12.8.4 Recommendations for complementary studies 

None. 

12.8.5 Proposal for future evaluations 

None. 

12.9 TRAINING 

12.9.1 Information on the status at Rovno NPP 

12.9.1.1 Training of operating personnel: general approach 

For reactor operators, the following programme is applicable: 

- Candidates are screened on the basis of their fitness for the job. Psychological tests are also 
used. 

- A training programme exists for each job position, it is approved by the plant chief engineer 
and GANU. An example has been shown for the plant shift supervisor. 

- For each person, an individual programme is defined on the basis of the training programme 
applicable to his future job position, taking into account his knowledge and experience. This 
is approved by the chief engineer and established by the plant shift supervisor and the head of 
the training centre. 
A candidate reactor operator starts in the lowest position in the operating department and he 
receives 0.5 to 1 year preparation time in view of taking the examination. His training 
programme contains: knowledge of codes, basic knowledge of physics, thermo-hydraulics, 
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operational procedures, emergency procedures, fire protection, radiation protection, 
industrial safety,... 

- Simulator training has been given in Novovoronesh and since 2 years also in Greifswald. 

- The candidate is examined first by his chief (although this is not formally required). This chief 
is the reactor department shift supervisor, who gives his opinion of the candidate to the 
department chief, before sending the candidate to the official examination. 

- Retraining consists in principle of attending special courses in some ministries, in the training 
centre of Obninsk and in the reactor department. 

At present it is difficult to send people to Obninsk, due to the independence of Ukraine. 
Regular retraining activities in the reactor department are planned and the knowledge of the 
operators is regularly checked: a one year training schedule covers all the items. The training 
is given by senior personnel (personnel on a higher hierarchical level). Examinations are 
carried out regularly (once per 2 years; for fire protections there are also drills once per 2 
months). 

For emergency preparedness and fire protection training a total of 70 hours per year are 
planned, (8 hours of which are for emergency training). The programme is well planned and 
described. An example has been shown (valid for the 5 shifts crews mentioned separately). 

As operating personnel has to rely on its memory, memory tests are regularly carried out to 
check their fitness for duty on this aspect. 

Experience feedback of the Rovno-plant is represented in the report of a special commission 
(Act.) Urgent feedback is organized through reports, to be read by the operators and signed 
off in the training logbook. The training centre of Novovoronesh received also the event 
reports of Rovno NPP so that they can be taken in account in the training programme. 

12.9.1.2 Training of non-operating personnel: general approach 

For non-operator personnel, training is administered by their departments. For maintenance 
engineers a central institute is used. 

12.9.1.3 The training centre 

Before 1989 there was no training centre. Each department was responsible for the 
establishment of the training programme for each position. The administrative personnel of the 
department were responsible for the editing of these programme. 

At present, nothing has changed in principle. The training programmes are now developed by 
the training centre and have to be approved by the department chief. More than 90% of their 
training time is still spent by the candidates in their department, under the command of the shift 
supervisor. The use of the training centre is rather marginal. 
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Evaluation of training by the training centre's instructors in class-room sessions is performed 
through questioning and through event simulation, during which the participants have to define 
the action that they would take. 

Training is also performed at work places, etc. with predefined scenario's. 

The training centre has some software training packages, mostly for I&C which aims at 
teaching personnel to find faults. The packages have been developed by a special organisation 
in Moscow. 

The centre has a compact simulator for W E R 440/213. It is not frequently used. 

In April 1993 there were 5 instructors, who were all experienced people from the plant. 
The instructors were trained at Novovoronesh (2 instructors, 1 month training) and in 
Greifswald (3). These centres have certified these instructors. 

For the future, a new training building is planned to be built in the town. It will cover initial 
training and full scope simulator training. Discussion for the latter are going on with US and 
German firms, but funding is to be sought through the Lisbon agreement. 

12.9.2 Assessment 

- The NPP wants the personnel to be ready to detect timely malfunctioning of equipment and it 
is therefore important that they react quickly and correctly. The training is therefore carried 
out mostly in the operating units. The training on fire fighting is very intensive. From the 
discussions with technical people of the plant, in particular reactor operating people, one can 
conclude that the latter have a good knowledge of the plant and the procedures. The 
efficiency of the training, in particular regarding the modifications of the plant, could not been 
evaluated. 

- The training centre was recommended by the OS ART team in 1988. At present it does not 
seem to yield the expected results. Reasons are:, rather formal co-operation between training 
centre and the units, lack of training equipment and especially lack of simulator. 

- The replacement of instructors in the training centre will be problematic due to the fact that 
the salary is drastically lower then in the position held in operations. The present instructors 
are people who are well experienced. However, some will retire in a few years to come. No 
long term policy is present. 

- The training centre is not having the role it should have. 

12.9.3 Recommendations for improvement 

- The small simulator for VVER 440/213, that is available in the training centre, should 
be used more intensively and improved where necessary. 

- There should be a long term policy on training centre personnel. It is clear that the 
salary policy is the reason why too few persons are interested in becoming an instructor 
and it should therefore be reviewed. The role of the training centre should be reviewed, 
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in particular its supporting role to the reactor units. The access of full scope simulators 
for VVER 440 and 1000 reactors is supported. 

12.9.4 Recommendations for complementary studies 

None. 

12.9.5 Proposal for future evaluations 

Following should be done: 

- Evaluation of the training and retraining programmes of personnel. 

- Evaluation of the acceptance test programme and in particular of the representativity of the 
planned full scope simulators in the Ukraine. 
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APPENDIX 12.A.1 

ORGANISATIONAL STRUCTURE OF THE ROVNO NUCLEAR POWER PLANT 
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1. OPERATIONAL PART 

GENERAL DIRECTOR OF THE ROVNO NPP 

DEPUTY GENERAL DIRECTOR / CHIEF ENGINEER 

Staff functions: 

Production engineering department 

- deputy chief engineer for automatic control systems 

- department for automatic control systems 

- Inspection and reliability group 

- Training centre 

Operational functions: 

Deputy chief engineer for operation 

Deputy chief engineer for maintenance 

- Deputy chief engineer for safety 

- Department for adjusting and testing of equipment 

Deputy chief engineer for modernisation, reconstruction and construction of new 
units 

- Reconstruction group 

Reactor department Nr 1 (units 1,2), Reactor department Nr 2 (unit 3), Turbine 
department Nr 1 and Nr 2, Electric department, Instrumentation and Control 
department, Hydrotechnical structures department, Chemistry department. These 
departments have functional relationships with the Deputy chief for operation and the 
deputy chief for maintenance 
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Operational functions (details): 

Deputy chief engineer for operation 

- Plant shift supervisor 

- Unit shift supervisor units 1,2 

- Unit shift supervisor unit 3 

Deputy chief engineer for maintenance 

- Organisation and preparation of maintenance service 
(preparation of maintenance and technical documentation) 

- Metal and welding laboratory 

- Central work (repair) shop 

- Decontamination shop 

- Classic work shop and general construction shop 

Deputy chief engineer for safety 

- Nuclear safety service 

- Labour protection and safety methods service (includes radiological protection) 

- Metrology laboratory 
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2. ADMINISTRATIVE PART 

GENERAL DIRECTOR OF THE ROVNO NPP 

- Deputy director for personnel and social problems 

- Deputy director for economic problems 

- Deputy director for general affairs 

- Deputy director for major construction 

- Deputy director for supervision and quality 

- Assistant director 

- Assistant director for emergency planning 

- Deputy director for security measures (physical protection) 

- Assistant director for non-profile productions 

- Board for heat supply and housing and communal services 

Administrative organisation (details): 

Deputy director for personnel and social problems 

- Personnel service 

- Social development service 

- Sport complex 

- Medical and sanitary service MC4-132 

- Unified dispatcher control service 

- Sanitary prophylaxis 
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Deputy director for economic problems 

Planning and economic service 

- Accounting service 

Labour organisation and salary department 

Law service 

Deputy director for general affairs 

- Material and technical supply service (including order of spare parts) 

Transport department 

Rovno NPP's agricultural service (farm) 

- Administrative and general services 

Deputy director for major construction 

- Major construction board 

Deputy director for supervision and quality 

- International relations service 

- Technological service (provision for quality, development of programmes including 
QA-programme, preparation of maintenance routines, modification of project 
documentation) 

- Inspection and licensing service (including qualification of subcontractors) 

Environmental protection service 

- Industrial sanitary laboratory (health inspection) 

- Hydrological laboratory 
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Deputy director for security measures (physical protection) 

- First service 

Militarised guard service 
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APPENDIX 12.A.2 

SHIFT ORGANISATION OF THE ROVNO NPP 
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GENERAL STRUCTURE 

UNIT 1/2 SHIFT 
SUPERVISOR 

CHIEF 
ENGINEER 

DPTY CHIEF 
ENGINEER 

PLANT SHIFT 
SUPERVISOR 

UNIT 3 SHIFT 
SUPERVISOR 

CHEMISTRY 
SHIFT 
SUPERVISOR 

RADIOPROT. 
SHIFT 
SUPERVISOR 

HVAC 
ENGINEER ON 
SHIFT 

HYDROTECHN 
STRUCTURE 
WORKER ON 
SHIFT 

Note: all positions, except for the positions of chief engineer and deputy chief engineer for 
operation, are occupied by people on shift. Shift hours are Oh - 08 h, 08 h -16 h, 16 h - 0 h. 
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SHIFT ORGANISATION OF UNITS 1, 2 

DETAILS 

UNITS 1. 2 SHIFT SUPERVISOR 

Reactor Dept. Shift Supervisor (Eng.) (*) 

- Reactor operator (Eng.) (*) 

Reactor equipment operator (Eng.) 

- Senior reactor dept. operator 

- Reactor dept. operator 

- Nitrogen system operator 

- Compressor operator 

Electric Dept. Shift Supervisor 

- Operator of electric cabinets 

Senior operator of switch yard 

- Operator of auxiliary equipment 

Operator of auxiliary equipment 

Turbine Dept. Shift Supervisor 

Senior turbine operator 

Main control room turb. operator (*) 

- Turbine field operator 

- Auxiliary equipm. field oper. 

- Operator for district heating 

- Diesel generator operator 

- I&C Dept. Shift Supervisor 

- Operator of process computer (Eng.) 

- Electric equipment field operator 

- Electric equipment field operator 

Note: - (Eng.) = graduate engineer; 
- (*) = present in the main control room 
- Other operators are present in the plant 
- The Reactor operator and the senior turbine operator (and the main control 

room turbine operator?) report also directly to the unit shift supervisor, as the 
latter leads the activities in the control room. 
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THE SHIFT ORGANISATION FOR UNIT 3 is the same, except that there is no nitrogen 
system operator nor compressor operator in the reactor department. 

THE SHIFT ORGANISATION THAT IS COMMON FOR THE SITE: 

CHEMISTRY DEPT. SHIFT SUPERVISOR: with 9 assistants, of which 4 are dedicated to 
units 1,2 and 4 to unit 3 

RADIO PROTECTION: with 2 assistants, one for units 1,2, one for unit 3 

HEAT, VENTILATION AND AIR CONDITIONING ENGINEER ON SHIFT: with 3 
assistants, of which one is dedicated to units 1,2 and one to unit 3 

HYDROTECHNICAL STRUCTURE WORKER ON SHIFT: with 3 assistants, of which one 
is dedicated to units 1,2 and one to unit 3. 
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APPENDIX 12.A.3 

NPP QUALITY ASSURANCE FOR OPERATIONS (General requirements) 
High level document established by the Interdepartmental Consultancy 

Group on Elaboration of NPP Quality Assurance System Documents 
Yuznoukrainsk 1993 

Comments from the Consortium of European Technical Safety Organisations. 

12A3/1 



1. Introduction 

During the second visit of the RISKAUDIT team to the ROVNO NPP (27 September - 6 
October 1993), the quality assurance subject was discussed. Two members of the 
Interdepartmental Consultancy group have asked to comment the document referenced above. 
The present document represents the requested comments. 

2. General comments 

It is appreciated that the Group mentioned above has taken the initiative to create a basis for 
the application of quality assurance (QA) practices in the Ukrainian nuclear power plants. 
Indeed, there has to exist a nationally adopted code on quality assurance before the 
requirement for developing and implementing a complete quality assurance programme can be 
introduced in the legally applicable documents or in the operating license. 

There are a number of quality assurance codes that exist at present and that are applicable in a 
series of countries with operating nuclear installations. The IAEA 50-C-QA document is one 
of them and most countries have adopted this code formally as the applicable code for their 
nuclear industry or at least use it as a reference. 

The western countries are also in the process of introducing the quality assurance practice in 
non nuclear activities and the well-known ISO 9000 series of standards are more and more 
applied. The compatibility between the nuclear QA codes and the ISO 9000 standards is still 
subject of discussion. Although these documents contain very similar or identical requirements, 
it must be born in mind that the nuclear codes require the nuclear safety to be the first priority, 
whereas the no nuclear standards are intended to improve the exchange of goods and services 
and customer satisfaction. The IAEA, in co-operation with others, is seeking to align the 
nuclear safety quality assurance codes or standards with industrial standards, such as ISO, 
when this is feasible. Reference is made to the paper written by Dr. N. PIERONI ("Safety 
standards and industrial standards for quality assurance: building the bridge"), a copy of which 
has been transmitted to GANU. It therefore seems indicated that a merger of concepts from 
nuclear safety codes or standards with concepts of industrial standards should be done with 
utmost care. 

It is recommended that the nuclear quality assurance code or Ukraine would-be based solely on 
a nuclear code or standard, like 50-C-QA. 

3. Comments on the Ukrainian document "NPP Quality Assurance for Operations" 

It must be underlined that the following remarks are not exhaustive or maybe not applicable as 
the comments are given on the basis of a translated version. It is suggested that a systematic 
comparison is made between the IAEA 50-C-QA code and the document, in order to verify if 
all basic elements have been covered. This could not been carried out by us as we do not have 
sufficient knowledge of the approach that was used to produce the document. 

A general advice is that throughout the text the same wording is used in a consistent way. 
Maybe it is due to translation that words like QA programme and QA system, or quality 
assurance and quality control seem to be used as synonyms, which they are not. 
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The following advices are given below per paragraph: 

Par 1.3: the second sentence is not well understood by us. Does it mean that the quality policy 
should be defined by the management of each NPP, and may be extended to areas which are 
not safety related? 

Par 2.2: Quality policy should be replaced by QA programme (which includes the statement of 
quality policy). We suggest to talk about the implementation of the QA programme (as an 
overall concept) and not of the QA system (which is part of the QA programme). See also par. 
2.4 where the QA programme is correctly mentioned. 

Par 2.6: we suggest to replace the word "control" by "assurance", as this widens correctly the 
scope of applicability of this requirement. 

Par 3.1: We do not see how you will classify people (as one of the controlled objects) unless 
through the analysis of their responsibilities, authorities and duties and the related training 
requirements. 

Par 3.3.3.1 :The statistical computing concept cannot always be applied or may not be useful 
(e.g. for human behaviour, processes); we suggest to modify this requirement or drop it 
completely. It is only one of the applicable techniques and new techniques may arise in the 
future. When too specific, the applicability of a requirement may loose its impact. 

Par 3.3.3.2: A quality data base cannot be applied for all controlled objects. We suggest to 
drop the requirement (cfr our remark for 3.3.3.1) or add "when applicable/useful". 

Par 3.3.3.3: the application of modern statistical methodologies is very useful in production or 
maintenance activities but not to all the activities required in an NPP. 
Note that the last line should refer to "predictive" maintenance. 

General note on par 3: It is recommended to apply statistical techniques used for quality 
control only for equipment. This is already a big job. 

Par 4 1: We draw the attention upon the fact that some "directions of activities" are not safety 
related (industrial safety, fire protection if not related to safety related systems, physical 
protection). We have no objection to the inclusion of these activities, but we suggest to keep 
them out for the moment, as the safety related items will already require a lot of effort in 
establishing and implementing the corresponding QA programme. 

We suppose that design control is included in operational management and that document 
control is included in administrative management. The last line seems to be superfluous: if a 
direction of activity is subject to QA, then the control of it is automatically included. 

Par 4.2: We suggest to merge this paragraph with par 2.4 and 2.5, in order to group the 
requirements for organisation and responsibilities. 
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4. General advice on the policy for introduction of QA 

The state system in the Ukraine and the organisational system in the NPP's are based on a 
strong hierarchical structure, in which it is important to respect all the orders and instructions 
that are applicable to a NPP, a department, a single job. Responsibilities are sometimes diluted, 
which means that several people are specialised in a particular job , process or equipment 
without always understanding the connection of their actions with safety or reliability of the 
plant. A punishment system must assure that the system works correctly. Without giving any 
appreciation of this system, it must be recognized that it has not favoured the personal 
initiative; e.g. declaring defects found in its own scope of work. 

On the other hand, the concept of QA has been developed in (western) countries where other 
systems exist, without saying that the latter are perfect. However, as a result of many years of 
development, more and more organisations, managers and state authorities have started to 
understand the importance of using the human capital in a more efficient way. This has led to 
several QA codes and standards that, it must be repeated, were originally destined for those 
western countries. Even there the wrong (too formal) application of the QA codes has led to 
problems in these countries, because the real goal (quality, safety) has been replaced by the 
conformity with a document (the QA code or standard). 

It is our opinion that the introduction of a complete QA programme should always be gradual. 
Especially in the eastern countries this will also require a fundamental change in attitude of the 
people. It is estimated that the present system mentioned above, the present economic 
conditions and the resulting attitude and (low) motivation of an important part of the people 
require utmost care when introducing this new QA concept, which is based on different roots. 

As a conclusion, it is advised that the necessary conditions for a successful introduction of QA 
are: a change of attitude of all concerned, a change in the organisation of the NPP whereby the 
responsibilities are defined in a more clear way. 
The change in attitude of the personnel of the NPP may be realised trough several actions 
which should be part of a global and coherent approach which can be kept under control: 

- better working conditions, with satisfaction of the basic needs 

- better economic conditions (salary, advantages) 

- better salary policy (not as a pure function of the position but also of the quality and 
experience) 

- gradual reduction of the punishment system 

A basic element is the increase of the budget of the NPP's in order to make this possible. 

5. Conclusion 

The remarks and observations made above are made with the aim of improving the safety and 
reliability of the nuclear power plants in the Ukraine through the introduction of quality 
assurance programmes. They have been made on the basis of western experience, which shows 
that sufficient care has to be taken in order to realise improvements. 
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APPENDIX 12.A.4 

EXAMPLE OF WESTERN ORGANISATION AND PROCEDURES 
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A western nuclear power plant has an on-site organisation with departments covering its main 
activities: operations, maintenance, nuclear safety, administration. Usually there is also an off-
site organisation (overall administration of different sites, public relations, training,...) There is 
a trend of certain plants to coordinate better the on-site activities and to try to maximise their 
experience feedback. For example, maintenance activities (e.g. on steam generators), in service 
inspection activities, external experience feedback, computer systems maintenance, liquid 
waste treatment, fire protection control, nuclear safety aspects are taken care of by on-site 
departments who supply services to the different nuclear electricity production units. A quality 
assurance department, depending directly from the site director, has auditors in each unit and 
co-operates closely with these units in order to keep quality problems under control. 

The procedures that are used are structured in a particular way. They are however designed in 
such a way that for each action (e.g. operation, maintenance, periodic testing, incident 
situations, accident situations) only the necessary instructions for this action is mentioned, 
without other information that would only cause an additional burden or confusion to the user. 

A typical structure of western operating procedures has been discussed: 

- Administrative procedures 
- System procedures (describing the system concerned and the normal operational activities) 
- Intervention procedures, describing the actions to be carried out to prepare a system for 

repair, to issue the necessary warnings and to put the system back into its original status 
- Periodic test procedures 
- Procedures for controlling a series of consecutive operations on sets of systems, e.g. start-up 

or shut-down of the nuclear steam supply system, the secondary system, electrical power 
systems (these procedures mainly describe a series of operations and refer, where necessary, 
to system procedures, periodic test procedures, e tc .) . 

- Incident procedures, which describe the actions to be carried out for each of the incidents 
that may occur. These procedures contain the operational know-how and are improved on 
the basis of experience. Alarm sheets may supplement these procedures. These alarm sheets 
give a general diagnostic of the incident and refer to the incident procedure(s) that may be 
used. 

- Emergency operating procedures. 
Various sets of emergency operating procedures exist. Each set is structured in such a way 
that the possible erroneous use of any procedure is most likely corrected. The procedures in 
each set are hierarchically ordered (a diagnostic procedure leads to mitigating procedures 

or instructions). 

Possible sets of emergency operating procedures are: 

- event oriented procedures for accidents occurring during power operation or shutdown 
conditions. For shutdown conditions, with the long term cooling system in operation, 
emergency procedures for e.g. loss of primary coolant and complete loss of long term 
cooling system can be included as a separate set. 

- event oriented procedures for accidents not included in the design base. 
- symptom based procedures (as an alternative or as a complement for event oriented 

procedures) 
- procedures for mitigating severe accidents 
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APPENDIX 12.A.5 

OPERATING PROCEDURES 
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12. A. 5.1 Typical content of normal operating procedures 

. page 1: page with author's signature and signature of approvals, including the chief engineer 
and his deputy engineer for operations. 

. page 2: idem, corresponding to an earlier edition. 

. page 3: list of functions that have to apply the procedure 

. page 4: content 

. next pages: 
1. Technical description of the system 
2. Operational aspects 
2.1. Preparation and operation of the system 
2.2. Operational surveillance requirements 
2.3. Line-up of the system prior to repair activities 
2.4. Disconnection instructions for repair of equipment's 
2.5. Acceptance criteria of equipment after repair and putting into operation again 
2.6. The use of the work order (narjad) system 
2.7. Nuclear and health safety requirements for radio protection, fire protection health 

(hazards, precautionary measures). 
3. System failures, abnormal conditions. 

Supplement 1: parameters to be controlled 
Supplement 2: list of interlocks and protections 
Supplement 3: list of indications on control panel (instruments alarm) 
Supplement 4: water quality criteria 
Supplement 5: drawing with volumes of the ponds 
Supplement 6: list of the people who have to know the procedure 
Supplement 7: list of the revision (once per 2 years) 

Items 2.1,3 and suppl. 3 are established along a step by step approach, with all the necessary 
informations about the parameters, sensors, control panel indications, criteria, measures to be 
taken in case of incident. 
It has been declared that there is a common format for the procedures for units 1,2 and unit 3. 

Western procedures would present the information in this NPP procedure as follows (within 
brackets reference is made to the NPP procedure's paragraph or supplement): 
. system description procedures (1, suppl. 3) 
. operational procedures (2.1, 2.2, suppl. 1.7) 
. intervention procedures (linked to the work order system) (2.3, 2.4, 2.6) 
. work health safety and radio protection requirement procedures of the health physics 

department (2.7). 
. periodic test procedure or special requalification procedure (2.5) 
. alarm sheets (supplement 3) 
. description of interlocks and protections (supplement 2) 
. chemical requirements for water in the system (suppl. 4) of the chemical service. 
. drawings of the plant, process and instrumentation diagrams of the systems (suppl. 5) 
. doc. control procedures (page 2, suppl. 6). 
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12. A. 5.2 Standard content of a set of emergency operating procedures 

- page 1: title page. 
- page 2: page with author's signature and signatures of approving people (cfr. normal oper. 

proa). 
- page 3: list of people who have to know the procedure. 
- page 4: content: 
1. Generalities 
2. Reactor emergency protection. 
3. Accidents and actions of personnel. Incidents like control rod drop, stop of a primary pump, 

leakages, etc. are described. 
4. Deviation of normal operation. 

Incidents are described like loss of one feedwater pump without start of stand-by pump. 
5. Emergency conditions and actions of personnel in case of leakages. 

Minor leakages (that can be compensated) as well as LOCA and steam line break are 
covered. 

12A5/3 





13 OPERATING EXPERIENCE FEEDBACK 

13.1 BASIS FOR EVALUATION 

The situation of operating experience feedback in Rovno NPP has been examined regarding the 
complete process of event analysis, event reporting, measures taken to prevent repetition of the 
event, and feedback from external operating experience. This follows the Western practice 
which is used for such review work. 

The aim was to evaluate how operating experience is used in Rovno NPP to eliminate weak 
points and/or to improve plant safety. 

For this purpose, incidents have been analysed with respect to the following items: 

Character of the event, e.g. severity of event (classification due to reporting scale), 
potential for common cause failure, effect on plant operation, effect on safety margins. 

Event class (component failure, system failure, maintenance failure, human error, 
management failure). 

Initiator(s) for the event. 

Systematically, following questions were raised : 

Was the event analysis sufficient to identify the direct and root causes of the event ? 

Were the proposed measures sufficient to prevent repetition of the event ? 

Were the proposed measures taken in time ? 

What are the causes for delay in plant improvements ? 

The following documents have been referred to during discussion with the Rovno NPP 
personnel: 

Poloschjenije o pojadkje rassljedowanja i utschjeta naruschjenii w rabotje atomnych stacii 
(PNAEG-12-005-91) 

Poloschjenije ob informacjonnoj sistjemje po naruschjenijam w rabotje na atomnych 
elektrostancjach Ukrainy (JSN AS UKRAINY), Kijew 1993 

Methods of classification of safety related occurences of NPP of Ukraine 
(GOSATOMNAGZOR, Kiew, August 1992) 

Feedback of operational experiences at Rovno NPP (by A.N. Kazmin and S.A. Kochurov, 
Rovno NPP) 

Incident reports of Rovno NPP for information of the GANU and other organisations 
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13.2 REPORTING SYSTEM AND SYSTEM OF OPERATING EXPERIENCE 
FEEBACK 

13.2.1 Information on the status at Rovno NPP 

Reporting system 

The legal basis for the system of reporting, evaluation and distribution of incidents is an 
ordinance from the former Soviet Union. The last modification of this ordinance was 
conducted in 1991. This ordinance has been adopted in the Ukraine until the Ukraine will have 
created its own derective of such kind. Since October 1991 the Rovno NPP reports its 
incidents in accordance with the modified ordinance. 

In this ordinance two different categories are used for classification of events : accidents and 
incidents. The accidents are classified according to an accident scale with 7 classes (A01 to 
A07) and the incidents are classified according to an incident scale with 10 classes (P01 to 
P10). The criteria for classification of the different accidents and incidents is also included in 
the ordinance (see appendix 13. A. 1). 

When an incident or an accident has occured, the shift supervisor of the NPP has to inform the 
GANU in Kiew by phone within one hour. A preliminary report on the event has to be sent to 
the GANU within 24 hours by telefax, including date and time of event, short description of 
event, measures taken to cope with the event, and status of safety systems. If any violation in 
limiting conditions for safe operation has occured, the plant status including radiation 
consequences, and a preliminary assessment according to INES scale have also to be reported. 
The report has to be signed by the chief engineer of the plant and by the inspector of the 
GANU on site. 

After the event, an investigation commission has to be created. There are different kinds of 
commissions according to the level of event: 

violation of limiting conditions: commission under leadership of the GANU 

in all other cases: commission under leadership of the chief engineer of the NPP 

The members participating in the commission are : 

the GANU inspector on site, 

technical experts of Rovno NPP, 

experts of other organizations, e.g. designer, constructor, manufacturer of equipment. 
Research institutes may be invited for participation. 

The task of the incident commission is to find out the event cause (direct and root cause), to 
define procedures to prevent recurrence, and to prepare the report within 15 days. The incident 
report is written in a special format, which includes: 

description of incident (or accident), 

plant status before and after the event, 
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causes (direct cause and root cause), 

assessment of importance for safety, 

deficiencies, 

corrective measures, 

recommendations, 

participants of the commission. 

The incident report is distributed to: 

- The State Committee of Ukraine for Application of Nuclear Energy (GOSKOMATOM), 

The State Committee of Ukraine on Nuclear and Radiation Safety (GANU or 
UkrSCNRS), 

The justice bodies of Ukraine, 

All-Union Research Institute (VNIIAES) in Moscow, 

- The main designer (KIEW ENERGOPROJECT), 

- All other NPP's in Ukraine. 

Beside these incident reports, the plant prepares annual reports about the operating experience 
of each unit. These reports cover all aspects of plant operation from nuclear fuel cycle up to 
security. Their purposes are to inform GANU, GOSKOMATOM and VNIIAES about all 
detailed information on plant operation. 

Organisation of internal operating experience feedback 

As already mentioned, the incident investigation commission proposes corrective measures in 
their reports. The plant departments which are responsible for implementation of these 
measures are also adressed in the report. The proposed corrective measures are collected in a 
log-book. These measures are included in the work-schedule for the involved plant 
departments. After implementation of the measures, this is noted in the log-book and signed by 
the head of department. 

Organisation of external operating experience 

Rovno NPP receives reports from VNIIAES (every quarter of a year and additional annual 
reports). The reports from VNIIAES contain information about operating experience with 
mechanical equipment, electrical I & C equipment and in the other WER's as well as 
additional informations and recommendations for maintenance or repair. 

The plant receives also special documents from the manufacturers, the designers, and the 
constructors, which contain information about necessary modifications in maintenance work or 
operating procedures. 
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In principle the organisation of external operating experience feedback follows the same line as 
for the organisation of internal operating experience feedback with the exception that all 
information on external experience is received by the chief engineer who distributes it to the 
different plant departments. The heads of the plant departments and their specialists decide 
wether additional measures are necessary as a consequence of the information received. After 
implementation of measures (or not) the documents with the comments for applicability on 
Rovno NPP are sent back to the chief engineer. In this way the feedback circle is closed. 

13.2.2 Assessment 

Reporting system 

From the beginning of plant operation, registration and investigation of incidents were carried 
out in accordance to a specific ordinance. Since 1976 this ordinance was improved several 
times, taking into account new reporting requirements and international standards of reporting 
systems. The last modification of the ordinance was performed in October 1991, taking into 
consideration the classification scale of INES and the coding format for incidents of IAEA 
(IAEA guide No. 93 and IAEA TECDOC-573). It was recognized that the incident reports, 
which were written after the 1st of October 1991 (when the ordinance for incident reporting 
has been modified), were of higher quality than before this date with respect to event 
description, event analysis and description of measures taken. 

System of operating experience feedback (plant internal and external experience) 

From the evaluation of incident reports of Rovno units 1, 2 and 3 presented hereafter (see 
chapters 13.3 and 13.4), the following general conclusions were drawn. Although there is a 
well organized system for experience feedback, the possibilities for realization of the 
recommended countermeasures and improvements (given in the incident reports and may be 
also in the external reports) seem to be rather limited due to technical, organizational and 
financial restrictions: 

It takes a lot of time until the necessary improvements are performed. 

Many incidents occure repeatedly and over years until a technical solution is found to 
terminate the problem. 

The reasons for this situation are different ones: 

In many cases, there was only one manufacturer of the specific equipment. For example, 
inverters and also switches are manufactured by only one manufacturer. There is no 
possibility to choose another manufacturer. 

Very often the equipment is of low quality. For example, loss of MCP occured repeatedly 
in unit 3 because of failures in the electronic pump protection device, but the the problem 
could not be eliminated because of the low quality of the integrated circuits. 

There was (and is) a lack of spare parts for relevant equipment, especially when this 
equipment was imported from Western countries. For example, solenoid valves were 
imported from a German manufacturer. Because of lack of hard currency, no seals can be 
bought for repair of these valves. 
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The external experience feedback seems to be not really taken into account, especially due to 
lack of a competent organisation who is able to manage the experience feedback process. At 
the existing state, only the plant chief engineer carries the burden of distributing the 
information within the plant, adressing the responsible departments and receiving the feedback 
of measures taken (or not). 

In the next paragraphs, these general findings will be demonstrated in detail. Recommendations 
for improvements, complementary studies, or future evaluations are proposed to eliminate the 
detected weaknesses. 

13.3 UNITS 1 AND 2 (WER-440/V213) 

Due to the limited time which was available, it was decided to discuss and to analyze incidents 
which were reported to GANU - according to the Ukrainian reporting criteria - within a 
certain time period. For in-depth evaluation the years 1991 and 1992 were choosen, which 
means that all incidents which were communicated by the NPP for the period 1991/1992 were 
analysed. For units 1 and 2 altogether 38 incident reports exist (see also appendix 13.A.2). 
The incidents were classified according to the following paragraphs. 

13.3.1 Events related to the performance or design of systems 

13.3.1.1 Information available 

Some of the 38 incidents are related to the performance or design of systems. These systems 
are: 

reactor coolant system (RCS), 

emergency core cooling system (ECCS) and auxiliary systems, 

main steam and feedwater system, 

on-site and off-site power supply, 

fire fighting system. 

13.3.1.2 Assessment 

Reactor Coolant System 

In the investigated time period, there were no incidents which challenged the overpressure 
protection of the primary circuit. 

There were only two incidents (incidents No. 1 and No. 35) with forced coolant flow reduction 
by loss of main coolant pumps. This small number is of specific interest if it is compared with 
the many losses of MCPs in Unit 3. 
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There were two incidents with minor leakages in the RCS, affecting the integrity of the 
primary circuit (incidents No. 2 and No. 14). In both cases the reactor was shutdown 
gradually. The leakages were detected by humidity detectors. 

There was one incident with overcooling of the primary circuit due to a stuck open steam 
generator safety valve (incident No. 38). The limiting conditions for safe plant operation were 
exeeded (cool down gradient more than 30 Kelvin per hour). The incident was classified as 
INES 1. 

ECCS and auxiliary systems 

There was no incident with low inventory in the primary circuit. As a result of this, no 
actuation of the ECCS occured, also no spurious actuation was noticed. Therefore, no 
injection of cold water into the primary circuit was reported. But it was not possible to check if 
spurious actuation of the ECCS occured or not during incident No. 25 (Unit 2, May 30, 1991), 
when a faulty signal "high pressure in the containment" with actuation of the safety systems 
was generated. The incident report was not complete concerning this question. 

Some events with loss of a single train of the ECCS during the scheduled test were reported 
(incidents No. 4, No. 6, No. 16, No. 31). Two of the events were caused by a switch failure 
(see also chapter 13.3.2 "components"), the other two by maintenance errors (see chapter 
13.3.3 "plant operation"). The incident No. 16 is of special interest, as it was identified as a 
precursor for a possible common cause failure: 

During this incident, the ECCS pump failed during a scheduled test, because the oil for the 
bearing was wasted by impurities. The investigation revealed, that for oil exchange, an 
uncleaned can (containing metallic particles) was used, thus wasting the pump bearing. If 
the oil would have been exchanged at all pump bearings from the same dirty can, the 
pumps could have failed during an accident. NPP explained that a common mode failure is 
unlikely, because the oil exchange can have only a small volume, sufficient only for one 
pump. 

There was only one incident affecting the availability of a complete train of the safety system 
due to a failure of an auxiliary system: a gate valve failed to open on demand in the service 
water system of the related train (incident No. 17). 

Main steam and feedwater system 

A loss of main feedwater occured twice (incidents No. 5 and No. 37). During both incidents a 
scram was initiated manually as demanded by procedure and after the scram the steam 
generators were supplied by the two auxiliary feedwater pumps. No start of the emergency 
feedwater pumps was necessary and therefore no injection of cold feedwater into the SG 
occured. 

Emergency power supply 

During the evaluated time period, there was no loss of offsite power and therefore no 
emergency start of the Diesel generators was necessary. 
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The reported incidents which are related to the Diesel generators (incidents No. 3, 7, 10, 18, 
22, 28, 30, 32), occured during routine test of the DG's or were caused by failures which were 
detected during normal stand-by of the DG without actuation. Most of these incidents can be 
classified as typical single failures, which means that there was no effect on the other trains. 
Appropriate measures were taken to prevent recurrence of the incident. There are two 
exceptions: the incidents No. 18 and No. 22. Both incidents include the possibility of a 
common cause failure of all DG's. The incident No. 22 was also reported to the IRS (No. 
6272). 

During the DG test, the start-up time was longer than specified. It was found that the start
up valve was opening very slowly. When examining the valve, corrosion products were 
found inside the valve. The corrosion products stemmed from the pipes of the compressed 
air system, which were fabricated from ferritic steel (incident No. 18). 

During routine test of a DG, there were problems with the turbo- compressor of the DG 
resulting in instable behaviour of the engine. 

Regarding incidents No. 18 and No. 22, the NPP explained that appropriate measures have 
been taken to prevent a possible common mode failure: 

The DG are now tested in parallel to the on-site power supply during routine test, with full 
load of the DG. 

The pipes for the start-up air supply were exchanged for pipes manufactured of austenitic 
steel, thus avoiding generation of corrosion products and its transportation into the start
up air valves. 

On-site and off-site power supply 

There were two incidents with separation of one unit from the main grid (incidents No. 15 and 
33). No loss of off-site power occured. 

Fire fighting system 

Spurious actuation of the fire fighting system is a concern, because such an actuation can result 
in either direct pouring of water on electrical equipment or can effect such equipment because 
of not leaktight room ceilings (incidents No. 19, 23 and 35). Although the consequences of the 
spurious actuation were limited (loss of one inverter, unintentional opening of a 6 kV breaker, 
trip of one turbine), it can be the initiator for more severe plant transients or incidents. 

13.3.1.3 Recommendations for improvements 

RCS 

The leaks at the RCS were detected by the existing humidity detectors. However (see § 4.3.2.1 
and 6.2.11) the possibilities for leak detection are rather limited. Beside of this, the incidents 
were not reported because of the leak but because of the consequences on the plant (power 
reduction). 
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Following is recommended : 

The leak detection system should be improved 

It should be checked, if specific criteria exist for reporting of a RCS leakage and RCS 
pipe cracks (as used in Western reporting criteria). 

Main steam and feedwater system 

After loss of all main feedwater pumps, a scram is initiated either manually from the control 
room or automatically (from signal low SG water level). As a result of the scram, the turbine 
stop valves close and the steam pressure increases, resulting in both opening of BRU-K and 
BRU-A. Opening of BRU-K and BRU-A in parallel is in accordence with design and results 
from the rather slow opening speed of the motor driven BRU-K valves (opening time 11 
seconds). The possibility of isolating the BRU-A in case that BRU-A will not return to the 
closed position after opening ("stuck-open BRU-A") was not considered up to now. In 
principle the quick-acting isolation valves in the main steam lines and the pneumatic valves 
between two half headers can be used to isolate a "stuck-open" BRU-A. However, this would 
require a revision of the existing operating procedures. 

Following is recommended.: 

The operating procedures should be revised regarding isolation of a "stuck-open" 

BRU-A. 

After reconstruction of main steam system (one BRU-A in each steam line) an isolation 

valve should be foreseen upstream of each BRU-A (see also § 11.2.3.1.2). 

It has to be noticed that installation of an isolation valve would also have the big advantage of 
testing the BRU-A valve during power operation, which is not possible with the actual design. 

Emergency power supply 

Following is recommended: 

The consequences of long term operation of DG at partial load during an accident 
should be studied. 

Fire fighting system 

As a preliminary measure, the electrical equipment in the common room for both units was 
protected by individual roofs to prevent short circuits by impact of water in case of actuation 
of the fire fighting system. 
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Following is recommended : 

The root cause for the adverse consequences of an actuation of the fire fighting system is 
the fact that the cable room floors are not leak tight. Therefore water will flow through 
gaps in the ceiling of the rooms below the cable room floor. It is recommended to 
perform an hydro-isolation of the cable room floor as a long-term measure. The fire 
protection system should be improved to avoid spurious actuations of the system. 

13.3.1.4 Recommendations for complementary studies 

Main steam and feedwater system 

It should be studied if it is of benefit: 

to delay the turbine trip after a reactor scram, 

to modify the setpoint for opening of BRU-A in relation to the setpoint of BRU-K. 

13.3.1.5 Proposal for future evaluations 

None. 

13.3.2 Events related to the performance or design of components 

13.3.2.1 Information available 

Among the incidents with component failures, there are several ones which occurred 
repeatedly. The specific components are the following : 

Inverters ( incidents No. 8, 9, 21) 

Switches (incidents No. 4,6,28,36). 

Four other important incidents involve the failure of a BRU-A valve to close again (incident 
No. 37 and No. 38) and a stuck-open SG safety valve after its actuation (incidents No. 12 and 
No. 38). 

13.3.2.2 Assessment 

Inverters (class 1 power supply) 

There were also many incidents of similar or same kind in the past. The conclusion is, that this 
specific equipment is particulary vulnerable. Its designed lifetime is meanwhile exeeded and 
the failure rate is increasing. But it should be mentioned that loss of one inverter does normally 
not cause a loss of power supply to the connected loads, as there is an immediate switch over 
to a bus of the emergency power supply (class 2 power supply) without interruption. 
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0.4 kV - Switches (contactors) 

The 0.4 kV switches have been and are a reason of concern (incidents No. 4 and 6). In case of 
failure of one part of the switch the complete switch has to be replaced, as it is prohibited by 
the manufacturer to repair the switch on the plant site. In addition, because of lack of spare 
parts it is not possible to replace systematically all switches of this type. 

6 kV - Switches 

In Rovno units 1 and 2, a special type of 6 kV switch is used (WMPE-10, oil type) which is no 
longer used in other NPP. The observed failures (spurious opening of 6 kV switches during 
incidents No. 28 and 36) were caused by cable isolation problems of control cables and not by 
the switches itself. 

In Rovno unit 3 a new type of switch is used (VES-6). The operating experience with this type 
is described in chapter 13.4.2 of this report. 

SG safety valve 

The root causes for non-closure of a safety valve after its actuation were different ones: 

In incident No. 12, the valve did not close during valve test because of severe erosion of 
the valve sealing which was not detected in time due to maintenance only every 4 years. 

In incident No. 38, the valve did not close again on demand because a foreign particle in 
the main valve hindered valve movement. 

BRU-A 

The BRU-A valve did not automatically close again because of a failure in the valve control 
circuit (short-time loss of power for valve control). This failure occured first during incident 
No. 37, but the root cause was not identified and therefore not eliminated. During the incident 
No. 38 the same failure occured once more. Incident No. 37 is therefore estimated to be a 
precursor for incident No. 38, because no sufficient measures were taken to prevent a 
repetition. 

13.3.2.3 Recommendations for improvements 

A replacement program for the components of the reliable power supply has been started by 
the NPP. It was told by the NPP that in Unit 3 meanwhile the components were replaced by 
new components of different design. An equivalent program is currently conducted for units 1 
and 2. 

The exchange of the inverters for a more reliable type is strongly supported. A detailled 
schedule for replacement is requested. 

A new manufacturer located in Charkow city has been found for fabrication of 0.4 kV 
switches. A new switch is now in the design state. But it will last two or three years until the 
new switch is available. 
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It is recommended to exchange the 0.4 kV switches in the safety systems for a more 
reliable type as quick as possible. The announced time frame for exchange of the 0.4 
switches is very long. In view of the long delay for exchange, compensatory measures 
have to be implemented. 

The frequency of SG safety valve maintenance has to be increased, and the maintenance 
program for the valves must be improved to achieve an early diagnosis of valve faults . 

Modifications at the BRU-A valves including their control circuits is recommended to be 
implemented. 

13.3.2.4 Recommendations for complementary studies 

None. 

13.3.2.5 Proposal for future evaluations 

It should be checked by future operating experience evaluation (of 1993 and later) wether the 
improvements at inverters, switches, SG safety valves and BRU-A valves have been successful. 

13.3.3 Events related to plant operation 

13.3.3.1 Information available 

Nine of the 37 events were considered to be caused by maintenance errors (incidents No. 
1,2,10,14,16,31,32,37,38). It is important to note that this assessment was made by the 
incident investigation commission itself. The three most important incidents which were caused 
by faulty maintenance were: 

failure of one MSIV to close on demand because of a broken wire in the valve control 
cable (incident No. 38), 

failure of a BRU-A valve to close again because of short-time power loss for the control 
circuit (incident No. 37), 

failure of one ECCS pump during test because of impurities in the pump bearing (incident 
No. 16) . 

13.3.3.2 Assessment 

The causes for the observed maintenance failures were described in the incident reports as 
follows: 

no observation of existing procedures, 

inadequate maintenance work, 

maintenance error or failure. 
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The reason for the relative high percentage of maintenance errors in relation to the complete 
number of incidents (and in comparison to unit 3) may be partially explained by the fact that 
there is much more equipment in units 1 and 2 (6 loops, 6 steam generators, isolation valves in 
the loops) compared to unit 3 and that many problems experienced during commissioning of 
units 1 and 2 have been avoided at unit 3. 

However, on the basis of the incident reports it can be concluded that maintenance is often 
aggravated by lack of technical descriptions of the equipment, lack of written guidance for 
maintenance work and lack of specific maintenance procedures. 

Concerning the possibility of a common mode failure of all ECCS pumps because of a 
maintenance error (incident No. 16), it was explained by the NPP that it is not allowed to 
perform maintenance at all trains of a safety system at the same time. Due to schedule, the 
safety system trains are tested every 10 days, which means each train every month. 
Maintenance is performed at a component before the scheduled test of the train only, and after 
maintenance work the component is tested together with the complete train. 

13.3.3.3 Recommendations for improvements 

Documents which are necessary for preparation and organisation of maintenance work 
should be improved (procedures, handbooks, technical guidance, check lists). 

A complete technical documentation of specific equipment which is operated in the plant 
has to be prepared and shipped by the manufacturer. 

Additional training of maintenance personnel is recommended. 

13.3.3.4 Recommendations for complementary studies 

None. 

13.3.3.5 Proposal for future evaluations 

None. 

13.3.4 Events related to human factor 

In this chapter only those incidents are discussed which were clearly related to control room 
operator error. Of course also other plant personnel failed, but as far as the mistakes contribute 
to maintenance errors, these incidents are discussed in chapter 13.3.3, and as far as they 
contribute to management failures, they are discussed in chapter 13.3.5. 

13.3.4.1 Information available 

During three of the 38 incidents operator errors contributed to the incident (incidents No. 1, 6 
and 38). 
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13.3.4.2 Assessment 

The following failures were typical human errors : 

Confusion 

The operator switched off MCP 6 instead MCP 5 because of pressing the wrong push 
bottom (incident No. 1). 

The operator took manual control of the feedwater supply of a SG, and by mistake he 
watched the level indication of another SG (incident No. 38). 

Lack of knowledge and/or lack of precise procedures 

The operator failed to identfy correctly the meaning of a signalization in the control room. 
He believed that the fans had not started because of the flashing lights for the fan status. In 
reality they had started automatically (incident No. 6). 

No observation of existing procedures 

There was one incident with violation of limits for safe operation owing to operator error. 
After detection that a SG safety valve had not closed again, the operators did not isolate 
the associated RCS loop as demanded by procedure. So the RCS suffered from an 
exessive cool down rate until the operators isolated that SG where the SG safety valve was 
open after 20 min (incident No. 38). 

13.3.4.3 Recommendations for improvements 

Because decisions of control room personnel should be based on precise procedures, it is 
recommended to improve existing procedures for normal plant operation and for 
accidents. The procedures must be detained, precise and complete (see also § 12.4.3). 

In case of heavy violations of procedures by plant personnel, a special investigation 
should be initiated by the commission to identify the causes for such a violation and to 
take appropriate measures to improve safety culture of the involved personnel. The 
investigation of such an event should also include lessons learned for training and plant 
operation. 

13.3.4.4 Recommendations for complementary studies 

In the incident reports not all of the root causes are identified and the human factor is 
not always considered. It is often stated that the root cause was a human error of an 
operator or maintenance person, but an analysis of the human error is insufficient. 
Considering that such analysis is the basis for recognition of weak points and possible 
countermeasures, it is recommended to improve human factor analysis in the incident 
reports. 

13.3.4.5 Proposal for future evaluations 

None. 
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13.3.5 Events related to organisation and management 

13.3.5.1 Information available 

Four incidents are described in the reports as having been caused by failures of the 
management or by deficiencies in plant organisation (incidents No. 7,11,36,24). 

Chemical acid was dropping out of a leaking pipe on underground cables of the DG . The 
damaged cable caused a trip of the DG during test. 

There was a fire in a store room of the Diesel building after a short circuit. 

A spurious start of one train of the safety system occured because of a damaged control 
cable. The cable was cut-off at the sharp edge of a cable trace. 

A scram was actuated during failure search in the seismic instrumentation. The personnel 
of I&C department performed the failure search with the infringement of the established 
order of getting a permission. 

13.3.5.2 Assessment 

The incidents were caused by failure of responsible plant management personnel: 

The leakage existed for a long time. No measures have been taken to stop the leakage. 

The fire propagated because of storage of a too big amount of spare parts in the Diesel 
building room. The fire brigade was not asked for agreement on this storage of spare parts. 

The damaged cable was not exchanged in time by the electrical department. 
(The same failure was root cause of incident No.27) 

The shift supervisor informed the personnel of I&C department about a failure in the 
seismic instrumentation and the personnel misunderstood him as an order to begin the 
failure search. 

13.3.5.3 Recommendation for improvements 

The plant organization should be checked for clear structure of responsibilities. 

Necessary maintenance measures should be carried out in time. 

13.3.5.4 Recommendation for complementary studies 

It should be investigated if the process of experience feedback is sufficient with respect 
to implementation of necessary measures in time. 

13.3.5.5 Proposal for future evaluations 

None. 
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13.4 UNIT 3 (VVER-1000/V320) 

Due to the limited time which was available, it was decided to analyze incidents which were 
reported to the GANU - according to the Ukrainian reporting criteria - within a certain time 
period. For in-depth evaluation the years 1991 and 1992 were choosen, which means that all 
incidents which were communicated by the NPP for the period 1991/1992 were analysed. For 
unit 3 altogether 29 incident reports exist (see appendix 13.A.2). The incidents were classified 
according to the following paragraphs. 

13.4.1 Events related to the design of systems 

13.4.1.1 Information available 

Some of the 29 incidents are related to the performance or design of systems. These systems 
are: 

reactor coolant system (RCS), 

ECCS and auxiliary systems, 

main steam and feedwater system, 

emergency power supply, 

on-site and off-site power supply. 

13.4.1.2 Assessment 

Reactor Coolant System 

In the investigated time period there were no incidents which challenged the overpressure 
protection of the primary circuit. 

There were 10 incidents (incidents No. 43,46,47,49,56,60,64,65,66,67; for assessment refer to 
chapter 13.4.2.2) with forced coolant flow reduction by loss of one or more main coolant 
pumps. This high number is of specific interest if it is compared with the few losses of MCPs in 
Unit 1 and 2. 

There was one incident with a minor leakage of the RCS, affecting the integrity of the primary 
circuit (incident No. 59). The reactor was shutdown gradually. The leakage were detected by 
the humidity detector above the reactor vessel. 

There was one incident with overcooling of the primary circuit due to a stuck open BRU-K 
valve (incident No. 63).The limiting conditions for safe plant operation considering the cool 
down gradient greater than 30 Kelvin per hour were not violated. The reactor scrammed 
because of low level in the pressurizer. 
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ECCS and auxiliary systems 

There was no incident with low inventory in the primary circuit, e.g. loss of coolant or 
excessive heat transfer to the secondary circuit. As a result of this no actuation of the ECCS 
occured, also no spurious actuation was noticed. Therefore no injection of cold water into the 
primary circuit was reported. 

One event with loss of a single train of the ECCS during the scheduled test was reported 
(incident No. 50). Another event was caused by a switch failure (see also chapter 13.4.2). 

There was only one incident affecting the availability of a complete train of the safety system 
due to a failure of an auxiliary system: both service water pumps of the related train were lost 
(incident No. 50). 

Main steam and feedwater system 

No total loss of feedwater occured. There was one event with partial loss of feedwater 
(incident No. 67). The reactor power was reduced automatically as designed. 

In another incident (incident No. 56) the level in the SG decreased too much caused by a faulty 
feedwater controller and three MCP were switched off. The reactor scrammed. No start of the 
emergency feedwater pumps was necessary and therefore no injection of cold feedwater into 
the SG occured. 

There was an unplanned closure of all slow closing gate valves in the main steam lines during 
full power resulting in opening of the BRU-K. One BRU-K valve did not close again. It had to 
be closed manually (incident No. 63). 

Emergency power supply 

During the evaluated time period there was no loss of offsite power and therefore no 
emergency start-up of the Diesel generators was necessary. 

The reported incidents which are related to the Diesel generators ( incidents No. 39, 54, 62) 
occured during routine test of the DG or were caused by failures which were detected during 
normal stand-by of the DG without actuation. Two of these incidents can be classified as 
possible common cause failures of all DG. 

- During the DG test the start-up time was longer than specified. It was found that the start
up valve was opening very slowly. When examining the valve, corrosion products were 
found inside the valve. The corrosion products stemmed from the pipes of the compressed 
air system, which were fabricated from ferritic steel (incident No. 39). Meanwhile the pipes 
for the DG start-up air supply system have been exchanged for stainless steel. 

During a routine test the DG did not start because of an empty battery for the DG control 
power supply (incident No. 54). A similar incident occured in Balakovo Unit 1 on 
September 3, 1992 and was reported to the IRS (IRS report No. 6344). 
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On-site and off-site power supply 

There was one incident with separation of one unit from the main grid (incident No.58). No 
loss of off-site power occured. 

13.4.1.3 Recommendation for improvements 

The batteries in the DG sart-up system should be included in the maintenance program 
and battery charging should be supervised. 

13.4.1.4 Recommendation for complementary studies 

None. 

13.4.1.5 Proposal for future evaluations 

None. 

13.4.2 Events related to the design of components 

13.4.2.1 Information available 

Among the incidents with component failures, there are several ones which occurred 
repeatedly. The specific components are the following : 

- inverters ( incidents No. 40,45,48,52,53,61), 

protection devices for pumps (incidents No. 41,43,46,50,60,64,65,66,67), 

solenoid valves (incidents No. 47,49,56), 

switches (incident No.51), 

- BRU-A (incident No. 42). 

13.4.2.2 Assessment 

Inverters (class 1 power supply) 

There were also many incidents of similar or same kind in the past. The conclusion is, that this 
specific equipment is particulary vulnerable. Its designed lifetime is meanwhile exeeded and 
the failure rate is increasing. But it should be mentioned that loss of one inverter does normally 
not cause a loss of power supply to the connected loads, as there is an immediate switch over 
to a bus of the emergency power supply (class 2 power supply) without interruption. It was 
told by the NPP that in Unit 3 the components of the reliable power supply meanwhile have 
been replaced by new components of different design. 
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Protection devices for pumps 

In seven incidents a MCP was switched off by a spurious signal of its protection device. In 
two other incidents a feedwater pump and a pump of the containment spray system tripped 
because of the same reason. The pump protection consists of electronic modules. The 
electronic components (microchips) of these modules fail and there is no self-control of the 
circuits for failure detection. The plant proposed to perform design modifications. Plant 
personnel explained that after implementation of these modifications in 1993, incidents of this 
type decreased drastically. 

Although the loss of single MCP does not challange the safety systems, it initiates a lot of 
measures of the plant control and results in a shorter life time of equipment. 

Solenoid valves 

In unit 3, solenoid valves are used for operation of the pneumatically actuated containment 
isolation valves. If solenoid valves fail during a LOCA, the possibility exists that isolation 
valves will not close and will not seal the containment. Solenoid valves are also used in the oil 
supply lines of the MCP for fire protection reasons. When a solenoid valve fails, the oil supply 
for the pump is interrupted and the MCP trips. The solenoid valves failed because of early 
aging of the valve sealing (cracks and embrittlement). As the manufacturer is located in a 
Western country, there are severe problems in receiving spare parts. 

6 kV - Switches 

In unit 3 another type of 6 kV - switch is used compared to units 1 and 2. There are some 
problems with this switch concerning a mechanical element (lever) which is used during switch 
actuation. The manufacturer was asked to exchange this element for a more reliable one. 

BRU-A 

An indication in the control room annunciated several times that the BRU-A valve was not 
closed. After several hours a loss of power supply for the valve was monitored in the control 
room. When the valve was inspected it was found that the valve motor had burnt off Because 
the quality of signalisation is depatable, the operator thought that it was a spurious signal. 

13.4.2.3 Recommendation for improvements 

The solenoid valves should be exchanged or, if this is not possible, shorter inspection 
times should be introduced in the maintenance schedule for the solenoid valves. 

The reliability of the BRU-A valves including their control circuits should be improved 
(motor protection and position indication). 
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13.4.2.4 Recommendation for complementary studies 

It should be studied why the solenoids fail before the specified life time is exeeded. 
Operating conditions (voltage) and environmental conditions (temperature) for the 
solenoids should be investigated and compared with the design values. 

13.4.2.5 Proposal for future evaluations 

It should be checked by evaluation of future operating experience (in 1993 and later) wether 
the improvements at inverters, pump protection devices and 6 kV - switches have been 
successful. 

13.4.3 Events related to the plant operation 

13.4.3.1 Information available 

Two of the 29 incidents were considered to be caused by maintenance errors (incidents No. 54 
and No, 59). 

During a periodic test of one train of the safety system, the DG failed to start because of 
an empty battery. This battery supplies the DG control and the valve of the compressed air 
start system. As already mentionned, a similar incident occured in Balakovo Unit 1 on 
Sept. 3, 1992 (IRS report No. 6344). 

A small leak at a control rod flange at the vessel head was detected after plant start-up. 
The leak was caused by inadequate assembling of the seal and variation of the seal material 
composition by the manufacturer. 

13.4.3.2 Assessment 

The electrical department had failed to include the battery in the DG maintenance program. 

The root cause was identified as the manufacturer's guilt who defined an inadequate 
torque for seal assembling. 

As for units 1 and 2, it can be concluded that maintenance is often suffering of a lack of 
technical descriptions of the equipment, lack of written guidance for maintenance work and 
lack of specific maintenance procedures. 

13.4.3.3 Recommendation for improvements 

Documents which are necessary for preparation and organisation of maintenance work 
should be improved (procedures, handbooks, technical guidance, check lists). 

A complete technical documentation of specific equipment which is operated in the plant 
has to be prepared and shipped by the manufacturer. 

Additional training of maintenance personnel is recommended. 
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13.4.3.4 Recommendation for complementary studies 

None. 

13.4.3.5 Proposal for future evaluations 

It should be investigated if the process of incident reporting and evaluation by other 
organisations is sufficient with respect to implementation of necessary measures in other plants 
in time. The incident in Rovno Unit 3 on April 17, 1992 (empty DG start-up battery) occured 
once more in Balakovo Unit 1 on September 3, 1992. 

13.4.4 Events related to human factor 

In this chapter only those incidents are discussed which were clearly related to control room 
operator error. Of course also other plant personnel failed, but as far as the mistakes contribute 
to maintenance errors, these incidents are discussed in the chapter 13.4.3, and as far as they 
contribute to management failures, they are discussed in chapter 13.4.5. 

13.4.4.1 Information available 

During two of the incidents operator errors contributed to the incident: 

A spurious signal in the control room annunciated several times that the BRU-A valve was 
not closed. After several hours a loss of power supply for the valve was monitored in the 
control room. When the valve was inspected it was found that the valve motor had burnt 
off (incident No. 42). 

A turbine condenser pump tripped at full power. The shift supervisor ordered the turbine 
operator to decrease turbine load in addition to the automatic power reduction of the 
reactor. Because of the deviation between reactor power and turbine power the BRU-K 
opened. Due to bad condenser vacuum the turbine tripped (incident No. 44). 

13.4.4.2 Assessment 

The human errors are considered to be caused by lack of knowledge and/or lack of precise 
procedures. 

In incident No. 42 the operator gave no attention to the anomaly of signals. 

In incident No. 44 the shift supervisor's decision was wrong. He did not wait until 
automatic load reduction was finished. 
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13.4.4.3 Recommendation for improvements 

Because decisions of control room personnel should be based on precise procedures, it is 
recommended to improve existing procedures for normal plant operation and for 
accidents. The procedures must be detailled, precise and complete (see also § 12.4.3). 

13.4.4.4 Recommendation for complementary studies 

The human factor aspect seems to be not completely covered in the incident reports. It is 
often stated that the root cause was a human error of an operator or maintenance 
person, but an analysis of the human error is missing. Considering that such analysis is 
the basis for recognition of weak points and possible countermeasures, it is 
recommended to improve human factor analysis in the incident reports. 

13.4.4.5 Proposal for future evaluations 

None. 

13.4.5 Events related to organisation and management 

13.4.5.1 Information available 

One incident was identified by the investigation commission as being caused by failures of the 
management or plant organisation (incident No. 59): after detection of a leak at the vessel head 
the unit was shutdown after 19 h instead after 8 h as demanded by technical specifications. 

13.4.5.2 Assessment 

The incident was classified as a P-02 event (violation of limits and conditions for safe 
operation) and was also classified as level 1 on the INES (see appendix 13.A.1). 

13.4.5.3 Recommendation for improvements 

Prior to deviation from existing technical specifications the authority should be asked for 
allowance. The NPP should provide the GANU with specific documents which show that 
the risk resulting from the deviation is still acceptable. 

13.4.5.4 Recommendation for complementary studies 

None. 

13.4.5.5 Proposal for future evaluations 

None. 
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Appendix 13. A. 1 

Reporting criteria for accidents and incidents 
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Reporting criteria for accidents and incidents 

The criteria for reporting of operational events in nuclear power plants are stated in the 
document PN AE G-12-005-91 und are applicable to all nuclear power plants of the former 
Soviet Union. 

Operational events are defined by this document as events which cause significant deviation 
from operational limits and/ or conditions. 

The reporting criteria concern two operational event categories: 

Accidents: 

Code Criteria Level 
INES 

A 01 External release of a large fraction of radioactive material 7 
accumulated in the reactor core resulting in excessive dose limits 
for beyond design basis accidents 

A 02 External release of a large fraction of radioactive material 6 
accumulated in the reactor core resulting in excessive dose limits 
for design basis accidents 

A 03 External release of radioactive fission products in quantity leading 5 
to insignificant excess of dose limits for design basis accidents. 
Significant damage of a large fraction of the reactor core caused 
by mechanical effects or melting exceeding the maximum 
permissible design limit for the fuel elements damage 

A 04 External release of radioactive material in quantities exceeding the 4 
value defined in category P01 incidents, but not higher than for 
design basis accidents 
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Incidents : 

Code Criteria Level 
INES 

P 01 External release of radioactive material and external radioactive 3 
effluents above the maximum permissible values without violating 
the operational limits and conditions. Contamination of the NPP 
site above the levels specified by the design for normal operation. 
Irradiation of the personnel by doses exceeding the dose limit for 
the personnel. 

P 02 Deviation from NPP operational limits and conditions in any 1,2,3 
operation mode without developing into an accident (except for P 
03 and P 04 code incidents) 

P 03 Inoperability of the safety system channels (including the 1,2,3 
redundant ones) in any operation mode of the plant 

P 04 Inoperability of safety system channels (including the redundant 1,2,3 
ones) in any operation mode of the plant for a time period longer 
than spedified by the technical specification 

P 05 Reactor trip or disconnection from the electrical power network 1,2,3 
in any operation mode of the plant caused either by equipment 
failure and/or human error or by external effects of natural or 
artificial origin 

P 06 Damage of fuel assemblies or fuel elements during fuel handling 1,2,3 
operation without developing into an P 01 or P 02 code incident 

P 07 Damage to safety significant equipment and pipelines of classes A 0,1 
and B according to PN AE G-7-008-89 and to control rods and 
servo motors detected or caused during maintenance or 
equipment inspection 

P 08 Power reduction of 25% and more for more than three hours 0 
caused either by equipment failure or human error or by external 
effect or natural or artificial origin (except for cases when the unit 
is unloaded for requested maintenance) 

P09 False initiation of any of the safety system channels in a mode 0,1,2,3 
which is not associated with providing a safety function 

P 10 Inoperability of individual safety system channels in any operation 0,1 
mode of the unit for « time period not exceeding the time frame 
permitted by technical specifications (except for carrying out tests 
or maintenance where their availability is not required) 
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Appendix 13. A. 2 

List of reported incidents 
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Events in 1991 (Rovno Unit 1) 

1. Trip of two MCP due to spurious signal from the pump protection (cable 
isolation damage during welding work) 
(Rovno 1, March 18,1991) 

2. RCS leakage due to untightness of four (from twelve) gate valve joints after 
maintenance 
(Rovno 1, March 21,1991) 

3. Unavailability of safety system train 1 due to failure of DG 12 heating 
system (relais failure) 
(Rovno 1, April 12,1991) 

4. Unavailability of train 3 of the ECCS due to failure of ECCS pump to start 
during test (switch failure) 
(Rovno 1, July 26 and June 3 and Jan. 11) 

5. Trip of TG-1 and loss of all feedwater pumps because of spurious signal "HP 
preheater level increasing" 
(Rovno 1, July 27,1991) 

6. Non-switching of ECCS pump and fans during test of train 3 of the safety 
system because of switch failure 
(Rovno 1, Aug. 27, 1991) 

7. Unavailability of the emergency power system train 2 because of trip of DG 12 
during test by its differential protection (earth failure of cable) 
(Rovno 1, Sept. 17, 1991) 

8. Inverter trip and deenergization of the 0.4 kV emergency power supply bus of 
safety system train 2 
(Rovno 1, Oct. 23, 1991) , also IRS report No. 6335 

9. Failure of safety system train due to DC/AC inverter disconnection 
(Rovno 1, October 18,1991) 

10. Unavailability of one emergency power system train due to failure of a 
control cable (earth fault) 
(Rovno 1, October 30, 1991) 
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11. Unavailability of the emergency power system train 3 due to fire in the DG 13 
building 
(Rovno 1, November 4,1991) 

Events in 1992 (Rovno Unit 1): 

12. Stuck open SG safety valve during valve test at 3% reactor power 
(1 ROV-P09-01-01-92; January 31, 1992; INES-1) 

13. One emergency feedwater pump taken out of service because of loose pump 
basement 
(1 ROV-P10-05-03-92; March 10, 1992; INES-0) 

14 Separation from grid because of loss of faulty control rod ARK K03-52 due to 
leak of control rod drive mechanism 
( 1 ROV-P03-07-03-92; March 14, 1992; INES-0) 

15 Seperation from grid because of actuation of the system for generator protection 
due to turbine generator breaker failure 
(1 ROV-P05-13-05-92;May 15, 1992; INES-0) 

16 Unavailability of one train of the safety system due to unplanned repair of HP-
safety injection pump caused by high bearing temperature 
(1 ROV-P10-17-06-92; June 12, 1992 ; INES-0) 

17 Loss of one train of the safety system because of valve failure in the service water 
system 
(1 ROV-P10-35-12-92; Dec. 30, 1992; INES-0) 

Events in 1991 (Rovno Unit 2): 

18. Unavailability of emergency power train 1 due to leak through the DG 21 
starting air valve 
(Rovno 2, Jan. 11, 1991) 

19. Unavailability of reliable power supply train 3 due to pouring over DC/AC 
inverter PTS 23A with fire fighting water 
(Rovno 2, Jan. 20, 1991) 

20. Shutdown of TG-4 due to leakage of moisture separator tube 
(Rovno 2, March 25, 1991) 

21. Unavailability of safety system train 1 due to inverter trip during DG automatic 
load sequencer test 
(Rovno 2, April 10, 1991) 
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22. Failure of a safety systems esential power supply train during routine testing 
owing to DG turbocompressor surging 
(Rovno 2, May 12, 1991) ,also IRS report 6272 

23. Trip of turbine TG-4 because of pouring over the turbine generator with fire 
fighting water 
(Rovno 2, May 20, 1991) 

24: Actuation of seismic protection system because of human error 
(Rovno 2, May 29, 1991) 

25. Unit shutdown because of spurious actuation of containment pressure"high" signal 
(human error) 
(Rovno 2, May 30, 1991) 

26. Trip of TG-4 due to destruction of condensate pipeline welding and failure of 
condensate pump outlet valve 
(Rovno 2, November 11, 1991) 

27. Unavailability of a emergency power train due to DG failure during start up test 
(Rovno 2, November 29,1991) 

28. Problems in the reliable power supply (including failure of switches) 
(Rovno 2, December 5, 1991) 

29. Unavailability of emergency power system train 1 due to DG failure to start 
during test 
(Rovno 2, December 12, 1991) 

Events in 1992 (Rovno Unit 2): 

30. Unavailability of one train of the safety system: DG taken out of service during 
test because service water system valves did not open 
(2 ROV-P10-06-03-92; March 13,1992; INES-0) 

31. Unavailability of one train of the safety system because of HP safety injection 
pump failure during test 
(2 ROV-P10-15-05-92; March 21, 1992; INES-0) 

32. Unavailability of one train of the safety system: Trip of DG because of faulty 
device for DG synchronization and of the control voltage 
(2 ROV-P 10-04-92; April 10, 1992; INES-0) 

33. Separation of the unit from the grid and load reduction to in-house load, caused 
by actuation of the protection in the 330 kV grid outside the plant 
(2 ROV-18-06-92; June 30, 1992; INES-0) 
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34. Power decrease of more than 25% because of loss of a cooling tower pump due to 
installation of a wrong pump motor 
(2 ROV-P08-19-07-92; July 2, 1992; INES-0) 

35. Trip of two MCP and power decrease because of shut-off of 6 kV- busbar 3RA 
after transformer short-circuit caused by fire protection system actuation 
(2 ROV-P08-31-10-92; Oct. 23, 1992; INES-0) 

36. Spurious actuation of one train of the safety system because of damaged control 
cable between automatic load sequencer and busbar WS- 23R- 3RA 
(2 ROV-P09-32-12-92; Dec. 1, 1992; INES-0) 

37. Trip of all main feedwater pumps due to spurious actuation of the level decrease 
protection of the dearator/feedwater tank. Failure of one BRU-A valve to close 
automatically. 
(2 ROV-P05-33-12-92; Dec. 5, 1992; INES-0) 

38 Reactor scram from signal "high feedwater tank level", main steam line isolation, 
non-closure of a MSIV, non-closure of one SG safety valve and BRU-A 
(2 ROV-P02-34-12-92; Dec. 13, 1992; TNES-l) 

Events in 1991 (Rovno Unit 3): 

39. Problems with compressed air start system of DG. A similar event was reported 
for Unit 1) 
(Rovno 3, Jan. 9, 1991) 

40. Unavailability of the reliable power supply train 1 due to activation of the inverter 
protection 
(Rovno 3, February 8, 1991) 

41 Trip of MCP YD 30 due to spurious signal in its protection device 
(Rovno 3, February 11, 1991) 

42 Unavailability of one valve of BRU-A because of damage of its electrical motor 
drive (human error) 
(Rovno 3, February 20,1991) 

43. Trip of MCP YD 40 because of a failure in its protection device 
(Rovno 3, March 3, 1991) 

44. Discrepancy between reactor power and turbine power due to personal error 
(Rovno 3, March 20, 1991) 

45. Unavailability of reliable power system train 2 due to failure of DC/AC inverter 
EF 04 control module 
(Rovno 3, August 17, 1991) 
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14 RADIO PROTECTION AND HEALTH 

14.1 BASIS FOR EVALUATION 

Mostly the western rules and practices in matters of radio protection were used as a basis for 
the present evaluation. In addition, the experience gathered during regulatory inspections in 
Belgian NPP's and during assessment of WER's in Bulgaria has been taken into account. 

The following documents have been used to prepare discussions : 

- Parts of Regulatory Guide 1.70, 
- Parts of Regulatory Guide 8.8, 
- 10CFRpart20. 

14.2 ORGANISATION 

14.2.1 Information on the status at Rovno NPP 

The Radio Protection (RP) department employs about 80 persons from which one third are 
engineers. 
This department is split into different groups (see Appendix 14. A. 1.). 
Three of them are directly under the authority of the Radio protection Head Department 
depending himself from the Deputy Safety Engineer. 

These groups are : 

- the new units service, with 7 persons, which is in charge of the follow up of the 
modification and the training of the unit 4 new personnel, 

- the industrial security and health which employs 6 persons, 

- the maintenance and repair of the radiation devices which employs 30 persons. 

The other groups are also under the authority of the RP Head Department but are conducted 
by a Deputy Operation Engineer who is in fact directly involved and responsible of radio 
protection matters on the plant. 

These groups are : 

- the RP shift operators which involves 32 persons split into 6 shifts (5 + 1 reserve), 

- the external radiation exposure service which employs 3 persons, 

- the radiometry laboratory in charge, with 4 persons, of the personnel internal exposure and 
the sampling of releases spectrometry. 

The Environment protection service has a special position and is placed under the direct 
authority of the Site Chief Engineer (see Appendix 14.A.1). 
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14.2.2 Assessment 

The radiation protection organisation should be adequate for controlling the radiation exposure 
of personnel, the radiological impact of releases during normal operation and in emergency 
planning and preparedness. 

Although the organisation under the Deputy Operation Engineer authority seems to give 
satisfaction and has a sufficient number of well-qualified persons, the radio protection staff has 
not the organisation position which gives him direct access to the NPP top management and 
consequently the sufficient authority in controlling and improving the activities to protect the 
personnel. 

This situation is contrary to the common practice and is becoming worse due to the fact that 
none of the 5 site inspectors from GANU is involved in radio protection. 

It is reasonable to think that the RP head and his division should be under the direct authority 
of the Chief Engineer at the same level as the operation, technical support, maintenance and 
quality assurance divisions. An other structure like the one presented in appendix 14.A.2 
should able to increase the radio protection authority and help to keep good relations between 
the different levels of the general organisation. 

14.2.3 Recommendation for improvements 

It is recommended that NPP gives credit to the Western experience regarding the Radio 
Protection Department position. 

14.2.4 Recommendation for complementary studies 

None. 

14.2.5 Recommendation for future evaluation 

None. 

14.3 STATUS OF THE PLANT CONCERNING RADIO PROTECTION 

14.3.1 Information on the status at Rovno NPP 

Status at ROVNO NPP regarding Radio Protection is described in connection with the 
assessment in the following sub chapter. 
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14.3.2 Assessment 

The reactor main halls of unit 1 & 2 at working level have been found in good condition. 
The areas are clean and the handling equipment are well stored, the stored contaminated 
equipment's are labelled. 

The laundry is also in good status and provided with equipment which demonstrate good 
maintenance practices. The ventilation of the laundry is good. 

Some leaks of boron water were found on the floor (dose rate 170 u.Sv/h) in the make-up 
pump and in the HP safety injection pump rooms. 

During first walk down in 3 units, many heavy shielding doors were found open or improperly 
closed with only one of the two locking devices. Those doors, have been designed to confine 
water and gas leakage's in case of an accident. During last walk down in unit 1, it was noticed 
that this situation has been improved. 

The shielding doors are most of them properly closed, some of them are padlocked, all of them 
are provided with a sealing wax (thin rope fixed by a stamp). The shielding doors are labelled 
with : 
- the door number, 
- the fire door category, 
- the name of the equipment located in the room, 
- the location where the padlock key can be found. 

This is a good practice. 

Anyway the door sealings are still in a very bad condition and should all be replaced by new 
one as soon as possible. 

In unit 1 & 2, the floor is covered with resistant plastic layer instead of easily decontaminated 
coating. In some transition places the welded seams of the plastic layer have come loose and 
could catch contamination dust difficult to remove. In addition, with this kind of protective 
coating, there is a potential risk of fire spreading. In unit 3 the floor coating is in some places in 
very bad condition. It is the intention of NPP to replace it in the future. 

Drinking fountains and toilets were found inside the controlled area. This practice is in 
accordance with the Ukrainian normative documents (PRB AS 89). However, this is not in 
accordance with the common international practice, which recognises the risk that such a 
practice could lead to internal contamination. 

In Unit 3, although the general appearance seems to be better than the unit 1 & 2, the remarks 
mentioned above remain the same. 

Some windows in the corridor between the dressing room and the technical area were left open 
or improperly closed due to corrosion of the steel frame. In addition many doors of the 
different technical rooms remain open. 
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This general situation has an evident impact on the efficiency of the internal ventilation. For 
example due to a lack of tightness of the doors, it appears that the potential habitability of the 
main control room following an accident is not protected to prevent the entry of airborne 
activity and the internal ventilation system of this room is not designed to cope with a release 
of radioactive gas coming from outside. Some portable bottled air supplies are available for the 
operators outside the control room in case of an accident, but it is not clear that they can be 
recharged quickly with pure air after their contents have become exhausted. 

Cleanness and housekeeping were found to be poor in some places (left over from previous 
work, plastics bags and foreign material on cable trays). 

14.3.3 Recommendation for improvements 

The Consortium considers that part of the situation could be improved without heavy 
financial consequence by increasing the power of the RP responsible personnel in order 
to impose good maintenance practices. It is recommended that the attention should be 
specially brought on : 

the tightness of the doors in order to keep the confinement of the technical rooms 
and consequently, the internal ventilation efficiency, 

- the cleanness and the housekeeping, 
- the floor coating conditions. 

Drinking fountains and toilets should be prohibited in the restricted area and should be 
removed in view of Western practice. 

It is recommended that during the training sessions of all the personnel, more attention 
should be given to keep the installation in good status in conformity with the design 
conditions. 

14.3.4 Recommendation for complementary studies 

None. 

14.3.5 Proposal for future evaluation 

None. 

14.4 REGULATIONS AND LIMITS 

14.4.1 Information on the status at Rovno NPP 

The plant radiation protection regulation is in accordance with the current State (Health 
ministry) regulations for radiation Protection based upon the recommendation of ICRP 
(publication N°26 1977). 
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The plant limits are in average 50% less than the state limits. Those limits must be approved by 
the regional or the local Health Authorities. 

14.4.2 Assessment 

Due to the different limits imposed by the different authorities and consequently the heavy 
administration procedures, the regulation concept seems to be very complex and does not 
encourage to implement the ALARA policy. 

14.4.3 Recommendation for improvements 

In general, radiation protection policies and programmes have been found to be good 
but are recommended to be simplified. 

14.4.4 Recommendation for complementary studies 

None. 

14.4.5 Proposal for future evaluation 

None. 

14.5 TRAINING AND QUALIFICATION 

14.5.1 Information on the status at Rovno NPP 

A note describes the organisation of the personnel training in the radiation protection. 

The personnel training system covers all stages of the training, beginning with hiring and 
ending with an independent service activity. 
When hiring, the personnel is submitted to an interview conducted by the different managers in 
order to find out if the general and special professional education of each worker fits with the 
selected work. 
After a medical examination, all the employees undergo an "Introductory Briefing" where 
accident prevention, fire safety and radio protection principles are presented. 
Next step is the "Primary Briefing" given to the employee at its work place. This briefing is 
conducted by a specific programme depending on the activities for which the employee has 
been hired (individual protection means, actions in case of an accident). 
If the new employee is required to work in the restricted area or to handle ionising radiation 
sources, he must first of all learn the rules for use of individual protection means and have the 
knowledge of the radiation safety regulations. This education takes about 1 month. 

The programme of this field training is described in the "Rovno Radiation Protection 
Procedure" (rev. October 1990). 
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After passing successfully an examination for this basic knowledge, the new employee is 
allowed to come to his working place where he acquires the required skill of work including 
that associated with the radio protection. 
Before admission to an independent work, the employees belonging to the operating personnel, 
are supervised during a period of usually 12 workshifts. 
During this period, they have to pass also 1 to 2 preventive-accident trainings which includes 
radio protection activities. 

After admission to independent work, the operating personnel undergo planed monthly 
briefings including matters of radiation safety. In addition, non-planned briefings can be 
organised in special cases like the preparation of particular radiation hazardous jobs, at the 
occasion of a change in technological process etc. 
For the personnel who have committed violations of rules and instructions, depending on their 
character, either extraordinary briefings or extraordinary knowledge checks are conducted. 

After interruption in work from 2 weeks to 2 months, the operating personnel before the 
admission to work again undergo an extraordinary briefing and must work under supervision at 
the work place during 1 to 2 shifts. For those who have interrupted their job during 2 to 6 
months, the work under supervision is increased to 3 to 6 shifts. 

Lessons for the whole NPP personnel including also radiation safety matters, are organised 
every year. 

Lectures to the operating personnel are delivered by specialists of the department of labour 
protection and accident prevention. 

Periodic checks of knowledge about radiation safety regulations are performed once a year for 
operation and maintenance personnel and each 3 years for the management personnel. 

14.5.2 Assessment 

Due to limited time available, the implementation of the training and qualification organisation 
has not been checked in all detail but it has been noticed during the walk down and the 
discussions about the different aspects regarding the RP, that the Radio Protection personnel 
has the adequate training and qualification. All the personnel working in the restricted area 
learns the norms of radio protection (NRB 76 (87) which are based on. non-exceeding 
prescribed main dose limit, inadmissibility of any groundless irradiation, ALARA principle. 
Of course this assessment didn't give the opportunity to evaluate the behaviour of the 
personnel and more specially the maintenance personnel during the outage period and in 
particular along the hazardous steam generator workshop. 

Personal dosimetry and internal radiation exposure results in 1993 (see § 14.8 and 14.12) show 
clearly that the maintenance personnel was not enough educated to carry out such a work in 
the steam generator (preparation of the work outside the contaminated area, the necessary use 
of adequate personal protection means even if it makes the job more difficult and 
uncomfortable for example during weld grinding,...). 
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14.5.3 Recommendation for improvement 

Special work like steam generator reparation should be previously prepared outside the 
restricted area following specific detailed procedures describing step by step all the radio 
protection means to be taken. Use of mock-up in this case could be very useful. In that 
way, safety culture education of the personnel could be more efficient and the control of 
the respect of the written instructions more easy. So, it is recommended that this point 
be included in the training programme of the Training Centre. 

14.5.4 Recommendation for complementary studies 

None. 

14.5.5 Recommendation for future evaluation 

None. 

14.6 CONTROL OF ACCESS 

14.6.1 Information on the status at Rovno NPP 

The radio protection control room is provided with adequate portable devices to measure 
ambient dose rate, and contamination. 

It has been checked that those devices are annually calibrated and have a stamp which indicates 
the quarter and the year of the latest calibration. 

There are two separate locker rooms area in which it is not allowed to store civil clothes and 
protective clothes together so there is no risk of spreading contamination to non controlled 
area. 

The exit way from the reactor hall is controlled by a first portal monitor used only during 
outage period ; this one can be bypassed during normal operation. On the way, a second portal 
monitor is continually used to check the clothes contamination before the entrance to the hot 
changing room. 
These two portal monitors are provided with Geiger counters; the threshold alarm is 800 13 
part./cm2. minute. 
It was noticed that the detector counting of those two portal monitors was very short (less 
than 1 sec). The reason pouted forward by NPP to explain the short counting of these two 
portal monitors is that there are design to detect high contamination level. 
This point has been discussed but no clear justification was brought due to the fact that the 
calibration criteria of those devices could not be compared with the one usually used in the 
western countries. 

If the protective clothes are not contaminated, they can be stored in the hot lockers in order to 
be used again, otherwise those clothes are deposited in a separate room. 
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Before leaving the hot changing room to the cold changing room, the personnel has to go 
through a third portal monitor. This device is provided with Geiger counters; threshold alarm is 
10 13 part./cm2.minute, counting time is about 4 sec. 

Ail portal monitors are provided with a locked gate which opens to allow persons to go 
through after the counting time. 

The hot changing room is provided with showers and sanitary facilities in case of skin 
contamination. 

The controlled area is classified in 3 categories : 

- Serviced rooms (category III) in which the contamination level must be less than 2000 
counts/min/cm2 of beta activity and the gamma exposure rate is less than 29 uSv/h. In this 
areas, the personnel is allowed to be present permanently. 

Periodically serviced rooms (category II) in which the contamination level is less than 8000 
counts/min/cm2 of beta activity and the gamma exposure rate is less than 58 uSv/h. The 
access to this area is allowed in operation within limited time presence of personnel for 
maintenance and reparation. 

- High dose rate rooms (category I) whose operating conditions an radiation situation at 
power operation does not allow the presence of personnel. 
The access to these rooms are authorised only during NPP shutdown period. 

The radiological work permit "NARJAD" allows particular jobs performed within the 
controlled area so that protection and control measures can be accurately fitted to the risk 
(time limit of intervention, special individual protection, shielding, presence of permanent RP 
monitoring...). 
The work permit is delivered by persons confirmed by the Chief Engineer, the RP Shift 
Supervisor taking part in the process of work permit delivery and is valid for 5 days but it must 
be renewed in case of changing of the radiological working conditions. 
The work permit is also submitted to the Operation Representative to make sure that the 
equipment's are locked out. 
The work permit is submitted to the approval of the Chief Engineer if the expected individual 
dose exceeds 4 mSv. 
The work permits are kept during 3 months in the RP control room. 

At the end of each day, the dose of each participant is noted on the work permit 

14.6.2 Assessment 

The entrance and the exit control to the restricted area is well organised in the 3 units. 
The radio protection instrumentation, equipment and facilities have been treated on point 14.7 

14.6.3 Recommendation for improvement 

None. 
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14.6.4 Recommendation for complementary studies 

None. 

14.6.5 Recommendation for future evaluation 

None. 

14.7 RADIO PROTECTION INSTRUMENTATION, EQUIPMENT AND FACILITIES 

14.7.1 Information on the status at Rovno NPP 

It was verified if NPP is able to assure that the necessary equipment to protect the personnel 
are provided. 
This includes: 

- the fixed area monitoring instrumentation enable to give an alarm for workers if radiation 
levels increase. 

- the portable instrumentation to meet the same objective. 
- the calibration of the instrumentation 
- the individual dosimetric monitoring. 
- the adequate protection clothing (special clothing and respiratory protection to prevent 

internal contamination). 

Information on the status are given in the following sub chapter. 

14.7.2 Assessment 

a) The fixed instrumentation measuring the dose rate level in all normal pathways and in the 
rooms which are much visited during operation of the restricted area is continuously 
followed up in the RP control room located at the entrance of the restricted area. 
During the walk down in the restricted area, it has been noticed the good status of this 
instrumentation. 

b) The plant has a wide variety of portable radiation monitoring instruments to measure 
ambient dose rate and contamination. The inventory covers all type of instruments 
normally used in Western Europe. Those devices are in good status and the quantity of 
each seems to be enough. They are annually tested and calibrated by the regional 
laboratory of the State Committee for Standardisation or by the site laboratory depending 
if the instrument has to be in compliance with national regulations or not. 

The calibration stamping applied on the monitoring devices indicates the year and the 
quarter of the last calibration. This practice is good but sometimes, this indication is 
unreadable or missing, specially in Unit 3. 
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c) The individual dosimetric monitoring is carried out with the use of thermoluminescent 
dosimeters TLD (measurement range : 0,1 mSv to 10 Sv) to determine the total exposure 
dose for the time of presence in the restricted area at normal operation and emergency 
situations. 
The individual doses are read at the exit of the personnel with a reading device located in 
the RP control room and manually recorded in a logbook. 

Pocket ionisation chambers dosimeters KID 6A are used jointly with TLD for rapid check 
of the dose received during a specific job. These dosimeters measures the gamma radiation 
over a range of 50 uSv to 5 Sv. 

Readings of ionisation dosimeters are taken directly after completion of the job with the 
aid of two types of detectors depending the cumulated dose; one covering 5 uSv to 20 
mSv and the second covering 20 mSv to 5 Sv. 

Signalling dosimeters are also available in carrying out jobs involving a special radiation 
hazard. 
With this kind of dosimeters, it is not possible for the personnel to read for themselves 
directly the accumulated individual dose during their stay in the exposed area. 

d) It has been found that the quantity of individual protection is not enough in case of 
emergency conditions and that they are stored with poor cleanliness conditions in a locked 
room situated far away from the restricted area entrance. 
There are a few respiratory protection like paper masks designed for protection against 
harmful dust for all particle sizes. It was mentioned that valveless anti-aerosol mask 
"LEPESTOK" in which the filter material is based on synthesis fibres, protect against 
micro-dispersive aerosols, up to 200 critical concentration, when material FPP 15 - 1.5 is 
used. However, it is doubtful (or at least unproved to the reviewers) that this kind of 
protection could be able to trap the small aerosols. 
Full face rubber masks types with cartridge or air supply are available but seems to be 
reserved for emergency purposes. The respirator cartridges are not identified and not 
protected against moisture. 

There are a few plastic dressings and no more than 6 respiration air compressed bottles. 
It is doubtful that this material could be enough to protect workers in case of an emergency 
situation. 

After review of the general situation, it can be concluded that the provided facilities are 
adequate to protect workers during normal operation but it is doubtful that they could be 
enough in case of an radiological accident. 

The personnel is assisted by the RP representative to wear the devices properly and to test the 
efficiency of the protection. 

14.7.3 Recommendation for improvements 

Individual self-reading dosimeters with audible and visual alarms, which sounds when pre
selected levels of dose rate and total dose are exceeded, should be used because they play a 
great role in improving radiation control in the work place. With a dosimeter automatic reading 
device connected to an appropriate computer programme, it is possible to assure the personnel 
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dosimetry surveillance by a rapid tracking not only cumulative dose for any individual but also 
the daily dose exceeding a pre-established value. 

It is demonstrated in Western NPP's that this tool in one of the most necessary in order 
to reach the ALARA policy. Such a practice is recommended to be adopted. 

Regarding the high internal contamination which affect some workers, it is pointed out 
that the problem posed by the quantity and the poor quality of the respirators be 
considered by the utility. Practice should be improved as soon as possible. 

14.7.4 Recommendation for complementary studies 

The utility should draw up a list of the different facilities necessary to protect efficiently 
all the personnel working in the restricted area. 
The quantity of each facility should be estimated on the base of the average amount of 
people which has been involved in the successive outages. 

14.7.5 Recommendation for future evaluation 

None. 

14.8 DOSIMETRY 

14.8.1 Information on the status at Rovno NPP 

All the site personnel is submitted to an examination each year, after each outage and after 
special work for the personnel involved. 
External and internal exposure of the personnel are summarised in order to control the 
permissible dose limits 
In case of the internal contamination measure exceeds the NPP permissible limits ("control 
levels" for Eastern experts), the personnel concerned is submitted to monthly examination in 
order to follow the evolution. 

NUMBER OF PERSONS UNDER MONITORING IN 1993 

NUMBER OF 
PERSONS 

Total 
2689 

Maintenance 
629 

IN PERCENTAGE OF MAXIMUM PERMISSIBLE LEVEL OF RADIO NUCLIDE 
CONTENT IN THE LUNG PCA (1) 

< 5% 

110 

99 

5% to 10% 

12 

12 

10 % to 50% 

6 

6 

50 % to 100% 

2 

2 

> 100 % 

1 

0 

(1) PCA is the peak annual radio nuclide content in the critical organ, for 
which the maximum dose equivalent for a calendar year equals the maximum 
permissible dose (MPD = 50mSv). 
Note : NPP permissible limits (or "control levels") are defined by NPP. They 
are lower than the limits fixed by the regulation in force. 
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The legal limits for intake particles in the lung are : 
-Co 60 : 44.4 kBq (1.2 uCi) 
-Co58 : 111 IcBq (3.0 uCi) 
-Mn54 : 133 kBq (3.6 uCi) 

Two men for whom the level of radio nuclide content in the lung was between 50% and 100% 
PCA were from the 30 workers in charge of the reparation in the steam generators. This two 
men could not wear the adequate respirator mask during welds grinding before US inspection 
because there was not space enough. 
The worker for whom the level of radio nuclide content in the lung exceeded 100% PCA was 
belonging to the Radio Protection team; no justification has been given about this internal 
contamination. 

The results of measurements of the external exposure during year 1987 to 01/10/1993 for the 3 
units is reported in the next table for the total personnel. 

EXPOSURE DOSE FROM 1987 TO 1993 

Year 
Number of persons 
under monitoring 
Collective dose 
man-Sv 
Average annual 
individual dose mSv 
Maximum individual 
dose mSv 

1987 

2110 

6.08 

2.9 

49 

1988 

1958 

5.94 

3.0 

44 

1989 

1912 

6.28 

3.3 

50 

1990 

1948 

6.30 

3.2 

46 

1991 

2012 

5.38 

2.7 

40 

1992 

2121 

4.38 

2.1 

40 

1993 

2152 

7.07 

3.3 

? 

This results ignores the exceeding of the maximum permissible individual dose (MPD) in 1990 
in the course of a planned repair on the reactor internals of unit I where three people from the 
repair personnel have received annual doses of over the MPD (56 mSv, 56 mSv and 65 mSv). 

It was said that the radiation protection of the personnel of the Rovno plant is based on the 
following principles of exposure restriction : 
- the radiation burden on the personnel is to be maintained at a reasonably attainable low 

level with allowance for economic factors (ALARA principle), 
- the dose equivalent to individual persons must not exceed the maximum permissible dose 

(50 mSv/y). 

For implementation the ALARA principle, the Rovno NPP management has adopted a 
decision to set a check level of the exposure of personnel at 40 mSv/y. 
Any case of exceeding the check level are to be investigated jointly with the state agencies of 
Sanitary Inspectorate. 
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14.8.2 Assessment 

It is obvious that although the management decision to reduce the personnel exposure, the 
ALARA principle has not showed the benefit impact on the personnel dosimetry. 
The comparison of the exposure dose in 1992 and 1993 shows an increasing of the average 
annual individual dose of 157 % mainly due to the activities of decontamination, welding 
control and general maintenance. 
In particular, the decontamination activities average annual individual dose have been increased 
to 328 %. 

14.8.3 Recommendation for improvement 

It is recommended that NPP develops and implements specific procedures (taking into 
account the ALARA principles) for special activities like the steam generator repair. 
This procedures should be illustrated by technical means videotape recorder etc. ) in 
order to prepare the personnel with an appropriate training prior the intervention. 

For future works a steam generator mock-up should be build in order to prepare in due 
time the personnel to carry out step by step the different repair operations. 

It is obvious that a proper training of the personnel, involved in special work during outage, 
will lead to decreasing of both individual and collective doses without heavy extra cost. 

14.8.4 Recommendation for complementary studies 

None. 

14.8.5 Recommendation for future evaluation 

None. 

14.9 ENVIRONMENT RADIATION MONITORING 

14.9.1 Information on the status at Rovno NPP 

As mentioned before, the Environment Protection Service has a special position in the 
organisation, is placed under the direct authority of the Chief Engineer and lives in a separate 
laboratory. 
This laboratory employs 14 persons including 5 engineers splited in 5 groups respectively in 
charge of sampling, spectrometry, radiometry, radiochemistry and technical support. 
The regulations in use are still those imposed by the USSR state but there are in course of 
modification to take in account the Western Europe regulations. 

The laboratory controls the site gas releases and the liquid effluents. It controls also the 
environment in a 30 km radius which covering the atmosphere, the rain and snow 
precipitation's, vegetables, milk, river water fish, etc... 

14/13 



The gaseous and liquid activities limits have been fixed by the State in order to respect the year 
exposure limits : 
- due to gas and aerosol releases : 200 uSv 
- due to liquid releases : 50 uSv 
- due to the city heat supply : 10 uSv 

The information collected concerns mainly the control of the gaseous and liquid releases. 

a) Gaseous releases 

At normal operation, radioactive substances are released into the atmosphere through the 
common ventilation stack of Unit 1 and 2 as well as through ventilation stacks of Unit 3 
reactor hall and special building. 

Gas and aerosols are monitored by radio-meters RKS-2-02 "KALINA" for daily 
monitoring and by sensors of automated monitoring system AKRB "SEJVAL" which 
operates in a continuous mode. 

The measurement range are : 

Kalina : 
- Noble gas 
-1131 
- Aerosols 

3. E-8 Ci/I to3.E-4Ci/l 
3. E-13 to 3 E-10 Measurement error = 60% 
3.E-14to3.E-10 

Sejval: 
Noble gas 
1131 
Aerosols 

2. E-9to 1.4 E-4 Ci/1 
1. E-11 to 1. E-6 Measurement error: 

l.E-13to l.E-9 
50% 

The "Kalina" detectors are calibrated each year by a State Laboratory. NPP is allowed to 
calibrate the "Sejval" sensors following parameters imposed by the State Laboratory. 
Samples are also taken every week for laboratory radiometric and spectrometry 
measurements. 
The emergency setting signals are transmitted to the radiation monitoring board or to the 
backup control board of each unit. 

The gas releases limits following the medical rules SP AS-88 published by the Ministry of 
Health are as follow : 

Noble gas 
1131 
Long life aerosols 

500 Ci/d/1000 MW installed 
10 mCi/d/1000 MW installed 
15 mCi/d/1000 MW installed 

Those limits applied to Rovno NPP (total power 1880 MWe) are 

- Noble gas 
-1131 
- Long life aerosols 

940 Ci/d 
18 mCi/d) 
22 mCi/d 
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The operational limits established by NPP and approved by the local public Health 
Authority are 6 times lower for the noble gas, 18 times lower for I 131 and 22 time lower 
for long life aerosols. 

For example, the information on total average-daily releases to atmosphere in 1992 was : 

-Noble gas : 6.68 Ci/d. 
-1131 O.llmCi/d. 
-Aerosols 31.5 u Ci/d. 

Due to new regulation introduced in June 1990 which does not require monitoring of the 
daily releases of short life aerosols (1 day), there is no measurement of that kind of release. 

Liquid effluents 

Low radioactive liquid effluents can be discharged periodically as required through the 
industrial-shower sewer system and the domestic sewer system. 
Before each discharge, water samples are taken from the sumps and the reservoirs of the 
integrated pumping plant to undergo laboratory spectrometric measurements. 
A continuous monitoring of the specific activity of water before release is also carried out 
This monitoring gives an alarm on the radiation monitoring board when the emergency 
setting is reached but has no direct action on the release in case of the emergency setting 
point is exceeded and in this case a manual action is necessary to interrupt the release in 
progress. 
The instrument used for monitoring the water activity before release has two channels with 
a measurement rang of 5.E-11 - 5.E-8 Ci/1 with an emergency setting at 2. E-10 Ci/1. 

The "control levels" for activity concentration before discharge is 1.5 E-10 Ci/1. 

The specific activity of waste water was in 1992 : 

- For the industrial sewerage : 6.31 E-12 Ci/1 
- For the domestic sewerage : 2.54 E-12 Ci/1 

There is no instrumentation able to measure the Tritium activity neither in the gaseous nor 
in the liquid releases, so the impact of the tritium activity on the environment is based on 
the calculated activity depending of the electrical power (State limits). They are the 
following : 

- for the 440 MWe units : 300 Ci/y each, 
- for the 1000 MWe unit : 500 Ci/y, 

so for the 3 units in operation a total of 1100 Ci/yr. 
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14.9.2 Assessment 

a) Gas releases 

The average daily releases of Rovno NPP to atmosphere from 1985 to 1992 show that 
they have been kept always far away under the operational limits. 

Initially, "Kalina" detector has been designed to measure activities in accordance with the 
state limits enforced (3.5 E+3 Ci/d), taking into account a 60% measurement error factor. 

According to the new law, the state limits have been decreased by a factor of 7 (5 E+2 
Ci/d) and the measures in normal operation with the present instrumentation of the daily 
activities (about 1 Ci/d) are affected by an error much bigger than 60%. 
Consequently, the monthly and yearly release counting in normal operation is 
overestimated, and so not representative. 

b) Liquid effluents 

Due to the fact that the emergency setting had to be adjusted to a low value in order to 
respect the State limit, the instrumentation has begun very sensitive to the background and 
often instigates an inadvertent alarm. 

The same situation exists in the city heat supply system where the emergency set point of 
the instrumentation automatically isolates the system. 

14.9.3 Recommendation for improvement 

The equipment for gas releases activity measurement, should have higher sensitivity in 
order to be able to give representative total counting of the annual activity released in 
the atmosphere : 

Noble gas : 
1131 : 
Aerosols : 

3. E-10 Ci/l, 
1. E-13 Ci/l, 
1. E-14 Ci/l. 

It is highly recommended to measure the Tritium in the gaseous and liquid releases and 
to provide both NPP and the Environmental Protection Department (which samples 
outside the plant) with the adequate device in order to make those measures. 

14.9.4 Recommendation for complementary studies 

Studies should be done in order to solve the problem concerning a reliable continuous 
measurement of liquid waste activity and heat supply system water activity. 
Information about existing instrumentation for continuous monitoring with a sensitivity 
able to detect activity equal or less than l.E-10 Ci/l, should be collected. 
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14.9.5 Recommendation for future evaluation 

None. 

14.10 CARTOGRAPHY AND POSTING NOTICES 

14.10.1 Information on the status at Rovno NPP 

This information's have been collected during walk down in the restricted area and in 
particularly: 
- the entrance in the restricted area 
- the corridors frequently used by the personnel 
- the main reactor hall 
- the safety injection pumps room 
- the access to the steam generators and primary pumps boxes 

Status at ROVNO NPP are developed in the following sub chapter. 

14.10.2 Assessment 

The boundaries of classified areas are not clearly identified and posted. 
There is a radiological cartography in the desk of the radio protection shift leader but this 
document is not displayed on a notice board at the entrance of the restricted zone as a common 
practice in Western Europe NPP's in order to give some information to the personnel about 
dose rate and contamination level in each area. 
Some hot points like contaminated pipes have been shielded with lead. However, the dose rate 
measured in a pipe pathway was still 20 uSv/h. Posting was not done to advise people not to 
remain in the vicinity. 
There is no guarantee that for all other places in the installation, adequate posting is well 
addressed. 

14.10.3 Recommendation for improvement 

Specific information for the compartments with increased radiation hazards and need of 
additional work order to work in, should be made available at the entrance of the 
controlled area on a special information board. 

The posting notices used should give more detailed information about the radiological 
situation inside the rooms, around the contaminated equipment (hot points) and at the 
entrance of hazard work places. It is suggested for example to indicate the dose rate level 
on the posting notices and on the doors of rooms in which hot points have been detected. 

14.10.4 Recommendation for complementary studies 

None. 
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14.10.5 Recommendation for future evaluation 

None. 

14.11 INTERNAL RADIATION EXPOSURE 

14.11.1 Information on the status at Rovno NPP 

There are different kinds of detection devices available at the station for measuring internal 
radiation exposure of personnel: 

a) The human radiation spectrometer using a semiconductor detector and connected to a 
1024 channel pulse analyser. The minimum detected activity is 80 Bq at 205 s. 
This device is used since 1992 and makes it possible to measure the content of various 
radio nuclides in the whole human body. 

b) The human (lung) radiation spectrometer using a semiconductor detector DGDK 100 V 
with a minimum detected activity of 111 Bq at 819 s. This device is also connected to a 
multi-channel pulse analyser and apparently constitutes the basic instrument for measuring 
the internal exposure of the personnel. 

c) The lung activity meter with a detection unit BDEG serving as a differenciator. It is set for 
a value of two times the background. 
The personnel is differentiated regarding the measurements results: persons for whom the 
results exceed the background two times or more, are submitted to a detailed examination 
with the lung spectrometer mentioned at point b). 

d) The instrument MSG 01 used to record the content of 1131 in the thyroid of man after 
accidents. 

e) A new device made of a scintillator detector mounted on the back of a seat has been 
recently installed. It's able to give a spectrometric analysis of the human lung in 60 s. 
This new device should replace the lung activity meter mentioned at point c). 

All the detection devices are periodically tested by lung and all body. Phantoms and 
calibrated by the Belotserkovsij centre of standardisation and methodology once a year. 

14.11.2 Assessment 

The activities in this area were found to be performed in a good professional way. 

For internal radiation exposure measures, the information is described in § 14.8 Dosimetry. 
It has been noticed that the portal detectors at the exit of the restricted area are not able to 
detect an eventual internal contamination and that NPP is waiting for funds to provide such a 
quickly measuring device which could be used daily. 
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The site laboratory does not make any routine urine analysis in order to check the ingestion 
contamination (transportable nuclides) because there is no instrumentation available on site for 
that purpose. Previously, samples were sent to Kiev for analysing. However, the 
instrumentation used was not precise enough to make the results representative. 

14.11.3 Recommendation for improvement 

Because Rovno NPP is affected by a high level internal exposure it is important to make 
the difference between inhalation and ingestion contamination. Urine analysis is a good 
way to detect the type of contamination. It is recommended to develop such a practice. 

14.11.4 Recommendation for complementary studies 

The Utility should draw up a list of the different facilities necessary to protect efficiently 
all the personnel working in the restricted area. 
The quantity of each facility should be estimated on the base of the average amount of 
people which has been involved in the successive outages. 

14.11.5 Recommendation for future evaluation 

None. 

14.12 EXTERNAL RADIATION EXPOSURE 

14.12.1 Information on the status at Rovno NPP 

a) The individual dosimetric monitoring is carried out with the use of thermoluminescent 
dosimeters TLD (measurement range : 0,1 mSv to 10 Sv) to determine the total exposure 
dose for the time of presence in the restricted area at normal operation and emergency 
situations. 
The individual doses are read at the exit of the personnel with a reading device located in 
the RP control room and manually recorded in a logbook. 

The radiation burden is checked following the established schedule at normal operation. 

Kind of Personnel 

Operation 
Maintenance 
Management 
Remaining 
Business missions 

Once in a quarter 

X 
X 
X 
X 
X 

After planned 
preventive repair 

X 
X 

Once in half-year 

X 
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b) Pocket ionisation chambers dosimeters KID 6A are used jointly with TLD for rapid check 
of the dose get during specific job. These dosimeters measures the gamma radiation over a 
range of 50 uSv to 5 Sv. 
Readings of ionisation dosimeters are taken directly after completion of the job with the 
aid of two types of detectors depending the cumulated dose; one covering 5 uSv to 20 
mSv and the second covering 20 mSv to 5 Sv. 

c) Signalling dosimeters are also available in carrying out jobs involving a special radiation 
hazard. 

14.12.2 Assessment 

As already mentioned, with this kind of dosimeters, it is not possible for the personnel to read 
themselves directly the accumulated individual dose during the stay in the restricted area. 

14.12.3 Recommendation for improvement 

See 14.7.3. 

14.12.4 Recommendation for complementary studies 

None. 

14.12.5 Recommendation for future evaluation 

None. 

14.13 WASTE AND EFFLUENT 

14.13.1 Information on the status at Rovno NPP 

Large quantities of liquid and solid wastes have been accumulated since the operation of the 
3 units. 

The liquid waste are stored in a special building in 10 stainless steel tanks with a capacity of 
560 m3 each. 
There are high activity storage tanks which contain spent resin with an activity of 5.0 E-3 Ci/1 
and low storage tanks water with an average activity between 1.0 E-6 and 1.0 E-7 Ci/1. 
The precipitation of solids forms a hard crystalline structure with significant volume in each 
tank. 

Most of the site storage facilities will be full in less than one year so the need for a treatment 
process to reduce the waste volume and to place it into storage containers becomes urgent. 
In addition it is not sure that it will be possible to keep the tanks leak tight due to the 
corrosion. 

14/20 



Rovno NPP is provided with a bitumization process. Basically, the water contained in the 
waste is evaporated and the residual particles are uniformly coated with thin layer of bitumen. 
The waste is continuously introduced into a metered volume of melted bitumen heated by 
steam. 
The bitumen mix is discharged into metallic drums where it cools down and solidifies. These 
drums will be stored in a special new building. 
A study to add a strong evaporator in order to help the bitumization process is in progress. 
Although the installation has been successfully tested, it is not in operation because bitumen 
with the adequate viscosity is not available in Ukraine 
The installation could be put into service 1994. 

14.13.2 Assessment 

The design concerning the radiological protection and the fire protection has been assessed and 
no major weak points were found. 

The process is operated from a synoptic panel located in a separate control room. 
In case of troubleshooting, the installation can be operated with mechanical remote provided 
with adequate radiological shielding for the operators. 

14.13.3 Recommendation for improvement 

It is recommended that the unavailability of bitumen, suitable for the process, should be 
solved in a very short time taking into account the limited spare place in the storage 
tanks. 

14.13.4 Recommendation for complementary studies 

None. 

14.13.5 Recommendation for future evaluation 

None. 

14.14 TRANSPORTATION AND STORAGE OF RADIOACTIVE MATERIALS 
INSIDE AND OUTSIDE OF NPP 

14.14.1 Information on the status 

The radio protection aspect concerning the transportation of radioactive materials has been 
discussed on the base of fuel handling only. 
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Three accidental events with there radiological consequence were considered : 

a) Disengagement of fuel assembly and refuelling machine grip and drop down into the core 
or into the cooling pond. 

It is postulated in this case that the falling assembly is completely destroyed ( breaching of 
the cladding of all the fuel rods). Due to the pool decontamination factor for the 
inorganic and organic species, 99% of the total iodine realised from the damaged rods is 
retained in the pool water. 
In case of that kind of accident, the following actions are taken: 
- immediate evacuation of the personnel 
- confinement isolation 
- sweeping the atmosphere by the ventilation (absorbers to remove iodine) 
- retrieving of the fuel assembly with a special grip. 

b) Drop of the upper internals 

Due to the fact that the handling system is doubled, this failure is not taking into account 
and the destruction of fuel assembly is not considered in this case. 

c) Drop of the sealed transport container charged with the spent fuel. 

The design of the containment assures its structure integrity and leaktighness following a 
drop of 9 meters high. There is no radiological consequence due to this kind of incident. 
The handling of the container in the pound is designed to be done vertically in a 
underwater compartment which has the same container dimensions in order to slow down 
(dash pot) the drop of the container. The damage of the bottom pound lining in this case is 
not considered. 
The transportation of the containers is carried by railway from the NPP connected to the 
national grid. 

14.14.2 Assessment 

It is obvious that the actions taken by the NPP to protect the personnel involved during 
refuelling operation are adequate and correspond to the international recommendation but it is 
doubtful that the ventilation in the main reactor room is able to assure a continuous 
atmospheric under pressure during refuelling operation.. 
The radiological rules and controls during transportation outside the site transportation were 
not assessed during the mission. 

14.14.3 Recommendation for improvements 

The ventilation efficiency in the main reactor room should be improved and controlled 
especially during refuelling operations. 
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14.14.4 Recommendation for complementary studies 

None. 

14.14.5 Proposal for future evaluation 

None. 
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APPENDIX 14.A.2 

TYPICAL ORGANISATION IN WESTERN EUROPE NPP's 
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15 PROBABILISTIC SAFETY ASSESSMENT 

15.1 BASIS FOR EVALUATION 

The Ukrainian Nuclear Safety Authority intends to perform a PSA on Rovno-3 unit, together 
with Nuclear Power Plant of Rovno and other Eastern organisations. Concerning PSA item 
within the frame of the Rovno safety evaluation project, the tasks of the Consortium were 
related to : 

- transfer of Western experience and practices in carrying out a PSA, 

- proposal of an approach to deal with plant specific data collection for PSA, 

- providing of a guide for the realisation of Rovno-3-PSA. 

The Consortium was represented by GRS and IPSN which have a long experience with 
Probabilistic Safety Assessments. The following experience was the basis for transferring of 
know-how within the project. 

One of the most extensive projects GRS has performed is the Risk Study of German Nuclear 
Power Plants sponsored by the BMFT. It is based on the Biblis B nuclear power plant with a 
pressuriser water reactor as a reference plant. The study was initiated in 1976. The results of 
phase A were published in 1979 and documented in detail in one main volume and eight 
technical volumes. Phase B of the study which, above all, was meant to take into account 
improved methods and new results of safety research, was published in 1989. 

In 1982, IPSN decided to embark on a complete PSA of a 900 MWe unit and in 1986 a similar 
study was launched for 1300 MWe plant. These two major PSA studies were completed in 
1990. The first examined one of the standard 900 MWe series reactors and was carried out by 
the IPSN. The second was performed on the 1300 MWe Paluel 3 unit by Electricite de France, 
and was reviewed by IPSN. These studies have some specific features, in particular the 
treatment of shutdown conditions, the treatment of long term post-accidental situations, and a 
wide use of French experience feedback; especially the analysis of shutdown situations needed 
specific investigations (physics, data). The results indicate the importance of the contributions 
of shutdown situations and human factors. 

Following the PSA results, several modifications of the French and German plants were 
decided on, such as the improvement of procedures and technical specifications, and the 
implementation of automatic devices. 

Both organisations are also involved in PSA programmes connected to W E R plants (data 
exchange, initiating events, Zaporozhye PSA, Kola PSA review,...). 
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15.2 TRANSFER OF KNOW-HOW FOR PERFORMANCE OF A PSA 

15.2.1 Data collection systems 

In order to transfer know-how, the Western participants presented the data collection 
procedures (covering both incidents and component failures) for German and French plants. 

In France, national data banks are used as much as possible with a view to obtaining a large 
amount of data : consequently, the Reliability Data Collection System (S.R.D.F.) and the Event 
File (F.E.) banks are analysed along with the file of statistical data on the operation of the 
French nuclear power plants. These studies are completed by on-site surveys in order to take 
the specific factors of the site studied into account and thereby render the study more realistic. 
Finally, some foreign data bases (NPRDS from USA, for example) are used to supplement and 
compare some particular data. 

This 3-level approach (local, national, international) was detailed to the Eastern participants 
(see Appendix 15. A. 1). 

Following the German PSA-Guide, probabilistic safety analyses have to be made as plant-
specific as possible. Concerning data, this requirement can only be fulfilled if the information 
about components and systems has been obtained over a sufficiently long time. If relevant 
component failures and failure modes can not be deduced from operating experience of the 
specific plant in a statistically meaningful way, generic data may be used. The applicability of 
such data has to be checked taking plant-specific characteristics into account. A number of 
generic data sources exist world-wide, but the selection of suitable data is a rather complex 
task. 

Knowing that the quality of data determines the quality of a PSA as a whole, the PSA-analysts 
of GRS use a balanced set of carefully compiled and controlled data banks (generic and plant-
specific) to derive the reliability data needed (see Appendix 15.A.2). 

15.2.2 PSA methodology 

One of the Consortium tasks was the transfer of know-how for performance of a PSA, 
covering especially the methodology to be used. 

Major background information was given, including: 

- system modelling, (in particular, definition of boundaries and failure modes for 
components), 

- estimation of component failures rates and probabilities for independent failures, 

- common cause failures method (generalised b factor), 

- human factor assessment (pre-accident errors and intervention in accident situations), 

- evaluation of uncertainties. 

The appendix 15.A.3 presents a summary of the transfer of methodology performed. 
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15.3 APPLICATION OF WESTERN METHODOLOGY TO EASTERN PRACTICE 
FOR DEVELOPMENT OF DATA BASE 

15.3.1 Information on the Eastern status 

The current status of the data acquisition in Rovno was described to the Consortium by the 
NPP Reliability Group and the GANU. At the present time, the system of reporting of 
incidents is founded on two types of files, set down on paper since 1987 : 

- file A : important abnormal events, including both "accidents" and "incidents" (about 
20 per year), 

- file B : less significant events (250 on the whole). 

GANU has partially recorded the file A on a PC computer in Kiev. From October 1991, the 
coding of events is made according to a regulation similar to INES. The document detailing 
the two classification systems was presented to the Western participants. GANU agreed a 
contract with the NPP Reliability Group which would undertake to transfer into PC all records 
since 1988. 

One incident of file A (trip of three main coolant pumps) was discussed in depth. The structure 
of the event form is figured in Table 15.T. 1. 

Until now, the data collection procedure concerning the components behaviour is based on 
historical records, including various hand-written log-books : 

- Log-book on equipment's defects (NPP Departments), 

- Log-book of repairs for orders (operational staff), 

- Main control Room book (chief of the unit), 

- Repair team book. 

On the basis of information contained in these documents, the Power Plant Reliability Group 
calculates statistics about the failures of components and elaborates monthly plant Summary 
Reports. A file containing 1700 reports has been built up and the associated program running 
on a XT computer was shown. As this file was not specifically intended to be a reliability file, it 
cannot be used to obtain estimates of reliability parameters. 

The Reliability Group has prepared a proposal for the establishment of a modem data 
collection and processing system. This method was presented and explained. In short, this new 
system is based on a 3-parts form (Fl, F2, F3), putting together all information previously 
written-down in log-books. The F sheet may be successively completed by the operating staff, 
the maintenance or repair team. 
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15.3.2 Assessment 

At the present time, reliability and operational records of systems and equipment are recorded 
in various operational documentation at different levels. More attention should be given in the 
reporting process to prepare comprehensive and clear descriptions of events. Anyhow, this 
procedure using historical records and log-books is not suitable for further PSA treatment. The 
demand on plant-specific PSA requires a high quality placing at disposal of data and 
information. Work intensive compilation and classification of the information found in plant-
describing reports and logbooks is necessary. 

The first task is to modify the data forms to give as far as possible the information needed for 
reliability analysis. The main characteristics needed are: 

- frequencies of initiating events, 

- unavailabilities of components caused by independent failures (failure rates, failure 
probabilities), 

- unavailabilities of components caused by common cause failures (failure rates, failure 
probabilities), 

- unavailabilities caused by maintenance and checks, 

- probabilities of human errors, 

- test intervals and technical specifications. 

All the pieces of information necessary to derive the main characteristics mentioned before 
have to be transferred into PC, it means the operation and design code of systems and 
equipment, the time of beginning and end of the failure and repair, short description and code 
of failure... 

The following assumptions have to be fulfilled : 

- introduction of an unique coding system for components and safety-related systems, 

- determination of recording depth (individual parts of components), 

- definition of component boundaries and interface points with other components and 
systems, 

- definition of failure modes. 

If component failures or incidents data can not be deduced from operating experience of 
Rovno-3 in a statistically meaningful way (insufficient time of operation, for instance), generic 
data will to be used. The applicability of such data has to be checked taking plant-
characteristics into account. 

On the basis of the existing proposal of collecting system structure elaborated by the NPP 
Reliability Group, the Consortium has provided some guidance for the implementation of a 
new reliability data acquisition in the Rovno-3 plant, that may lead to quality assured data. 
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The result of the discussions is presented in the following chapter. It covers : 

- definition of a computerised multipurpose database, with the help from which 
initiating event frequencies and components reliability data will be able to be 
generated, 

- specification of material resources to be implemented, including input devices and 
computers. 

15.3.3 Recommendation for improvements 

The Consortium recommends to implement a new information system consisting of a 
partitioned data bank linked up in a local network and comprising: 

1) a database on component description (engineering dB): 

This database of plant-describing data will contain mainly a catalogue of components 
(which belong to safety systems) and their individual parts including technical 
specifications like: 

- code (system, type of material, number), 

- boundaries and possible failure modes (defined after FMEA process), 

- possible failure modes, 

- degree of redundancy, 

- location, 

- manufacturer, 

- strategy of testing (duration, frequency, function capability during test). 

2) a database on plant occurrences (incident dB): 

Besides a detailed description of each incident, the following information will be 
reviewed from the written event forms and recorded : 

- identification of event : site, plant, date, number of event form, classification 
(category A or B), level of INES scale, 

- state of the plant before the incident, 

- consequences for safety (unavailability of safety function, loss of barrier,...), 

- final state of the plant, 

- actuation of safety systems (scram, safety injection), 

- codes of the systems and components involved with, and influenced by the 
incident (including duration of repair and recovery time), 

- common mode failure suspicion, 

- incident cause (human error for instance). 
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3) a database on defects, damage and failures in the main equipment of Rovno NPP 
(component reliability dB), containing information about: 

- number of the record, 

- code of the component, 

- date/time of failure recognition, 

- date/time of operation readiness, 

- state of the plant when the failure occurred, 

- part of the component damaged (recorded by the repair team), 

- failure mode, 

- common mode failure suspicion, 

- causes, 

- degree of severity and failure appearance (sudden, progressive), 

-operating condition of the component (normal operation, standby, reserve, 
periodic test, maintenance), 

- equipment situation (working, on demand), 

- duration of repair (starting and finishing times), 

- event descriptions (by operational and maintenance teams). 

4) a database on operational characteristics of the unit and important equipment 
(working indicators dB) : 

- operating profile of the unit, 

- number of demands, 

- exposure times, 

- number of failures during tests (safety related components). 

The information stored in this database is necessary for the calculation of failure rates 
and failure probabilities. 

Generally speaking, it is recommended to use key-words or a simplified nomenclature 
for the fields of the data bank. By this means, retrieval is easier to handle and the 
input can be determined uniquely. 

Some pieces of information will be recorded by the operating staff, others by 
maintenance or repair teams. At the end of the process, computerised fault reports 
will be available for detailed checking and reliability analysis by the NPP Reliability 
Group. 

Different levels of implementation of the collecting system are possible, using floppy-
disks or network for communications. In all cases, the principle is the same and 
shown in Figure 15.F.3. The following material resources are needed : input devices 
and printers located in each NPP department (5 at least), two computers such as PC 
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386 (collecting and storage of events, reliability data treatment), one workstation 
(SUN type) and the associated software. 

15.3.4 Recommendation for complementary studies 

The possibilities of the proposed structure of the new information system for estimation 
of reliability characteristics need to be checked during the process of database 
development The potentiality of an automatic use of this system must be given, eg. the 
database input and output must be clear and simply designed and the retrieval of data 
should be easy to handle. Procedures to estimate failure rates or probabilities with 
uncertainty characteristics should be made available automatically for most cases. 

Generally speaking, further work on this project is supposed to enhance the quality level 
of made work and to extend the data base by new records from year to year. 

Advanced data analyses techniques should be implemented. 

15.3.5 Proposal for future evaluations 

The progress of work has to be reviewed continuously by the Consortium. The dataset 
obtained will require some further examination before use in conjunction with final fault trees. 
In addition, effort may be foreseen in estimation of errors factors associated with some of the 
data. 

15.4 GUIDE FOR REALISATION OF ROVNO 3 PSA 

15.4.1 Objectives 

The general goal is to create a supporting tool for safety analysis. As such, this tool should 
make it possible to assess the scale of safety problems in operation and to determine the 
usefulness of possible modifications. More precisely, it can have the following objectives: 

- to enhance the knowledge of Eastern experts : the performance of a PSA is 
considered as an important element for the development of a safety culture in both 
NPP and GANU, 

- to complete the assessment of plant safety level, 

- to complete the identification of the design weak points, 

- to evaluate the influence of systems modifications from a safety viewpoint, using for 
example cost-benefits method, 

- to provide guidance for improving technical specifications, 

- to help for development of emergency operating procedures, 

- to provide information for the evaluation of accident management strategies. 
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15.4.2 Contents 

• With regards to the objectives of the project, priority should be given to a level 1 
Probabilistic Safety Assessment, the purpose of which will be to evaluate the 
probability of core meltdown. 

• Generally speaking, the core damaged state is defined by insufficient cooling of the 
fuel cladding. In practice, the accident sequences will not be systematically analysed 
to the point of core meltdown, but only as far a situation where core integrity can no 
longer be guaranteed (for example, prolonged dryout of the core with no means of 
injection available, exceeding primary system test pressure). 

• All interna] events (including station blackout) are to be allowed for, except flood 
and fire. Events of external origin (earthquakes, fires, flooding, tornadoes.) will be 
excluded. 

• The list of initiating events should cover shutdown states. 

• Analysis of the sequences will be conducted either to the point of core meltdown or 
till there is no further significant increase in risk. Post-accident situations of long 
duration should be considered, taking into account repair or recovery actions. 

• The use of plant specific experience is to be postponed until sufficient data (initiating 
events, component reliability parameters) will be retrieved from the new plant 
information collecting system. 

• The results should be provided with estimation of uncertainties. 

• The reference of the plant in question is the Rovno NPP unit 3, embodying all the 
modifications decided upon up to 1st January 1994. 

15.4.3 Methodology 

Methods and general techniques should be used as following : 

• initiating events 

- Identification and grouping will be made on the basis of generic IAEA list for 
WER1000. 

- Gathering specific incidents is a process still under way. In most cases, available 
data retrieved by this way will not be sufficient So, the evaluation of frequency 
will be done: 

- first, using of WER-1000 data's, 

- then, using generic data (IAEA, VNIIAES), 

- finally, with the help of rare events approach. 

- Fracture mechanics method will not be applied. 

- The frequencies obtained should be updated with Bayesian approach. 
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• reliability data for components 
- The equipment unavailability due to maintenance will be taken into consideration. 
- Gathering specific data is a process still under way. In most cases, the use of plant 

experience is to be delayed; reliability parameters estimation will be done using: 

- generic data, 

- WER-1000 values, 

- Rovno-3 data's (as far as possible). 

- The frequencies obtained should be updated with Bayesian approach. 

• common cause failures 
The general technique proposed for determining common modes of failure is the 
binomial failure rate model. 

• human factor 

A distinction is drawn between two categories of human intervention : 

- one is related to pre-accident errors, liable to contribute to the unavailability of 
components or to give rise to initiating events (errors during periodic tests or 
maintenance ); the probability of such errors will be quantified by: p = basic 
probability of error x probability of non recovery; 

• the other is relative to intervention in accident situations liable to influence the 
sequence of events; it includes diagnosis and execution of procedures; the 
diagnosis phase will be modelled using Swain type curves; the estimation of 
probabilities connected to operator action will be performed on the basis of 
simulator tests. 

• accident sequences modelling 

- Large fault tree /small event tree concept will be applied. 

- Modular fault tree structure should be used, making the gradual integration of C/l 
and electrical circuit fault trees possible. 

- Common cause failures, pre-accident errors, unavailability due to maintenance will 
be incorporated as basic events of fault tree at component level. 

- For long term sequences, complementary state graphs should be carried out in 
order to model special dynamic operating modes. 

• thermohydraulical studies 
For selected important cases, calculations will be used to determine the 
consequences of the sequences and the missions of the systems involved. 

• uncertainties 

The analysis of uncertainties will focus on the uncertainties due to statistical 
estimations. 
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15.4.4 General organisation and process 

• Management 

The Rovno-3 PSA is commissioned by the regulatory body of Ukraine (GANU). The 
study will be carried out by the Scientific Technical Centre of GANU, together with 
the NPP Reliability Group and other Eastern institutes (Energoproject, Kurchatov, 
Gidropress). The responsibility of the technical management will be attributed to a 
co-ordinating group of representatives of these organisations. 

The PSA team requires support to acquire the expertise necessary to successfully 
complete the study. Western consultants (utility or industry side) will provide 
necessary guidance and training. 

The task of the Consortium would be to ensure quality control by performing 
external reviews at selected milestones. 

• Process 

The procedure for performing Rovno-3 PSA can be organised into major steps that 
correspond to conventional probabilistic assessment methodology, already described 
in the guideline prepared by the IAEA "Procedures for conducting PSA of nuclear 
power plants" (Safety Series No. 50-P-4). This approach will not be described in 
detail. This part gives a brief outline where methodology are well-known. It 
essentially covers the significant points at each stage, with particular references to 
the particularities of this project as compared to similar studies. 

Furthermore, it must be remembered that these different steps are not independent, 
as the approach is essentially of the iterative type. 

- compilation of documentation: 

The starting point is to gather all possible information useful for the study. During 
the meetings, the NPP side has already elaborated and made available several pieces 
of information, especially concerning detailed description of safety systems, lists of 
incidents, failures of components. Additional reports are required, such as 
emergency procedures, maintenance and periodic tests strategy, instructions for 
systems operating, components drawing and location...AU this information will be 
finally recorded in the STCS of GANU. 

- identification of IE frequencies : 

This identification will be made on the basis of the VVER-1000 generic list 
generated within IAEA TC programme RER/9/005 "PSA for W E R reactors" (see 
Appendix 15.A.4). The list will be modified and completed by available Rovno 
events. The grouping into families must take into account specific characteristics of 
the plant 
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- evaluation of IE frequencies : 

Available feedback from Rovno will be considered with preference. This approach 
should not be expected to reveal low frequency events. In most cases, the experience 
from other WERs or expert judgement will be used. The presentation of results will 
include the estimation of uncertainties. 

- accident sequence analysis : 

For all initiating events in the same group, similar safety functions need to be 
performed in order to prevent core melt. Function/system relationship assessment is 
to be performed. The final results are minimal required performances and success 
criteria for front-line and support systems to be considered in the accident sequence 
analysis and in the systems modelling activities. 

The combined small event tree/large fault tree approach is recommended. 
Dependencies between front-line systems and support systems will be taken into 
consideration in the fault trees. 

Specific modelling for the long term sequences will be adopted, using state-related 
graphs methods. 

- physics calculations: 

In the analysis of the accident sequences, to determine the consequences of the 
sequences and the missions of the safety systems involved, if conclusions of the TOB 
report are not available or too conservative, additional studies have to be made, 
particularly to determine maximum amount of time available for operator action. 
The tool used for these calculations may consist of the code ATHLET, CATHARE 
or RELAP 5 at the disposal of GANU in Kiev. 

• system analysis: 

Large fault trees will be developed, going down to the level of basic components. 
They must cover the specific mechanical failures, those of support systems (heat 
sinks, electrical sources, compressed air,...) and monitoring/control systems, the 
common-cause failures, the human errors in relation to these components 
(inspection, maintenance) and component unavailability. 

For each component (pump, valve or motor), the Failure Modes and Effects 
Analysis will establish clear and precise definitions of boundaries and applicable 
failure modes. FMEA sheets directly provide development of partial fault trees 
modelling generic failures of any component type. 

This process of defining fault descriptions has to be consistent with storage and 
retrieval of that data. A simple coding system will be used throughout the PSA 
analyses, and the database. 
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- human factor modelling : 

Pre-accident errors are considered during analysis of system reliability or occurred 
incidents. Due to the lack of experience feedback, basic model will be adopted, using 
generic probabilities of error and non-recovery (for instance, 5.10~2 and 1.10"! 
respectively). 

The assessment of human factor in accident situations makes allowance for actual 
incidents and observations made on simulators. In that respect, a full-scale 
simulator is in operation in Zaporozhye NPP. After identification of potentially 
significant human intervention, the PSA team will have to propose a programme of 
simulator tests and determine the methodology of analysis of these tests. 

- quantification: 

This stage incorporates the estimation of initiating event frequencies, component 
reliability data and accident sequences. Concerning the last step, a Boolean 
reduction code is to be chosen. The existing processing facilities may be reviewed. In 
a first approach, the Consortium recommends to adopt the Risk Spectrum software 
for the following reasons: 

- it works on any compatible personal computers including 386 and 486 PCs, 

- it has a data base design which allows for systematic and consistent data 
handling, 

- even when fault trees are large and complex, the results are provided very 
quickly, 

- importance and sensitivity studies are easy to perform, 

- it has already been tested for PSAs on W E R plants (Bohunice V-l, Paks-3). 

The quantification step will also include the estimation of uncertainties related to 
input parameters (lack of data, experts assumptions). 

- documentation: 

Generally speaking, the Rovno-3 PSA documents will consist of reports of four 
categories: 

- one summary report, 

- generic reports (reference unit, initiating events, reliability data, human factor, 
method of quantification) 

- reports concerning studies of families of events, 

- reports concerning safety systems, 

- physical studies reports. 
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15.4.5 Scheduling and funding 

• Scheduling 

The team which will carry out the study would be composed of 18 Eastern engineers 
representing different organisations and providing various technical expertise : 
GANU (5), NPP (4), Energoproject (4), EDO Gidropress (3), Kurchatov Institute 
(2). 

Such a project should be carried out within two years of signing the contract 

Estimates of the required Eastern manpower based on the tasks previously defined 
is given in the table 15.T.2. The durations are indicative. As a result, the total 
average value is 36 men*years, that corresponds to the work of 18 persons (number 
of available engineers) during 2 years (calendar time required). 

Necessary training and support on PSA methodology will be provided by Western 
consultants belonging to utility or industry side. It should be planned the work of 3 
engineers one week every three months (6 men*months). 

An indicative schedule of Rovno-3 PSA activities is given in Table 15.T.3. It should 
be monitored and updated at regular intervals. 

PSA experts from the Consortium will performed independent external review. A 
continuous process of verification has to be defined, including partial reviews of 
PSA sub-tasks at selected milestones and final review of the whole PSA project 
Such a task could be accomplished by a team of 2 Consortium members meeting on 
site one week every three months (4 men*months). 

• Funding 

The overall study cost includes manpower, computer time, external support 
(training, quality assurance) and material resources needed. It is recommended to 
cover both Western and Eastern parts. 
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Figure 15.F.1 

PRINCIPLE WIRING DIAGRAM OF A MOTOR-OPERATED VALVE 
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Figure 15.F.2 

DEFINITION OF INDIVIDUAL PARTS. FAILURE MODES AND COMPONENT UNITS OF A 
MOTOR-OPERATED VALVE 
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Figure 15.F.3 

SCHEMATIC DIAGRAM OF THE NEW DATA ACQUISITION SYSTEM 
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Table 15.T.1 

STRUCTURE OF SIGNIFICANT INCIDENT REPORT (FILE "A") 

1. Description of the event 

2. Consequences of the event 

3. Causes of the incident 

4. Safety evaluation 

5. Deficiencies found out during 
the investigation 

6. Corrective measures 

7. Conclusions 

1.1 Unit state 
1.2 Description of the sequence 
1.3 Demands for investigation 
1.4 Similar previous incidents 

2.1 Violations of technical 
specifications. 

2.2 Radioactivity release 
2.3 Irradiation of population 
2.4 Irradiation of equipment 
2.5 Unit outage duration 
2.6 Lack of thermal energy 

production 

3.1 Chronological list of failures 
3.2 Direct causes 
3.3 Root causes 

6.1 Short term measures 
6.2 Preventing measures 
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Table 15.T.2 

ESTIMATE OF MANPOWER REQUIRED 

PSA tasks 

Compilation of documentation 

IEs identification and grouping 

Estimation of IEs frequency 

Development of software for incident database 

Events reports acquisition on PC (file A: 100, file B : 250) 

Development of software for component/failures databases 

Storage of information in component database 

Review, record of faults reports in component reliability 
dbase 

Collect of complementary information (operating profile,...) 

Estimation of component reliability parameters 

Definition of boundaries for generic components 

FME A and connected generic fault trees 

Event trees and functional fault trees 

Specific modelling for long term sequences 

Physical studies ( * 12 calculations) 

Human factor 

Quantification 

Documentation (including translation and printing) 

Leader management 

Total 

Organisations 
involved 

Energoproject, 
Gidropress, NPP, 
GANU 

all 

GANU, 
Gidropress, 
Kurchatov 

NPP, GANU 

NPP 

NPP 

NPP 

NPP 

NPP 

NPP, Gidropress 

GANU, 
Gidropress, 
Energoproject 

NPP, GANU 

all 

GANU, Gidropress 

GANU, 
Gidropress, 
Kurchatov 

all except 
Energoproject 

GANU 

all 

GANU, NPP 

Manpower 
(man*mont 
h) 

6 

5 

5 

4 

12 

6 

10 

8 

4 

9 

4 

50 

70 

12 

50 

40 

50 

40 

48 

433 1 
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Table 1S.T.3 

INDICATIVE SCHEDULE OF PSA TASKS 
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APPENDIX 15.A.1 

FRENCH DATA COLLECTION SYSTEM 
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FRENCH DATA COLLECTION SYSTEM 

1. Local level 

a) Method : 

The surveys and case histories on site provide insight on real-life operations and identify 
fbrther specific data. Also local analysis of plant operation shows the need to include a 
number of events that have not been identified initially in the reliability studies of systems or 
sequences. 

Operating and reliability data are obtained, in particular on equipment for which generic 
data are not available or on equipment for which on-site operating experience indicates that 
actual data differs notably from the corresponding generic data. 

In the very particular case of limited experience feedback, aggregating methods of the 
Bayes type are used in order to take into account different types of information concerning 
components of the same kind, to improve the validity of the data. 

In addition, several annual shutdowns for refuelling of different types are the subject of 
special monitoring. A general flow sheet illustrating the different phases of water levels and 
movements of water in the primary system is derived. 

b) Tools: 

All the local systems are used for data collection. Automatic analysis programs are 
developed to facilitate extraction of relevant data. 

Three important local files are particularly valuable: 

- Data files on information from the plant unit computer that permanently records plant 
operations. Any change of state of a component or any variation of an analogue 
quantity is stored and processed by a software tool. 

- Data files concerning items of equipment withdrawn from service, created by means 
of a software tool: AIC (computer assisted plant isolation) and recording the history 
of all maintenance operations. 

- A local history file recording data on malfunctions noted in the operation of an 
equipment and entailing a request for servicing to correct the malfunction. 

These computer or automatic systems are completed in certain special cases by studies of 
the operating reports of the unit shifts and of the safety engineers, and by discussions with 
the operating and maintenance personnel. 
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2. National level 

All national level data acquisition is mainly from data banks : S.R.D.F. (Reliability Data 
Collection System) and F.E. (Event File). 

The statistical data file is used to obtain plant operating data (availability and production 
coefficients). 

a) S.R.D.F.: 

File Description 

Approximately 500 electrical and mechanical items of equipment have been monitored per 
plant unit (pumps, valves, diesel generators, motors, transformers and so on) since the 
S.R.D.F. was first set up on the Fessenheim plant site in 1978. Failure data is acquired 
locally in the form of a descriptive file containing a brief description of the fault, the failure 
mode and its severity as well as the consequences for the plant unit. In addition, operating 
parameters are recorded regularly for each item of equipment. Data management and 
processing are carried out at national level on a mainframe computer with which can be 
assessed by interrogation-analysis sessions on each terminal. 

On average, the file contains over a hundred files per year and per plant unit (about 20000 
files at the end of 1988). 

Methodology followed 

The consistency, the homogeneity and representativeness of data concerning all the 
descriptive aspects of a failure collected under routine operating conditions have to be 
ensured before incorporation. 

A centralised control of the files by engineers with good operating experience ensures that 
the data obtained are consistent and realistic by reducing the margin for interpretation 
related to personal judgement and by applying strict criteria with respect to critical failures 
in terms of safety. 

The study of about 5000 failure records was completed by an analysis to identify common 
cause failures. 

b) Event File: 

File description 

The data collected for the F.E. mainly concern operating incidents (shutdowns, reduction in 
output, departure from technical specifications), incidents concerning nuclear safety and the 
environment, incidents due to human factors. 
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This data bank was set up in 1978. Events are acquired at local level in the form of a 
descriptive event file containing a brief description of the event, its origin and nature, as well 
as the unit state and the operating data. 

Data management and processing are performed at national level on a mainframe computer. 
Interrogation-analysis sessions are possible from each terminal. 

By the end of 1988, the file contained some 20000 records. 

Methodology followed 

A large number of file records (approximately 5000) were analysed in detail in order to : 

- in some cases complete the S.RJD.F. reliability data by analysing the events in relation 
to their consequences rather than in relation to their causes, 

- provide operating data, 

- complete and validate the quantification of the operating profile, 

- permit quantification of a great number of initiating events. 

3. International level 

a) Tools used: 

Data acquisition was completed through the consultation of certain foreign data banks, 
especially: 

- NPRDS (Nuclear Plant Reliability Data System) : this American data bank managed 
by the INPO (Institute of Nuclear Power Operation) is similar to the S.R.D.F., 

-the "Incident File" concerning foreign nuclear plants constituted by Electricity de 
France : this file contains over 20000 operating events, representing an experience 
feedback equivalent of 500 reactors years. 

b) Methodology: 

In some particular cases, the analysis of these data bases provides data that are not 
monitored elsewhere, for instance the frequency of initiating events of the pipe break type. 
More generally, they provide experience feedback on a world-wide scale for comparison 
and validation of certain data. 
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GERMAN DATA COLLECTING PROCEDURE 

Data bank IJRS of OECD 

This database contains information on the most important safety-related incidents in NPPs. 
Retrieval using key-words are possible. Besides a detailed description of each incident, the 
following data can be recorded among other things : 

- incident classification, 
- state of the plant before the incident, 
- systems and components involved with, and influenced by the incident, 
- impact of the incident, 
- failure mode. 

Incident description in long and short versions are contained. The short version is also available 
as a handbook. The collected reports concern more than 2000 years of operation. 

Data bank of special incidents (BEVOR) 

This database contains information on those important safety-related events in German NPPs, 
which were subjected to registration. The registration criteria are uniquely defined. The 
threshold of registration is lower than the IRS one. the NPPs inform about the incidents using 
formalised data sheets, these sheets are elaborated by the GRS with emphasis on statistical 
inference and incident classification (e.g. to find out the need for deeper investigations). The 
following data can be stored among other things : 

- incident course, 
- effects, 
- causes, 
- removal, 
- precautions against repetition, 
- incident-involved and influenced systems and components. 

The recorded reports cover nearly 200 operation years. 

Data bank of transients (TRANS) 

This data bank is kept in the GRS and contains information on obtained transients regarding 
German reactors. Shut-downs and essential load reductions are recorded. The reports cover 
nearly 200 operation years. 

15.A.2/2 



Data bank of technical documentation (TECDO) 

Plant-specific information is made completely available by the data bank in the form of scanned 
original reports and graphs. The scanned material is elaborated and equipped with keywords 
for a quick retrieval. The TECDO data bank can be used for plant familiarisation. The data 
bank is kept in the GRS. Some examples of the contained reports and graphs are: 

- safety analysis reports, 
- regulatory requirements, 
- system descriptions, 
- piping and instrumentation diagrams, 
- control and actuator circuit drawings. 

Plant describing data 

The data bank of plant-describing data contains mainly a catalogue of components and their 
individual parts including technical specifications like : 

- denotation of component/individual part, 
- code, 
- operational pressure, 
- location, 
- producer number, 
- date of installation / date of removal. 

It is necessary to compile all the components which belong to safety systems or which play an 
important role within the PSA-framework. Recording can be simplified using type-specific data 
banks to avoid multiple recording (e.g. components which differ only in the producer number). 

Data to operational behaviour of components 

The plant-specific recording of maintenance actions and failure events during operation using 
maintenance work orders and logbooks is very important, but also very labour-intensive. Every 
event has to be assigned with an unique code. Using this code a coupling with the plant-
describing data bank is possible. It follows the information format of the database : 

- code of component, 
- date/time of failure, 
- date/time of releasing, 
- date/time of operation readiness, 
- manner of failure discovery, 
- failure effect, 
- failure mode, 
- state of the plant when the failure occurred, 
- maintenance actions which were started due to the failure, 
- common cause failure suspicion, 
- event description. 
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Keywords or simplified nomenclature for the fields of the data bank allow easy retrieval and 
uniquely determined input. 

Additional information such as exposure times and number of demands are necessary for the 
calculation of failure rates and failure probabilities. 
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TRANSFER OF PSA METHODOLOGY 

System modelling 

Depending on the accident sequences in which it is involved, the same system may have a 
number of different missions. The missions of a system vary with the criterion of success, 
operating mode, the state of the support systems. Each mission is the subject of an individual 
model. 

Different types of models may be used, particularly to allow for the operating mode of the 
system. 

Fault trees are habitually used in all cases of conventional operation such as active redundancy, 
single success criterion and configuration. 

In more complex operating cases (duty/standby, successive operating modes or configurations, 
instances of recovery), Markov graph type modelling is a solution, or more generally the state-
related graph approach, used in French PSA studies. A system state is characterised by the 
state of each of its components (operating, failed or standing by). The graph shows the 
transitions between states (failure and repair). The graph is of the Markov type when the 
transitions are not time-related. To limit the number of states in the graphs, it is frequently 
necessary to group elementary components and calculate equivalent reliability parameters using 
partial fault trees. 

For each type of components, boundaries are defined and a list of failure modes is drawn up. 
The degree of subdivision into failure modes must be limited to obtain reliability data for each 
mode. We have given the example of a motor-operated valve (WER-1000/W-320). First, the 
principal wiring diagram of the valve has been drawn in a detailed manner (figure 15.F.1); then, 
a comprehensive diagram has been developed to illustrate the determination of individual parts 
and failure modes of the component (figure 15.F.2). 

An FMECA (Failure Modes Effects and Criticality Analysis) has to be carried out for each 
component to identify the consequences of elementary failures and the possibilities of recovery. 
Several examples have been set: pump, heat exchanger, electric valve. 

Common mode failures 

Common mode failures are failures which can simultaneously affect a number of redundant 
components and which result, for instance, from errors in design, fabrication or installation, or 
from the effects of the environment. The dependencies identified (common sections or 
common support systems), explicitly introduced into the fault trees or event trees, are not 
generally considered to be common modes. 

The common modes allowed for are those which can affect identical components (technology 
and environment) which are part of the same system. 
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Common mode failures can occur either on demand or in operation. Furthermore, it may be 
considered that during duty/standby operation, a common mode could simultaneously cause 
failure of a component in service and refusal of the standby component to begin operating. 

The standard approach is based on the b factor method. The b factor is defined as the ratio, for 
a particular component, of the number of common mode failures to the total number of 
failures. To cover cases of redundancy more than 2, this method is made universal by using bj^, 
representing the proportion of common modes affecting k components with redundancy of a 
factor of n. Using the Atwood parameters, it is possible to calculate the b^set using the three 
basic values which are b^ , b^ , b^.The bn

n factors are estimated in France using reactor 
operating experience feedback, on the basis of the data in the SRDF reliability data collection 
system and the event file FE for the following equipment : sensors, check-valves, circuit 
breakers, pumps, pneumatic or motor-operated valves. 

Human factor 

Human intervention explicitly allowed for in the PSA can be divided into pre-accident errors 
and intervention in accident situations. 

Pre-accident errors contribute to the unavailability of safety systems, or give rise to initiating 
events. They correspond to errors during maintenance operation, test and normal operation 
(incorrect positioning of an actuator, incorrect adjustment of a sensor,...). Pre-accident errors 
are identified during studies of system reliability or actual incidents. 

Pre-accident error probability may be quantified using the following formula : P = Pj, x PNR , 
where: 

Pb = basic value estimated on the basis of experience feedback (* 3 10~2)} 

^NR = probability of non-recovery estimated by dividing situations into 
categories on the basis of the elements conducive to recovery (engineering 
judgement). 

The human intervention in accident situations includes both diagnosis and taking of action. 
This category is identified during preparation of the event trees by analysing the operating 
procedures and making allowance for actual incidents and observations made on simulators. 

The diagnostic phase includes detection of the incident, making the diagnostic and taking a 
decision. These operations are quantified using curves depending on the type of situations and 
giving the probability of failure as a function of the time available to the operators to take 
action. 

In the event of a successful diagnosis, the corresponding actions may fail (omissions, mistakes 
or non suitable action). Probability failure is evaluated as follows : P = Pj, x K; x PNR , where : 

Pb = basic value provided by tests on simulator (* 6 10~2)} 

K: = context factor depending on circumstances (equal to 1/3, 1 or 3), 
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PNR = probability of non-recovery estimated using elements favourable to 
recovery. 

In addition, the French PSA study considers the safety engineer as a human redundancy of the 
operating team. The probability of failure of the safety engineer intervention includes the 
absence of the safety engineer from the control room and the failure in application of a specific 
procedure. 

Uncertainties 

Estimates of reliability characteristics are uncertain. Some of the reasons for this are : 

- the model assumptions are not completely valid (e.g. the assumption of a Poisson 
process), 

- finite sample sizes generate statistical uncertainties, 
- changes in environmental and working conditions of the components have occurred. 

Statistical uncertainties can be described by distributions if it is assumed that the reliability 
characteristics which have to be estimated are random variables. Other mentioned uncertainties 
can be taken into account using corrector factors. In the German PSA-Guide, it is 
recommended to transform the posterior distribution to a lognormal shape. This distribution is 
multiplied with a correction distribution in such a way that the result distribution has the same 
median but the error factor is greater than before. Therefore, the uncertainty is reflected more 
realistically. Some rough proposals can be made to determine the error factor of the correction 
distribution. The error factor should be 3, if the field data used is generated by the same plant. 
The error factor should be 4 if data from other plants are used. In fact, the data are very 
comparable because they are from components of the same manufacturer and type. In other 
cases, an error factor greater than 5 is recommended. 
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GENERIC WER-1000 INITIATING EVENTS LIST 

GENERAL PLANT TRANSIENTS 
-Trip of 1/2, 2/3, 2/4 MCPs 
- MCP seizure 
- Total loss of PCS flow / trip of all MCPs 
- Feedwater flow reduction due to control malfunctions or loss of flow path 
- Excess feedwater 
- Inadvertent closure of MSIV 
- Inadvertent closure of turbine stop valve 
- Turbine control valve malfunction 
- Turbine trip 
-Total loss of load 
- Generator fault 
- Loss of one 6 kV busbar 
- Loss of substation switchyard or unit transformer 
- Loss of intermediate cooling to MCPs 
- Spurious reactor trip 
- Reactor scram due to small disturbances 
- Uncontrollable withdrawal of control rod/control rod group 
- Inadvertent boron dilution 
- Control rod ejection without reactor vessel damage 

ADMINISTRATIVE SHUTDOWN 
- Failure of pressurizer spray 
- Failure of pressurizer heaters 
- Loss of one feedwater pump 
- Minor miscellaneous leakage in feedwater/condensate system 
- Loss of a condensate pump 
- Inadvertent bypass to condenser 
- Administratively caused shutdown 
- Control rod/control rod group drop 
- Very small loca and leaks requiring orderly shutdown 

LOSS OF SECONDARY HEAT REMOVAL 
- Loss of both feedwater pumps 
- Feedwater collector rupture 
- Feedwater line rupture 
- Rupture of feedwater pump suction line 
- Loss of several condensate pumps 
- Loss of condenser vacuum 
- Loss of circulating water 
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LOSS OF OFF-SITE POWER 
-Loss of grid 
- Loss of all 6 kV busbars 
- Failure of unit auxiliary transformer 

UNISOLATABLE STEAM/FW LINE LEAKS INSIDE CONTAINMENT 
- Rupture of feedwater pump discharge line inside containment 
- Steam line rupture inside containment 

UNISOLATABLE STEAM/FW LINE LEAKS OUTSIDE CONTAINMENT 
- Rupture of feedwater pump discharge line outside containment 
- Inadvertent opening of SG safety valve 
- Inadvertent opening of atmospheric steam dump valve 
- Steam line rupture outside containment between SG and isolating valve 

ISOLATABLE STEAM LEAKS 
- Rupture of main steam collector 

LOCA INSIDE CONTAINMENT 
- Reactor pressure vessel rupture 
- Large loss of coolant accident 
- Medium loca 
- Small loca: 

. small RCS leak 

. MCP seal leakage 

. control rod ejection and loca 

. pressurizer PORV leak 

LOCA OUTSIDE CONTAINMENT 
- Instrumentation/sample tube rupture 
- Leakage from make-up/letdown system 
- Leakage from Residual Heat Removal system 
- Leakage through intermediate cooling system of MCPs 

LOCA FROM PRIMARY TO SECONDARY SIDE 
- Small loca 

. single SG tube rupture 

. SG header cover seal leakage 
- Medium loca 

. multiple SG tubes leakage 

. rupture of SG header cover 
- Catastrophic rupture of SG header 

SPECIAL INITIATORS 
they need to be considered on a plant specific basis, and may lead to events already 
considered or to a very complicated event requiring a Failure Modes and Effects 
Analysis 
- Loss of non-interruptible AC power bus 
- 380V bus failure 
- Failures in Essential DC system 
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- Failures in Essential AC power system 
- Loss of power to protection/control system 
- Loss of service water system 
- Loss of intermediate cooling to MCPs 
- Loss of high pressure air 
- Loss of room cooling in a vital instrumentation compartment 
- Spurious actuation of fire suppression systems (sprinkler, CO2,...) 
- Internal flooding (including spurious actuation of sprinklers or fire extinguishers) 
- Internal fires 
- Flying objects including turbine 
- Hydrogen explosions in generator and gas blowdown systems 
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16 SUMMARY - FUTURE PLANS 

This report presents the first conclusions on safety issues identified for Rovno NPP (units 1-2 : 
W E R 440/213 and unit 3 : W E R 1000/320) by a Consortium of Western Technical Safety 
Organizations during a safety evaluation performed within the frame of a contract funded by 
the CEC to support the Ukrainian Safety Authorities. 

Application of Western national practices in the nuclear safety field to this specific nuclear 
plant has led the Consortium to propose recommendations to improve the situation. However, 
due to lack of detailed documentation and probably misunderstandings in the translation 
process, the recommendations given in this report have to be understood as open items to be 
discussed with the Eastern specialists. 

For each of the technical items, two types of recommendations are proposed. First one is 
dealing with weaknesses for which realization, by the utility, of improvements (or development 
of compensatory measures) is necessary in order to reach a "Western safety level" in the area 
concerned. Second one is treating of the issues for which safety demonstration usually 
provided by the NPP's in the West, is lacking for Rovno. Additionally, taking into 
consideration some incompleteness of the information received during this stage, 
complementary evaluation to be performed by the Consortium is proposed. This evaluation 
should constitute the first part of the tasks to be fulfilled within a next contract. 

The following has been examined : 
- Design safety status, 
- Operational and management practices, 
- Operational experience feedback. 

General conclusions are the following : 

- Generic WER's 1000 issue on control rods blockage or overtime insertion has been found as 
rising serious safety problem. At Rovno NPP unit 3, such control rods blockage or overtime 
insertion occurred in the lower part of the core. 

- Certain safety deficiencies have been discovered and need to be eliminated in the short term. 
In the report, some proposals for additional studies or improvement are given. 
Solutions have to be defined and proposed by the NPP. These deficiencies are linked with the 
following: 

- quality of some equipment (electrical equipment such as breakers and relays, mechanical 
equipment such as tightness devices of valves,...) ; 

- documentation (i.e. improvement of operational documents and drawings quality, 
making the Technical Safety Report (TOB) more exact and complete in terms of analysis 
already performed or to be performed for additional initial events), 

- quality assurance; 
- safety culture (punishment system,...) 
- spare parts availability; 
- foreign dependence (spare parts, waste, ...) ; 
- overpressurization protection devices (primary and secondary); 
- common mode failures potentialities (14.7 m platform level for units 1-2, ..;), and fire 

protection (cables segregation, fire hazard in turbine hall for units 1-2, ...). 
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- Concerning weaknesses in the safety demonstration, behaviour of the bubbler condenser of 
units 1-2 under accidental situation should be studied with a top priority. This problem is a 
generic one. International programmes under preparation by CEC are strongly supported. 

After further discussions with the Eastern experts for clarification of the issues, it is proposed 
as a second part of the future Consortium activities, within the frame of a follow-up contract, 
to perform a classification of the recommendations, depending on their importance for safety. 
Due its complexity, such a work which already began was not possible to be concluded during 
this step. This classification should be discussed with the NPP. 

Proposed recommendations for improvements and for complementary studies should constitute 
a basis for definition by the NPP of an upgrading programme of the plant, in order to reach a 
Western safety level. Such a programme could be prepared with the help of a Western utility. 
It will have absolutely to be supported, for implementation, by West European fundings. 

It is proposed that CEC continue also to ensure continuity of the support of Western technical 
safety organization in order to provide help to the Ukrainian Safety Authority for the review of 
this programme and for the regulatory surveillance of its implementation. This should 
constitute the third part of future Consortium activities. It is expected that, through this 
exercise, a licensing procedure should be developed in Ukraine. 

Concerning Probabilistic Safety Assessment activities, transfer of methodology for elaboration 
of a specific data base was fulfilled. In addition, action plan for the realization of a Rovno 3 
PSA is proposed. In view of the situation in Ukraine, such an action should be realized under 
the responsibility of both the utility and the Ukrainian Safety Authority, with Western support 
from the industry side. This has to be considered only as second priority action. The 
Consortium proposes to limit its action to the on-line review of this PSA. This should 
constitute a fourth part of a follow-up contract. 

In parallel to the actions performed by the Consortium for the safety evaluation of Rovno NPP, 
a support to the Ukrainian Safety Authority was also given on the definition of the Safety 
Analysis Report content (SAR). This action was complementary to the actions taken within the 
RAMG frame activities in Ukraine. The Ukrainian Safety Authority has asked the plant to 
establish a SAR for Rovno units 1 - 2 and unit 3. To be fulfilled, such task would necessitate 
the participation of Eastern and Western industrial actors which could be coordinated by NPP 
and its Western utility support. Within the frame of the CEC on-site assistance projects, EDF is 
planning to assist specifically Rovno NPP for the establishment of the SAR chapters on site 
and technical specifications for operation. It is proposed that the Western technical safety 
organizations provide also an on-line review to support the GANU during the establishment of 
the SAR and evaluate later on the final product. 
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