
WWER-SC-100 
LIMITED DISTRIBUTION 

1994-12-07 

DRAFT REPORT 

OF A CONSULTANTS MEETING 
ON 

CORE CONTROL AND PROTECTION 
STRATEGY 

OF WWER-1000 REACTORS 

VIENNA, AUSTRIA, 18-22 APRIL 1994 

EXTRABUDGETARY PROGRAMME ON 
THE SAFETY OF WWER NPPS 

International Atomic Energy Agency 





CONTENTS 

1. INTRODUCTION 5 

2. CORE DESIGN 8 

3. CORE CONTROL AND PROTECTION 16 

4. CONTROL ROD INSERTION RELIABILITY 23 

5. CONCLUSIONS AND RECOMMENDATIONS 28 

APPENDIX I: LIST OF REFERENCE DOCUMENTATION 29 

APPENDIX II: PRESENTED PAPERS (not edited by the IAEA) 31 

Findings on WWER-1000 Core Control and Protection, C.Lin, 
NENS/SAS, IAEA 32 

Core Control and Protection Strategy for WWER-1000 Reactors 
- Overview, P.K. Doshi, Westinghouse Electric Corp., U.S.A 43 

Assuring Safety of WWER-1000 Plant Operation, Shishkov L.K., 
VNIIAES, Russia 55 

Experience in Operating the Units of Zaporozhe NPP, S. Oleynik 
Zaporozhe NPP, Ukraine 62 

WWER-1000 Core - Design Requirements and Safety Assessment, 
N.S. Fil, Gidropress, Russia 66 

Main Design Features of WWER-1000 Core and List of Improvements, 
I.N. Vassiltchenko, Gidropress, Russia 76 

WWER-1000 Reactor Control under Cycling Operation, 
K.B. Kosourov, et al., Kurchatov Institute, Russia 86 

Analysis of Possibilities of WWER-1000 Fuel Management Improvement, 
A.N. Novikov, Kurchatov Institute, Russia 109 

Safety Relevant Parameters in Two and Three Years Fuel Cycle of 
WWER-1000 Reactor Cores, R. Becker, et al., K.A.B., Germany 116 

Western PWR Experience, Core Control Strategies, P.K. Doshi, 
Westinghouse Electric Corp., U.S.A 170 
Westinghouse Experience - Reactor Control and Protection, T. Burnett, 
Westinghouse Electric Corp., U.S.A 187 



Siemens/KWU - Design and Experience, W. Aleite, 
Siemens/KWU, Germany 224 

Outline of Core Control and Protection in Japanese PWR Plants, 
N. Ohkubo, NUPEC, Japan 286 

Licensing of Core Control and Protection, J.M. Conde, 
Consejo de Seguridad Nuclear, Spain 291 

Western PWR Experience - Core Control and Protection Aspects 
in Sizewell 'B', J.P. Rippon, NNC, Great Britain 302 

Core Control and Protection Principles for N4 Plants, 
J.P. Lebrun, Framatome, France 317 

Comments on Core Control and Protection for Temelin NPP, 
M. Lehmann, Nuclear Research Institute Rez 344 

APPENDIX III: USNRC GUIDANCE ON RESOLUTION OF DEGRADED 
AND NON-CONFORMING CONDITIONS 363 

APPENDIX IV: CONTRIBUTORS TO DRAFTING AND REVIEW 431 



1. INTRODUCTION 

1.1. BACKGROUND 

At the consultants' meeting on the "Safety of WWER-1000 Model 320 Nuclear 
Power Plants" organized by the IAEA within the framework of its Extrabudgetary 
Programme on the Safety of WWER-1000 NPPs, which was held in Vienna, 1-5 June 1992, 
the problem of core control and protection strategy was identified as an issue of safety 
concern. 

Considering the safety importance of this issue, a consultants' meeting on "Core 
Control and Protection Strategy for WWER-1000 Reactors" was convened in Vienna in 
April 1994 attended by 20 international experts in the area of core control and protection 
in order to review control and protection system design, to compare them with western 
practices and to recommend corrective measures. 

The first WWER-1000 NPP was put into operation in 1980 and there are currently 
19 units operating. The accumulated operational experience is more than 130 reactor-years. 
In addition, there are 8 units under various stages of construction. 

The previous general observations in the area of core control and protection strategy 
was focused on core design objectives, core design and fuel management, fuel assembly and 
core component designs, including burnable absorber and control rod designs, core power 
distribution control strategy, core control and protection system designs and in-core and ex-
core instrumentation systems. 

While core design objectives of WWER-1000 plants are similar to western practices 
in general, there are important differences on the design limits and regulatory practices 
followed for the compliance with the design limits. 

Early WWER-1000 NPPs operated in a 'two-year fuel cycle' (i.e. the reactor core 
is two zones and half of the fuel is replaced after each one-year cycle). From 1992 all the 
WWER-1000 units, except Unit 1 of South Ukraine NPP and Units 5 and 6 of Kozloduy 
NPP, operate in a 'three-year cycle'; and that in a base load mode. Low leakage loading 
patterns are being gradually introduced in some of the plants in order to reduce fluence on 
reactor pressure vessel and enhance neutron economy; however, its usage and the extent of 
low leakage has been limited. Burnable absorbers are being used in order to minimize 
peaking factors and control moderator temperature coefficients; however, the capabilities 
of burnable absorbers are not fully utilized because of design limitations and design 
practices. 

Control rods are made of B4C powder as neutron absorber and stainless steel as 
cladding. Their reactivity worth and service lifetime are lower than those in western 
reactors. Frequent rod replacements to avoid reduction of shutdown margin are required. 
Recent problems of rod insertion in several Russian and Ukrainian plants have significant 
safety impact and concerted efforts are underway to understand the problem and its causes. 
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The core control strategy of WWER-1000 reactors is based mainly on the control 
of peaking factors with the requirement to keep them within prescribed limits using in-core 
instrumentation. However, core power distribution strategy puts too much unnecessary 
burden on decision-making and corrective actions on reactor operators, and occasionally 
these actions cause xenon oscillations. 

Load follow is not normally done for WWER-1000 plants and thus it is at present 
not a consideration for core power distribution control strategy. In western plants, even 
when the plant is basically base-loaded, it is a common practice to still evaluate the impact 
of load follow operations, as far as overall safety impact is concerned, and to include load 
follow and load changes as a part of core power distribution strategy. 

The control system design in general, is similar to western practices. However, 
depending on the directions taken for core power distribution control, modifications to 
control system may be required. 

'Limitation' systems are routinely used in WWER plants, like in German plants, in 
order to continue operation when certain equipment fails to operate, including loss of one 
or two main coolant pumps. Some U.S. plants operate also with MCPs out of service. 

Protection system design for WWER-1000 is again similar to western practices. 
However, the impact of adverse power distribution does not appear to be conservatively 
included in the overpower and DNB-based reactor trips. Also, western plants tend to have 
a variable setpoint for providing protection against DNB to account for adverse core power 
distribution. 

As a result of the Three Mile Island accident, several changes to I&C important to 
safety were implemented in most western plants. These included installation of a Post 
Accident Monitoring System, a Reactor Vessel Level Indication System and a Safety 
Parameter Display System. Additionally, consideration to "beyond design basis accident" 
has been given by developing and implementing emergency response guidelines and 
performing probabilistic safety assessment. There has been no systematic implementation 
of Three Mile Island related corrective actions or considerations for "beyond design basis 
accident" in WWER-1000 plants. 

Also in western plants, additional protection was implemented as a result of 
postulating a failure of all redundant equipment because of a common cause that prevents 
a reactor trip i.e., "anticipated transients without scram" (ATWS). Again, there has been 
no systematic evaluation of ATWS in the safety analysis report of WWER-1000 plants. 

1.2 WORKSCOPE AND OBJECTIVES 

As a result of previous general observations and specific concerns on core control 
and protection system design, three working groups were formed to further investigate the 
specific issues and to compile information on safety issues based on design differences 
between these plants and similar western plants, to identify areas which need further 
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analysis and make recommendations for short-term and long-term corrective actions. The 
working group focused on the following areas: 

a. Core Design and Core Control Strategy 
b. Control Rod Insertion Reliability 
c. Core Control and Protection Systems 

The objective of the first working group was to evaluate and make recommendations 
on core design objectives, core design and fuel management practices, fuel assembly and 
core components including burnable absorbers and control rods, and to evaluate core power 
distribution control strategy currently practiced in WWER-1000 reactors. 

Recognizing the importance of problems related to control rod insertion reliability 
concerns, a second working group was formed in order to perform an in-depth review of 
the control rod drop problem, to understand the underlying causes, to investigate similar 
incidents in western plants and to justify the corrective measures taken. 

An objective of the third working group was to review Russian control and 
protection system design, limitation systems design, use of in-core detectors for protection 
purposes, Three Mile Island requirements, anticipated transients without scram and beyond 
design basis accident requirements, and to compare them with western practices, making 
short term and long term recommendations. 

1.3 STRUCTURE 

Since core design, core control strategy and control and protection system design are 
of fundamental importance from the viewpoint of operational safety and protection, this 
report summarizes both the status of this issue and related aspects, and experiences from 
western countries. It provides conclusions and recommendations for the corrective 
measures implemented and proposed as well as their basis. Most of the recommendations 
are aimed at enhancing the safety of operating WWER-1000 plants, however, 
recommendations have also been made for upgrading the plants under construction. 

The report is structured into 5 chapters. Following the first chapter "Introduction", 
the core design including fuel, absorbers, control rods, design limits and fuel management 
is presented in Chapter 2. The core control and protection for WWER-1000 reactors has 
been evaluated in Chapter 3 with some western practices as references. Chapter 4 deals 
with the control rod insertion problem which has high safety significance. Finally, 
conclusions and recommendations have been made in Chapter 5. 
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2. CORE DESIGN 

2.1. FUEL ASSEMBLY AND CORE COMPONENTS 

2.1.1. Fuel assembly 

The basic fuel assembly design is similar in some aspects to the fuel used in western 
PWRs. For example, the fuel rod dimensions are comparable, and separate guide thimble 
locations are used for control rod insertion. 

The main difference is the use of a triangular lattice rather than a square lattice. The 
WWER-1000 core consists of 163 fuel assemblies. Each fuel assembly has 312 fuel rods, 
18 guide thimbles and one instrument tube. Differential enrichment of pins within an 
assembly is employed to reduce flux peaking due to the relatively larger water gap between 
assemblies. (A similar scheme is used in western PWRs employing MOX loading). 

The fuel assembly has been designed to meet specific criteria for vibrations, pressure 
drop, lift-off, seismic loads, etc. The fuel rod and cladding are designed to meet 
mechanical requirements for rod growth, corrosion, hydrogen uptake, clad stress and strain, 
etc. The fuel is designed for a region average burnup of about 40,000 MWD/MTU (peak 
assembly burnup of 49,000 MWD/MTU), but is typically operated to a lower level. 

There are some differences in the fuel assembly materials and construction relative 
to western designs. The guide thimbles are made of stainless steel (SS) rather than a 
zirconium-based alloy. The assembly has a large number (15) of spacer grids made of SS. 
The fuel assembly skeleton design, the method of attaching the spacer grids to the guide 
thimbles, and the contact between the spacer grids and the fuel rods are substantially 
different. The top and bottom nozzle designs are not removable. Since the bottom grid is 
welded to the bottom nozzle, it in essence forms a debris trap, thereby helping to prevent 
damage to the fuel rods due to debris. The fuel cladding material is Zr + 1% Nb, which 
is different from the standard Zircaloy material used in western designs. 

The U02 pellets have a central hole of 2.3 mm diameter as some western designs 
do. The Russians are planning to reduce the diameter of the hole thereby increasing the 
core inventory of uranium by approximately 7%. This tends to result in a slightly more 
negative moderator temperature coefficient (MTC). 

Replacement of the guide channel and grid materials with zirconium alloy is 
planned. Test assemblies are currently being irradiated in a WWER-1000 and their 
widespread use is scheduled for the end of 1996. The provision of a removable top nozzle 
is likewise currently undergoing trial operation. 

2.1.2. Burnable absorbers 

Burnable absorbers are used for control of the MTC and the core power distribution. 
The burnable absorber used in the WWER-1000 core consists of A1203 and CrB2 
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compressed powder enclosed in a Zr + 1% Nb clad. The absorber is of the discrete type, 
i.e., it is inserted into guide thimbles in the fuel assemblies and removed from the core 
during refueling. The burnable absorbers are only used in conjunction with the fresh fuel 
assemblies. Usually 18 thimble absorbers per fuel assembly are employed. While such 
absorbers have been extensively used in the nuclear industry, the current trend in the west 
is to use boron or gadolinium mixed with U02 in fuel pellets. The use of in-fuel burnable 
absorber helps minimize radioactive high level wastes. Currently, several test assemblies 
containing fuel doped with gadolinium are being irradiated in Balakovo. It is expected that 
the first full reload using in-fuel burnable absorber will be within 3 years. This will 
facilitate the move to low leakage core loading patterns and more negative MTC at start of 
cycle. 

2.1.3. Control rods 

The control rods are made of B4C in powder form enclosed in stainless steel clad. 
There are 61 control rod assemblies with 18 rods per assembly. Although these originally 
included part-length rods with absorbers in the lower half of rods only, all part length rods 
have now been replaced by full length rods, apart from the WWERs which are still 
operating on a two-year life cycle. In the near future, the similar rod replacement will be 
provided in Bulgaria. When these plants change to a three-year cycle the part length rods 
will be replaced by full length rods. The control assemblies are grouped together in 10 
banks. 

As a result of the control rod design, there are two areas of concern. First, the 
service life of 1 year for regulating, and 5 years for shutdown rods is considerably less than 
its western counterparts. Part of the reason for the short life is the depletion of boron in 
the control rod during operation. A control rod made of Ag-In-Cd as absorber material, for 
example, has a service life of 15 years. Second, the control rod worths are lower than in 
a typical western plant. The main reason for the differences in rodworth and available 
shutdown margin is due to the amount of absorber material in the WWER-1000 control 
rods. Another factor contributing to low worth is less than optimum arrangement of control 
rodlets within the fuel assembly. 

The control rods are being redesigned to have a Dy203Ti02 or hafnium tip but still 
retain B4C for the majority of their length. Dy203Ti02 has several years operating 
experience in WWER. The new rod design has approximately 30% greater weight and 
should be available during 1995. Consideration is also being given to increasing the rod 
diameter but this will not take place for some years. 

Recently, a control rod insertion problem resulting in significant increase in control 
rod drop time has been observed in several Russian and Ukrainian NPPs. This problem and 
recommendations for corrective actions are summarized in Chapter 4 of this report. 
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2.1.4. Neutron sources 

The WWER-1000 plant does not use neutron sources during start-up of the reactor 
core. All western design PWRs use a neutron source for start-up of the first core and most 
for start-up after refuelling. Provision of a neutron source for start-up of a fresh core would 
provide additional protection against unplanned criticality excursions. 

The absence of neutron sources for start-up of first cores seems unjustified, given 
the low sensitivity of the ex-core detectors currently used. 

(1) Recommendation: Neutron sources to provide more information to the 
operators during core loading and plant start-up should be used. 

2.2. DESIGN LIMITS 

2.2.1. Linear heat generation rate 

The U02 melt temperature is directly related to the linear heat generation rate, 
therefore a limitation on this parameter is needed. The average linear heat rate of the 
WWER-1000 is 16.6 kW/m and this is similar to the value of western PWR plants. The 
maximum linear heat generation rate for Russian plants is expressed as a function of core 
height and varies from a maximum value of 43.2 kW/m in the lower part of the core, 
reducing to typically 32.5 kW/m at the top part. The permissible maximum linear heat 
generation for deviation from normal operation is 44.8 kW/m. The total peaking factor is 
comparable to the highest values used in western designs. 

The design maximum axial peaking factor is 1.47, and the allowable hot channel 
factor (ratio between the maximum and average power of fuel rod) is 1.53. This latter 
figure is similar to that used in western core designs. 

2.2.2. DNB 

In WWER-1000, no DNB occurrences are allowed in anticipated operational 
conditions and this is the same as in western PWRs. The DNB correlation used on 
WWER-1000s was developed originally for Russian core fuel thermal design. Axial power 
shapes which can occur within the axial heat rate limits described above are used in 
analysis to confirm the absence of DNB. 

WWER-1000 reactors are equipped with in-core instrumentation comprising 95 
thermocouples and 64 flux measuring channels each having 7 rhodium self-powered neutron 
detectors. These signals are processed to provide calculations of power density at 16 axial 
positions in each assembly. This system provides indication to the operator of the margin 
to DNB. 

In the case of most western reactors, the ex-core neutron detectors are used to 
monitor the axial flux shape, and limits on the power and top-to-bottom flux difference are 
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established to preserve DNB and peak linear heat rate limits. The ex-core detector readings 
(the sum and difference of top and bottom detectors) are both provided as displays to the 
operator, and are also incorporated in the protection system to provide reactor trips. In 
German PWR DNB is avoided ensuring the DNB-Ratio by means of a "Condition 
Limitation Function", which uses in-core instrumentation signals above a specified limit 
before the relevant design basis event (all MCPs trip) occurs. (The delayed signal of 
rhodium detectors may be sufficient for this purpose.) 

(2) Recommendation: Linear heat rate and DNB protection should be 
developed and implemented. 

2.2.3. Moderator temperature coefficient 

In the design of WWER-1000, the moderator temperature coefficient (MTC) is 
required to be negative (less than - 0.001%Ak/°C) for all critical conditions. In addition, 
significant negative worth (at least - 0.003%Ak/°C) for inlet coolant temperature of 278°C 
and with control rods less than 80% from the core bottom ensures safe reactor start-up even 
after allowing for possible calculational error. 

However, in some cases with two-year fuel assembly core residence time, reload 
core design has resulted in slightly positive MTC at hot zero power condition 
(0.005%Ak/°C) and the insertion of control rods is required to achieve the required negative 
MTC. For three-year fuel assembly core residence time, the Russian safety authorities insist 
on achieving a non-positive MTC without control rod insertion. 

In western practice, a slightly positive MTC (at hot zero power) is permitted in some 
countries provided at the full power condition it is demonstrably negative. Both the 
maximum positive value of the MTC and the power level above which the MTC has to be 
negative vary from one country to another. For example, the MTC at rated power and 
xenon equilibrium conditions for German PWRs shall be less than -0.008%Ak/°C for a first 
core and -0.015%Ak/°C for a reload core (other practices to be included). 

(3) Recommendation: Control rods should not be used as a systematic means 
to control the moderator temperature coefficient value while at power 
operation, because of the impact of this practice on shutdown margin and on 
axial power shape control. The search for a different solution to the MTC 
problem, for example using more burnable absorber is encouraged. 

2.2.4. Shutdown margin and refuelling subcriticality 

In WWER-1000, the core subcriticality margin for refuelling is required to be 2%Ak 
with all rods out, a coolant temperature of 20°C and xenon free. The shutdown margin 
immediately after a reactor trip is l%Ak or more after including an allowance for the failure 
to insert the highest worth rod. In western PWRs, typical refuelling subcriticality margin 
requirement is 5% Ak with all rods inserted and xenon free, and l%Ak with rods removed. 
The shutdown margin immediately after trip varies with the design but is in most western 
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reactors greater than 1.3%Ak. In Germany a calculated value of >=1% and in case of 
demonstration based on measurements a value of >=0.3% is accepted (other practices to 
be included). 

Modification of the control rods and of the control rod system of WWER-1000 is 
being considered. Modifications are described in paragraph 4.3.3. However, these upgrades 
are contemplated for 1996. 

(4) Recommendation: The fuel design improvement programme currently 
under way should be more rapidly implemented. Performance of a 
comparison analysis of WWER-1000 and western PWR core subcriticality 
after emergency scram is suggested. 

2.2.5. Pellet clad interaction 

In WWER-1000, the power increase after refuelling is limited to be 6%/minute until 
core power reaches 40% of rated power, and after that, power increase is limited to 
1%/minute. Following prolonged operation at low power, a reduced value of power 
increase is allowed. 

The approach in western PWRs is varied. In France, Germany, Japan and the United 
Kingdom, the propensity for pellet clad interaction (PCI) failure is assessed. In France load 
follow operations are carried out such as to minimize local linear heat rate duty. In modern 
German plants protection limitation systems are used to avoid PCI. 

2.3. CODES AND METHODS 

The use of calculational systems based on 3D nodal methods is a standard practice 
in western countries. Usually, a series of detailed 2D transport calculations give the cross-
sections needed to feed into the 3D nodal code. This calculational scheme is not only used 
for core design but also to generate the parameters to be loaded into the plant process 
computer in order to reconstruct the 3D power distribution from the in-core detector 
readings. However, the actual trend is to have the 3D nodal code operative at the plant, so 
that no extrapolation algorithms are needed. The code performs a full 3D calculation on
line using the current plant operating conditions, and then modifies the calculated power 
distribution by using information from the in-core and ex-core detectors. In addition, the 
code can easily be run off-line to determine what will be the core status after a maneuver 
the operator wishes to make. 

For the description of WWER-1000 core behaviour under normal operational 
conditions, comprehensive calculation code packages were developed at the RRC Kurchatov 
Institute. A survey of available codes and applied methods can be found in Appendix II. 
The codes were continuously compared against results of measurements and applied for 
commissioning, core loading and reloading strategies of WWER NPPs. 
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Calculation code packages for WWER-1000 reactor types were also developed at 
K.A.B. AG in preparation for the commissioning of the NPP Stendal (Germany). The 
codes were extensively compared against results of different measurement performed at 
Russian, Ukrainian and Bulgarian NPPs. The codes allow the modelling of the WWER-
1000 core behaviour under normal operational conditions and transient regimes. New 
burnable absorbers (Gd203, ZrB2) can be calculated with a sufficient accuracy. A survey 
about available codes at K.A.B. AG can be found in Appendix II. 

According to requirements for new fuel management strategies (improvement of fuel 
utilization, reduction of neutron leakage) the codes were recently extended and upgraded 
to address: 

new types of burnable absorbers (GdjC ,̂ ZrB2); 
approximations used in the calculations (number of energy groups, nodal methods, 
coupling of 3-D time dependent codes with thermohydraulic codes); 
calculations of rods containing Hf; and 
calculations of MOX-fuel WWER lattices. 

Some information about updated versions of calculation code packages (second and 
third generation) is also included in the Appendices. 

At NPPs in Russia and in the Ukraine, fast running calculation codes originated at 
VNIIAES are applied using libraries of few group diffusion cross sections which were 
prepared at RRC Kurchatov Institute. 

As can be seen from Appendix II, an extensive effort of WWER-1000 code 
development and validation has been undertaken, aimed at generalizing the use of 3D nodal 
methods. The programme includes the use of two-group methods to generate the 
parameters needed to reconstruct the power distribution from the in-core detector readings. 
Currently at RRC Kurchatov Institute codes are under development for operational 
calculations at NPPs for the control and optimization of transient processes during power 
maneuvers. 

The validation programme includes the use of appropriate western codes as a 
reference. This is especially useful to adequately calculate the neutronic effect of strong 
absorbers. 

(5) Recommendation: Accelerate the development of the codes necessary for 
the implementation of: 

new fuel assembly types, burnable absorbers and control rod designs; 
low leakage loading patterns; and 
power maneuver studies. 
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2.4. FUEL MANAGEMENT 

2.4.1. Cycle length 

Duration of fuel cycle (time between reloads) has been increased in most western 
reactors during recent years, going from the initial duration of 12 months to 18 or 24 
months. This change has required the development of new burnable absorbers and the 
adoption of new maintenance practices to allow for a longer continued operation of the 
plant. 

The WWER-1000 plant design was initially based upon a two-year loading scheme 
(i.e. fuel resides in the core for two years). Three regions of fuel with enrichments of 2.0, 
3.0 and 3.3% are used for the first cycle. 

Currently, fuel cycle lengths with a duration of about 7000 full power hours (-280-
320 effective full power days (EFPD)) are used in Russia and Ukraine. The time between 
reloads for these NPPs is 12 months. 

However, included in the Russian future development programme is implementation 
of the following fuel cycle strategies: 

three years fuel cycle (fuel residence time in the core) with burnable absorber rods 
(BAR), in-fuel burnable absorber (IFBA), such as Gd203 and ZrB2; 
four years fuel cycle with BAR, IFBA (GdjOj, ZrB2); 
fuel cycle with 18 months load life time; and 
three years fuel cycle with scheduled load changes. 

2.4.2. Low leakage loading patterns 

Common practice for reload designs in western reactors is to use low leakage 
loading patterns. These patterns are neutronically cost-effective and reduce the fluence on 
the pressure vessel. To obtain even more efficient cores and to optimize core thermal 
margins, reload fuel enrichment is adapted to the cycle specific needs. 

The above mentioned cycle being analyzed for WWER-1000 plants during 1994 are 
focused on partial low leakage loading patterns. There currently exists experience for 20 -
25 such loading patterns from Russian/Ukrainian NPPs. Partial low leakage loadings are 

realized using: 

fuel assemblies of high burn-up at core periphery; and 
at the edge positions of the core sector. 

2.4.3. Discharge burnup 

Western plants are designed for three years or more loading with discharge burnup 
of 42,000-48,000 MWD/MTU. Natural uranium specific consumption in western PWRs 
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is about 10% -15% less than that in WWER-1000 plants in three-year cycle. This 
difference is primarily due to the more absorbing materials used in the WWER-1000 design. 
It should be noted that recently more and more WWER-1000 plants have been switching 
over to three year cycles, particularly in Russia and Ukraine. The present batch average 
discharge burning in WWER-1000 fuel assemblies is 40,000 MWD/MTU and the maximum 
assembly discharge burnup is about 47,000 MWD/MTU. Currently, 150 fuel assemblies 
have experienced four years operation. 

(6) Recommendation: The development of low leakage loading patterns, in-
fuel burnable absorbers and higher discharge burnups is already under 
consideration, and is strongly encouraged. This improvement programme, 
in particular with respect to low leakage loading patterns because of its 
impact on vessel's fluence should be implemented more rapidly. 

2.4.4. Reload safety evaluation and licensing 

The safety evaluation of reloads is performed in a standardized manner on all 
western reactors, with small differences amongst the different countries. A safety analysis 
list containing all the parameters relevant to safety that can be affected by the new core 
design, together with their licensed values, is checked. If one or more of those parameters 
for the new core are outside the limits approved for the prior cycle, the necessary safety 
analysis, using licensed methods, have to be performed in order to demonstrate the 
acceptability of the new values, which in this case become the reference limits for future 
reloads. Otherwise, the reload core pattern has to be modified in order to obtain acceptable 
values for all the parameters in the list. 

The practice for WWER-1000 reactors seems to be similar in that a safety parameter 
list is checked every reload. The NPP owners in Russia and the Ukraine are responsible 
for generating reload loading pattern and performing the associated neutron-physics 
calculation. All the utilities use the same certified codes and methods for this purpose, and 
the results of the calculations are reviewed both by VNIIAES and the regulatory authority 
to check that safety related parameters are within the prescribed limits. In cases where 
some disturbance has affected the operation of the prior cycle (stuck rod, rod dropped, ...), 
the new cycle's loading pattern has also to be verified by the RRC Kurchatov Institute and 
EDO Gidropress. If the reload pattern proposed by NPP results in parameters relevant to 
safety not in agreement with the design values, safety evaluation has to be performed taking 
into account all the design basis conditions. 
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3. CORE CONTROL AND PROTECTION 

3.1. BACKGROUND 

The control and protection systems of existing WWER-1000s were designed as a 
continuum from normal control (regulation) to emergency protection. In Russian 
nomenclature, the continuum includes: 

Emergency Protection (EP) - Includes reactor trip and Engineered Safeguards 
Actuation. Numerous reactor trip functions are provided, including high neutron 
flux (multiple setpoints depending on number of main coolant pumps (MCPs) in 
operation), low pressurizer pressure (two setpoints, depending on reactor power), 
low pressurizer water level, high hot leg temperature (both increase above normal 
and approach to saturation), loss of multiple MCPs, high steam pressure, and low 
SG water level. However, in contrast to most western practice, reactor setpoints are 
not varied (with temperature, power, power distribution, pressure, or flow) to better 
fit the fuel design limits. 

Preventive Protection (PP) - Actions that limit or reduce core power (also called 
limitation functions on some western reactors), including: 

control rod insertion at normal speed (2 cm/sec), until the abnormal condition 
calling for insertion has been cleared; 

block of automatic rod withdrawal; and 

drop of a pre-selected group of 6 (or 7) control rods (partial scram), plus 
control rod insertion at normal speed. 

Automatic Reactor Power Control - Automatic control rod motion (in or out) to 
maintain a preset steam collector pressure or core power, depending on which mode 
is selected. 

The Preventive Protection functions, coupled with control interlocks/permissive, 
permit WWER-1000s to ride through a range of faults in operating systems without reactor 
trip. For example, loss of one main reactor coolant pump (MCP) will cause a Preventive 
Protection control rod run-in down to about 70% power (with turbine control mamtaining 
constant steam pressure). On some WWER-1000s (but not all), loss of two MCPs can be 
accommodated with a partial scram plus control rod run-in. Loss of one main feedwater 
pump at high power (a frequent cause of reactor trip on U.S. PWRs 10 years ago) will 
cause a partial scram and control rod run-in, avoiding a reactor trip. Even a feedwater 
control valve malfunction in which the valve closes completely may not cause a reactor 
trip - the MCP in that loop is tripped on low steam generator water level, thus reducing the 
SG heat load to a level that can be accommodated with the feedwater bypass valve. 

For existing WWER-lOOOs designed under OPB-73, safety analyses have taken 
credit for Preventive Protection, although the preventive protection system (especially the 
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actuators) were not designed to current standards required of protection systems. But the 
design considered also some requirements of OPB-82 which was under development at the 
time of design. Under OPB-88, the Preventive Protection functions are classed as 
operational systems, and Russian practice has changed to conform to common western 
practice regarding credit for operational systems in safety analyses. Two analyses are 
performed, with and without Preventive Protection. In Germany the first applied Limitation 
Systems in the Stade (1972) and Biblis (1974) type plants were qualified and applied as 
"control grade" functions (parts of them were later upgraded). Protection Limitation 
Systems in the NPPs of the 1980s are qualified according to Protection System 
requirements and designed as such with the exception of diverse initiation criteria for each 
design basis event (KTA 3501) (other practices to be included). 

3.2. CORE POWER DISTRIBUTION - CONTROL AND PROTECTION 

3.2.1. Safety requirements to be met for core power distribution 

The safety requirements regarding core power distribution are as follows: 

maintain power distribution acceptable as initial condition for a postulated initiating 
event (PIE) (anticipated operational occurrence or postulated accident); and 

preserve design fuel limits in the event that the PIE itself is malcontrol of power 
distribution (operational occurrence). 

Either Control or Limitation Systems (LS), or manual control, may be used for 
maintaining acceptable steady-state core power. Only fully qualified Protection Systems 
may be credited for preserving the safety limits (including fuel design limits) for a PIE. 

However, LS can be very useful in taking action to avoid a reactor trip, thus 
increasing availability. 

In Germany, Protection Limitation Systems (PLS) are qualified for local core 
protection against DNB and PCI. These functions use in-core detectors, six non 
equidistantly arranged cobalt self-powered neutron detectors (SPNDs) in each of 8 lances. 
Three thermocouples in the height of the fuel assembly head can be used for surveillance 
of the detectors. The signals from the cobalt SPNDs are used for automatic power shape 
control as well as local core protection. The sub-functions of Condition Limitation Systems 
(CLS) (typical local DNB) ensure initial conditions or pre-alarms/actuations of protection 
limitation and protection systems (other practices to be included). 

3.2.2. Core power distribution control strategy 

The objective of the core control strategy is to enable an operator to make power 
changes while meeting power distribution requirements and to avoid operational problems 
such as xenon oscillations. In the event that a xenon oscillation is created inadvertently, 
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the procedures which clearly define the steps necessary to control xenon oscillations or a 
relevant control system fulfilling this task must exist. 

Most western plants use a power distribution control strategy that is centered around 
keeping the power distribution and xenon distribution in phase at all times. By keeping the 
power distribution and xenon distribution in phase, xenon oscillations are avoided. For this 
strategy, called constant axial offset control (CAOC), it is important that the control rod 
movement be designed in such a way as to change the axial offset monotonically as rods 
are inserted or withdrawn. In German PWRs a full automatic, in-core signal based "Axial 
Difference Control" (ADIC) is applied, which controls the axial power shape by means of 
only few step movements of an only slightly inserted "big" bank of "black" rods with 
"grey" tips. 

All NPPs with WWER-1000 reactors are operated in base load mode and there is 
no desire, at present, on the part of the Russian utilities to change this mode of operation. 
For other WWER-1000 operators the main problem and obstacle to a change in operation 
mode relates to the fact that current Russian fuel is limited to base load operation. The 
reason for this is not due to any known duty limitations but that load follow would extend 
the fuel duty beyond the existing data base. 

There are no problems with power distribution control in base load mode. 
Algorithms for control rod motion have been developed to provide power distribution 
control during xenon oscillations and these have been tested out on operating plant. 

The existing control system is able to fulfill CAOC strategy without any innovations 
or equipment changes. Indeed, CAOC is now being used on WWER-1000's in Russia and 
in Ukraine. 

(1) Recommendation: An upgrade of core power distribution control system 
should be carried out in three successive stages: 

Short Term: Full implementation of constant axial offset control in 
conjunction with comprehensive operating procedures. The existing 
in-core instrumentation can be used to determine the axial offset. The 
core on-line monitoring programme HINDUKUSH should be 
upgraded to improve its accuracy. The control rod groupings should 
be evaluated to ensure that sufficient rod worth is available in the 
controlling banks. 

Medium Term: Some allowance for power distribution changes 
should be incorporated into the DNB and linear heat rate trip 
functions. It is recommended that the signals from the safety grade 
two segment ex-core detectors are separated and used to provide a 
measure of axial offset which can then provide the necessary changes 
to the trip function setpoints. 

Long Term: The level of automation and the degree of sophistication 
in the power distribution control system can be enhanced on a more 
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relaxed timescale. WWER-1000 specific design studies should be 
performed and the various control concepts utilized on western plants 
as identified in this chapter considered. 

3.2.3. In-core detectors 

WWER- 1000s have two types of in-core instrumentation: core exit thermocouples 
(to measure core exit temperatures from selected assemblies); and self-powered rhodium 
detectors. 

Thermocouples are subject to error if they are influenced by cold flow through guide 
tubes. In WWER-1000s, as is general practice in most western reactors, thermocouple 
maps are used to monitor gross core temperature tilts (e.g., quadrant), but are not used to 
determine individual assembly peaking factors. The existing thermocouples appear adequate 
for this purpose. 

Sixty-four strings of self-powered rhodium detectors are used to monitor core power 
distribution, including manual xenon control. Each rhodium string has seven detectors, each 
approximately 25 cm long, for a total of 448 detectors. Rhodium detectors are relatively 
slow, which would limit their application during transients. However, WWER-1000 
rhodium detectors are used at present only for applications in which their response is 
appropriate, specifically: 

core power shape control (manual); and 
core power distribution monitoring (compliance with limiting conditions of 
operation). 

This is similar to implementation on some western PWRs or envisioned on future 
plants. In German PWR core surveillance is performed using either the SPNDs or by 3D -
on-site - calculations based on snapshots by means of the well proven "aeroball - system" 

(other practices to be included). 

The rhodium detectors are not individually calibrated. However, the total core 
power, as estimated by the in-core detectors, is in reasonably good agreement with the plant 
calorimetric measurement (from feedwater flow). The consensus of the western consultants 
was that rhodium detectors are capable of sufficient accuracy (based on the mass of 
rhodium and geometry to not require calibration). Indeed, calibration to core exit and inlet 
thermocouples is likely to be less accurate than the uncalibrated rhodium detectors. 

The performance of in-core rhodium detectors on WWER-1000s has been 
satisfactory, with no safety problems identified to the group. Usage of other types of 
detectors is therefore a future plant issue unless found necessary to support some new 
mission on operating WWER-1000s. 

Use of rhodium detectors for protection purposes on future WWER-1000s is under 
investigation in Russia. Such an option will require that the in-core detectors (together 
with associated electronics, software, cabling, and actuated devices) be safety classified. 
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For existing WWER-1000s, protection system usage of in-core detectors is possible in 
principle, but may not be practical. 

3.2.4. Ex-core detectors 

Existing nuclear ex-core detectors have upper and lower ion chambers, similar to 
western practice. However, no use is made in the protection system of the relative upper 
and lower signals. Nor are the ex-core detectors calibrated to the in-core for axial power 
distribution monitoring. Thus, there is no protection system signal of axial power shape. 
In the U.S., France, Spain, Japan, and Britain, ex-core nuclear detectors are used to modify 
protection system setpoints for adverse power distribution, This usage requires periodic 
calibration of ex-core signals to in-core power distribution measurements. In Germany, in-
core power measurements themselves are used in limitation systems which meet protection 
system design criteria. 

(2) Recommendation: The ex-core nuclear power detectors should be used in 
the protection system to enhance the protection against axial power mal
distribution severe enough to exceed the fuel design limits. The ex-core 
should be calibrated against the in-core instrumentation as necessary to 
perform that function. Consideration could be given to generating protection 
functions using in-core instrumentation directly if that is practical with 
respect to cable routing/separation and qualification of hardware and 
software. 

3.3. OTHER REACTOR CONTROL SYSTEMS 

Other reactor control systems include reactor cooling systems (RCS) pressure and 
inventory control, reactor and turbine power regulation, and feedwater flow control for 
regulation of steam generator water level. These systems, like core power distribution 
control, are also significant to safety. 

In general, the functional design of normal control (regulation) of process variables 
is adequate on WWER-1000s. Indeed, there are many features worthy of praise. However, 
hardware component shortcomings in reliability or performance (such as slow feedwater 
control valves or leaky pressurizer spray valves or unreliable sensors) have caused plant 
trips or undesirable transients on individual plants. These perturbations upset normal 
control (the first line of defense) and often challenge the protection system, and are 
therefore of safety significance. 

Because components such as valves and sensors are often purchased from different 
suppliers for different plants, specifics of component reliability and performance appears 
to be a plant-by-plant concern, rather than generic to WWER-1000s. It would not be 
correct, however, to conclude that it is not a WWER-1000 safety issue - merely that the 
specifics differ from plant to plant. 
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(3) Recommendation: WWER-1000 stations should upgrade poorly performing 
components as needed, increasing both safety and plant availability. 

3.4. REACTOR PROTECTION SYSTEMS 

3.4.1. Initial core conditions for accident analyses 

Safety analyses must consider the most adverse conditions allowed for operation and 
not only the most probable plant conditions. 

On WWER-1000, the core power distribution is monitored during normal power 
operation using the information delivered by in-core detectors. 

A limit on the power density is defined as a function of core elevation. The operator 
is required to reduce the power when this limit is reached. 

The analysis of abnormal transients has been carried out assuming that the core 
power distribution is initially within this limit (taking into account allowances for 
measurement uncertainties). Compliance with the safety criteria is demonstrated, taking 
credit for fixed setpoints for reactor trip channels. 

The WWER-1000 approach for defining the preaccident core conditions appears 
similar in principle to the application on most western plants. However, it is the most 
common practice on western plants to rely on variable setpoints or direct on line calculation 
of DNBR and power density to protect against fuel damage. 

3.4.2. Variable reactor trip setpoints 

In general, with the exception of the hot leg subcooling reactor trip, WWER-1000 
reactor trips do not have variable setpoints. This is in contrast to most western practice, 
in which the setpoints for DNB protection fit the core fuel limits as functions of power, 
RCS temperature, pressure, flow, and some measure of core power distribution. Fixed 
setpoints are adequate, provided sufficient margin exists. 

Another advantage of variable setpoint is that they help make the protection 
independent of the transient, acting earlier and making it less vulnerable to events that do 
not occur as assumed in the safety analysis of design basis events. 

(4) Recommendation: Upgrading the reactor protection system, including 
qualification of instrumentation, addition of trip functions which more 
accurately account for the variables which affect safety limits (power, 
temperature, pressure flow, and core power distribution) should be 
considered to enhance safety. Such a solution should be implemented, 
particularly for fuel loading patterns resulting in higher peaking factors (e.g. 
in-out). The main benefit would be to ensure compliance with the safety 
criteria for a wider range of initial core conditions, thus allowing a wider 
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core operating domain in normal conditions (see recommendation 3.2.2.(1). 
In addition, some specific scenario should be evaluated to determine to what 
extent modifications are appropriate to comply with the intent of OPB-88. 
Perhaps some control system modifications are appropriate. 

3.5. EMERGENCY PROCEDURES AND INFORMATION DISPLAY 

3.5.1. General 

WWER-1000s do not yet have special information display systems for accident 
monitoring or symptom-based emergency procedures. The need for these was recognized 
in the western world following the 1979 accident at Three Mile Island. Operators and 
regulators of WWER-1000s recognize the importance of these measures. A development 
programme is now underway under the direction of VNIIAES, with a pilot project at 
Balakovo. 

As suggestions, the western consultants offer the following regarding design and 
implementation of information systems: They should not be limited to only "safety 
parameters" of interest only after an accident. The display system should be an integral part 
of plant operation, in normal as well as accident conditions. Information display systems 
should be used for both normal and accidental situations, such that the operators are 
experienced in handling them in an emergency. Also, information "sets" about "symptom 
related topics" as well as "event related topics", with selection by the operator in case of 
need, should be considered. 

(5) Recommendation: The consultants urge that the pilot project be completed 
expeditiously, and that all WWER-1000s implement emergency recovery 
procedures and the information collection and display system needed to 
implement them. 

3.5.2. Reactor vessel level indication system 

One of the Three Mile Island requirements (part of the information collection and 
display system needed for post-accident recovery) is a direct method of measuring water 
level in the reactor vessel during accident conditions. At present, such indication is not 
provided in WWER-1000s, and water level can only be estimated by indirect means. 

A Russian proposal exists to provide a new reactor vessel level measuring system 
based on self-heated temperature sensors detecting the differential heat transfer to water and 
to steam. 

There are several possibilities for coolant level measurements: In Germany, for 
example, "heated resistance" sensors are applied in all reactor vessels (and some old plants 
used for automatic protection system functions), which measure the collapsed level in case 
of an accident (LOCA): each vessel has 2 lances with 3 resistances each. In the U.S., 
various types of systems are in use. Some measure the froth height with heated 
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thermocouples. Other U.S. systems measure differential pressure between the bottom of 
the reactor coolant piping and a higher elevation (top of the vessel or a pressurizer tap) to 
determine the collapsed height of water in the upper core plenum (other practices to be 
included). Information on the features and licensing issues of the various designs can be 
provided to the Russians. 

(6) Recommendation: A qualified system to measure reactor vessel water level 
should be deployed at all WWER- 1000s. 

3.6. ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) 

Generic ATWS analyses have reportedly been done for WWER-1000s. The results 
indicate that the LOCA criteria are not violated, and that maximum RCS pressure does not 
exceed hydrotest pressure (250 bars) (the equivalent of ASME Service Level C stress 
limits). This result appears comparable to that obtained for Westinghouse plants. However, 
these analyses have not been compared to comparable western studies to determine whether 
they contain conservatism required by western authorities (such as the pressurizer relief 
valve discharge capacity for liquid relief). Also, no diverse protection has been added (such 
as the diverse reactor trip or diverse turbine trip or emergency feedwater actuation) 
generally required in western PWRs. 

In Germany, the probability of the malfunction of a reactor scram is reduced by 
means of splitting the big electro-magnetic/mechanical scram switches into a multiplicity 
of small switches, each with a diverse electronic semiconductor switch in series. The 
German PWRs and UK Sizewell B reactor have provisions for automatic boron injection 
if 2/3 of the control rods do not reach a certain insertion depth in a certain time following 
a reactor trip (other practices to be included). 

(7) Recommendation: As a minimum, diverse turbine trip and emergency 
feedwater actuation should be considered, unless the existing actuation of 
these components can be shown to be invulnerable to the same common 
mode failure that could prevent reactor trip. For future WWER-1000 plants, 
rapid boron injection systems (a tank of borated water around MCP) are 
under consideration. 

4. CONTROL ROD INSERTION RELIABILITY 

4.1. BACKGROUND 

Since the end of 1992 most operating WWER-1000 units in Russia and in Ukraine 
have experienced problems with insertion of control rods when the rods are dropped. 
Mostly an increased drop time exceeding the maximum design value of 4 seconds is 
observed. In some cases, a control rod may stick in an intermediate position. Several 
control rods have been affected in a single reactor at one time. 
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Affected reactors include units at Zaporozhe, South Ukraine, Rovno, Balakovo, 
Kalinin and Khmelnitsky. The extent of the observations points towards a generic problem 
of increasing friction interfering with the free movement of the control rods. 

All the affected reactors have changed to using a three-year fuel cycle. Reactors still 
using the two-year fuel cycle (South Ukraine Unit 1 and Kozloduy Units 5-6) have not 
experienced control rod problems. 

No design changes have been made to the fuel assembly itself in going from two-
year to three-year fuel cycle. Only the fuel pellets inside the fuel rods have an increased 
central hole. Plenty of space is provided for fuel rod axial growth in the assembly. 

Extensive investigations have been undertaken by the Chief Designer and other 
organizations. The root cause of the phenomenon is still under evaluation. Meanwhile, 
actions have been taken to ensure the safety of the plants in operation. 

4.2. FINDINGS 

4.2.1. Main symptoms and observations 

The problems with control rod insertion have been experienced when three-year fuel 
is loaded into the location of a control rod. There is a correlation with the age or burnup 
of the assembly such that most of the problems have occurred during the third year of 
operating an assembly in the reactor. 

The increase in the rod drop time occurs typically at the end of the insertion, 
although there is no designed reduction in the diameter of the lower sections of the guide 
tubes in the assembly. Neither have any changes been observed in the inner diameters of 
guide tubes. 

Most of the control rod insertion problems have concerned the slowing down of the 
insertion speed over the bottom 10-20% of the core height. In a few cases a control rod 
has remained stuck in an intermediate position in the bottom 1/3 of the core. 

The drop time of a control rod is clearly influenced by the coolant flow rate. 
Operation with only three reactor coolant pumps, with a corresponding reduction in reactor 
power will usually restore the rod drop times to within the design limit of 4 seconds. 

All these symptoms point towards an increase in the friction between the absorber 
rods and their guide tubes in the fuel assembly. 
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4.2.2. Investigation of root causes 

An extensive programme of high priority is being undertaken by the Gidropress to 
find out the root causes of the problem. This programme includes various investigations 
related to: 

coolant chemistry and possible deposits on the surfaces of the guide tubes and the 
absorber rods; 
changes in geometry of the absorber rods; and 
changes in geometry of the fuel assembly and its guide tubes due to mechanical and 
thermo-mechanical stresses. 

The current interim results do not indicate any major influence from deposits or 
changes in the absorber rods. At the moment, the Gidropress considers the main cause to 
be an excessive axial force exerted on the fuel assemblies by the protective tube unit (core 
grid plate and reactor upper internals). This is due to inaccuracy in the vertical positioning 
of the protective tube unit. The excessive axial force causes the fuel assemblies to bend 
increasingly with time. 

Two affected fuel assemblies from Zaporozhe are being investigated in hot cells at 
NIIAR in Dimitrovgrad in order to confirm previous findings. 

4.2.3. Safety of continued operation in the short term 

Special precautions have been taken in order to be able to continue the operation of 
the affected units in a safe manner until the control rod problem is fully solved. 

At all WWER-1000 units rod drop times are measured at least once every three 
months. If excessive rod drop times are observed at full coolant flow rate, operation with 
three reactor coolant pumps at correspondingly reduced power is permitted, provided that 
the measured rod drop times do not exceed 4 seconds. This is usually the case. If the 
transfer to operation with three coolant pumps is not effective, then the unit has to be shut 
down. 

In order to rninimize potential problems, special core loading patterns have been 
selected, wherein loading of high burn-up fuel assemblies into control rod locations is 
avoided. Before loading of fuel assemblies into the core they are tested on stands for 
verification of free control rod movement by means of a specially designed calibre. 
Alternatively, the performance record of the fuel assemblies is checked before loading in 
Ukrainian plants. Such loading patterns have been successful in avoiding the problem. 
However, there can be penalties in the achieved cycle length due to strict limitations on the 
MTC at hot zero power (in Russia). 

After the above reloading measures taken in 1993, the number of control rods 
deviating from design limits has decreased significantly. At present there are only four 
control rods outside design limits in Ukrainian NPPs. In these rods excessive slowing down 
has taken place 10-25 cm from the core bottom. 
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At some Russian units repositioning of the protective tube unit has already been 
performed. Verification of this action has shown positive results. 

The main safety analyses for the WWER-1000 reactor have been re-evaluated by the 
Chief Designer and other Russian scientific institutes assuming average control rod drop 
time to be 5 seconds and individual maximum drop time to be 10 seconds upon reactor 
scram. These analyses have not produced any violations of acceptance criteria. They have 
been performed both by the computer code "Dinamika" and by the more advanced code 
"Nostra" now under certification. 

4.2.4. Western experience on control rod problems 

Westinghouse/U.S.A.: 

Westinghouse does not have any experience with increasing drop times which would 
necessitate a licensing issue. The hafnium reactivity control cluster assemblies (RCCAs) 
were the only RCCAs which were evaluated for the potential of increasing drop times to 
account for the localized bulging which could occur due to hydriding. The results of the 
analyses showed that any increase in drop time would be well within the existing technical 
specification limits for drop times. Therefore, there was no licensing impact. 

Westinghouse has experienced several "stuck" RCCAs. The majority of the "stuck" 
rods were freed by repeated exercising, and were usually concluded to be due to debris. 
Several separated vanes were also experienced on Westinghouse RCCAs, usually due to a 
combination of misalignment and debris which imposed severe forces on the vanes. There 
was no licensing impact in these cases since each was an isolated event, and there was no 
mechanistic cause for RCCA failure. 

KWU/Germany: 

In early years of operation of a 300 MW PWR in Germany, there was a stuck rod 
due to a loose part. The rod was permitted to remain in stuck position up to the next 
refuelling (the drive mechanism has been electrically blocked); analysis as a prerequisite 
to the permission had shown that there was no licensing issue. In an old 600 MW reactor 
some rod clusters dropped very slowly. The material combination and the design of the 
guiding components in the upper vessel structures were changed. Since this modification 
there have been no further occurrences. 

Normally, the 61 control rods of the German 1300 MWe Konvoi reactor drop from 
initiation signal to reacting the dampers at the average in 2.5 sec. A single rod may have 
a drop time of 4 sec. 
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Framatome/France: 

Framatome plants have not experienced increased rod drop times resulting in 
licensing problems. 

A few cases of (single) stuck rods have, however, occurred, due to mechanical 
blockages not attributable to a generic cause. 

These stuck rods were detected during rod drop tests before plant startup. After 
correction of the mechanical problem and successful new drop tests, startup could be 
resumed normally. 

4.3. OPERATIONS UNDER DEGRADED AND NON-CONFORMING CONDITIONS 
- REGULATORY REQUIREMENTS 

There does not seem to be a formal regulatory procedure for dealing with reactor 
operation under degraded and non-conforming conditions. In the absence of such 
guidelines, it is left to the NPP operators to perform evaluations which would demonstrate 
that the NPP conformed to the original plant operating license. USNRC has issued 
guidance on "Resolution of Degraded and Non-Conforming Conditions". This is presented 
in Appendix III of this report. 

(1) Recommendation: A specialists' meeting on the short-term safety of 
WWER-1000 reactors related to the issue of control rod insertion reliability 
should be convened. The following topics should be discussed: 

Regulatory requirements and experience in western countries in 
dealing with anomalous control rod insertion. 

Regulatory requirements and practices in western countries 
concerning control rod positions and temperature coefficients of 
reactivity during criticality and low power operation. 

Measured data and statistics on anomalous behaviour of WWER-1000 
control rods. 

Safety analyses performed for the WWER-1000 reactor considering 
increased drop time and/or partial insertion of control rods upon 
reactor scram. 

(2) Recommendation: The strict precautions taken to ensure the short-term 
safety of the WWER-1000 reactors are considered to be in the right 
direction. Nevertheless, these precautions can only be accepted as short-term 
remedies. The identification and elimination of the root causes for the 
observed generic anomalies in control rod behaviour is considered to be 
utmost importance. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

The WWER-1000 plants represent the third generation of WWERs and have been 
designed on the basis of Russian standards such as OPB-73, considering some requirements 
of the OPB-82 which was under development at this time. 

Over the last four years, the Russian organizations have been moving in the right 
direction to further enhance the operational safety of these plants. For example, the part 
length rods have been removed from several plants and core power distribution strategy 
based on constant axial offset (CAOC) strategy has been implemented in several plants. 
This drive for enhancing the safety needs to be encouraged and indeed it needs to be 
accelerated in several areas. 

Specific recommendations have been made in the relevant sections of this report. 
The most significant recommendations are summarized below: 

1. The control rod insertion problem is a significant safety concern. The root cause 
analysis currently under way needs to be accelerated. It is also recommended that 
a specialist meeting be held in order to evaluate the adequacy of short term safety 
measures and to evaluate the guidelines for continued operation. 

2. The safety measures identified as a result of the Three Mile Island accident need to 
be implemented on a short term basis. These measures include Safety Parameter 
Display System and symptom based Emergency Operating Procedures. 

3. Implementation in the short term of constant axial offset control (CAOC) or 
equivalent power distribution strategy needs to be accelerated and the operators 
trained to handle this strategy. 

4. A plant-by-plant evaluation needs to be made to identify equipment which 
challenges the safety systems due to its poor reliability and maintenance and 
corrective actions taken to mitigate the root cause. 

5. Control rod improvement programme, now ongoing at EDO Gidropress, aimed at 
improving the reactivity worth, rod drop time and service lifetime should be 
accelerated. 

6. Upgrading the reactor protection system and adding variable set point trip functions 
which more accurately account for variables which affect safety limits (power, 
temperature, pressure, flow and core power distribution) should be implemented. 

7. A comprehensive safety analysis needs to be performed factoring in any proposed 
changes to the plant control, limitation and protection system before these changes 
are implemented. 

28 



APPENDIX I 

LIST OF REFERENCE DOCUMENTATION 

[1] - IAEA Safety Series No. 50-C-D (Rev.l) 
Code on the Safety of Nuclear Power Plants: Design. 

IAEA Safety Series No. 50-SG-D14 
Design for Reactor Core Safety in Nuclear Power Plants. 

IAEA Safety Series No. 50-SG-D8 
Safety-related Instrumentation and Control Systems for Nuclear Power 
Plants. 

[2] - OPB-88. 

PBYa-89. 

[3] - The Rovno Nuclear Power Plant Power Unit Number 3 Design Project, 
feasibility study of the safety of construction and operation of the nuclear 
power plant. A translation of the Rovno TOB, U.S., DOE, April 1989. 

[4] - Overall Plant Design Descriptions VVER, U.S. Department of Energy, 
DOE/NE-0084, Revision 1, October 1987. DOE/NE-0086, Revision 1, 
September 1989. 

[5] - Safety Aspects of WWER-1000 Reactors, proceedings of a consultants' 
meeting organized by the IAEA and held in Vienna, Austria, 1-5 June 1992. 
Working Material, IAEA-CT-0670. 

[6] - Sicherheitstechnische Bewertung des Kernkraftwerkes Stendal, Block A, vom 
Typ WWER-1000/W-320, GRS-99. 

[7] - Analysis of WWER-1000 Safety Enhancement Measures, WWER-SC-092, 
draft report. 

29 





APPENDIX H 

PRESENTED PAPERS 
(not edited by the IAEA) 

31 



FINDINGS ON 

WWER-1000 CORE CONTROL & 

PROTECTION 

Prepared for the Consultants' Meeting on 
Core Control and Protection Strategy 

of WWER-1000 Reactors 
18 - 22 April 1994, Vienna 

C. LIN 
SAS/NENS/IAEA 

32 



FINDINGS ON WWER-
PROTECTION 

Findings were compiled based 

WWER-SC-092 
(IAEA) 

Russian Report 

Ukrainian Report 

Bulgarian Report 

Czech Report 

CORE CONTROL & 

the following sources: 

Analysis of WWER-1000 
Safe ty E n h a n c e m e n t 
Measures 
(6-10 December, 1993) 

Improvement of WWER-1000 
NPP Safety 

Major Safety Measures 
Proposed for Operating 
Zaporozhe NPP Units 

Bulgarian Approach to 
W W E R - 1 0 0 0 S a f e t y 
Enhancement Programme 

Major Safety Measures 
Proposed for the Temelin 
NPP 

33 



FINDINGS ON WWER-
PROTECTION (cont'd) 

IAEA-CT-0670 

P.K. Doshi 

RER/9/004-24 
(IAEA) 

RER/9/004-17 
(IAEA) 

IPSN-DES Report N° 74 

GRS-99 

CORE CONTROL & 

Safety Aspects of 
WWER-1000 Reactors 
(1-5 June, 1992) 

WWER Core Design 

Belene Design Review 
Mission Report 
(14-25 January, 1991) 

Temelin Design Review 
Mission Report 
(25 June-6 July, 1990) 

A Partial Assessment of the 
Safety of Stendal W E R 
320/1000 

S i c h e r h e i t s t e c h n i s c h e 
B e w e r t u n g d e s 
Kernkraftwerkes Stendal, 
Block A, vom Typ 
WWER-1000/W-320 

34 



1. CORE DESIGN 

Fuel Assembly 

- Spacer grids and guide thimbles are made of stainless 
steel rather than zirconium alloy 

- Top nozzle not removable 

- Bottom grid is welded to the bottom nozzle, forming a 
debris trap 

Burnable Absorbers 

The absorbers used are of the discrete type and are inserted 
into guide thimbles in the fuel assemblies and removed from 
the core during refueling. The current international practice 
is using in-fuel burnable absorbers. 

Control Rods Service Lifetime 

The control rods are made of B4C powder. Their reactivity 
worth and service lifetime are significantly lower than those 
in western reactors. Frequent rod replacement to avoid 
reduction of shutdown margin is required. 
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1.4 Control Rods Insertion Reliability 

Some control rods have the problems of an increased 
dropping time of more than 4 seconds and rod jam in 
intermediate position in some WWER-1000 NPPs 
(Zaporozhe, Rovno, South Ukraine and Balakovo) 

1.5 Part-length Control Rods 

The use of part-length rods has adverse impact on axial 
power distribution and positive reactivity insertion. 

1.6 Refuelling Scheme 

Initially the core was designed to use a "2 year fuel cycle", 
but now a "3 year cycle" is used in order to enhance burnup. 
The core neutronic parameter should be checked to assure 
that at all stages of core life the core safety can be 
maintained and even improved. 

1.7 Fuel Loading Pattern 

The use of a low leakage core loading pattern can reduce 
fluence in the reactor pressure vessel wall possibly as much 
as 30%. 
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2. GORE MONITORING 

2.1 Shutdown Margin Monitoring 

The continuous monitoring of shutdown margin is done by 
boron meters and neutron flux detectors. The boron meters 
can work only when the reactor coolant pumps are running, 
and there is a significant time lag to response. The existing 
neutron detectors (ionization chambers) outside the vessel 
can only give accurate information on the neutron flux and 
on the reactor period when approaching criticality. 

The Russian organizations are planning to use new quick-
response boron meters (NAR-12-2N) in a number of points 
and new neutron detectors (AKNP-7-02) with high 
sensitivity. 

2.2 In-core Rhodium Detectors 

Sixty-four (64) self-powered rhodium detectors are used for 
core power distribution and Xe control. The response of 
rhodium detectors is very slow, which is a concern during 
fast transient conditions. 

2.3 Power Distribution Monitoring 

In WWER-1000, power distribution is monitored from the 
in-core detectors by the use of algorithms based on one 
group diffusion theory model. 
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The current international trend is to perform 3D and 2G 
nuclear and thermal hydraulic calculations using the 
current plant operating conditions, and them modifying the 
calculated power distribution by using information from in-
core and ex-core detectors. Using this methods, very 
accurate measured power distribution and other relevant 
information can be obtained. 

2.4 Core Level Indication 

Reactor pressure vessel level indication is currently not 
provided, and the level could be estimated only by indirect 
means. The Russian proposal includes a new reactor 
pressure vessel level indication system based on 
temperature sensors detecting the differential heat transfers 
from sensor to water and steam. But, special attention 
should be paid to the reliability of the indication. In fact, 
oscillations of the steam and non-condensable mixtures at 
the vessel, with the core partially uncovered, could lead to 
measure oscillations. Means to ensure capability to remove 
non-condensables, should also be provided. 
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3. CORE CONTROL 

3.1 Core Control Strategy 

Mainly based on the manual control of peaking factors, 
with the requirement to keep them within prescribed limits 
using in-core instrumentation. The power distribution is 
allowed to change continuously which results in some xenon 
oscillations. To date only manual actions based on 
procedures are taken to minimize the axial offset if 
deviations from steady state situation exceed the specified 
values. 

In the first years of their operations, some plants 
experienced frequent challenges to the protection systems, 
caused by power fluctuations. 

3.2 Control Rods for Temperature Control 

Control rods should not be used for temperature reactivity 
coefficient control. If used, its impact on safety analysis as 
well as shutdown margin should be considered explicitly. 

3.3 Control Rod Grouping and Overlap 

Regroup control rods to provide monotonic change in AO 
with rod insertion. The current overlap of control rod 
groups is-too small. 
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3.4 Control Rod Position Indication 

The original control rod position indication was based on 
the motor drive operation, giving unreliable readings in 
case of malfunction of the driving devices. 

Linear position indicators for control rods have already 
been installed at all plants except Kozloduy NPP. 

3.5 Automated Core Power Distribution Control System 

The Russian plants are planning to develop and implement 
a new automated core power distribution control system, 
that will operate under supervision of the operators. 

An overall review is recommended with regard to all safety 
relevant aspects: radial/axial power shaping and control, 
core stability, control rod configuration and optimization, 
base load and load follow operation, r in-core 
instrumentation changes, additional core protection, control 
rod worth and overlapping and shutdown margin, etc. 
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4. CORE PROTECTION 

DNB Protection 

The current DNB protection is based on saturation limits. It 
cannot account for localized critical heat flux due to an 
adverse axial power distribution. 

Linear Power Density Limits 

There is no protection against exceeding linear power density 
limits, particularly as a result of an adverse axial power 
distribution. 

Overpower AT and Overtemperature AT 

Use of overpower AT and overtemperature AT setpoints 
could be considered. Setpoints should be calculatedon-line 
with appropriate compensation for power distribution, core 
temperature and pressure. 

Low Coolant Flow Protection 

The protection against inadequate low flow is provided by 
monitoring pressure drop across the reactor coolant pumps. 
This may result in inadequate protection in the event of flow 
blockage. 
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4.5 High Water Level Protection 

There is no pressurizer high water level trip in the 
WWER-1000 design. By providing for such a trip, the 
likelihood of discharging water through the safety valves or 
operating the plant in a water solid condition can be 
reduced. 

4.6 Adequacy of Current Protection Signals and Setpoints 

The adequacy of current protection signals and setpoints 
cannot be fully assured since the overall analysis is not 
comprehensive. 

The Russian proposals include the development of 
additional scram signals. A thorough, systematic safety 
evaluation should be done to establish whether protection 
could be enhanced by the implementation of additional 
protection functions. 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

MEETING OBJECTIVES 

• REVIEW CORE CONTROL AND PROTECTION 
STRATEGIES AND MODIFICATIONS UNDER 
CONSIDERATION FOR VVER-1000 DESIGN 
PLANTS 

• TECHNICAL EXCHANGE OF INFORMATION 
THROUGH DISCUSSIONS OF DIFFERENT 
CONTROL AND PROTECTION STRATEGIES 
SHOULD RESULT IN RECOMMENDATIONS FOR 
IMPLEMENTATION ON A COST/BENEFIT BASIS 

• EXPERTS AND CONSULTANTS IN WORKING 
GROUPS WILL ADDRESS CONTROL, 
PROTECTION, AND RELATED l&C ASPECTS OF 
WER-1000 REACTOR CORES 

• AN INTEGRATION OF THE WORKING GROUPS 
FINDINGS SHOULD BE ASSEMBLED AND 
PREPARED FOR THE FINAL REPORT 

• FINAL REPORT SHOULD PROVIDE THE 
RESULTS OF THE REVIEW & CONTRIBUTIONS 
IN APPENDICES 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR YVER-1000 REACTORS 

VVER-1000 REVIEWS 

• IAEA VVER-1000 ACTIVITIES: 

«r IAEA MISSION REPORT ON TEMELIN - Aug. 
1990 

«• IAEA MISSION REPORT ON BELENE - March 
1991 

«• IAEA CONSULTANTS MEETING ON SAFETY 
ASPECTS OF WER-1000 REACTORS - June 
1992 

• KEY IAEA FINDINGS: 

«* REACTOR CORE DESIGN 
• Improve Fuel Cycle Economics & Performance 

Through Design Changes 
a Improve Control Rod Designs for Longer Service & 

Increased Shutdown Margin 
• Improve Moderator Temperature Coefficient Control 

By Using Burnable Absorbers and Improved Loading 
Patterns 

• Eliminate the Use of Control Rods for Moderator 
Temperature Control 

a Low Leakage Loading Patterns Should Be 
Considered to Reduce Vessel Fluence and Improve 
Fuel Cycle Economics & Performance 

• Improve Power Distribution Monitoring and Xenon 
Control 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

VVER-1000 REVIEWS 

• KEY IAEA FINDINGS: - CONTINUED 

«r ACCIDENT ANALYSES: 
• Complete and Systematic Accident Analyses Should Be 

Performed 
• Use A Standard Format for Reporting the Accident Analyses 
a Accident Classification and Acceptance Criteria Should Be 

Based Upon the Frequency of Occurrence and Consequences 
of the Event 

• Radiological Consequences Should be Systematically 
Addressed for Each Event 

a State of the Art Computer Analysis Methods Should Be Used 

«» SYSTEMS: 
• Radiological investigations Assuming Heat Exchanger Tube 

Leaks Should Be Performed 
a implementation of Guard Pipes to First Isolation Valves of 

RHR Suction Lines Should Be Considered 
a Implementation of Leakage Monitoring Systems Should Be 

Considered 
a Debris and Missile Consequences Should Be Considered for 

ECCS Water Pool Intake Openings 
• Measures and Procedures Should Be Provided for Sufficient 

Makeup Water to the Auxiliary Cooling Water System 
• Examine and Implement Measures to Preclude Break 

Propagation in the Main Steam and Feedwater Systems 
a Examine and Implement Measures for Isolation of Main Steam 

Atmospheric Dump Valves and Safety Valves 
• Examine and Implement Flux Reduction Measures (Such as 

Low Leakage Patterns) to Reduce Vessel Ffuence 
a Examine and Implement Measures to Eliminate Possible 

Instabilities in the Operation of the Pressurizer System 
a Provide Automatic Spend Fuel Cooling System Measures to 

Preclude Reaching Critical Temperatures 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

VVER-1000 REVIEWS 

• KEY IAEA FINDINGS: CONTINUED 

«• INSTRUMENTATION, CONTROL, & PROTECTION 
SYSTEM: 
n Feasibility of Replacing or Significantly Upgrading l&C 

Hardware Should Be Performed 
a Systematically Evaluate Sensor Reliability, Maintainability, 

Accuracy, and Redundancy and Address Findings 
a Control Systems Implementing Load Dependant NSSS 

Average Temperature Should Be Considered 
a Variable Rod Speed Controls Should Be Considered 
n Measures Should Be Taken to Minimize Susceptibility to 

Xenon Oscillations 

«* INSTRUMENTATION, CONTROL, & PROTECTION 
SYSTEMS: 
D Comprehensive Systematic Safety Analyses Should be 

Performed to Determine the Degree of Overall Safety and 
Protection 

a Use of Overpower & Overtemperature Setpoints With 
Allowance for Adverse Axial Power Distributions Should Be 
Considered to Provide Linear Power Density and Localized 
Critical Heat Flux Protection 

n Provide Steamline Isolation, Feedwater Isolation, and Turbine 
Trip on ECCS Actuation 

n Provide Direct Low Coolant Flow Trip 
a Remove Low Steam Pressure and Low Steam Temperature 

Coincidence Requirement for ECCS Actuation 

«• HAZARDS: 
n Comprehensive Systematic Study of Internal and External 

Hazards Should Be Performed To Evaluate Adequacy of 
Overall Design 
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IAEA CONSULTANT'S MEETINGS 
CORE CONTROL AND PROTECTION STRATEGY ^pR#ER-10QO REACTORS 

VVER-1000 REVIEWS 

KEY IAEA FINDINGS: CONTINUED 

CONTAINMENT: 
n Containment Leak Testing Should Be Performed 
a Examine Possibilities For Pressure Release and 

Hydrogen Control in Beyond Design Basis Cases 
• Possibilities for Maintaining Low Containment 

Pressures Should Be Examined 

OPERATIONAL SAFETY AND LICENSING 
a Systematic Operational Safety Assessments Should 

Be Performed and Implementation of "Lessons 
Learned" Should Be Applied&C Hardware Should Be 
Performed 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

VVER-1000 REVIEWS 

• OVERVIEW REPORT OF THE INTERNATIONAL 
USERS GROUP FOR SOVIET BUILT REACTORS 
AND IMPROVEMENT OF VVER-1000 NUCLEAR 
POWER PLANT SAFETY - March 1994 

• SUMMARY OF MAJOR MEASURES ON CORE 
CONTROL AND PROTECTION SAFETY 
ENHANCEMENTS: 

«• MEASURES FOR PRIMARY CIRCUIT INTEGRITY 

O IMPLEMENTATION OF MEASURES TO ENHANCING 
REACTOR VESSEL (RV) RADIATION LIFETIME 

D DEVELOPMENT AND IMPLEMENTATION OF PERIODIC 
INSPECTIONS OF REACTOR VESSEL AND PIPING 

D DEVELOPMENT AND IMPLEMENTATION OF LEAK 
DETECTION, VIBRATION DETECTION, MISSILE DETECTION, 
AND NOISE DIAGNOSTIC SYSTEMS 

D MODIFICATIONS OF CONTROL AND MONITORING SYSTEMS 
TO PROVIDE AUTOMATIC OR COMPUTER AIDED 
DIAGNOSTICS FOR SAFETY AND SAFETY-RELATED 
SYSTEMS 

«* MEASURES TO AVOID OR CONTROL TRANSIENTS 

D OPTIMIZE FUEL LOADING (T3.1) 
D IMPROVE REACTIVITY MONITORING CAPABILITY (T3.2) 
D CHANGE FLUX AND TEMPERATURE MEASUREMENTS IN 

CORE (T3.3) 
• DEVELOP AND IMPLEMENT PRIMARY TO SECONDARY 

LEAKAGE MONITORING AND CONTROL PROCESS (T3.4) 
a IMPROVE STEAM GENERATOR AND PRESSURIZER LEVEL 

CONTROL AND REPLACE VALVES (T3.5) 
D DEVELOP AND IMPLEMENT CONTROL SYSTEM FOR STEAM 

AND GAS IN THE REACTOR VESSEL HEAD (T3.6) 
D DEVELOP AND IMPLEMENT MEASURES TO PREVENT 

CLOGGING OF THE SUMP (T3.7) 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

VVER-1000 REVIEWS 

«- MEASURES TO AVOID OR CONTROL TRANSIENTS: 
Continued 
• IMPLEMENT MEASURES TO SEPARATE IMPULSE LINSE TO 

SAFETY AND PROTECTION SYSTEM EQUIPMENT (T3.8) 
n RESTRICT CONTAINMENT BYPASS THROUGH HEAT 

EXCHANGERS TO PREVENT INTERSYSTEM LOCA (T3.9) 
• EXTEND STEAM GENERATOR MAKEUP WATER CAPABILITY 

(T3.10) 
• DEVELOP AND IMPLEMENT MODIFICATIONS TO THE 

CONTROL AND MONITORING OF WATER CHEMISTRY (T3.11) 
• IMPROVE MONITORING AND CONTROL OF CORE POWER 

DISTRIBUTION (T3.16) 
• PERFORM STRENGTH AND INTEGRITY CALCULATIONS FOR 

COMPONENTS AND SYSTEMS IMPORTANT TO SAFETY 
USING IMPROVED CLASSIFICATIONS (T3.22) 

«• OTHER MEASURES 
• PERFORM PROBABILISTIC SAFETY ASSESSMENTS (03.5) 
• ANALYZE EVENTS BEYOND THE DESIGN BASES (03.7) 
• CALCULATE COMPONENT LIFETIMES (03.8) 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

COMMON OBSERVATIONS 

• A COMPLETE AND SYSTEMATIC EVALUATION IS 
NECESSARY FOR CORE CONTROL AND 
PROTECTION 

• ACCIDENT EVENTS AND ACCEPTANCE 
CRITERIA SHOULD BE CLASSIFIED 
CONSISTENT WITH FREQUENCY OF 
OCCURRENCE AND CONSEQUENCES 

• STATE-OF-THE-ART COMPUTER CODES AND 
ANALYSIS METHODOLOGIES SHOULD BE USED 

• POWER DISTRUBUTION CONTROL STRATEGIES 
NEED TO BE IDENTIFIED AND IMPLEMENTED 

• CORE PROTECTION CAN BE ENHANCED BY 
ESTABLISHING LIMITS WHICH AVOID 
EXCEEDING THE ALLOWABLE HEAT RATE AND 
TRANSITION FROM NUCLEATE BOILING LIMITS 

• SETPOINTS SHOULD BE CALCULATED ON-LINE 
WITH THE APPROPRIATE COMPENSATION FOR 
POWER DISTRIBUTION, CORE TEMPERATURE 
AND PRESSURE 

• TECHNICAL SPECIFICATIONS SHOULD BE 
DEVELOPED WHICH INCLUDE THE BASES, 
SAFETY LIMITS, PROTECTION SYSTEM 
SETTINGS, AND SURVEILLANCE 
REQUIREMENTS 
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INTEGRATED CORE CONTROL 
AND PROTECTION SYSTEM APPROACH 

IMPROVING CORE CONTROL AND PROTECTION 
CAN BE ACHIEVED ONLY BY USING AN 
INTEGRATED AND SYSTEMATIC APPROACH 

• INTEGRATED APPROACH REQUIRES 

«• CLEAR UNDERSTANDING OF CORE CONTROL AND 
PROTECTION STRATEGY AND BASES 

«- WELL-DEFINED OPERATIONAL APPROACH TO MAXIMIZE 
OPERATION FLEXIBILITY INCLUDING: 

• EASE OF OPERATION 

• CLASSIFICATION OF ACCIDENT CONDITIONS 

D CLEARLY DEFINED ACCEPTANCE CRITERIA 

• DIGITAL l&C SYSTEM FOR IMPLEMENTATION 

PROCESSES TO MONITOR CORE POWER 
DISTRIBUTIONS 

« STRATEGIES TO DAMPEN AND MINIMIZE XENON 
OSCILLATIONS SHOULD THEY OCCUR 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

SUMMARY 

PREVIOUS WORKING GROUPS HAVE 
RECOMMENDED IMPROVEMENTS IN THE 
DESIGN, CONTROL, AND PROTECTION OF 
VVER-1000 PWR 

IMPROVING CORE CONTROL AND PROTECTION 
CAN BE ACHIEVED ONLY BY USING AN 
INTEGRATED AND SYSTEMATIC APPROACH TO 
CORE DESIGN, CORE CONTROL, AND CORE 
PROTECTION 

REVIEW CORE CONTROL AND PROTECTION 
STRATEGIES AND MODIFICATIONS AND 
PROVIDE RECOMMENDATIONS ON A 
COST/BENEFIT BASIS 
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• ASSURING SAFETY OF WER-1000 PLANT OPERATION 

Shishkov L.K., VNIIAES, RUSSIA 

The author would like to address some aspects of assuring 

safe and reliable operation of WER-1000 reactor. This reactor was 

designed according to deterministic assumptions, i.e. for a chosen 

configuration of the core and for a given fuel cycle they 

determined a totality of potential /design-basis/ accidents and 

demonstrated.that the accepted permissible limits for the breach 

of fuel rod integrity are hot exceeded for these accidents in 

combination with a • possible additional single failure of 

equipment. Here they also specified a group of core 

neutron-physical characteristics at which favourable progression 

of the above mentioned transients/accidents was "assured". It is 

natural that for the normal operation conditions the adopted 

totality of \ neutron-physical characteristics assures reliable 

operation of reactor facility. It should be noted that at the 

design stage the thermal-hydraulic calculations of transients were 

performed with a significant amount of conservatism which allowed 

to ensure large reactor, safety margin. We will come back to this 

point later, and now one should note that the regular fuel loading 

is chosen such that its neutron-physical characteristics meet the 

conditions specified in the d.esign. Thus, when choosing the fuel 

loading (fuel charge) the following parameters are monitored: 

- maximum average fuel assembly burn-up; 

- average burn-up of discharged fuel; 

- non-uniformity of power density distribution in application 

to the fuel assembly or to the fuel rod, volumetric non-uniformity 

of power density distribution; 

- temperature and. void coefficient of reactivity for coolant, 

temperature coefficient of reactivity for fuel, power coefficient 

of reactivity, reactivity coefficient for liquid poison content; 

- efficiency of mechanical control rod cluster; 

- efficiency of emergency protection with account for 

potential failure of the most effective control element; 
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- temperature of reactor critical condition at the end of. 

fuel cycle at zero concentration of boric acid and with all the 

mechanical control rods inserted into the core. 

In addition to the above characteristics, prior to the fuel 

cycle auxiliary/supporting materials are calculated and put 

together which allow to describe reactor parameters while raising 

it to power and during transient operation. 

These include reactivity effects and ways to compensate them, 

data to assure the optimum strategy of removing xenon oscillations 

etc. A list of the needed calculational data is stated in the 

appropriate regulatory document /"Nomenclature and Procedure for 

Approving Operational Neutron-Physical Calculations for WER Plant 

Fuel Charge"/. This document also lists a required number of 

experiments to be conducted during the fuel charge operation and 

includes a comparison of experiments' results with calculational 

data. 

Thus, at the beginning of the fuel charge operation with 

reactor condition close to the minimum controlled power level they 

measure the temperature coefficient of reactivity, the efficiency 

of mechanical control rod cluster, the efficiency of emergency 

protection. At the beginning and at the end of fuel charge 

operation with reactor parameters close to nominal the temperature 

and power coefficients of reactivity are measured. Throughout the 

fuel cycle the needed comparison of calculational and experimental 

data characterising the power density distribution is performed. 

Calculational neutron-physical characteristics of WER 

reactors in Russia and Ukraine are prepared with the help of a 

code package authorised for this use by the Regulatory Body. 

Appropriate specialists who perform calculations are also to be 

authorized for this job every two years * ) . 

*) The next authorization /proficiency check/ for NPP 

nuclear physicists is scheduled to be held in VNIIAES in Moscow in 

the mid May of 1994. Two-week sessions are held before the check. 

Representatives from external agencies can take part in this 

action. 
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As a rule, the results of comparing calculational and 

experimental.data demonstrate their satisfactory agreement and 

confirm the certificate data which characterise the calculation 

code error. Let us give a typical example of comparing 

calculational and experimental data for a fuel charge of the 

three-year fuel cycle of WER-1000 reactor. 

The start of the fuel cycle, minimum controlled power level: 

Temperature coefficient of reactivity: 

-5 -5 

Calculation - (-6)*10 1/ C, experiment - (-8+l)*10 1/ C. 

Efficiency of RPS control rod cluster; 

Calculation - (0.48)%, experiment - (0.52+0.04)%. 

Efficiency of emergency protection /without one most 

effective cluster/. 

Calculation - (5.6)%, experiment - (5.3±0.3)%. 

Start of fuel cycle, power level - 75% of the nominal: 

Temperature coefficient of reactivity: 

-5 -5 
Calculation.- (-20)*10 1/ C, experiment - (-14+2)*10 1/ C. 

Power coefficient of reactivity: 

-5 -5 

Calculation - (-0.32)*10 1/MW, experiment - (-0.37+0.04)*10 1/MW 

End of fuel cycle, power level - 80% of the nominal. 

Temperature coefficient of reactivity: 

-5 -5 

Calculation - (-50)*10 1/ C, experiment - (-42*4)*10 1/ C. 
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Power coefficient of reactivity: 

-5 -5 

Calculation - (-0.5)*10 1/MW, experiment-(-0.59f0.05)*10 1/MW 

The calculated and the measured values which characterise the 

non-uniformity of power density distribution for fuel assemblies 

are shown in Fig.l. 

Thus, at normal operation of a nuclear unit the design 

requirements .for fuel charge characteristics are met, and the most 

crucial characteristics are experimentally verified /checked/. 

Now let us address WER-1000 reactor operation peculiarities 

that were revealed during the previous year of unit operation. The 

observed deviations in the functioning of Reactor Protection 

System (RPS) mechanical control rods are meant. 

It should be noted that control rod operational faults 

occurred at '. WER-1000 reactors prior to 1987 due to control rod 

drive (CRD) failures caused by design deficiency of control rod 

position indicators. After replacement of position indicators the 

number of control rod operational faults has been significantly 

reduced and the (possibly) observed certain operational faults of 

control rods were interpreted at NPPs as position indicator 

failures and inadequate attention was given to these faults. 

Starting from the second half of 1992 a significant number of 

control rod operational faults has been reported at Russian and 

Ukrainian NPPs. This is due both to enhanced attention to assuring 

and monitoring NPP safety and to actual growth of the number of 

faults. 

The observed events involve the following: during control rod 

dropping some of the poison rods (PRs) slow down their movement or 

/in certain cases/ stop in the lower portion of the core. The case 

where the time of PR free dropping exceeds 4 sec. is qualified as 

an event. Statistical processing of the observed control rod 

operational faults allows to make the following preliminary 

conclusions: the faults are observed at units with a three-year 

fuel cycle, the fault probability is proportional to the integral 
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burn-up of the fuel assembly where the control rod is located. 

Thus, for fuel assembly of the third year of operation the fault 

probability is 1.5 times higher than for fuel assembly of the 

second year of operation. 

Weak correlation is also observed between the fault 

probability and fuel assembly power intensity during the first 

year of operation. Other correlations so far have not been 

observed. It is known that when reducing reactor power and 

switching over to operation with three (instead of four) 

circulation pumps /main coolant pumps/ the time of PR dropping 

becomes equal to the design time. Presently a large scope of 

research is' being performed both at NPPs and in special 

laboratories aimed at identifying and eliminating the causes of 

control rod operational faults. This research has not yet been 

completed and the conclusions on the event root causes have not 

been formulated so far. 

Until these control rod operational faults are eliminated, 

special regime of WER-1000 reactor core operation has . been 

introduced. The essence of this regime lies in the special 

configuration of the core, namely: failure-free fuel assemblies 

with lower burn-up are used for RPS element placing; more careful 

monitoring while reactor assembly during refueling is performed 

/precision measurements of actual dimensions, introduction of the 

necessary updating measurements/; routine periodic test of 

mechanical control rod operability and additional monitoring of 

power density distribution in the core. In case of identifying 

a fault in control rod operation regime, unit operation may be 

continued once the fault is eliminated or by assuring RPS design 

characteristics after power reduction and transfer to operation 

with three circulation pumps. In certain cases, when the number of 

faults is small /e.g. two control rods stuck in the core bottom or 

a part-length rod is stuck/, a full scope of thermal-hydraulic 

calculations is undertaken to justify unit operation at the 

nominal power. 

Calculations of actual conditions of RPS operational faults 

that occurred at NPPs show that if we pursue with significant 
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conservatism while assessing potential emergencies, the adopted 

limits for assuring fuel rod integrity are not breached. These 

conditions also remain unbreached if we assume, for example, the 

twofold increase of control rod drop time to the core bottom. 

Presently Chief Architect-Engineer (Designer) and the 

manufacturer take intensive efforts to improve RPS. 
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Fig.l. Non-uniformity of power density distribution for fuel assemblies. 
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SUMMARY REPORT 

"EXPERIENCE IN OPERATING THE UNITS OF ZAPOROZHE NPP" 

S. Oleynik 

The main goal of this report is to present several features of the VVER-1000 reactor 
core based in the principles of core loading scheme as well as the problems arise in the 
process of operating the Zaporozhe Nuclear Power Plant units. 

There are six units with the serial WER-1000 reactors at the site of Zaporozhe NPP. 
At present, five of them are in operation and the last under construction. The reactor core 
consists of 163 fuel assemblies and 61 control rods. A three-year fuel cycle used for off-load 
refuelling is intended to make up the core by 54 fresh fuel assemblies with the uranium 
enrichment of 4.4%. For the last year of the fuel cycle, all of these assemblies are used in 
a couple of the burnable absorber rods having the boron concentration of 0.036 g/cm3 ("light" 
absorber rods). Being inserted into the fresh fuel assemblies, the burnable absorber rods 
compensate excess reactivity and provide negative reactivity worth in coolant temperature. 
According to the projected operation conditions, reactivity lifetime (one year of the fuel 
cycle) is about 290 effective days. So a specific burnup of the unloaded fuel reaches 44.5 
MWd/kgU in maximum and 43 MWd/kgU on the average. 

For the first time, new variant of the three-year fuel cycle has been used to compose 
the core of the second unit during its 8th refuelling. That kind of a low leakage core loading 
scheme is to improve reactor core safety parameters, technical and economic records of 
operation. 

The annual core makeup also consists of 54 fresh fuel assemblies with the uranium 
concentration of 4.4% . Nevertheless, features of the presented fuel cycle in established 
refuelling conditions are that the thirty assemblies are loaded into the central area and the rest 
24 assemblies at peripherical row of the reactor core. It should be noted that the burnable 
absorber rods having the boron concentration of 0.065 g/cm3 ("heavy" absorber rods) are 
installed within 24 fresh fuel assemblies of the central area of the core. 

The most outstanding characteristics of this fuel cycle are: 

1. Adding up the reactivity margin for boron shim by decreasing neutron leakage 
and using "heavy" absorber rods to compensate excess reactivity in the core 
without any loss of fuel utilization efficiency; 

2. Improvement of reactor core safety parameters as follows: 

maximum relative power (peaking factor) 1.27 
design restriction 1.35 

maximum relative power of fuel rods 1.49 
design restriction 1.50 
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reactivity worth of emergency protection 
at the beginning of boron shim 6.95% 
at the end of boron shim 6.88% 

design restriction, more than 6.20% 

3. Providing negative reactivity worth in coolant temperature (less than -
0.001%/'C), according to safety requirements, in the range of inlet coolant 
temperature up from 260'C and all operating positions of control rods. 
Moreover, significant negative reactivity worth (at least -0.003%/'C) for inlet 
coolant temperature of 278' C and positions of control rods less than 80% from 
the core bottom ensures safe reactor start-up with accounting possible 
calculational error. 

Reactivity lifetime for the present fuel cycle is about 294 effective days. To increase 
fuel burnup not excessing over the maximum permissible limits of 49 MWd/kgU for fuel 
assemblies and 53 MWd/kgU for fuel rods, there is a possibility of using additional burnt-up 
assemblies to be refuelled in the core for operating in fourth year. However, in this case, 
reactivity lifetime becomes shorter than the projected one. 

Thus, a possibility of involving the fourth-year operated assemblies in the fuel cycle 
allows engineers of the Zaporozhe Nuclear Plant to compose the most optimal core in regular 
refuelling, proceeding from the planned power throughput, needs to reduce the cost of core 
loading and to coordinate maintenance schedule. 

To compose the core loading with the fourth-year operated assemblies, the following 
requirements are imposed -

the fourth-year assemblies are not to be operated under control rods; 
independently of coolant radioactivity in previous lifetime, the fourth-year operated 
assemblies are to be tested for a fuel cladding failure; 
cyclic loading of the assemblies is not to be excessed over the design restrictions for 
all operation period; 
linear power density of fuel rods in the fourth-year assemblies is not to be excessed 
over the same at the end of previous lifetime more than 15%. 

At present, the fourth-year assemblies are being operated in reactors of the plant units 
number 1,2,4 and 5 without any violations of safe operation conditions. 

As pointed out in the project of serial WER-1000 reactor, power density field control 
and shimming are carried out by the operating group of control rods, the group of control rods 
with a half-length absorber and the boron shim system providing necessary changes of boron 
acid concentration in primary coolant for keeping up the criticality. 
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At present, the group of control rods with a half-length absorber has been replaced by 
the group with a full-length absorber. This replacement has made it possible to improve 
reactor operation safety and to apply new power density control strategy: 

increasing reactivity worth of emergency protection in 0.2 - 1% at the beginning and 
in 0.1 - 0.3% at the end of lifetime in dependence with a composition of the core; 
eliminating the possibility of posivitive reactivity insertion due to non-controlled 
actuation of the group with a half-length absorber from an intermediate position; 
reducing the second criticality temperature down in 3 - 5'C; 
ruling out azimuth offset of power density distribution that occurs when the half-length 
group is inserted in the core. 

Peaking factor and axial offset control strategy concludes in usage of the full-length 
group for keeping axial offset with the prescribed limits. As the deviation of axial offset from 
the optimal value or excessing over the prescribed limits for relative power of fuel rods, 
operator restore these parameters by changing the position of control rods in accordance with 
the Operating Regulations. Besides, it is permitted an insertion of the operating group and 
the power transient control group down to 60% from the core bottom. As the control rod 
insertion, reactivity compensation is carried out by changing the boron acid concentration in 
primary coolant. According to the Operating Regulations, controlled drop in power should 
be provided down to safe level in case of control process failure. 

For the first time, violations of the prescribed limits for inserting 12 control rods in 
the guide tubes of fuel assemblies has been found in November 1992, during the first unit 
refuelling. Similar violations then, have been found on the other operated units of Zaporozhe 
Nuclear Power Plant. 

At present, authority commission with the leading specialists of OKB "Gidropress", 
RRC Kurchatov Institute and the others is working to reveal causes of the violations. 
According to the preliminary conclusion, the direct cause is an excessive friction of control 
rod insertion within the guide tubes that occurs due to changing the shape of control rod guide 
tubes or possible rubbed surface roughness. An initial cause of changing the shape may be 
excessing the design pressing force on the fuel assembly heads. 

To eliminate the violations in operating control rods, some compensative measures in 
addition to the Regulations has been worked out in order to provide safe operation of the 
Zaporozhe Nuclear Power Plant units, as follows: 

1. For the period of power operation, the measures are executed to observe the dynamics 
of changing control rod insertion time and to make corresponding decisions. The 
measures consists of: 

1.1 Chronometry and oscillography of every control rod insertion both in the 
planned and unplanned transition in reactor undercriticality. 

1.2 Testing the control rod insertion reliability in power operation conditions every 
three months. If any control rod insertion time more than 4 sec, next testing 
is carried out in a month. Under any conditions of any control rod insertion 
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time more that 5 sec, the controlled drop in power is to be provided for 
operating with 2 or 3 main circulation pumps. This power operation is 
permitted in case of the time less than 4 sec. The "hot" reactor shutdown with 
corresponding boron acid concentration is provided if one of the control rods 
sticks at the height of 100 or upper the core bottom. An obligatory condition 
for power operation is observing primary coolant quality and calculational 
confirmation of the fact that the reactivity worth of emergency protection , at 
that moment, excesses over the prescribed limits more than 0.3% for any 
control rod insertion time of 4 sec. and at least 4 main circulation pumps in 
operation. 

2. For the period of preventive maintenance, the following measures are executed: 

2.1 Oscillography of the control rod insertion time after the reactor shutdown 
(primary coolant temperature - 280'C and pressure - 160 kgf/cm2). 

2.2 Measuring the friction of control rod drives from the reactor vessel head in 
disassembling. 

2.3 Testing the control rod insertion within the guide tubes in a couple of 
monitoring the control rod weight by refuelling machine. 

2.4 Monitoring the friction of control rod installation before the core refuelling and 
the core loading scheme choice in accordance with that testing. 

These experiments with the following analysis make it possible to install the fuel 
assemblies under control rods which have no violations of the prescribed limits. Then, the 
conditions of control rod guide tubes are tested in a stage of reactor assembly by monitoring 
every control rod weight with the dynamometer from the tube protection block and the reactor 
vessel head as well as in a stage of finishing the assembly by individual oscillography of 
control rod insertion time in heated-up reactor with 4 main circulation pumps in operation 
(primary coolant temperature - 280'C and pressure - 160 kgfcm2). 

Such a practice realized at Zaporozhe NPP in 1993 - 1994 years has reduced a 
probability of violations in control rod insertion. After refuelling, all control rods had an 
insertion time less than 4 sec. (except the one event). Moreover, the units have been in rated 
power operation for the most period of lifetime. Nevertheless, gradual degradation of the 
insertion time characteristics including an insignificant excession of control rod insertion time 
over the prescribed limits in 0.1 sec. has obliged to provide the conditions of lower power 
operation with lower number of main circulation pumps. As a result, the Zaporozhe Nuclear 
Power Plant has to take such measures until the new design safety limits for these violations 
will be prescribed. 
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WWER-1000 CORE: 

DESIGN REQUIREMENTS AND SAFETY ASSESSMENT 

1. SAFETY GUIDES' REQUIREMENTS 

1.1. CORE DESIGN 

1.2. CONTROL SYSTEM DESIGN 

1.3. PROTECTION SYSTEM DESIGN 

1.4. OPERATIONAL CONTROL OF KEY SAFETY 

PARAMETERS 

2. CORE DESIGN LIMITS 

2.1. NORMAL OPERATION 

2.2. OPERATIONAL OCCURENCES 

2.3. POSTULATED ACCIDENTS 

3. CORE SAFETY ASSESSMENT 

3.1. INITIATING EVENTS 

3.2. INITIAL AND BOUNDARY CONDITIONS 

3.3. COMPUTER CODES 
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1. SAFETY GUIDES' REQUIREMENTS 

GENERAL REGULATIONS OF NPP SAFETY 
PROVISION 
(OPB-88) 

• regulate safety issues arising from NPP specifics 
as possible source of radiological effect 

• set up safety goals, landmarks and main safety 
criteria 

NUCLEAR SAFETY REGULATIONS 
(PBYa-89) 

• set up general requirements for design, 
characteristics and operating conditions 

• concretize OPB-88 requirements as regards the 
nuclear safety 

1.1. CORE DESIGN 

• mechanical stability and no deformations affecting 
control and protection system 
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• no unconfrolled core power increase due to control 
rods or feedbacks 

• core melt frequency less 10E-5 per reactor-year 

• conformity of design condition and design limits 
taking into account all the loads 

• no fuel melting for reactivity initiated DBAs 

• specific fuel energy less than preset value in case 
of reactivity initiated DBAs 

• no positive reactivity during control rod insertion 

• no excessive fuel assembly blockage 

• no deformation of fuel assembly elements 
preventing control rod insertion 

• no positive reactivity feedbacks for coolant 
specific volume, coolant temperature, fuel 
temperature and reactor power 

1.2. CONTROL SYSTEM DESIGN 

• monitoring and control of fuel fission process for 
all normal conditions within operational limits 
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• monitoring of CR position, soluble absorber 
concentration and state of all other reactivity 
affecting means 

• no positive reactivity insertion by two or more 
means 

• reactivity increase rate less than 0,07 dollar/sec 

• step-by-step reactivity insertion of CR worth 
more than 0,7 dollar 

1.3. PROTECTION SYSTEM DESIGN 

• reliable emergency shutdown and keeping reactor 
in subcritical state assuming the most effective 
CR is not inserted 

• restrict the reactor power to avoid violation of 
design limits related to fuel rod damage 

• suppress any positive reactivity resulting from 
reactivity feedbacks 

• reactor trip irrespective of energy source is 
available or lost 

• to complete EP function once started and to 
monitor that fact 
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• two independent sets of EP, three independent 
trains in each set, 10 E-9....1,2 range of power 
in each train 

1.4. OPERATIONAL CONTROL OF KEY SAFETY 

PARAMETERS 

• monitoring of core reactivity potencial, total 
worth of reactivity means, EP worth, reactivity 
feedbacks for reactor power, coolant 
temperature, soluble absorber concentration 

• control of core power distribution and DNBR 
monitoring 

• control of neutron flux oscillation 
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2. CORE DESIGN LIMITS 

• parameter value or characteristic of system state 
defined in NPP design for operational conditions 
and accidents 

• design limits for fuel damage: operational limit, 
safe operation limit, maximum design limit 

2.1. NORMAL OPERATION 

• 0,2 per cent of fuel rods with gas leak 

• 0,02 per cent of fuel rods with fuel-coolant 
contact 

• operational limit is set for all the normal 
operation conditions 

2.2. OPERATIONAL OCCURENCES 

• 1 per cent of fuel rods with gas leak 

• 0,1 per cent of fuel rods with fuel-coolant 
contact 
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• safe operational limit is set for all the 
violations of normal operation ( e.g., PCP 
trip, turbine trip, LOFW) 

2.3. POSTULATED ACCIDENTS 

• peak cladding temperature less 1200 C 

• local cladding oxidation less 18 per cent of 
initial thickness 

• total cladding oxidation less 1 per cent of mass 

• maximum design limit is set for the most severe 
DBAs, 

• design limits for other DBAs are to be less 

3. CORE SAFETY ASSESSMENT 

• TOB RU as design demonstration of meeting 
of safety guides' requirements 

• TS TOB RU requirements are similar to RG 1.70 
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3.1. INITIATING EVENTS 

• grouping of initiating events 

• loss of primary flow 

• RIA and power distribution anomalies 

• LOCA 

• SLB 

• acceptance criteria 

3.2. INITIAL AND BOUNDARY CONDITIONS 

• selection from possible range of variation to 
obtain conservative results 

• different set of conservative assumption for 
different acceptance criteria 

• normal operation system functioning 

• safety system functioning 

• operator role 
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3.3. COMPUTER CODES 

• computer codes used must be certified by 
Russian Gosatomnadzor (PBYa-89) 

• DINAMIKA-5, TECH-M and their modules 

• Western codes 
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I . N. Vnss i 1 tchcMiko 
G i d r o p r e s s , Russ i a 

MAIN DESIGN FEATURES OF VVER-1000 CORE AND LIST OF 
IMPROVEMENTS 

1. DESIGN FEATURES 
WER-1000 CORE CONSISTS OF 163 FUEL ASSEMBLIES (see Fig.l). FUEL 
ASSEMBLY COMPRISES CPS (control and protection system) ABSORBER ROD 
(see Fig.2). 

ARRANGEMENT OF FUEL ASSEMBLIES AND CPS ABSORBER RODS IN 
THE CORE IS SHOWN IN FIG. 3. 

MAIN DATA ON FUEL ASSEMBLY RELIABILITY ARE GIVEN IN TABLE 1. 

TIME OF SHIFTING THE REACTORS FROM 2-YEAR TO 3-YEAR FUEL 

CYCLE IS SHOWN IN TABLE 2. 
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2. LIST OF IMPROVEMENTS AND SUBSTANTIATIONS 

2.1. IMPROVEMENTS TO ENHANCE THE FUEL ECONOMY: 

1) REPLACEMENT OF THE GUIDE CHANNEL AND GRID MATERIALS 

FOR ZIRCONIUM ALLOY: 

- 5-YEAR OPERATING EXPERIENCE WITH WER-440; 

- TRIAL OPERATION IN WER-1000 IS ONGOING; 

-IN 1994 THE TRIAL OPERATION IS SCHEDULED TO BE 

EXPANDED FOR THE OTHER TWO UNITS WITH WER-1000. 

2) PROVISION FOR THE FUEL ASSEMBLY MAINTAINABILITY: 

-IS ACHIEVED DUE TO REMOTELY-REMOVABLE CAP AND FUEL 

ASSEMBLIES TO BE REMOTELY WiTHDRAWAN WITHOUT ANY 

MECHANICAL FAILURE; 

- TRIAL OPERATION IS ONGOING. 

3) APPLICATION OF INTEGRAL FUEL BURNABLE ABSORBER INSTEAD OF 

BORON BURNABLE POISON RODS: 

- TRIAL OPERATION IS ONGOING. 



4) APPLICATION OF NEW MATERIALS Dy2 0 3 Ti 0 2 and Hf FOR THE 

ABSORBER RODS IN THE REGION OF HIGH NEUTRON FLUX: 

-4-YEAR POSITIVE OPERATING EXPERIENCE OF 

Dy2 0 3 Ti 0 2 IN THE CONTROL GROUP OF WER-1000; 

- AT STAGE 1 THE EXTENDED SERVICE LIFE AND 

GRAVITATIONAL WEIGHT IS ACHIEVED; 

-ATSTAGE2 THE SERVICE LIFE IS ABOVE 10 YEARS, 

PHYSICAL AND GRAVITATIONAL WEIGHTS ARE ENLARGED. 

5) FUEL CYCLE OPTIMIZATION: 

- IMPLEMENTATION OF 4-YEAR FUEL LIFE; 

- APPLICATION OF "IN-OUT' LOADING PATTERN; 

- OTHER IMPROVEMENTS. 

6) IMPLEMENTATION OF CONTROL ROD POSITION INDICATORS (STEP 

OF MONITORING IS 20 MM). 
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2.2. IMPROVEMENTS TO ENHANCE RELIABLE CONTROL ROD INSERTION 

INTO THE CORE: 

1) LOAD OPTIMIZATION IN THE FUEL ASSEMBLIES OF WER-1000 

UNITS; 

2) LAYOUT OF CORES WITH SMALL POWER PEAKING DUE TO 

IMPROVED PROFILING OVER THE CORE AND FUEL ASSEMBLIES; 

3) IMPLEMENTATION OF THE MORE STRICT CONTROL OF WATER 

CHEMISTRY; 

4) MAKING THE FUEL ASSEMBLY STRUCTURE MORE RIGID IN 

ORDER TO PROVIDE DIMENSIONAL STABILITY; 

5) APPLICATION OF MATERIALS THAT ENSURE THE DIMENSIONAL 

STABILITY UNDER IRRADIATION; 

6) INCREASE OF THE CONTROL ROD WEIGHT; 

7) IMPLEMENTATION OF REGULATORY RESTRICTIONS FOR THE 
HEATUP CONDITIONS. 
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2.3. ORGANIZATIONAL MEASURES AND SUBSTANTIATIONS 

1) PERIODICAL CHECKS OF CONTROL ROD DROP RELIABILITY; 

2) SAFETY MEASURES: 

- POWER AND FLOWRATE DECREASE; 

-CHECK OF CONTROL ROD DISPLACEMENT UNDER THE 

CONDITION OF OPERATING TRAVEL FOLLOWED BY ROD 

DROP. 

3) SAFETY ASSESSMENT UNDER THE DESIGN CONDITIONS WITH 
EXTENDED TIME OF CONTROL ROD DROP. 
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VVER-1000 REACTOR CONTROL UNDER CYCLING OPERATION 

Kosourov, K. B., Spirkin, E. I., Filimonov, P. E., Mitin, V. I. 

INTRODUCTION 

The concept of NPP with VVER-1000 type-reactor has been developed by the late (19)60s. 

The outline has been developed on the basis of the request for proposals (RFP) by 1967. The 
technical project of WER-1000 reactor facility has been developed by 1969-1970. 

In order to improve technical and economical parameters the project has the aim both to 
develop 1000 MWt unit using the equipment transportable by Soviet rails and to increase 
significantly the unit power as compared to the units with WER-440 reactor of the previous 
generation. The task of unit development meeting the current safety requirements was also 
stated. 

Significant power intensity of the reactor core due to reactor vessel transportability by Soviet 
rails has determined the increased requirements to safety assurance for WER-1000 power 
units, the design of reactor vessel and fuel assembly and quality of the core power density 
distribution control among them. The later is mostly important for WER-1000 reactor due 
to xenon oscillation which could occur. 

Xenon oscillations can be divided into three components, namely: radial, azimuth and axial 
ones. The calculation and experimental analysis of each component showed that azimuth and 
radial oscillations have no significant effect. 

Axial oscillations in WER-1000 reactor core are non-divergent, however, in case of their 
occurrence the values of the core thermal parameters could increase. To avoid this, the special 
preventive measures are taken for their smoothing. 

1. DESIGN MEASUREMENT MEANS 

WER-1000 reactor is equipped with in-core instrumentation system (ICIS) to provide the 
control of power density in the core /4,6,8/. To provide control of power density vertical 
distribution the ICIS is equipped with 95 thermal-electrical converters (thermocouples) and 64 
neutron flux measuring channels (NFMC), each having 7 rhodium self-powered neutron 
detectors (SPND) (Fig. 1). Besides, for more accurate control of power density axial 
distribution, the signals coming from SPND are processed with the help of external software 
of in-core instrumentation system, as a result the calculated information on power density 
distribution in 16 vertical cross-sections is available for each assembly. 

The in-core instrumentation system has been developed as a unit which includes sensors, 
measurement equipment and computers, data processing methods and algorithms and software 
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to ensure coolant temperature control at reactor inlet and outlet with an error no more than 0,5° 
C, the error for power density field regeneration in core volume being no more than 5%. 

Justification of the accuracy of power density distribution control of the in-core 
instrumentation system was theoretically performed at the design stage and was further 
confirmed in the course of operation of VVER-1000 reactor facilities 111. 

All information got from the in-core instrumentation system allows to control the 
following parameters of power density distribution in core volume: 

power peaking factor in core volume (Kv); 
power peaking factor for fuel assemblies (Kq); and 
axial offset (AO). 

The results from the accident analysis performed for VVER-1000 reactor core showed 
that the Kv limiting value depends on axial coordinate of power density maximum. Therefore, 
the control of power density distribution in various cross-sections through the core height with 
information presentation at operator display is provided (Fig. 2). 

2. DESIGN MEANS FOR POWER DENSITY DISTRIBUTION CONTROL 

A special algorithm for control rods movement has been developed to provide power 
density control under xenon oscillations. The algorithm have been experimentally tested on 
VVER-1000 units. 

The algorithm regulated both the operator actions in case of oscillation occurrence and 
the actions to avoid oscillation occurrence. 

The algorithm supposed to use absorber rods and half length rods in which the absorber 
being located in its lower section. 

The actions to suppress xenon oscillations in case of their occurrence are a relay-type 
of control. The absorber rods moving in the core up to changing of axial offset by a certain 
value, are holding in this position for some time and then are inserted back to their original 
position. 

The actions to avoid xenon oscillations suppose holding of constant axial offset all the 
time during the transient due to absorber rods moving. This mode is the main mode for 
operation. Only if incorrect actions was made, the algorithm of suppression of xenon 
oscillation should be used. In both cases the reactivity changing are compensated by boric acid 
concentration. 

3. EXPERIMENTAL STUDIES 

Experimental studies of xenon oscillation started at the period of bringing Unit 5 of 
Novovoronezh NPP into power and were under way on Zaporozhe, South Ukraine, Rovno and 



Kozloduy NPPs. The main results of the studies of free xenon oscillation are presented in 
/l ,2,3/. Prominent among the studies of power density distribution through the core height and 
volume were the experiments on excitation and suppression of xenon oscillations in the core 
(Figs 3, 4, 5). 

Studies of "free" xenon oscillations performed at power units showed that stability 
factor lies in the range from -0,024 - 0,10 and oscillations period in the range from 26 to 33 
hours depending on the loading and duration of fuel cycle (Fig. 6). 

Obtained on the basis of calculation studies are the recommendations on xenon 
oscillations suppression. . These recommendations have been tested by the experiments and 
became the basis for xenon oscillations suppression algorithm development, which has been 
included in technical regulations for safety operation /4/ (Figs 7, 8, 9, 10). 

Thus, the studies performed and further operational experience corifirmed the possibility 
of NPP safety operation under power change mode. 

4. IMPROVEMENT OF THE ALGORITHM FOR POWER DENSITY 
DISTRIBUTION CONTROL 

The studies to improve the available algorithm and the works to develop an automatic 
system for power density field control are carried out at present. 

Developed is the algorithm for power density field control in the core with the use of 
full length absorber rods. 

A new algorithm has been experimentally tested at operating power unit and its 
implementation at NPPs with partial length control rods changing to full length rods is carried 
out at present. 

4.1 PRESENT-DAY ALGORITHM 

The algorithm implemented allows to reduce the risk of uncontrolled insertion of 
positive reactivity under half length control rods drop as well as to increase total efficiency of 
emergency protection. 

At present, at all WER-1000 power units carried out or about to be accomplished is 
a complex of orgamzational and technical works with the aim to eliminate half length absorber 
rods and change to the full length ones. A great amount of calculations and experiments has 
been performed by Russian engineers and the results obtained allowed to justify the 
sufficiency of using only full length absorber rods during the transients specific to WER-1000 
type of reactor to control axial power density distribution. 

It was confirmed by the experiments and calculations that elimination of half length 
absorber rods has not affected axial power density distribution control and also allowed the 
following: 
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, to eliminate the possibility of positive reactivity addition under uncontrolled insertion 
into the core of half length control rods; 
to increase the efficiency of emergency protection; 
to reduce the temperature of recriticality at the end of loading under uncontrolled 
cooling down of the reactor; 
to eliminate azimuthai transports in power density distribution under half length control 
rods removing in individual mode; 
to reduce power density distribution deformations as compared to those occurring when 
using half length control rods what is favourable from the point of view of fuel 
elements serviceability. 

The elimination of half length rods required to develop a new algorithm for axial power 
density distribution control. 

The aim of the algorithm developed is keeping under the transients the axial offset of 
power density close to the specified one. The limitation by the value of axial offset deviation 
from the specified one depends on power level at a nominal level as well as on the levels close 
to nominal one. The deviation value of axial offset should not excess ± 5%. 

To control the axial power density distribution, the two following 
groups of control rods are used: a working group forming closed loop of 
reactivity control which consists of 6 control rods and an additional group 
(axial power density distribution control group). An additional control group 
depending on a certain state of the core combines 4 or 1 control rods. 

The algorithm to control axial power density distribution is based on 
a principal of preventing from axial power density distribution deformation 
taking into account some physical peculiarities of WER-1000 reactor cores as 
well as the peculiarities of power unit control system in general. 

According to algorithm requirements the duration of group in the range 
of 40-60% heights is limited. At a power level close to nominal one the 
control rods moving is allowed only at the lower section of the core, unless 
it deals with the necessity of fast discharging due to emergency conditions. 
When reactor operates at a power level 75% lower the nominal one the axial 
power density distribution control group is not limited. By virtue of the fact 
that the axial power density distribution control group consists of 4 or 1 
control rods its effect on axial power density distribution is lower than the 
one of the working group. 

Reactor reactivity changing due to xenon poisoning or dispoisoning is 
compensated both due to control rods moving and boric acid concentration in 
the coolant. 

The algorithm gives special attention to the problem of control groups 
withdrawal which were inserted into the core as a result of fast discharging. 
The withdrawal is provided due to xenon poisoning concentration or in some 
situations by adding of boric acid into the coolant. The control group 
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withdrawal is provided in such a way that the axial power density distribution 
deformations were reduced as much as possible. After having withdrawn all the 
groups, except for the working and axial power density distribution control 
groups, in case it was used under reactor operating at a lower power level, the 
holding of the specified axial offset within installed limits. 

The withdrawal of axial power density distribution control group from 
the core, depending on the duration of reactor operation at a lower power 
level, could be provided both under the following power raise for temperature 
and power reactivity effects compensation or due to changing of boric acid 
concentration in the coolant. 

The implementation of a new algorithm for axial power density 
distribution control allowed to reduce axial power density distribution 
deformations and thus to create more favourable conditions for fuel elements 
operation. Besides, the algorithm allowed to provide the effective control 
of axial power density distribution at the end of loading under coolant low 
boric acid concentrations. 

4.2 NEW DEVELOPMENTS 

The following is being done in the framework of the development of 
automatic system for power density distribution control: 

Study of various control algorithms from the point of view of their 
automatization and cost/benefit optimization. 

Study of the possibilities of existing systems of unit control from the 
point of view of thermal parameters optimization under transients.. 

Selection of control algorithms taking into account of existing 
limitations for fuel, power units regulators, equipment serviceability 
and emergency protection effectiveness. 

The uniform approach to the problem is not yet developed, so at present 
there exist some different trends. For example, the development of complex 
systems which allow to calculate xenon oscillations in the core taking into 
account its real state and give the operator some predictions and 
recommendations. Practically, it would be a core model implemented at NPP 
computer system which gives the information to the operator in any suitable 
form. Such an approach is supposed in the framework of in-core 
instrumentation system modernization. 

Also under consideration are simplified but easy-to-interpret for 
operator the forms of information presentation. 
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7 The approach has been developed on power density control in VVER-1000 
reactor core with the aim of its implementation to reactor control and 
management system . The approach is based on the use of so called offset-
offset diagram (F-Diagram) (Fig. 11). The process of reactor control is 
represented in the co-ordinates of both the current and equilibrium offset, 
which correspond to the current positions of control rods, power, burn-up and 
stationary (equilibrium) xenon distribution. The equilibrium offset is 
calculated in advance using mathematical model of the core and it shows a core 
stady-state characteristic. 

The introduction of offset-offset diagram understanding makes it 
suitable a technological interpretation of control principals: 

Position of the current trajectory point relative to both the boundary 
of permissible domain of equilibrium states range and the point of a specified 
final state allows to estimate the situation in every moment, to predict its 
further evolution and to make a correct decision. The control process reduces 
to the selection and realization of a suitable trajectory on F-Diagram by 
means of moving of control rods. 

All the elements of technological network of power density control using 
offset-offset phase diagram are easily formalized which forms the ground for 
implementation of the supposed approach both for manual and automatic control. 

The implementation of this approach at Novovoronezh 5 NPP is planned to 
be finished by the end of the year. Developed will be the system which allows 
an easy-to-interpret presentation of transients information (as F-Diagram) 
to the operator. Using by the operator of F-Diagram makes it possible to 
qualitative control of the process. 

F-Diagram is also used when studying new algorithms for power density 
field control and could form the ground for development of automatic system. 

Several version of such an algorithm are under consideration at present 

4.3 ALGORITHMS FOR NPPS OF NEW GENERATION AND POSSIBILITY OF 
THEIR IMPLEMENTATION AT WER-1000 REACTORS 

The algorithms for power density field control being developed for NPPs 
of new generation suppose the simultaneous work of 4-5 groups of control rods. 
Some of the groups are less efficient in providing of more soft control. The 
efficiency decreasing might be implemented both by the reduction of a number 
of absorber rods in a group or by using of grey rods. 

In the algorithms developed simultaneously with control rods 
moving, the temperature changing in the primary circuit is used for partially 
reactivity compensation. It 
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allows, to reduce significantly the water exchange volume or to do without 
boron control system. 

The approaches mentioned are also considered to be implemented at 
operating NPPs. However, it is not possible to implement them in full measure 
due to existing limitations. 

The use of several control groups is limited both by low number of 
control rods and required efficiency of emergency protection. It could be 
implemented after having introduced the control rods of 9,6 mm in diameter 
which are more effective. 

The working regime with compensation of reactivity effects by keeping 
of constant average temperature in the primary circuit is difficult to 
implement in full measure due to secondary circuit equipment ability, but this 
regime could be partially implemented. The existing reactor regulator has 
several operating modes, one of them being trade-off one ("K" mode). 

This trade-off mode supposes keeping constant both the pressure ahead 
of turbine control valves at power levels lower than some specified power 
value N° and the average temperature of the primary coolant at power levels higher than 
N° value. 

This mode is practically not used, but the possibility of using it under cycling operation 
still exists. Naturally, it will require an additional analysis of existing protections and blocking 
as well as of regulators operation on account of operational experience gained. 

5. MODERNIZATION OF CONTROL AND MANAGEMENT SYSTEM 

Developed is a concept of in-core reactor control system modernization. In accordance 
with this concept, the modernization should be provided step by step supposing the 
development of integrated control, management and diagnostics system for reactor facility with 
both aims to increase the accuracy, reliability and timely implementation of these functions and 
to protect the core against K exceeding under transients and emergency conditions and also 
organization of information support and economically justified interface for contacts with 
reactor operator. 

To meet these requirements it is supposed to develop a complex of technical and 
software means for information receiving, processing and representation according to the 
signals from in-reactor sensors, from thermal and technical control of the primary and 
secondary circuits. It is also of current concern both for discrete signals of actuators position 
to solve the problems of power density field control and management taking into account the 
feedback of thermal and technical parameters effecting the reactivity and for checking with and 

supervise control of boron injection and removing as well as of main reactor facility regulators 
taking into account the core state and control rods position. 
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The request for proposal on the development of reactor facility control, management 
and diagnostics system was issued in 1991. The system is supposed to implement the 
following functions (Fig. 12): 

management function; 
informational function; and 
diagnostics function. 

Management functions suppose as follows: 

limitation or reducing of the reactor routine power; and 
automatic management of the reactor total power and power density distribution in the 
core. 

Informational functions suppose as follows: 

parameters measurement; 
signalling of their deviations; 
displaying of information in suitable form; and 
information storing and documenting. 

Diagnostics functions suppose as follows: 

mode diagnostics of the core routine state; 
prediction of technological process evolution; and 
diagnostics of the core and main equipment state. 

The in-core sensors are traditionally used in the system (Fig. 13). 

Being transmitted, the signals come to unit computer system to calculate core power 
density field, DNB margin, offset and other parameters needed for power distribution field 
control. The course of the transient is also calculated. The information in a suitable form 
comes to operator's display. The recommendations for operator actions are formed, or being 
sent is the signal to control the means to effect on reactivity. 

The possibility to receive the signals from ex-core reactor sensors directly to power 
density field control system is also under consideration. 

The main problem for the present moment is a lack of the whole set of reliable 
measurement and calculation means intended to non-stop operation as a part of safety systems. 

In the framework of control, management and diagnostics system development also it 
is supposed to develop automatic system for power density distribution control in the core 
under cycling operation. At the first stage the system is supposed to provide the operator with 
recommendations, and at the second the automatic actuating of control rods is provided. 



6. . CONCLUSIONS 

Taking into account of all the above-mentioned, the implementation of automatic 
control of core power density distribution seems possible. 

At present, on account of existing limitations the apparatus and algorithms for core 
power density control is being developed from the point of view of: 

the limits and conditions of safety operation; 
thermal and mechanical fuel state; 
NPP regulators operation; 
possibilities of the main NPP equipment; and 
control systems. 

Up to now there is a limitation for NPP with VVER-1000 type of reactor operating in 
under cycling operation due to fuel problems. 

Reactor operating with load changing is allowed for a limited number of cycles and 
limited rates of power changes. 

These limitations will be cancelled after having developed the fuel for cycling 
operation. 

The program supposes to include two stages. At the first stage the system for operator 
support will be developed, at the second stage developed will be a n automatic system for 
reactor control under cycling operation. 
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Fig . 13 Measuring Probe 
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IAEA Consultant's Meeting "Core control and protection 
strategy for WER-1000 reactors" (Vienna, 18-22 April 1994) 

Analysis of Possibilities 
of WER-1000 Fuel Management Improvement 

A.N.Novikov 
Head of department of W E R physics. 
RRC "Kurchatov Institute" 



Research and development activities 

- development of the computer codes package for WER neutronics 
calculations 

- an experimental investigations on critical facilities 

- elaboration of the new fuel management strategies, 
calculational justification of cores operation with experimental 
fuel assemblies 

- collecting, analysis and generalization of the core start-up 
and operating neutronics data 

- performing of the special neutronics measurements at operating 
WER-1000 

- development of the in-core monitoring systems, elaboration of 
the on-line computer code - operator adviser 

- elaboration and introducing of the new requirements to 
calculational justification of the fuel loading operating 

IAEA Consultant's Meeting 18-22 April 1994 
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Development of the computer codes package 
for W E R neutronics calculations 

- Recently used validated computer codes package (the second 
codes generation) - KASSETA, OKA, BIPR-7, UNIRASOS, PERMAK et al 
A/, /2/ 

- New codes versions 
KASSETA-TVEG 

KASSETA-TVEG6 

PERMAK6 

PERMAK-3D 

- super cell/fuel assembly spectral code for 
calculations of neutrons spectrum, reaction 
rates and fuel pins isotopic composition 
variation during burnup (in particular for 
fuel pins containing burnable absorber such 
as Gd203/ ZrBj and so on) with later 
homogenization and obtaining of the few 
groups neutron cross sections for assembly 
and for each cell 
- version of KASSETA-TVEG code which performs 
assembly macro calculation using three 
thermal neutron subgroups for more accurate 
definition of absorber pins worth and pin by 
pin power distribution 
- two dimensional fine mesh code for pin by 
pin power and fuel burnup calculations in 
core radial cross section (calculates 
cooperative with three dimensional code 
BIPR-7). The use of six neutron groups 
including three thermal neutron subgroups is 
possible (original PERMAK use four groups 
including one thermal group) 
- three dimensional version of PERMAK code 

- Developed third generation of computer codes package 
TVS, RAFNOD 

BIPR-8 

BIPR-8KN 

PERMAK-NOD 

- spectral codes similar to KASSETA code. 
They use more detailed approximations for 
calculation of the spectrums of fast, 
slowing-down, resonance and thermal neutrons. 
As MCU code (Monte-Carlo) they use estimated 
neutron cross sections library developed in 
RRC KI. TVS code permits to calculate 
absorber rods containing Hf. RAFNOD code is 
intended for cross sections generation for 
PERMAK-NOD code 
- two groups three dimensional coarse mesh 
nodal code - physical simulator of WER /4/ 
- BIPR-8 version for three dimensional 
time-depended spatial neutron kinetics 
calculations. BIPR-8KN is being coupled with 
thermohydraulic code ATHLET developed in GRS 
- nodal analog of PERMAK code /4/ 

Planned date of codes validation is 1995. 

IAEA Consultant's Meeting 18-22 April 1994 
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An experimental investigations on critical facilities 

- extensive data bank of investigations results which been 
performed in 1970-1980 on experimental critical facilities ZR-6 
(TIC, KFKI) and LRO (INR, Rjej) /5/ 

- data bank of investigations results which been performed in 
1950-1980 on experimental critical facilities of Kurchatov 
Institute 

- new data of experiments on critical facilities of Kurchatov 
Institute 

* experiments with lattices containing fuel pins with 
absorber of IFBA type (Gd203) 
* experiments with lattices containing absorber rods (BAR) 
with Hf 
* experiments on full scale critical facility WER-1000 with 
standard fuel assemblies of three years fuel cycle 

- critical parameters of the out-in-in type core loading 
pattern as a function of control rods arrangement and 
boron acid concentration 
- critical parameters of the in-in-out type core loading 
pattern as a function of control rods arrangement and 
boron acid concentration 
- time depended spatial neutron kinetics 

- experiments at Kurchatov Institute's critical facilities in 
1994 

- with burnable absorbers of IFBA type (ZrB2) 
- with imitation of new design fuel assembly 

- high temperature critical experiments in 1993-1994 on MATR 
facility in PPI (Obninsk) 

- building of experimental critical facility SUPR in PPI 
(Obninsk) for investigations of lattices with mixed fuel (it is 
planned to begin the experiments in 1995) 

IAEA Consultant's Meeting 18-22 April 1994 
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Elaboration of the new fuel management strategies, 
calculational justification of cores operation 

with experimental fuel assemblies 

- Few variants of in-core fuel management strategies with low 
neutron leakage are elaborated 

-with using of fuel assemblies with stainless steel spacing 
greeds and directive tubes 
- with burnable absorber rods BAR 
- with burnable absorber IFBA type (Gd203) 
- with burnable absorber IFBA type (ZrBj) 
- with decreased size of central hole in fuel pellet 

-with using fuel assemblies with zirconium spacing greeds and 
directive tubes 

- without central hole in fuel pellet, using IFBA (ZrB2) 
providing fuel load life time up to 18 month 

- Calculational analysis of mixed U-Pu fuel utilization in 
WER-1000 have been performed /6/ 

- Justified 
- abandon using half length absorber rods 
- using of low neutron leakage fuel loads (20 loads) 
- low leakage fuel cycle for U-U NPP 1 
- WER-1000 Balakovo NPP fuel loads operating with 
experimental fuel assemblies 

* with zirconium spacing greeds and directive tubes 
* with IFBA (Gd203) 

- In 1994 there is planned to perform for the new fuel assembly 
design (zirconium spacing greeds and directive tubes, absorber 
rods with B4C/Hf with increased diameter, decreased size of hole 
in fuel pellet) 

- analysis of possibilities of introducing of 
* three years fuel cycle with BAR, IFBA (Gd203, ZrB2) 
* four years fuel cycle with BAR, IFBA (Gd203, ZrB2) 
* fuel cycle with 18 month load life time 
* three years fuel cycle with days and weeks schedule 
of power maneuvers 

- justification of possibility of fuel load operating 
with new design fuel assemblies in the core 

IAEA Consultant's Meeting 18-22 April 1994 
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Collecting, analysis and generalization of 
the core start-up and operating neutronics data 

Collecting, analysis and generalization of the core start-up 
and operating neutronics data for WER-1000 fuel loads have been 
continued. Main attention have been paid to comparisons of 
calculational results with operating data for low leakage loads. 

Performing of the special neutronics measurements 
at operating WER-1000 

- measurements of the reactivity effects and coefficients, the 
control rods worth at BOC and EOC 

- investigations of the transients on Xe-135 caused by control 
rods moving and power variations 

- investigations of time-spatial neutron kinetics transients 
caused by control rods moving 

- investigations of features of power behavior of experimental 
fuel assemblies with IFBA during fuel burnup 

- analysis of data correlation obtained from different monitoring 
systems (look below) 

Development of the in-core monitoring systems, elaboration of the 
on-line computer code - operator adviser 

- elaboration of the new neutron flux monitoring system 

- development of the in-core monitoring system 

- elaboration of operator adviser systems for Novovoronej and 
Kalinin NPPs 

Elaboration and introducing of the new requirements on calculational 
justification of the fuel loading operating 

In 1993 there was introduced the new state's standard 
defining requirements on WERs neutronics calculations. Standard 
requires the elaboration of operator adviser system for 
optimization of transients in conditions of power maneuvers up to 
the end of 1995. 

IAEA Consultant's Meeting 18-22 April 1994 
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Conclusion 

^Described works have a goal to make the basis for 
introducing of the new fuel cycles for WER-1000. Introducing of 
this cycles will be made using fuel assemblies of new design. 
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1. Introduction 

At the* end of the seventies the commissioning of a WER-1000 NPP 
at the site of Stendal was agreed between former Soviet Union and 
GDR. On the basis of the Technical Project (TP) established by 
several Russian institutions in 1981, it was decided that the re
actor should be in a two years fuel cycle operation (one reloa
ding per year where the half of the fuel must be reloaded). 

It was planed that after a certain period a transition from the 
two to a three years fuel cycle should be realized. 

The KAB AG was the general-contractor for the construction of 
this NPP. Therefore, KAB AG developed among other extensive cal
culation code systems for the modelling of the WER core beha
viour. These calculation code packages (summarized in the enclo
sure) were developed for 

- preparation of stationary and quasi-stationary neutron physi
cal characteristics (PHYBER-WER); 

- in-stationary/dynamical core calculations and safety analysis 
(DYBER); 

- incore fuel management and neutron fluence calculations at the 
surface of the reactor pressure vessel (NEUBER) . 

The codes were verified extensively and in great detail using 
measured data during commissioning and operation from different 
WER-440/1000 NPPs. On the basis of the accuracy assessments the 
packages were continously upgrated and advanced for WER-1000 
working in two years fuel cycle (first step). 

In conformity with the utilizer of the NPP (Stendal GmbH) the KAB 
AG received 1990 the contract to perform the license procedure 
for the commissioning of the NPP for a three years fuel cycle 
operation. The corresponding task was performed in a Consortium 
between K.A.B.AG and Siemens KWUon the basis of the German Atom
ic Law and the pertinent german rules and regulations in the sco
pe of nuclear power plants. 
The investigations for the core safety were carried out by K.A.B. 
AG and the results are summarized according the requirements of 
the ZPI (Zusammenstellung der im atomrechtlichen Genehmigungs-
und Aufsichtsverfahren fur Kernkraftwerke zur Prufung erforderli-
chen Informationen, BMI, 20.10.1982-RS 16-513 801/32) in paper 
m. 

The main goal of the present material consists in an assessment 
of WER-1000 relevant safety parameters on core stability by 
changing of the fuel cycle lengths (transition from two to three 
years fuel cycle)..The given material has at present the charac
ter of a "Draft report" prepared for this "Consultant Meeting" 
only and will be completed in the next future by K.A.B. AG. 

In the second chapter of the report a short survey about the used 
calculational methods (code description) is given. An accuracy 
assessment of the codes for WER-1000 core calculations is pre
sented also. The third chapter contains the results of the in 
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fluence of fuel cycle changes on safety relevant parameters for 
the VVER-1000 core stability. In the discussion data from diffe
rent literature sources are included. Chapter four outlines some 
ideas'for further investigations and measures in the scope of the 
VVER-1000 core safety enhancement. 

2. Survey about calculation codes 

The calculations were carried out for a two years and three years 
cycle of a WER-1000 reactor using the codes NESSEL-4 (local bur
nup code), the macro burnup core calculation codes PYTHIA/TRAPEZ 
and the code RETINA for the assessment of effects concerning the 
reactor vessel embrittlement. For a so-called transition regime 
(transition from two to three years fuel cycle) first results of 
a comparison between measured and calculated values for NPP Rov-
no are presented.For the Kalinin NPP corresponding calculations 
are in an ongoing process and will be published in the final re
port by K.A.B. AG. 

2.1.1 Calculation Method of the code NESSEL-4 

NESSEL-4 calculations are performed in a 34 group model (24 epi-
thermal, 10 thermal energy groups) for a cylindrical supercell. 
Cross-sections for the most important fuel nuclides are prepared 
on the basis of the ENDF B-IV data file. 
In the epithermal energy range the spectrum calculation is per
formed in B-l approximation. Flux heterogenity in the fast energy 
range (E > 0.8 MeV) is taken into account by the "Fast advantage 
factor". 
In the resonance region (0.465 eV < E < 4.65 keV) the self-
shielding of different nuclides (fuel, clad, burnable 
absorbers ..) is taken into account using f-factor method sugge
sted in the ABBN-data set. Self-shielding factors are estimated 
in dependency on temperature and dilution cross-section. A mutual 
overlapping of different nuclide resonances is neglected. The 
equivalence theorem is applied with special selected X g-factors 
to obtain a good agreement with the U-238 resonance integral mea
surements performed by Hellstrand for U02 and U-metal fuel pins. 
In the thermal energy range (E < 0.465 eV) the transport equation 
in cylindrical geometry is solved using first flight collission 
probabilities. 
The spectrum calculation is carried out for a selected part of 
the reactor core. In the simplest case this part is represented 
by a single fuel-pin, consisting of fuel, clad and the moderator 
region. For more complicated assemblies (supercells, fuel-
elements..) the real district is subdivided into several cylin
drical zones and a successive homogenization in the more group 
model is performed. The real structure of the given assembly (he
xagonal or square geometry) is replaced by different cylindrical 
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zonesr. At the surface of the selected assembly the white boundary 
condition is assumed. The condensation and homogenization of the 
assembly is performed on the basis of the calculated more group 
spectrum. 
For local burnup calculations two simplified Uranium-Plutonium 
chains containing (n,2T) -processes and (3-decay are introduced.-
The explicit treatment of 6 saturation fission products (Cd-113, 
Xe-135, Sm-149, Sm-151, Eu-155, Gd-157) is realized. The other. 
fission products are considered as pseudo-fission products. 
For burnable absorbers (B-10, Gadolinium, Europium..) special 
chains containing only (n, tf*)-processes are introduced. 

2.1.2 Scope of Application 

NESSEL-4 is applied in performance of calculations for: 

- criticality parameters (K n̂f-, Kef-f, B^ ); 
- neutron few group diffusion parameters for fuel elements 
and non-multiplying media like control rods, moderator 
regi ons; 

- micro- and macro cross-sections (regionwise) in dependen
ce on local burnup 

2.1.3 Code Validation and Verification 

NESSEL-4 code was intensively checked up against 

- solutions of international wellknown benchmarks 
- benchmark experiments at critical facilities with 
square and hexagonal lattices 

- zero-power measurements performed at the critical 
facility ZR-6 for large series of different WER 
lattices 

- micro-burnup benchmark calculations and measurements 
for square and hexagonal lattices 

- operational data in combination with macro burnup codes. 

2.1.4 Accuracy Assessment 

a) Numerical benchmarks/benchmark experiments: 

AKeff CX3 ~ (-0.4/+0.1) 
The deviation is given in comparison with MC-reference solutions 
or the criticality condition within the experiment respectively. 

b) WER critical facility ZR-6 for unperturbed and perturbed fuel 
pin lattices (in combination with 2D diffusion codes): 

A Keff ZX1 < * 0.4 X 

c) Nuclide concentrations in comparison with the results of mea
surements at YANKEE/WER-440 reactor: 

A N C%3 = * 3 X (N: relevant fuel nuclides) 
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2.2 Description of Macro-burnup Coarse-mesh Code PYTHIA 

2.2-1. Calculation Method 

The code calculates the 3D neutron flux distributions for criti
cal reactor core conditions in asymptotical diffusion approxima
tion with additional correction of the power distribution and the 
macro-burnup at the core boundaries. The calculations are perfor
med for PUR with hexagonal fuel-elements and a control system 
consisting of boric acid and control rods of neutron trap or clu
ster type for piecewise stationary or stretch-out conditions as 
well as for Xenon-transition processes. 

Code is basing on a modified diffusion equation for the epither
mal neutron flux in hex-z geometry. For the discretization of the 
diffusion equation a difference method in linear or square appro
ximation is applied. The non-linear equation system (by reason of 
feedbacks) is numerically solved by a conjugated or an under-re
laxed gradient method. 
The solutions of the corresponding eigenvalue problem are the ef
fective multiplication-factor and the neutron flux vector. 
The long-time behaviour of the core is taken into account using a 
macro-burnup model. The time dependence is realized in a statio
nary approximation. 
Xenon- and Samarium-effects are explicitely considered in a qua-
sistationary approximation. 
For discrete time points the criticality of the core is estimated 
by a step by step, automatical regulation of the control system 
(boric acid concentration or control rods). 

Feedbacks of neutron physical and thermohydraulical characteri
stics are taken into account by parameter dependencies of coeffi
cients in the equation system. 

The primary data for PYTHIA are prepared by KASTALIA on the basis 
of NESSEL-4 (Micro-burnup code) and STE2 (Calculation of boundary 
conditions) results. The PYTHIA input sets contain effective pa
rameters, extrapolation length's and certain parameters for cha
racterization of the thermal energy part including the correspon
ding parameter dependencies. 

2.2.2. Scope of Application 

PYTHIA was applied for calculation of loading, reloading patterns 
and stationary Neutronic Characteristics of about 80 WER reactor 
operation cycles (in Germany, Russia, Ukraine, Eastern European 
countries). 
The most important output informations are: 

- 3D macro-burnup and power distribution for fuel-elements 
- critical boric acid concentration during cycle 
- Xenon transients and oscillations 
- control rod worth's and efficiencies 
- safety relevant reactivity parameters and coefficients 
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2.2.3. Accuracy Assessment 

A summary of the code accuracy for selected parameters is presen
ted in Tab.l of the PHYBER code package description (see enclosu
re). Included in this table are the mean errors of measured va
lues also. 

2.3 Description of the code TRAPEZ 

2.3.1. Calculation Method 

Basis of the neutron flux calculation is the two-group 3D diffu
sion equation. Within the code TRAPEZ the fuel-element area is 
subdivided into 8 trapezoidal nodes. 
The 3D problem is transformed by separation into a 2D (x,y-
geometry) and a ID (per height) solution. In (x.y)-direction par
tial solutions for fluxes within the nodes are approximated by 
exponential and trigonometrical functions. 
The eigenvalue and ownvector calculation is performed using usual 
methods. For inner iteration an over-relaxation method is app
lied; for the outer iteration a Tshebysheff-method is used. 

2.3.2 Scope of Application 

TRAPEZ calculates: 
- critical conditions (critical boric acid concentration and 
control-rod positions) 

- 3D flux and power distributions 
- burnup distribution across the fuel-elements 

2.3.3 Accuracy Assessment 

2D Benchmark for WER-1000 core 

Code Keff cr (*/.) min (%) max (%) 

FLEX (fine-mesh) 1.21668 -
TRAPEZ (nodal) 1.21634 0.43 -1.10 0.53 

2D IAEA Benchmark for Square Fuel-element Assemblies 

Code Keff a (%) min (%) max (%) 
MEDIUM 1.0296 -
TRAPEZ 1.02958 0.10 -0.43 0.43 



- calculation of relative 3D flux distributions at outcore de
tector positions to assess effects resulting from rod drops 
or fault core loadings 

- flux calculation for the shielding around hexagonal structured 
cores with arbitrary composition 

- calculation of Greens influence function for selected points 
and energy ranges 

- calculation of activation- and DPA-rates as well as effects of 
the RPV embrittlement ( transition of temperature shift) 

2.4.3 Code Validation and Verification 

The accuracy of RETINA was checked up against results of diffe
rent numerical benchmarks. The main results are summarized in the 
following: 

- In comparison with DOT 4.2 the calculated integral neutron 
fluxes by RETINA at the inner- and outer surface of the RPV 
don't achieve (see fig 2) 

. A $ < 10 *i at the azimuthal maximum 

. A $ < 5 V. for the axial distribution at azimuthal maximum. 

- In comparison with results of MC code calculations the in
fluence function for the fuel-assemblies at core boundary 
doesn't achieve 6% at the inner surface of the RPV 

- In comparison with MC code calculated neutron fluences for the 
unit 4 of NPP Greifswald (at the end of cycle 10) deviations 
lower 5 V. are observed for E > 1 MeV by RETINA 

2.5 Survey about code packages at K.A.B AG 

Some short informations about of other available calculation co
des at K.A.B. AG are summarized in the enclosure 1 of the given 
material. 
All the codes were developed at K.A.B.AG in the division of Re-
actorphysics. 
These codes for a long period were commercial applied in our NPPs 
(Rheinsberg,- Greifswald) and intensively tested and evaluated by 
solutions of numerical benchmarks, benchmark experiments and by 
comparison with evaluated data from experiments under zero-power* 
and power conditions for WER NPP of former GDR, Finland and COM
ECON countries. 
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310,5 

Schematic view of the twelfth WER-1000 in the horizontal section. 

1 - fuel assemblies; 2 - Iron-water shield, 3 - barrel; 4 - water; 
5 - pressure vessel; 6 - reactor cavity; 7 - thermal shield; 
8 - concrete shield; 9,10,11 - channels of the ionization chambers 
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Fig.2. : Azimuthal distribution of the integral neutronflux * at 
the RPV-surfaces 
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3. Discussion of results 

For the first four cycles of the NPP Rovno (WER-1000/ 3. unit) 
the critical boric acid concentrations and axial peaking factors 
were calculated by the codes PYTHIA and TRAPEZ. In the Fig. 
3.1.1-3.1.12 the corresponding values are presented together with 
results of measurements. The results demonstrate the present ac
curacy of both codes and seems to be useful for the results in 
the following chapters. 

The cross-sections for both codes were prepared for two- and 
three years fuel assemblies on the basis of NESSEL-4 code. The 
data cover the boron acid concentration, moderator temperature 
and fuel temperature in the following range: 

0 < CB < 10 [g H3B03/kg H203 

550 < TM < 603 t°K3 

550 < TB < 1500 C°K] 

The WER-1000 core height of 355 cm was subdivided into 10 axial 
layers (into 20 layers in the case of PYTHIA). Additional one 
layer was used for the characteri2ation of the reflector at the 
top and bottom of the core. The whole core consists of 163 fuel 
assemblies with a hexagonal lattice step of 23.6 cm. One radial 
ring of reflector assemblies is added in the calculations. 
The accuracy of both codes in comparison with the measured values 
is sufficient and is in the interval of the experimental errors. 

3.1 Moderator temperature coefficient investigations 

The calculations for changes of the moderator temperature coef
ficient caused by a transition from a two into a three years fuel 
cycle were performed by the code PYTHIA. The core composition of 
both cores is presented in Fig. 4-5.1. 
The results for the moderator temperature coefficient are summa
rized in the Fig. 6.1-6.12 in dependence on temperature and boric 
acid concentration. 

The moderator temperature coefficient shows a significant depen
dence on moderator temperature, boric acid concentration and the 
control rod positions. With increasing of the temperature the mo
derator density decreases and reduces the moderation property and 
the reactivity is decreasing. 
At presence of boric acid in the moderator the increasing of the 
moderator ̂ temperature is connected with an decreasing of the ac
tual neutron absorption by reason of the reduced amount of boron 
kernels. This effect increases the moderator temperature coef
ficient and is significant for large boron concentrations. 
The comparison of the results for these calculations demonstrate 
the wellknown circumstance of a positive moderator temperature 
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coefficient in the two years cycle. These conditions should be 
excluded using control rod strategies with inserted control rod 
groups at the beginning of the cycle. This procedure requires so
me changes in the actual safety regulations. 
The commissioning of of WER-1000 in the three years cycle and 
the transition of the operating units into a three years regime 
takes into account the above mentioned fact. 
Further investigations for the moderator temperature coefficient 
for such transition cycles (NPP Kalinin/Rovno) should be complete 
the here presented results. 

The lower values of the moderator temperature coefficient in the 
three years regime are realized by a decreased boric acid concen
tration in the moderator. This can be achieved by an utilization 
of burnable absorbers in the fuel assemblies with increased en
richment. 

3.2 Xenon effects 

The transition from the two years to three years cycle doesn't 
change the problem of the control of Xe-oscinations in WER-1000 
reactors. The possibility of the occurence for such oscillations 
exists for all reactors with these dimensions. They must be moni
tored using appropriate control systems. For our opinion a corre
sponding automatical control rod system for the WER-1000 reac
tors is at present not available. 
For the investigation of the core behaviour during typical load 
alternation processes which induce Xe-osci nations a full day pe
riod with a power reduction of 50% was calculated by the aid of 
PYTHIA. The calculation was performed for the beginning of a 
three years fuel cycle. 

Fig.7.1-7.4 show the axial offset, position of control rod group 
10 and the axial peaking factor as a function of time. The in
fluence of the axial Xe-distribution on the axial power distribu
tion can be clearly noticed. 
These calculations can be continued to determine optimal control 
rod strategies for reducing of the Xe-oscinations. 
For the treatment of the Xe-osci nations it seems to be important 
that the used control regime should be working automatically. In 
such a case the offset can be limited and therefore the Xe-
oscillations are more or less excluded. 
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Abb. T zeigt das Beladekartogramm des Kerns fiir die erste Kampagne des Zwei-
j ahreszyklus. 
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3.3 Reactor pressure vessel embn ttlement 

3.3.1. Calculational method 

The neutron fluence is the time integrated neutron flux with the 
lower boundary of EQ at 0.5/1.0 MeV according (1). 

(1) F (> E0) = ^ \ §{txt) it 

By the aid of the diffusion code PYTHIA the 3D power and burnup 
distribution was calculated for the two- and three years VVER-
1000 fuel cycle. The fuel assemblies were subdivided in the core 
calculations into 20 spatial equivalent axial layers. For these 
regions the neutron source distribution Qg was calculated accor
ding (2) . 

where 

r = position in the centre of the fuel assembly region 
Ak = specifical burnup CMWd/KgU3 
v = energy production 
E. = energy release 
"X* = fission spectra 

The neutron flux density $ was calculated by the code RETINA 
using a point kernel method. By the aid of RETINA the influence 
function was estimated and the operational regime was calculated 
taking into account the time dependent power- and burnup distri
bution in steps of A= 40 MWd/Kg U by the code MADAM. 
On the basis of the 100 neutron group library EURLIB-4 C 1 for a 
ID geometry model the group fluxes were calculated on the basis 
of the Sn code ANISN. These fluxes were used for the generation 
of the point kernel parameters for the above mentioned energy va
lues (EQ= 0.5/1.0 MeV). 

3.3.2. Azimuthal and axial distribution of the integrated neutron 
flux $ (>E0)at the inner surface of the reactor pressure vessel 
(RPV) 

In the figures 8.1 -8.2 the azimuthal and axial distribution of 
the integrated neutron flux $(>lMeV) at the beginning (B0C: t=40 
d€ff) and the end of cycle (EOC: t=280 deff) are presented. 
The azimuthal maximum was at ©=8° and was independent from the 
burnup condition. The axial distribution is a function of the 
burnup by reason of the changes in control rod positions. At the 
beginning of the cycle the axial maximum is at zo=l40 cm (zQ=175 



1 S 

ZQ=75 cm 

the midplane), but at the end of the cycle the maximum is at 
from the core lower flange. At this height the integra

ted n'eutron fluxes are in agreement at the end and the beginning 
of the cycle. The position of the weld Nr. 3 is at 81.5 cm with 
respect to the core boundary. 

Therefore for the assessment of the neutron fluences after 40 
years of operation the maximal values of the neutron flux at the 
beginning and the end of the cycle are used. 

BOC 

EOC 

$(>1 MeV) 
$(>.5 MeV) 

for (207.8, 
for (207.8, 

8° 
8° 

,140 
,140 

3>(>1 MEV) for (207.8, 8' 
$(>.5 MeV) for (207.8, 8' 

cm) 
cm) 

75 cm) 
75 cm) 

= 4.196*10+1° cm~2s 1 

= 6.128*10+10 cm~2s 1 

= 3.721*10+1° cm~2s-l 
= 5.406*10+10 cm~2s_1 

At the end of the cycle the maximal values are of about 12% lower 
as at the beginning. Using a loadfactor of 0.8 the following ma
ximal fluences in dependence of the operational time t^ are ob
served (Tab.l). 

BOC 

EOC 

f luence/ tb 

F(>1) 

F ( > . 5 ) 

F(>1) 

F ( > . 5 ) 

10 y 

1 .06 

1 .55 

0 . 9 4 

1.36 

20 y 

2 .12 

3 .09 

1.88 

2 . 7 3 

30 y 

3 . 1 8 

4 . 6 4 

2 . 8 2 

4 . 0 9 

40 y 

4 . 2 3 

6 .18 

3 . 7 6 

5 .46 

Tab.l: Maximal fluences at the inner surface of the WER 1000 RPV 
in dependence on the operational time (values are given in 10+19 

cm"2) 

The influence of the different fuel cycles (2 or 3 years) on the 
neutron fluence is negligible. The effect doesn't exceed 3.5%. 

A comparison of the fluences after 860 full power days ( it cor
responds to 3 cycles in the 2-years cycle and 3 cycles and 60 
days from the fourth cycle in the case of the 3-years cycle, 
respectively) is given in Tab.2. The time dependence is presented 
in Fig.8.3 (or Tab.2). 



Value 

F(>1) 
F(> .5) 

^T f [ K] 
T K C°C3 

2-years cycle 

M i dp 1 ane 

2.51 +18 
3.58 +18 

35.2 
10.2 

welding 

2.55 +18 
3.64 +18 

30.8 
30.8 

3-years cycle 

Midplane 

2.60 +18 
3.70 +18 

30.6 
.10.6 

we1d i ng 

2.63 +18 
3.73 +18 

31.0 
31.0 

Tab. 2: MADAM results for 860 effective days (approximately 3 
cycles) 

A comparison of the integrated neutron fluxes at the beginning of 
the cycle with results of Kaloshin calculated for the NPP Stendal 
Z 1 gives differences lower 5'/.. 

3.3.3 Increasing of the critical temperature of brittleness 

An increasing of the critical temperature of brittleness is cal
culated according russian data from the literature Z 1 by the 
expression (3). 

(3) AT F = AF * V F(>.S)io** ,F(>.5 MeV) CcnT2) , TF CK3 

The brittlement factor Ap depends on several factors especially 
from the material composition and the irradiation temperature. 
The pressure vessel consists in the core region of steel rings of 
the type 15H2NMFA-A. For the calculation of the critical brittle
ment temperature informations from GIDROPRESS and ZES SKODA are 
available. For an averaged neutron fluence of F(>.5) = 5.7* 
10 J-3 cm ^ after 40 years of operation the following results are 
calculated at an irradiation temperature of T= 290°C. 

Institution 

ZES-
Skoda 

GIDROPRESS 

Material 

Basis mater. 
Weld 

Basis mater. 
Weld 

Vcl 

-25 
-15 

-25 
0 

A F t ] 

23 
23 

23 
20 

TKC°C1 

64 
74 

63 
77 

T K 0 : critical temperature of brittlement before irradiation. 

On the basis of the results in Tab.l and the GIDROPRESS values 
the following results for the brittlement transition temperature 
caused by neutron irradiation at the azimuthal fluence maximum 
are observed: 
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Max. va1 
BOC 

Weld 
EOC 

tb [year] 

A TF CK3 

10 y 

57.3 

47.7 

20 y 

72.2 

60.2 

30 y 

82.6 

68.9 

40 y 

90.9 

75.9 

Tab. 

3.3.4. Safety technical assessment 

the safety technical rule KTA 3203 [ 3 for the mo-
the irradiation brittleraent of the RPV materials of 
reactors for an expected neutron fluence F(>1 MeV) 
>19 

According to 
nitoring of 
light water 
of 10+18...10+19 cm-2 at the end of the design time an irradia 
tion programme is required. 

A comparison of the brittlement temperature increasing shows: 
T41 (Fig 4-1 of KTA 3203) is in a good agreement for the low cup
per and phosphor content with the results in chapter 3. 

cm'3- Sx10w 

Neutionenfluenz. #(E>1MeV) 



The maximal fluence values F (>1 MeV) for the VVER-1000 are lo
wer '(see Tab.l) as the values which are typically for older NPP 
units in Germany. Here the values are in the order of (5-6)* 
10""19 cm"2. 

For the actual reactor types a fluence limitation of 10+19 cm-2 

is required according KTA rule 3203. These values are achieved in 
the reactors of Konvoi-type where fluences of about 0.5*10+19 at 
present are observed. 
The necessity of an extended irradiation programme must be empha
sized. For the evaluation according KTA 3203 detailed informati
ons for the specimens (pressure vessel-, welding ) and for 
the position of the measurement channels are necessary. 

For the reduction of the maximal neutron fluences we recommend 
low leakage loadings with high burnt out fuel assemblies in posi
tions at the core edges; special investigations are under prepa-
tion in our company. 

Necessary activities/measures for the next future: 

- Determination and collection of informations for the irradiati
on programme; 

- Selection of material specimens; 
- Investigations for fluence decreasing/reduction measures; 
- Improvement of the analysis of the embrittlement safety for the 
RPV according KTA 3203 requirements (see enclosure). 
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ENCLOSURE 1 ' 

Characteristics of calculation code package PHYBER 

The code system PHYBER has been developed in the end of the 60th, 
and since this time was used to calculate stationary NPCs for 
roughly 80 years of reactor operation in Germany. 

A special feature of the system consists in the calculation of 
hexagonal fuel element lattices and to supply full-core burnup 
calculations with appropriate boundary conditions. 

The 34-group spectrum depletion code NESSEL is used for the homo-
genization of fuel assemblies and subregions of reflectors or 
control rods with subsequent condensation. The results (mainly in 
form of 4-group diffusion parameters) are transformed with the 
help of KASTALIA to get parametrized input data for full-core 
burnup calculations. These are carried out by means of the PYTHIA 
code in a 3-dimensional hexgonal geometry. Results of PYTHIA are 
interpolated in NUBIS to get reactivity effects and other consti
tuents of the NPC. Finally fine-mesh distributions of power den
sity, burnup and nuclide densities within fuel assemblies are 
calculated by DERAB and NUKO on the basis of interpolated coarse-
mesh fast flux distributions. Cross-sections and energy spectra 
are taken from the corresponding permanent libraries. The results 
of DERAB are used for hot channel analyses. 

Characteristics of calculation code system DYBER-CORE 

The calculation of nuclear and project safety measures taking in
to account imaginable incidents forms the basis of the licensing 
procedure. 
This procedure varies according to the national legislations and 
also calls for the design of operating instructions, damage regu
lations and test running designs. 
For judgement of operating disturbance effects and for the esti
mation of premissble reactor power calculation codes are ne
cessary, determining the safety-technical important parameters 
like system pressure, DNB-ratios, fuel and clad temperature and 
steam content in heavily loaded channels. 

In the DYBER-CORE system are included a down-dimensional as well 
as a three-dimensional calculation path. 
The three-dimensional path for the analysis of instationary pro
cesses is precendencely applied. 
The low-dimensional path especially for an analysis of WWER-440 
core behaviour is used. 
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DYBER-CORE consists of a neutronphysical data supply complex and 
several codes for calculation of the neutron-physical characteri
stics (PYTHIA, TRAPEZ, POLEX). 
Basis of thermohydrauIical data sets are experimental results and 
recomendations of russian institutes and organizations. 
Heat-technical data are taken from the literature or are code-
results for the description of fuel-rod behaviour. 

PYTHIA calculates the statical characteristics of the core (reac
tivity effects, reactivity coefficients, node-averaged power dis
tributions. 

DERAB calculates in dependence on burnup the micro-depletion 
distribution (pin by pin) in a fuel assembly taking into account 
the 6 halfs of the surrounded fuel assemblies. 
By the aid of INCO and FLOPOIN instationary parameter behaviour 
for a fuel assembly and safety relevant parameters like DNB ratio 
for hot-channel conditions are calculated. The three-dimensional 
path is applied for the core behaviour of WWER-1000. 

RAUDY, DYN3D calculate the instationary node averaged power dis
tribution; FLEX and DERAB calculate the pin by pin power distri
bution and micro depletion distribution, respectively. 

INVER calculates the instationary local parameters in rod bundles 
and estimates the safety relevant parameters for hot channel con
ditions. 

The DYBER-CORE system is completed by other components for speci
al tasks, so for : 

- the evaluation of statical and dynamical signals of measure
ments ; 

- reactor vessel fluence charges; 
- studies and analyses of critical heat current density; 

and by plant-dynamical codes (DYBLO, ANDY), which are off-line 
coupled with core dynamic codes.. 

Characteristics of the calculation code system NEUBER 

The NEUBER code package system is used for neutron transport cal
culations outside of the reactor core for the assessment of ef
fects concerning the reactor pressure vessel behaviour. 



In the path ANISN-RETINA-MADAM a point kernel-method is used. The 
time behaviour for the neutron flux for selected points of scree
ning is calculated. These results are used to generate special 
material- and safety relevant parameters. 

The effective point kernel parameters are prepared on 1-
dimensional more group Sn calculations. 
An explicite consideration of the 3-dimensional source distribu
tion and material distribution is realized (hexagonal in area and 
in z-direction for core height). 

RETINA: Neutron flux calculation outside of source districts with 
hexagonal structure 

Method: - 3-dimensional point kernel integration (semianalytical) 
- using of effective point kernel parameters 
- consideration of the detailed geometry 

ANISN: Calculation of more-group flux depression in radial di
rection for fuel-assemblies 

Method: - 1-dimensional more-group Sn method 

Code verification 

Statistical methods were applied for the elaboration of the ex
perimental data necessary for a comparison with the calculated 
values by the code packages FHYBER, NEUBER and DYBER. 

Some results are shown in the following table for illustration. 
The parameters listed in the first column obviously have strong 
correlations to safety and economics of reactor operation. 

The errors of measurement and of calculation are presented in 
the second and third column of the tab. All values must be under
stood in terms of statistics. 

The numbers are averaged values over all core loadings included 
in the evaluation. In 70% of all cases the errors are found wi
thin the denoted intervalIs. 

In the case of nuclide number densities no averaging had to 
done, and confidence in the results of measurements is 95%. 
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Short description of codes within the K.A.B.AG calculation code 
packages: 

NESSEL-4: Spectrum- and Microburnup Calculation Code for Pre
paration of Neutron-physical . Characteristics for 
Stationary and In-stationary Core-conditions 

FLEX: 2D- fine mesh Diffusion Code for Neutronflux and Power 
Distribution Calculations of WER Fuel-element 
Assemblies 

RETINA: Code for 3D Neutron Flux Distribution Calculations 
Outside of WER Cores for the Assessment of Effects 
Concerning Reactor Pressure Vessel Embrittlement 

DYN3D-M2: Code for calculation of the Dynamic WER-reactor 
Core Behaviour for Short-time Processes like Reac
tivity Initiated Accidents 

PYTHIA; 3D Macro-burnup Calculation Code used for WER Cores 
in the Scope of Loading, Reloading, Fue 1-Management, 
Core-design and Safety Related Measures 

NUKO: Code for the Calculation of Fuel Nuclide Inventory 
(Heavy Nuclides and Fission Products) of WER, RBMK 
and CANDU Fuel Pins 

DERAB: Code for Calculation of Neutron Flux, Power Density 
and Burup Distribution within WER Fuel-elements 

TRAPEZ: 3 D Macro-burnup Calculation Code on Advanced Nodal 
Method used in the Scope of Core Design 

STE2: Code for Calculation of Boundary Conditions for Plane, 
Cylindrical and Hexagonal Assemblies on the Basis of an 
Analytical Method 

PREPAR: Code for Preparation of Input Data for Fine- and Codes 
Basing on NESSEL-4 Results 
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Data prepa
ration 

Few group 
data 
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CORE DESIGN AND POWER DISTRIBUTION 
CONTROL STRATEGY 

EFFECTIVE POWER DISTRIBUTION CONTROL 
REQUIRES TWO MAJOR COMPONENTS 

RADIAL POWER DISTRIBUTION CONTROL 

AXIAL POWER DISTRIBUTION CONTROL 
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JAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

CORE DESIGN AND POWER DISTRIBUTION 
CONTROL STRATEGY 

• RADIAL POWER DISTRIBUTION CONTROL 
STRATEGIES 

«• STABLE RADIAL POWER DISTRIBUTION CONTROL IS 
DETERMINED BY ESTABLISHING A GOOD LOADING 
PATTERN WHICH MEETS LIMITATIONS FOR PEAK LINEAR 
POWER, INTEGRATED ROD POWER, MOST POSITIVE FUEL 
TEMPERATURE COEFFICIENT, ETC. 

«• LOADING PATTERN IS PRIMARILY INFLUENCED BY 
SELECTION OF ENRICHMENTS, BURNABLE POISON 
DESIGN AND DISTRIBUTION, AND REACTIVITY 
DISTRIBUTION OF FUEL ASSEMBLIES 

«- UNLESS LOAD CHANGE IS REQUIRED, CONTROL RODS 
SHOULD BE KEPT OUT OF CORE 

«• OPTIMAL NEUTRON ECONOMY CALLS FOR THE USE OF 
LOW LEAKAGE LOADING PATTERNS (L3P) 

«• L3P NOT ONLY IMPROVES NEUTRON ECONOMY, BUT 
ALSO REDUCES NEUTRON FLUENCE TO REACTOR VESSEL 

• RADIAL POWER DISTRIBUTION CONTROL 
REMAINS RELATIVELY CONSTANT THROUGHT 
CORE LIFE WITH APPROPRIATE STRATEGIES 

• CORE POWER DISTRIBUTION CONTROL REDUCES 
TO CONTROL OF THE AXIAL POWER 
DISTRIBUTION 
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IAEA CONSULTANT'S MEETING 
CORE GONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

CORE DESIGN AND POWER DISTRIBUTION 
CONTROL STRATEGY 

AXIAL POWER DISTRIBUTION CONTROL 

«• STABLE AXIAL POWER DISTRIBUTION CAN BE OBTAINED 
BY MAINTAINING AXIAL POWER DISTRIBUTIONS NEAR 
TO THE NATURAL EQUILIBRIUM DISTRIBUTION 

«• AXIAL POWER DISTRIBUTIONS MAY BE KEPT NEAR THE 
NATURAL EQUILIBRIUM DISTRIBUTION BY KEEPING THE 
XENON DISTRIBUTION IN PHASE WITH THE AXIAL POWER 
DISTRIBUTION 

«" WESTINGHOUSE CONSTANT AXIAL OFFSET CONTROL 
(CAOC) STRATEGY PROVIDES AN EFFECTIVE STRATEGY 
TO MINIMIZE ZENON OSCILLATIONS DURING FULL 
POWER AS WELL AS LOAD FOLLOW OPERATIONS 

«• OPTIMIZATION OF CONTROL ROD OVERLAP CAN ASSURE 
MONOTONIC BEHAVIOR OF THE AXIAL POWER 
DISTRIBUTION 

«• DEVELOPMENT OF A XENON DAMPING STRATEGY CAN 
SUPPRESS XENON OSCILLATIONS IF THEY OCCUR 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

CORE CONTROL PROBLEMS & SOLUTIONS 
IN WESTERN PWR 

LACK OF A WELL DEFINED CORE DESIGN AND 
POWER DISTRIBUTION CONTROL STRATEGY 
WILL RESULT IN POOR POWER DISTRIBUTION 
CONTROL 

POOR POWER DISTRIBUTION CONTROL RESULTS 
IN LOW CAPACITY FACTORS 

«• REACTORS EXPERIENCE NUMEROUS TRIPS 

a UNFAVORABLE POWER DISTRIBUTIONS OR UNACCEPTABLE 
RATES OF CHANGE IN POWER DISTRIBUTIONS LEAD TO 
REACTOR TRIPS 

a ATTEMPTS TO CONTROL POWER DISTRIBUTIONS TO 
UNREALISTICALLY TIGHT BANDS RESULTED IN TRIPS 

• USE OF PART LENGTH CONTROL RODS FOR "POWER 
SHAPING" LED TO XENON OSCILLATIONS AND TRIPS 

«• FUEL UTILIZATION EFFECTIVENESS IS REDUCED 

a ADVERSE POWER DISTRIBUTIONS RESULT IN FUEL BURNING 
INEFFICIENTLY, REDUCING CYCLE LENGTH 

SOLUTION: DEVELOPMENT OF POWER 
DISTRIBUTION CONTROL STRATEGIES 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

EFFECT OF TRANSIENT XENON DISTRIBUTION 
ON SPATIAL POWER DISTRIBUTIONS 

• PWRs WITH A NEGATIVE POWER COEFFICIENT 
OF REACTIVITY ARE INHERENTLY STABLE TO 
OSCILLATIONS IN TOTAL CORE POWER 

• CHANGES IN POWER CAUSE XENON 
CONCENTRATION CHANGES WHICH 
ACCELERATE THE POWER CHANGES IN THE 
SHORT TERM 

• AXIAL OR RADIAL OSCILLATIONS IN SPATIAL 
POWER DISTRIBUTION CAN OCCUR WITHOUT 
CHANGING THE TOTAL CORE POWER 

• OSCILLATIONS OF SUFFICIENT MAGNITUDE 
COULD CAUSE LOCAL THERMAL DESIGN LIMITS 
TO BE CHALLENGED 

• STRATEGIES WHICH MINIMIZE RADIAL AND 
AXIAL OSCILLATIONS PROVIDE EFFECTIVE 
CONTROL PROCESSES 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

COMPUTER SIMULATIONS OF 
CORE POWER DISTRIBUTION CONTROL 

• NUCLEAR MODEL 

«• ONE-DIMENSIONAL (AXIAL), TWO GROUP, DIFFUSION 
THEORY 

«• SPACIALLY DEPENDENT FEEDBACK EXPLICITLY 
MODELED 

a XENON 
a SAMARIUM 
a CONTROL ROD INSERTION POSITION 
D SOLUABLE BORON CONCENTRATION 
a WATER DENSITY 
a FUEL TEMPERATURE 

«• AUTOMATED SEQUENCES FOR POWER DISTRIBUTION 
STUDIES 

• TYPICAL WESTINGHOUSE RELOAD CORE MODEL 
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JAEA CONSULTANTS MEETING i& I ^ 
CORE qONTROL AND PROTECTION STRATEGY FOR VVER-1000 REACTORS 

SIMULATED LOAD CHANGE WITHOUT 
AXIAL POWER DISTRIBUTION CONTROL 

WITHOUT OPTIMIZED CONTROL ROD OVERLAP 
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f IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

CONSTANT AXIAL OFFSET CONTROL 
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IAEA CONSULTANTS MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

SIMULATED LOAD CHANGE WITH ±5% 
AXIAL POWER DISTRIBUTION CONTROL 

WITHOUT OPTIMIZED CONTROL ROD OVERLAP 
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AXIAL OFFSET VERSUS CONTROL ROD INSERTION 
WITHOUT OPTIMIZED CONTROL ROD OVERLAP 

Non-Monotonic Behavior of AO vs Control Rod Insertion 
Position Above Rod Insertion Limit Makes AO Control Difficult 
if Not Impossible 
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CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

AXIAL OFFSET VERSUS CONTROL ROD INSERTION 
WITH IMPROVED CONTROL ROD OVERLAP 

• Monotonic Behavior of AO vs Control Rod Insertion Position 
Above Rod Insertion Limit Makes Rod Motion to Control AO 
Obvious and Simple 
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CORE CONTROL AND PROTECTION STRATEGY FOR VVER-160O REACTORS 

SIMULATED LOAD CHANGE WITH +5% 
AXIAL POWER DISTRIBUTION CONTROL 

AND IMPROVED CONTROL ROD OVERLAP 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

POWER DISTRIBUTION CONTROL AND 
XENON CONTROL RECOMMENDATIONS 

• POWER DISTRIBUTION CONTROL STRATEGIES 
THAT PROVIDED DESIRED LOAD MANEUVERING 
CAPABILITIES AND FUEL LIMITATIONS WERE 
NECESSARY 

• CONTROL STRATEGIES THAT AVOIDED XENON 
OSCILLATIONS AND THAT CONTROLED OR 
DAMPENED THESE OSCILLATIONS WERE 
DEVELOPED 

• CLEAR, WELL DEFINED, SIMPLE TO APPLY 
PROCEDURES AND TRAINING WERE DEVELOPED 
AND PROVIDED TO OPERATIONS STAFF WHICH 
ADDRESSED: 
«• POWER DISTRIBUTION AND CONTROL 
«• XENON TRANSIENT CONTROL 

• CONTROL ROD CLUSTERS, GROUPING, AND 
OVERLAP PROCESSES WERE DEVELOPED TO 
OPTIMIZE BANK REACTIVITY AND POWER 
DISTRIBUTION CONTROL 

• PART LENGTH RODS WERE ELIMINATED 

• AN INTEGRATED APPROACH TO CORE DESIGN, 
CONTROL, AND PROTECTION IS USED 
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CORE CONTROL AND PROTECTiON STRATEGY FOR WER-1000 REACTORS 

ADVANCED XENON CONTROL STRATEGIES 

XENON CONTROL MODE: 
A CONTROL REGION IS IDENTIFIED. WHEN XENON IS 
MOVING FROM A SKEWED DISTRIBUTION TO A MORE 
NEUTRAL DISTRIBUTION NO CONTROL ACTION IS REQUIRED 

AXE 

H I DILUTE 

I INSERT CONTROL RODS 

BORATE 

WITHDRAW CONTROL RODS 
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IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

BENEFITS OF A WELL DEFINED 
POWER DISTRIBUTION CONTROL APPROACH 

• ADVANTAGES 

w RADIAL AND AXIAL POWER DISTRIBUTIONS ARE EASY 
TO CONTROL 

« ADVANCED FUEL DESIGNS AND LOADING PATTERNS 
EASY TO IMPLEMENT 

• AXIAL BLANKETS 

a LOW LEAKAGE RADIAL DESIGNS 

• RECONSTITUTABLE FUEL ASSEMBLIES 

a ADVANCED BURNABLE ABSORBER DESIGNS 

«• LONGER FUEL CYCLES POSSIBLE WITH IMPROVED FUEL 
CYCLE ECONOMICS 

«• LOW LEAKAGE LOADING PATTERNS IMPROVE NUETRON 
ECONOMY AND REDUCE CYCLE COSTS 

•r LOW LEAKAGE LOADING PATTERNS REDUCE VESSEL 
FLUENCE 

185 
E:\SAT94\IAEA413d.WPF - 94/04/07 - 16 

file://E:/SAT94/IAEA413d.WPF


IAEA CONSULTANT'S MEETING 
CORE CONTROL AND PROTECTION STRATEGY FOR WER-1000 REACTORS 

SUMMARY 

• EFFECTIVE POWER DISTRIBUTION CONTROL 
PROVIDES: 

«• EASE OF OPERATION AND CONTROL 

«• ENHANCED SAFETY 

«• UNNECESSARY TRIPS ARE MINIMIZED 

«• IMPROVED FUEL CYCLE ECONOMICS 

«• IMPROVED PLANT OPERATIONAL FLEXIBILITY 

• ALL OF THESE BENEFITS CAN BE ACHIEVED 
EASILY BY: 

«• EFFECTIVE RADIAL POWER DISTRIBUTION CONTROL 
THROUGH INTEGRATED DESIGNS 
o OPTIMIZED LOADING PATTERNS, INCLUDING LOW LEAKAGE 

«* EFFECTIVE AXIAL POWER DISTRIBUTION CONTROL 
STRATEGIES 
O STRATEGIES TO MINIMIZE XENON OSCILLATIONS AND 

PROVIDE DAMPING IF THEY OCCUR 
a OPTIMIZATION OF CONTROL ROD INSERTION AND OVERLAP 
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INTRODUCTION 

When I started working on the Temelin project, I had the 
opportunity to visit four WER sites with 12 VVER-1000 PWRs 
in operation. 

There are many good features of VVER-1000 PWRs 

Many VVER-1000 problems are similar to problems we have 
had in Westinghouse PWRs 

o There were similarities and differences in solutions made 
on VVER-IOOOs and on Westinghouse PWRs 

o Different solutions are interesting and generally viable 

o Some VVER-1000 approaches may be fundamentally 
sound, but are not permissible under nuclear safety codes 
in the western world. 

Example: VVER-1000 design practice uses 
"preventive protection" (or "limitation functions") to 
limit transients short of reactor trip, and these 
functions are credited in safety analysis. Western 
nuclear safety codes forbid that practice, whatever its 
other merits, unless all design details can meet 
rigorous design criteria. Generally, that is not 
achievable. 

o Most of this presentation will address Westinghouse 
experience that may be interest to WER-1000 operators 
and designers. 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
CONTROL SYSTEM DESIGN 

ILS. PWRs are generally "reactor follows turbine" control 
mode. (VVER-IOOOs are most often in "turbine follows reactor" 
control mode) 

Westinghouse has used "separated" rather than "integrated" 
design, with generally good experience. 

Separate - major variables have independent controllers 

Integrated - major variables are controlled by a single 
controller 

o Combustion Engineering also uses separated concept 

o Babcock & Wilcox adopted integrated control (needed for 
a once-through steam generator) 

o Westinghouse will use "control coordinator" concept for 
Temelin 

Reactor control systems: Five relatively simple system? 
- Reactor control rod control 
- Feedwater control (steam generator level) 
- Steam dump 
- RCS (pressurizer) pressure 
- RCS (pressurizer) level 



WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 

REACTOR CONTROL ROD CONTROL 

TURBID 
POWER 

A 
M JT) FA 

TAVO = tTi <JT • Tcofl 1/2 > 

— 

1 

T«F 

TO STEAM 

DUMP CON-
i m _ i _ 

HIGH-PASS 
Ftt - I th < 

ROD SPEED CONTROLLER 

+ 

4-

OUTRJT' 

> 
-/RODS 

' ROOS_ 

INPUT 

IN 

ROO 

SPEEO 

POWER 

191 



WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 

FEEDWATER CONTROL 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 

PRESSURIZER PRESSURE CONTROL 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
FEEDWATER CONTROL PROBLEMS 

The biggest problem in reactor control systems has been 
feedwater control (for steam generator water level), especially 
at low power (such as plant startup) 

o Inverted U-tube steam generator has a level instability at 
low power with cold feedwater: 

- Even at low power, steam void content in tube 
bundle is relative high 

- If level drops, feedwater must be added 

- Cold feedwater collapses steam void, and level drops 

o Solution 

Digital control of main valve at high power and bypass 
valve at low power 

- Program wide-range level as a function of feedwater 
temperature for startup operations 

Digital controller has been a significant factor in reducing 
plant trips. 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
EXPERIENCE WITH "SUPERVISORY" FUNCTIONS 

Control functions that do not regulate, but act only if 
parameters are out of their normal control range, have been 
called "supervisory" functions, "preventive protection", 
"intervention", and "limitation". 

These functions include 
- Blocks of Control Rod Withdrawal 
- Turbine load runback 
- Control rod insertion, bank drops 

Westinghouse used turbine runback & rod block for protection 
in early PWRs (1960s) 

Development of rigorous design criteria for protection system 
design (IEEE-279) ended use of these functions for protection. 

With few exceptions, there has been little need for these 
functions for control in U.S. PWRs. 

Control rod bank drop is used by one U.S. PWR vendor 
(Combustion Engineering) for rapid reduction in reactor 
power 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
PROTECTION SYSTEM DESIGN 

Reactor Trips 

Fuel Design Limits (DNB and fuel melting) 

o High nuclear flux 

o Overtemperature Delta-T (T^ -T^ ) 
(Provides DNB protection, with variable setpoint 
based on RCS pressure and temperature, and axial 
power distribution) 

o Overpower Delta-T (high core thermal power, setpoint 
corrected for core power distribution 

o Low RCS Pressure 

o Low RCS Flow (also pump undervoltage & 
underfrequency) 

RCS Integrity 

o High RCS Pressure 

o High pressurizer water level 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
PROTECTION SYSTEM DESIGN 

Reactor Trips 

Heat Sink Protection 

o Low SG water level (also variable low feedwater flow) 

Miscellaneous 

o Sudden neutron flux increase (rod ejection protection) 

o Sudden neutron flux decrease (rod drop protection) 

o High source and intermediate range flux 

o Manual 

o ESF actuation 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
PROTECTION SYSTEM DESIGN 

Engineered Safety Features Actuation 

o ECCS on low RCS pressure or high containment pressure 
or low steam line pressure 

o Feedline isolation on any ECCS signal or on high Steam 
Generator water level 

o Steam line isolation on high steam flow 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
PROTECTION SYSTEM PROBLEMS 

Two problems are worthy of mention: 

1. Getting an accurate and dependable signal from the 
process (more measurement than instrument 
problem) 

2. Excessive frequency of reactor trips (mostly 
unnecessary) 

To illustrate difficulties in getting accurate signals, consider 
measurements of RCS temperature in hot and cold legs. 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
TEMPERATURE MEASUREMENT 

During startup of San Onofre in 1968, Westinghouse found 
anomalous indications of low coolant flow when computed from 
hot and cold leg temperatures. 

o 10% below design flow in two loops 

o 20% below design in third loop 

Extensive testing found large temperature variations within a 
coolant pipe (hot leg and cold leg) 

o Up to 5°C peak-to-peak noise (~1 hz) 
o Up to 5°C from on side of the pipe to the other 
o Both hot leg and cold leg affected (but MCP mixes water) 

Variations were caused by gradients in core or steam 
generator and not fully mixed in pipe. 

VVER-1000s also appear susceptible to temperature 
streaming, but to lesser extent. 

o Generally less than 3°C spatial gradient in hot leg 

o Negligible cold leg steaming downstream of MCP 
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WESTINGHOUSE PRACTICE ON TYPICAL U.S. PLANTS 
TEMPERATURE MEASUREMENT 

Solution to RCS temperature streaming: 

o Measure cold leg downstream of MCP* 

o Make multiple measurements in hot leg (three locations, 
120° apart, several from pipe wall) 

o Average multiple measurements from different locations 

o Monitor changes from normal, rather than difference from 
design* 

* these also appear to be VVER-1000 practice 
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FREQUENCY OF REACTOR TRIPS, • 

The frequency of reactor trips on typical VVER-IOOOs is 
reported to be higher than currently achieved on U.S. PWRs. 

In late 1970s, the US nuclear industry established reduction in 
the frequency of reactor trips as a priority issue. 

The high frequency of reactor trips (averaging 6 to 8 per 
reactor year) was considered to be of concern to both safety 
and to reliable, economic operation. 

Causes of reactor trips: 
o Plant startup (especially feedwater control) 

o Imperfect maintenance during plant shutdown 

o Turbine-driven feedwater pump unreliability 

o Steam generator feedwater control malfunctions 

o l&C testing 

o Instrument imperfections plus inadequate allowance for 
margins to trip 

Focused effort has caused a major reduction in frequency of 
reactor trips 
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FREQUENCY OF REACTOR TRIPS 

REACTOR TRIPS PER CALENDAR YEAR 

AVERAGE FOR ALL WESTINGHOUSE PWRs IN U.S. 

1980 THROUGH 1993 

C i X R V I M 
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FREQUENCY OF REACTOR TRIPS 

The average frequency of reactor trips on Westinghouse plants 
has been reduced from 8 per reactor year in 1980 to 1.2 in 
1993. 

Causes of reduction in trip frequency: 

o Sharing of experience between PWRs 

o Expert panels to address common causes of trip 

o Equipment modifications 

- improved feedwater control 
o automatic control of bypass valve at low power 
o digital feedwater control 

- elimination of some reactor trip functions 
o co-incident steam-feed mismatch and low SG 

water level 
o negative flux rate trip 
o increase margin to trip where practical 

NOTE: Lack of SAFETY margin (to the safety 
limit) was never a cause of frequent trips. Lack 
of OPERATING margin (to the trip setpoint) 
sometimes caused unnecessary and undesirable 
trips. 

o Maturity of operation 

o improved maintenance practices 
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THREE MILE ISLAND (TMI) ACCIDENT 

TMI accident in 1979 caused severe core damage (partial core 
melting) 

Caused by a pressure transient that opened a pressurizer relief 
valve. The relief valve stuck open, causing a LOCA. 

This event had not been specifically analyzed for the TMI plant. 
Operators were untrained (and misled by information display). 

(One lesson: Be humble on ability to predict how events 
will occur) 

Extensive investigations of the event led to many, many 
changes in operation, licensing, emergency preparedness, and 
other areas. But, caused very little change in automatic 
reactor control and protection systems. 

o TMI changes related to Control and Protection 

- Information display for accidents 
- Post Accident Monitoring System 
- Reactor Vessel Level Indication System 
- Safety Parameter Display System 

- More consideration of "beyond design basis events" 
- Emergency Response Guidelines 
- Probabilistic Safety Assessments 
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THREE MILE ISLAND (TMI) ACCIDENT 

Two mechanical failures plus human error: 
1. Loss of feedwater caused rapid pressure increase in RCS 
2. Pressurizer relief valve opened and stuck open 

Operators were misled by symtoms and untrained for event. 
Result: Partial core melting 
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ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) 

Issue: Postulate a failure of all redundant equipment because 
of a common cause that prevents a reactor trip ("common 
mode failure"). Show adequate public protection for most 
frequent transients. 

Extensive analyses in the 1970s showed PWRs 
- have large degree of inherent, self-limiting characteristics 

that prevent core damage, 
- major PWR concern is RCS integrity (overpressure) 

NRC issued regulation (10 CFR-50.62) for existing PWRs and 
BWRs 

- Westinghouse PWRs had the least overpressure, and 
had to provide only diverse turbine trip and 
emergency feedwater actuation; 

- B&W & CE PWRs had to provide a diverse reactor 
trip; 

- BWRs had to provide a diverse control rod insertion 
system, automatic liquid injection, and recirculation 
pump trip. 

Advanced PWRs under development will have digital protection 
systems. For these, the NRC requires a diverse trip system 

- less conservative performance requirements (no core 
melt) than primary protection 

- need not be "safety grade" 
- more realistic assessment 
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W-PWR AND VVER-1000 DIFFERENCES 

Automatic vs manual intervention 
VVER-IOOOs tend to have a higher degree of automation; 
W-PWRs tend to have simpler emergency systems that 
are generally turned on automatically and later controlled 
by the operator 

Reliability vs multiple layers of defense 
W-PWRs tend to emphasize reliability of each layer of 
defense; VVER-1000s have more layers. Example: 
VVER-IOOOs can ride through trip of a main coolant 
pump, which happens relatively frequently. W-PWRs 
cannot ride through trip of an MCP, but MCPs seldom trip. 

Explicit core DNB limit protection 
W-PWRs have reactor trips with variable setpoints to 
protect against DNB; VVER-1000s tend to have fixed 
setpoints. 

Number of Reactor Trip algorithms 
VVER-IOOOs have many more reactor trips than W-PWRs 



TEMELIN CONTROL AND PROTECTION SYSTEM 

The Temelin project is incorporating Western control and 
protection features into WER-1000 system: 

o Digital instrumentation system 

- Reactor protection system 

- Reactor Control and Limitation System 

- Plant Control System 

- Core monitoring and control strategy 

o Probabilistic Safety Assessment (PSA) 

o Diverse Protection System for protection against common 
mode failures in the primary reactor protection system, 
based on PSA goals 

o Post Accident Monitoring System, including Reactor 
Vessel Instrumentation System (PAMS & RVLIS) 

o Safety Parameter Display System (SPDS) 

o Safety analysis report following U.S. NRC guidelines 
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TEMELIN CONTROL AND PROTECTION SYSTEM 

The functional design of the Temelin Control System is based 
on typical VVER-1G00 practice with the following functional 
upgrades: 

o Addition of variable control rod speed control 

o Addition of variable pressurizer heater control (for one 
bank of heaters) 

o Addition of steam flow signal in feedwater control 

o Additional feedwater control algorithm changes are being 
evaluated 

o Limitation System modifications 



WESTINGHOUSE REACTOR TRIPS FOR TEMELIN 

For Temelin, Westinghouse will supply the fuel, protection 
system, and core related safety analysis. 

o Westinghouse reactor trips to protect against DNB will be 
added 

o Most WER-1000 reactor trips are being retained 
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COMPARISON OF REACTOR TRIP FUNCTIONS 

TemeirnWER-IOOORPS 

Low Period (source) 

Low Period (power) 
High Rux (var) — 

High Flux (107%) 
High Rux (3 RCPs), 75% Nom 
High Rux (2 RCPs -o), 57% Nom — 
High Rux (2 RCPs -a), 50% Nom 

High Steam Pressure (7.8 MPa) 

High RCS Pressure (17.6 MPa) 

Hot Leg Temp > Tnom + 8 C 
Low Pressurizer level (4600 mm) 

Manual Action 
Loss of Power Supply 

Reactor Scram 

Proposed Westinghouse RPS 

High Rux (Source) . 
High Rux (Intermediate) 
High Startup Rate (Source) 
High Startup Rate (Intermediate) 
High Rux Rate (Power) 
High Rux (25% Nom) 

Overpower Defta-T -
High Rux (109% Nom) 
High Rux (3 RCPs) -
High Rux (2 RCPs -o) 
High Rux (2 RCPs -a) 

High Steam Pressure (7.8 MPa) 

High RCS Pressure (17.6 MPa) 
Hot Leg Temp > Tnom + 8 C 
Low Pressurizer level (4600 mm) 

Manual Action 

Loss of Power Supply 

Reactor Scram 
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COMPARISON OF REACTOR TRIP FUNCTIONS 

TemelfnWER-IOOORPS 

(Tsat-Thot)<10C 

Low RCS Pressure (14 MPa) _ 

High Hot Leg Temp (250 C) — 
AND 

Low RCS Pressure (15 MPa) — 

Power > 75% Norn 
AND 

Proposed Westirtghouse RPS 

Overtemperature Delta-T 

Tsat-Thot< 10 C 

Low RCS Press (13 MPa) — 

Power > 10% Norn 
AND 

RCP Active _ 

High RCP dP.— 

Low RCP dP — 

AND t — 
AND 

Low RCP Frequency (3/4 RCPs) 

> 1 RCP trip 1 -

Power > 75% Nom _ 

> 2 RCPs trip 1 

Power > 5% Nom — 

AND 

AND 

Rapid Reduction In Row 

Power-To-Ftaw 

RCP underfrequency (2/4) — 

Power > 10% Nom 
AND 

> 1 RCP off — t-

Power>75%Nom 
AND 

> 2 RCP off 

Power > 10% 
AND 

reactor scram 

High Pressurizer Level (92%) 

reactor scram 
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COMPARISON OF REACTOR TRIP FUNCTIONS 

Temetfn WER-10O0 RPS 

Low SQ Level (-650 mm) 

RCP Active 
AND 

Low Steam Pressure 

(Tsat - Ts) > 75 C — 
AND 

High Containment Pr (0.03 MPa) 
(Tsat-Thot)<10C 
High Cont Pr (0.13 MPa) 

Low Stm Pr (5 MPa) • 

{Tsat - Ts) > 75 C 
AND 

Actuation of ECCS 

reactor scram 

Proposed Westinqhouse RPS 

Low SG Water Level (20%) 
ZL 

start emergency feedwater 

Low SG level 

RCP Active 
AND 

(Tsat-Thot)<10C 

High Cont Pr (0.02 MPa) 

Low Stm Pr. (5 MPa) — 

Tsat-Ts>75 
AND 

High Containment Press 
(0.02 MPa) 

steam line isolation 

Actuation of ECCS 

reactor scram 

High SG Water Level (90%) 

reactor scram feedwater isolation & turbine trip 



The l&C Replacement Spectrum 

Limited to Outage 

Not Operating 

Band-aids Limited Backfits Evolutionary Upgrades Revolutionary Replacements 

Sequoyah Eagle-21 

Functional 

Conservation 

New Electronics 

NOK Upgrade Plan 

System Upgrades 

to a 

Long Term 

Modernization Plan 

Temelin l&C Replacemen 

New 

Architecture 

Integrated System 



I&C Replacement Trade-offs 

Time Available 

Funding Available 

Regulatory Risk 

Skills required 

Contractual Risk 

Plant Rework 

Publicity 

Additional Features 

Higher Reliability 

Reduced Maintenance 

Enhanced Testability 

Parts Availability 

Increased Performance 

Growth Potential 



l&C REPLACEMENT SUGGESTIONS 

ESTABLISH AN l&C REPLACEMENT VISION . . . 

o Select a long range architecture which permits growth 

o Select technologies which can evolve; but also plan for 
obsolescence 

o Select enhancements which can be integrated into the 
long term architecture 

o Develope suppliers as long term partners in your 
performance 
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ADDENDUM 

The objectives of U.S. and International Standards are to . . . 

— ensure that the NPP safety and control systems are 
designed correctly to carry out the required functions, and 

— ensure that the systems operate reliably and can be 
counted on to function when they are needed following an 
accident. 

The requirements for Digital Safety and Control Systems are the 
same as for their analog predecessors, no more nor less. 

The principle standards for safety systems are . . . 

— IAEA Safety Series No. 50-SG-D3 "Protection System and 
Related Features in Nuclear Power Plants", and 

— IEEE Std 603-1991 "IEEE Standard Criteria for Safety 
Systems for Nuclear Power Generating Stations" 

For important control systems, guidance is found in . . . 

— IAEA Safety Series No. 50-SG-D8 "Safety-Related 
Instrumentation and Control Systems for Nuclear Power 
Plants" 
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The features of digital systems provide benefits that make it 
easier to meet, or exceed, the requirements placed on nuclear 
l&C by standards. 

Design Requirement Digital System Feature that Supports 
Requirement 

Protective Actions shall be automatically Flexibility of digital algorithms allows 
initiated under all plant modes varying plant modes to be 

accommodated 

Spurious operation shall be minimized By distinguishing between failed states 
and bona fide actuations, digital systems 
can be fault tolerant 

There shall be independence between By using fiber optic, multiplexed 
redundant portions of the system connections, absolute electrical 

independence is guaranteed while at the 
same time.allowing more information to 
be exchanged with less cabling 
congestion 

There shall be functional isolation 
between safety and non-safety systems 

The systems shall be testable 

Means to control unauthorized change 
shall be provided 

Consideration should be given to "fail
safe" design principles 

Equipment shall be designed to permit 
easy maintenance, repair and calibration 

Sensor validation algorithms discriminate 
failed sensor signals from the valid ones, 
thus preventing adverse actions caused 
by failed sensors 

On-line diagnostics reduce the effective 
test interval to near zero, while at the 
same time provide coverage for the most 
likely faults 

Configuration control information can be 
imbedded into the software design and 
automatically checked by diagnostics 

The dynamic nature of digital systems 
means that the vast majority of failures 
are detectable and appropriate "safe" 
actions can be designed into the system 

In addition to the self diagnostic 
features, automatic self calibration and 
stable, drift-free operation reduce 
required calibration intervals to near zero 
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IAEA Safety Series No. 50-SG-D8 categorizes control systems 
according to their importance to safety. 

The highest category includes systems and components: 

1) whose malfunction or failure could lead to undue radiation 
exposure of the site personnel or public, 

2) that prevent anticipated operation occurrences from leading 
to accident conditions, or 

3) mitigate the consequences of malfunction of failure of other 
systems and components. 

The highest category includes: 

— reactor power regulation 

— reactor coolant inventory control 

— reactor coolant pressure control 

— steam generator feedwater control 

— steam pressure relief 

— interlock and limitation functions 

The requirements on the highest safety-related control category 
are nearly as stringent as on the safety system itself, with the 
exception being not having to withstand the effects of severe 
design basis events, such as earthquake, flood and fire. 
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Computer Software, which is a necessary component of digital 
safety and control systems, adds a flexibility and uncertainty to 
the design process that requires that a greater degree of rigor be 
followed in the design and verification of the safety system. 

The rules for nuclear safety system software design are 
contained in . . . 

— International Electrotechnical Commission Publication 880 
"Software for computers in the safety systems of nuclear 
power plants" (1986), and 

— ANSI/IEEE-ANS 7-4.3.2-1982 "Application Criteria for 
Programmable Digital Computer Systems in Safety 
Systems of Nuclear Power Generating Stations" 

Both of these organizations are active in revising and 
supplementing these standards to reflect the latest advances in 
technology. 

Although the scope of these standards is safety systems, their 
requirements are often applied to high integrity control systems 
as well (Sizewell and Temelin, for instance). 

The basic principles of these standards are . . . 
— A structured, top-down design process must be followed 

with requirements being clearly established and rigorously 
met, 

— The design must be modular with a rational decomposition 
of functions, 

— Clear, auditable documentation of each design step must 
be prepared, 

— The design shall be verified by an independent organization 
following a structured and documented process, and 

— Configuration control of the final product is essential. 
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Core Control and Core Protection Strategy of KWU PWR NPP 
(Aleite - 27. September 1994) 

During the Consultants Meeting an extended verbal presentation was 
given, the content of which is concentrated in the following by commenting the 
overhead slides shown during that presentation (and some others). 

Additionally reference is made to publications, which describe the 
control principle, which has up to now - with only slightly modifications - been 
proved during 20 years in 13 German and foreign PWR NPP. 

Other references report about load-follow capabilities, which can be reached 
using this control principle combined with a ..local core protection function". 
which consists of some - four-fold redundant, qualified - „Limitation Systems", 
which have the same 20 years of operational experience. 

Fig.1: Germany's special, favourable situation in the technical NPP field. 

Fig.2: Generator Power Control System of the NPP I11 // 
with its associated Maximum and Minimum Pressure Control Systems 

and the Reactor Power Control Function consistent of 
- Average Coolant Temperature Control System (ACT) 

- Power Distribution Bank Position Control System (P-BAP) 
- Doppler Bank Position Control System and the (D-BAP) 

- (axial) Power Density Distribution (PD shape) Control System (PD) 

Fig. 3 : Reactor Power Control Systems in more detail: 

0 Average Coolant Temperature Control System (here called CTC) 
acting on the 

- Power Distribution Bank (L-Bank), 
- Doppler Bank ( D-Bank) and 
- Boron Acid (BA) and Demineralized Water (DW) insertion 

via dead-bands of ca. 1 ; 0,5 and 0,25 °C , 

° Power Distribution Bank Position Control System ( here called LPC) 
acting on the D - bank, 

° Doppler - Bank Position Control system ( DPC ) 
acting on Boron Acid (BA) and DW and the 

0 Power Density Distribution Control System 112.11 (here PDC) 
changing the reference value of the LPC. 

Fig.4: Part-Load Diagram of Temperatures and Pressures 

Characteristical: 

° Constant Average Coolant Temperature in the upper power range 
as a prerequisite of good load - follow capabilities, and 

° constant Main Steam Pressure (MSP) in the low power range 
to keep the design value of the secondary side pressure acceptable. 

A vertical „energy balance line" and „star-lines" indicating the history of working 
points are added (as displayed on request via VDUs in the Main Control Room ). 



Fig.5: Core cross section 
with - the radial arrangements of all fuel assemblies 

- the radial rod positions (numbered four-rod-groups + central rod) 
- the radial (left) and axial (right) measuring locations of the 

in-core instrumentation: 
"Cobalt (prompt, continuous) self-powered detectors and 
°Aeroball activation lances (repetitive measurement) 

and the four possible four-rod-group insertion sequences 
(to avoid burn-up delay caused by rod shadowing). 

Fig. 6 Diagram of stationary positions of the control rod groups /banks 

- L = Power - Distribution - Bank (power independent slightly inserted) 
- D 1 to 4 - Groups: inserted one after the other with decreacing power 

in any one of the above mentioned insertion sequences, 
from which they deviate in instationary conditions 

- dependent on the control signal -
and to which they return later automatically. 

To avoid undue local as well as integral Xenon distribution the 
positions in the middle of the core will be kept only for a 
limited time (say some ten minutes) before the rods 'drift' 
out automatically, the direction dependent on the 'return -to -
full - power' program set by the operator (or grid controller). 

Fig. 7: Use of Final Control Elements 
activated dependent on the kind of load -changes required by the 
operator or even - remote - by the grid controller (!). 

Fig. 8 Results of a simulator study to use grey full-length rods 
(„X - Bank" , consisting of four four-rod-groups ) 

for Xenon compensation together with the necessary control. 

The Xenon - feed-back is added as a dotted line. 

Fig. 9 : Radial locations of in-core measurement lances: 
- 28 of the aerobalL (flux mapping) system, and 
- 8 with 6 self-powered in-core detectors each( a total of 48) : 

- iwo in the inner and sjx in the outer region 
unsymmetric to the four-rod-groups ! 

-with dedicated ..surveillance zones". 
At the top left a radialpower density distribution is shown. 
At the right hand side a typical axial 'first-loading' distribution is 
given which shows the calibration principle: 

detectors are calibrated not according to the measured value 
at the detectors location, but to the highest (computed) value 
of its surveillance zone. 

( Please excuse for the German language in the figure I) 
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Fig. 10 to 12: Axial Differences (ADiffs) - top half to bottom half power -
measured with in-core detectors during power ramps of different 
magnitude and rate (which differ considerably from those taken 
with ex-core measuring chambers - here not shown !!) . 

Fig. 13: Analog (!) 3 D - Power Density Distribution Simulation 
Overview about the computing capability of the early 70-es, which has 
been used for the development of the present KWU PWR Control and 
Limitation Systems : a „ Special Hybrid Simulator with an 

AN-alog Di-ffusion Model with 80 Zones (AND! - 80) II3II 

Fig. 14 : Zone arrangements for Axial / Radial and Axial / Azimuthal studies. 
(10zones axial - simulating the 8 coolant channels: a total of 80 zones). 

Fig. 15 : Block diagram of an ANDI Computing Cell 

showing all its different reactivity terms 
and diffusion links to neighbouring computing cells. 

Fig. 16 to 18 : ANDI - 80 simulation results 

They demonstratejocaj Xenon build-up and burn-out 
and local fuel burn-up by control rod shadowing : 

(again excuse for German language). 
- Insertion of a big bank in steps in a fresh first core. 
- Insertion of a big bank in a first core in which a big bank 

has been inserted for about 300 full power days. 
- Axial oscillation of a 4.15 meter high core the doppler coefficient 

of which has become only half of ist original size. 
Exitation: big bank 15% inserted for two hours. 

Fig. 19 : Damping diagram of axial Xenon oscillations. 

Fig. 20: Damping diagram of azimuthal Xenon oscillations. 

Both diagrams are result of numerous ANDI-80 simulations and 
very helpfull for systematic understanding. 

Fig. 21 and 22 : On - site Results and Comparizons. 

- Free axial Xenon oscillation in the NPP Biblis, Unit A and - finally: 
switch-on of the PD - control, which stabilizes the situation Nat once'. 

- Induced azimuthal Xenon oscillation with self - stabilizing behaviour 
in the NPP Biblis, Unit A, at the beginning of the first load cycle . 

( original document!) 



Fig. 23 : Daily load-follow demonstration (three sequential days 1976) 

at the end of the first load cycle of the Biblis NPP, Unit A 
(the first 1200 Mwe unit with only one turbine !). 

Fig. 24 : In-core detector signals 
at a daily load cycle of NPP Biblis, Unit B ,1976 ( Original!). 

Note : All signals of high values are close together! If the highest 
one deviates more than about 5% the detector is probably defect. 

Fig. 25 : Load changes demonstrated with the Grafenrheinfeld NPP 1982 

Fig. 26 : Load-follow operation in the northern German grid (18/19.8.85). 
(Original!) 

Shows the important part of the 1300 Mwe NPP Unterweser 
which is operated in arbitrary load-follow mode (frequency control). 

Fig. 27 : Load diagram of the entire month of August 1985. 

Power limitation caused by grid controller requirements and 
reductions to avoid undue temperature rise of river Weser water. 

Fig 28 and 29 : German Grid Requirements and demonstrated capabilities 

of KWU PWR NPP wit up to 1300 Mwe . 

as figures in a table and in a pictorial format. 

Fig. 30 and 31 : Flux mapping of ^compensated' insertion of one or four rods. 

Result e.g.: rather limited spatial influence of single rods. 

Fig. 32 The Integrated (l&C) Leittechnik Systems 
of KWU PWR NPP . 

Fig. 33 : Trends in the safety philosophy 

especially caused by thefhree Mile Island accident and 
the Cemobyl emergency situation . 

Fig. 34 : KWU's view 1975 of the development of systems and equipment of 
functions important to safety and its defence-in-depth concept. 



Fig. 35 : The Defence - in - Depth Concept: 

Control Systems - Levels of Limitations - (Tripping) Protection System (s). 
(in English and Russion language). 

Development philosophy: IIAll 
(wording of 1978 !!) 

0 with respect to safety : 
„Can any additional equipment he\p to treat the plants more carefull 

so that safety (in a wide sense) increases 
or that the licencing procedure is simplified ?" 

° with respect to availability : 
„ls there any possible equipment that can 

minimize outage time caused by not single events, so that 
introduction of this equipment gives a commercial advantage ?" 

(in steps : singel in a month, quater, year, 5, 10 years !!) 

Fig. 36 : Multiple actions of several Limitation Systems to handle disturbances. 

Fig. 37 : Another demonstration of the working area of the Limitation Systems 

Fig. 38 : Actuation values of the different terms of the 

Power Density Limitation Function (PD-Lim-FT) 
(shown in relation to axial power distribution ) 

- Initial values of the Loss of Coolant Accident (LOCA) 
(Condition Limitation) 

- Pellet - Cladding Interaction (PCI) (Protection) Limitation 
for top and bottom core half each) 

- Power Top-to-Bottem Ratio Limitation (TBR). 
(Non-safety grade!) 

- Loss of Flow Event ( LOFE ) Limitation to ensure the Departure of 
Nucleate Boiling Ratio( DNBR) e.g. in case of a pump trip. 

(Condition Limitation) 
Fig. 39 : Power (left) and time dependence (right; long term(!)) of the PD-Lim-FT : 

Fig. 40 : Relations and staggering of the sub - functions of two of the three 
Limitation systems which together constitute the 

Local Core (Power) Protection Function: 
- Reactor Power Limitation (Reaktor-Leistungs-Begrenzung) 
- Power Density Limitation (Leistungs-Dichte-Begrenzung) und 

(- Rod Movement Limitation (Stab-Fahr-Begrenzung)); 

Classified as: ° Protection Limitation == Schutz-Begrenzung 
(e.g. against center line melt) 

° Condition Limitation == Zustands-Begrenzung 
(e.g. LOCA ; PCI; DNBR ) and the 

(non-safety) ° Operation Limitation == Betriebs-Begrenzung 
( e.g. LV == Power Distribution ). 
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Fig. 41 : Another explanation of the Local Core (Power) Protection Function. 

Fig. 42 : A listing of Limitation Systems of KWU PWR NPP . 

Fig. 43 : The resulting continuity of a Defence-in-Depth based 
Integral Leittechnik (l&C) System 

for disturbance and accident handling 
in comparison to a „Control - (manual) Procedure - Protection System". 

Fig. 44 : Overview about the entire system : 
with - characteristical in- and out-puts , 

- transmission, decoupling, supply, comparizon, 
- redundancy, diversity, 
-voting, supervision, alarming, priority. 

Fig. 45 : Resulting small number of 
- Turbine Trips (without Reactor Trip !!) and 
- Reactor Trips (Scrams) - naturely withJTurbine Trip 

during calender years and years of plants operation. 

Fig. 46 : Assignment of ..Critical Safety Functions" (or ..Safety Parameters") 
and their display together with the other functions of their Systems. 

Fig. 47 The principle idea of an Integrated Information Display System. 

- Overall System, single system and component formats, 
- Bargraph, logic, alpha-numeric and trend-curve formats, 
- X-Y-Diagram and action-status diagram formats, 

and format-sets of all these formats to display 
the best integral information for the actual situation. 

Fig. 48 : Example of possible format-sets : 
Overviews, complex details and -information goals". 

Fig. 49 : The computer system structure of the computerized part of the 
EBocess Information System (Computer Aided == PRISCA) of the 
KWU PWR KONVOI NPPs (in English and Russian language). 

Fig. 50 to 53 : Examples of single formats : 
- Coolant pressure / temparature diagram (Engl. + Russ.) 
- Action status of some reaktor Limitation systems. 
- (more details and connections „behind" the action status) 
- System oriented Plant Overview format. 

Fig. 54: Format-set composition examples for different ..Information Goals". 
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The Special Situation in Germany 

Turnkey contracts 

- development, design, construction, commissioning 

- continuity of responsibility and experience: 

"auto" as well as "human" 

Common rule making 

- KTA - Rules: integral knowledge of all: 

government, institutes, vendors, utilities 

High automation level of conventional power plants 

in the past and in future 

Enhancement in standardized groups 

FIG 1. Germany's special situation in the technical NPP field 



Kraftwerk Union 

[Megawatt Demand Setter, 

L—-Ptl̂ lPii"— 

Feedback controls of; 

ACT Average coolant 
temperature 

P-BAP P-bank position 
D-BAP D-bank position 
PD Power distribution 

CRC Control rod control 
P Power control rod bank 
D Doppler control rod bank 
LPD Local power detector 
Pel Electrical power 

G Generator 
T Turbine 

Feedback controls of: 

GEPO Generator power 
VAPOS Valve position 
SP Speed 
MSMINP Main steam minimum pressure 
MSMAXP Main steam maximum pressure 

to FIG. 2. Power Control systems ofKWU-NPS of Grafenrheinfeld type 
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 ŝ is 

*n 

i 



Kraftwerk Union 

Temperature 20 

t 
////////////• 

280 

Design 
— Stationary 

Design 

Conditions 

Actual 
+ Control Variables Pressure 

i 90 
O Reference Values 

X Measuring Signals 

Prediction 
- - Coarse of Ref. Value 

V Ref. Value Goal 

Trend 
= Power Profile 

* Signal History 

if 
60 80 % 100 

i 

—r— 
20 

Transparency 
</> next Barrier 

Reactor Power 

Coolant Outlet 
Temperature 

Coolant Temperature 
*///////////////,//, Limitation 

Average Coolant 
Temperature 

Coolant Inlet 
Temperature 

Feed-Water-Flow —r-
60 

-i 
% 100 

— i Steam Generator 
Power 

Safety Valve 
Actuation 

Life Steam 
Pressure 

1 Generator Power 
80 % 100 

FIG. 4. Information presentation of the main process variables of nuclear 
steam generation 
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Kraftwerk Union 

Reaktor Power 

90 % 100 
_i 

nod fraenton 

to 
-J 

FIG. 6. Rod control principle ofKWU-PWRs 



Use of Control Elements: 

1. Constant Load • 

Small Changes 

(*0,5X/«in) 
«*» 

boric acid + 

demineralized 

water 

A. 

a) daily load follow .Xenon 

(first used) 

B. 

2 . Medium Load 

changes ^ 

(* 3 %/min) 

the above 
and D-Bank C. 

3. Big Changes 

'(* 10 %/min) 

the above 

and L-Bank 

a.) at partial load also Tavo - Drop 

(United degree !) 

0. 

E. 

238 

FIG. 7. Use of final control elements 



S I E M E N S 
Abbrand: 300Tage,Tageszyklus eingeschwungen Regelung mit L-, D- und X-Bank ohne Bor 

14 16 18 20 22 h 24/0 
t 

FIG. 8. Results of a simulator study to use grey full-length rods 
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LV-Detektoren 
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FIG. 9. Radial locations of in-core measurement lances. 
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Krmttw** Union 

EASE 2132+1100 
paraltet 
Logic Plant Model 

^ ^Controls 
f60A. 240U [ W l (*0A ) 

1 F3 

4dA 

m 

MWJWnW 
i LZ3 

minTmniK 

9QL 

SIEMENS 320 

Minicomputer Programs for 
Monitoring and Control 
(Core Memory 16 K ) 

Function -
Patchboard 

V1360 Mch Hoites)**-

T 

60 Computet 

Controls under . Study 

( 72 A. 160L ) 

60 f 
Power Distribution Display 

Control for 

CRT tyY-Recorder 
40A 400L \2AA 250L 

i. 

ANDI- 60 
Core 
Simulation 
60 Computing 
Celts 

(1200A) 

Rod Model 
6 Banks 

(360A,950L) 

^220 

Power and 
Rod Bank 
Position 
Controls 

(170A,600L) 

A: Active Analog Elements bActive Logic Elements 

FIG. 13. Analog 3D - Power density distribution simulation 



Axiat-/Radial - Programming - Mode & *'°(-/Azimufhaf— Programming - Mode 

to 
of the ANDl - 30 - Model 

FIG. 14. Zone arrangements for axial/radial and axial/azimuthal studies 
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Kraftwerk Union 

v v Control Rod v m 

T Insertion Y Boron Concentration 
v Factor + jr + 

[Control Rod 1 1 Boric Acid 
[influence 1 1 Poisoni 

FIG. 15. Block diagram of an ANDI-computing cell 



RuBverteilung abhangig von der Stabbankstellung Unabgebrannt 

Xenonvergiftung in Gleiqhgewichtsverteilung bei Stabbankstellung 20% 

Kernhoh 

Verteilung der NeutronenfluBdichte 
i i—-—i 
0 1 2 

70 80 90 100% 
Stabbankstellung 

FIG. 16. ANDI - 80 simulation results 



SIEMENS 
00 

RuBverteilung abhangig von der Stabbankstellung Abbrand:300 Vollasttage 
Abgebrannt mit Eintauchtiefe 20% 

Xenonvergiftung in Gleichgewichtsverteilung bei Stabbankstellung 20%) 

% 

i 
Kernhohe 

! — 

10 20 30 40 50 60 70 

Verteilung der NeutronenfluBdichte — • 
i 1 1 

0 1 2 

80 90- 100% 
—•" Stabbankstellung 

FIG. 17. AND1 - 80 simulation results (continued) 



Schwingung der axialen Leistungsdichte bei tonstanter Gesamtleistnnr^ 

Kernhohe, , 

10 
2GJ 

% 

w L-BanksteHung 

Kernhohe: 4,15m 
Doppler Koeff.: Halbe Werte des KKS-Kerns 
Storuog: Steuerstabbank 2h Jang 15% eingetaucht 

FIG. 18. ANDI - 80 simulation results (continued) 
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Mm t Reactor Power 
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EOC 
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v ith constant 
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Amplitude of Oscillations 
0 • — i — e — * • i — r t •• « 
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FIG. 19. Damping of axial power distribution oscillations in 1300 MW-core 
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FIG. 20. Damping diagram ofazimuthal xenon oscillations 
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FIG. 21. On-site results and comparisons 
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FIG. 25. NPP Grafenrheinfeld load changes 5/82 
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FIG. 27. Load diagram of the entire month of August 1985 
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German Grid Requirements: * 
(for Nuclear Power Plants) 

Ramps: + 5%/min over 59% of Full Load 

+ 10%/min over 20% of Full Load 

Steps: ± 5% (with 1%/s - 60%/min) 
with a period of ca. 5 minutes 

All in a Range of 40 to 100% of Full Load 

Federal German Grid Association: 
"Operational Behaviour 
of Thermal Power Plants 
Necessary for a Reliable Power Supply" 

FIG. 28. Load follow capabilities of KWU-PWR-NPPs 

KWU - PWR - NPPs of 1300 MW 
demonstratet to date: 

± 2%/min over 70/80% of Full Load 

± 5%/min over 55/72% of Full Load 

± 10%/min over 19/23% of Full Load 

±60%/min over 8/10/15% of Full Load ("Step") 

All in a Range of 20/30 to 100% of Full Load 

# "Quick start-up" (after trip) from 
0 to 100% FL in 20 to about 40 min. 

# Load rejection to house load of unrestricted 
duration by rod drop power cutback and 
with an only 45% condensor bypass 
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% of Full Load + 60%/min ±10%/min 
±10%FL ±20% of FL 
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± 70/80% FL 

1 1 1 1 r -
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— * • Time 

FIG. 29. Demonstrated load follow capability of KWU-PWR-NPPs 
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10° Ex-core Neutron Flux 
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In-core Measurements 
by Aeroball System 

0\ 

FIG. 30. Flux mapping of 'compensated' insertion of one rod 



-30% 

FIG. 31. Flux mapping of 'compensated' insertion of four rods 
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QKWU 

Special 
Systems 

FIG. 32. The integrated (I&C) Leittechnik Systems of KWU-PWR-NPP 
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FIG. 33. Trends in the safety philosophy 
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FIG. 34. Plurality of control systems for disturbance handling 
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FIG. 37. Disturbance handling in KWU-NPPs 
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Qiovu 

fuel center line melt limit 
pre LOCA energy storage limit 
power gradient limit 
(erroneous steam request) 
power limit 
- load rejections, 
- pump irlps 
- rod drops 

pre LOCA energy storage limit (fix) 
pre event (local) DNB limit (short tern) 

- top/bottom relation limit (control) 
- PCI limit (long term) 

Rod Movement Umitatiol 

anaTogVdigital position signal comparison 
rods in banks 
banks insertion limits (power dependent) 
banks velocity limits (reactivity gradient) 
pre scram shutdown margin limits 

FIG. 41. Local core (power) protection function (continued) 
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Power distribution 
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Shut down margin, 
Boron concentration, 
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- Water blocking, 

Velocity 
Rod drop 

Big Boron 

Inventory, Pressure, Temperature gradient Limitation 
- multiple influences 

FIG. 42. List of limitation systems 



- J 
4i> QKWU 

Normal Operation 
(frequent) 

load-follow 
operation 

Abnormal Operation 
(often / seldom) 

main 
controls 

load 
rejections 

pump 
trips 

reactivity 
disturbances 

Accidents 
(very seldom) 

leaks 
/, 

KWU 
technique 

Feed-back 
Controls 

WRe Reactor Protection System (according to KTA 3501) 

Emergencies 

beyond 
design 

* ' . . > ' 

'^ fSI-^f i Reactor Protection S 
\W2,jr. 

Surveillance Systems 

% % '//, 

Operational Manual Procedures "after 30 minutes" 

Process-Information-System 

other 
technique 1 

manual 

Controls 

Procedure "N, AB-"ACC" and 

m RPS 'm, 

fo 

• .w .w .'.v .w .w AV .vi* .«• l 
NMMMttMMMMMMMiMltd 

V: EM" 

manual actions after 5 /10 / 20 min 
S!& Expert-Systems SPDS 

FIG. 43. Methods of disturbance and accident handling 
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FIG. 44. Control functions in a KWU-PWR-Nuclear Power Plant 
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FIG. 45. Turbine trips (TT) and reactor scrams (RS) together with TTs in 
German KWU-PWR-NPP 



QKWU 

Critical Function Monitoring Systems (CFMS) Assigned for 
KWU-PWR-NPP to: 

containment 
- temperature 
- pressure 

activity release 

1 containment 
closure 

environment 

support features 

Reactor Protection System 
E (Event oriented) 

Reactor Protection System 
S (Symptom oriented) 
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Manual Actions 

to 
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FIG. 46. Assignment of critical functions (safety parameters) of PWRs 
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Examples for Complex Detail Display 
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One kind of System Overview 

Example of Information Goal Display 

FIG. 48. Example of possible format-sets 
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Initiation 

Functions 

Actions 

FIG. 51. Example 
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FIG. 52. Example of details and connections 'behind' the action status 



r-

284 



SIEMENS 

Accident 1 

Top - down 

Protection Goal n 

<£ FIG. 54. "Needs for" and "use of' pictorial information 



Core Control and Protection Strategy of WWER-1000 Reactors 
Vienna, 18-22 April 1994 

Masaki OHKUBO 
Manager, Office of 
International Affairs 
NUPEC,Japan 

Outline of core control and protection in Japanese PWR plants 

CONTENTS 

1.Features of Fuel Design 
2.Basic Design Parameters 
3.Basic Consideration in Fuel Rod Design 
4.Basic Concept of Core Control 
5.Monitoring of Power Distribution and Burn-up in Operaton 
6.Operating Experience 

Directory of Japanese PWR plants 

Plant Name 
1. MIHAMA#1 
2. MIHAMA#2 
3. TAKAHAMA#1 
4. TAKAHAMA#2 
5. GENKAI#1 
6. 0HI#1 
7. OHI#2 
8. MIHAMA#3 
9. IKATA#1 
10.GENKAI#2 
ll.IKATA#2 
12.SENDAI#1 
13.TAKAHAMA#3 
14.TAKAHAMA#4 
15.SENDAI#2 
16.TSURUGA#2 
17.T0MARI#1 
18.TOMARI#2 
19,OHI#3 
20.0HI#4 
21.GENKAI#3 
22.IKATA#3 
23.6ENKAI#4 
* :2Loop Plant 
** :3Loop Plant 
***:4Loop Plant 

MWT 
1031 
1456 
2440 
2440 
1650 
3423 
3423 
2440 
1650 
1650 
1650 
2660 
2660 
2660 
2660 
3423 
1650 
1650 
3423 
3423 
3423 
2660 
3423 

MWE 
340 
500 
826 
826 
559 
1175 
1175 
826 
566 
559 
566 
890 
870 
870 
890 

1160 
579 
579 
1180 
1180 
1180 
890 
1180 

Year Operation 
1970 
1972 
1974 
1975 
1975 
1979 
1979 
1976 
1977 
1981 
1982 
1984 
1985 
1985 
1985 
1987 
1989 
1991 
1991 
1993 
1994 

* 
* 
** 
** 
* 
*** 
*** 
** 
* 
* 
* 
** 
** 
** 
** 
*** 
* 
* 
*** 
*** 
*** 

(1995)** 
(1997)*** 



1.Features of Fuel Design 

a. Open Channel Type Fuel Assembly 
b. Assembly Structure with Top Nozzle, RCC Guide Tube 

and Bottum Nozzle, Fuel Elements supported by 
Grid Springs. 

c. RCC Type Cotrol Rods 
d. Uniform Enrichment within An Assenmbly 
e. Environment(158kg/cm2,300 °C,4.5m/sec) 

Z.Basic Design Parameters(Typical 4Loop Plants) 

Core Design 
Thermal Power 
Uranium Loaded(ton) 
Enrichment(%) 
Burn up(Mwd/t) 
Number of F/A 
Avg. Lin. Power(kW/m) 
Fq 

Fual Assembly 
Total Length(m) 
Cross Section(mm) 
Lattice Configuration 
Number of Grids 
Number of Rods in F/A 
Number of Rods in RCC 

Fuel Rod 
Total Length(m) 
Active Height(m) 
Outer Diameter(mm) 
Clad Thickness(mm) 
Cladding Material 

Fuel Pellet 
Material 
Outer Diameter (mm) 
Height(mm) 
Density(%T.D.) 

3411Mwt 
89 
2.0/3.5/4.1(Initial),4.1(Reload) 
19000/36000/44000(Initial), 
193 44000(Reload) 
17.9 
2.32 

4.1 
214x214 
17x17 
9 
264 
24 

3.9 
3.65 
9.50 
0.57 
Zircalloy-4 

U02 
8.19 
10 
95 



3.Basic Consideration in The Fuel Rod Desiginig 

Item 

a.Fuel Temperature 

b.Rod Inside 
Pressure (Pi) 

c.Clad Strain 

d.Clad Stress 

e.Periodical 
Clad Strain 

Basic Consideration 

Avoid Excess Swelling 
Avoid Excess Release/ 
Migration of FP 
Avoid Harmful Chemical 
Reaction of Fuel and 
Clad 

Avoid Excessive 
"Thermal Feed-back 
Effect" 

Maintain Integrity in 
Conditionl and II 

Same as Above 

Maintain Clad Integr
ity 

.Design Criteria 

Below M.P. of 
U02 

Pi to be kept 
below the Pres
sure which inc
rease Gap betw
een Pellet and 
Clad due to Clad 
outward Creep 

Circumferantial 
Strain<l% 

Not to Exceed 
Zircaloy-4 Yield 
Strength 

Fatigue Life 
not to Exceed 
Design Limits 

4.Basic Concept of Core Control 

a.Core Design Consideration 
(1) Reactivity Shutdown Margin 

(2) Maximum Reactivity Insertion 
Rate 

(3) Self Control (Negative React
ivity Coefficient) 

(4) Power Distribution 
(Hot Channel Factor) 

Make Subcritical by Con
trol Rods and keep Sub-
critical by soluble Boron 
with a sufficient Margin 
Withdrawal of Control Rod 
with Maximum Speed 
Doppler Coefficient, 
Moderator Temperature 
Coefficient 
Fuel Temperature, 
DNBR 



b.Determination of Initial and Reload Core Pattern 
(1) Symetry of Quadrant 
(2) Number of Reload F/As to be determined by Burn-up Data of 

previous Cycle and Future Power Generation Plan 
(3) Pattern of new Fuel Loading and Burnable" Poison to ensure 

Flat Power Distribution throughout the new Fuel Cycle. 
(4) Determine the Pattern of Burnable Poison and/or F/A with 

Gadolinia to Maintain the Lower Critical Boron Concentra
tion to assure Negative Modertor Temperature Coefficient 

(5) To keep Maximum Burn-up F/As within Limits 
(6) Reactivity Worth of RCC is kept enough to meet the Shut

down Requirement 

c.Reactivity Control 
(1) Control Rods: Ag-In-Cd 

*Control for Reactivity Change from Hot Zero Power to 
Hot Full power 
•Control for Reactivity due to the Change of Moderator 
Temperature 
•Control for Reactivity by the Load Change (5%/Min. Rump, 
10% Step Change, Load Follow) 
•Reactor Trip(Control Group and Shutdown Group) 

(2) Chemical Shim: B-10 
•Control of Reactivity to cope with the change from Cold 
to Hot Shutdown 
•Control of Reactivity to cope with Concentration change 
of Xe and Sm 
•Control of Reactivity Depletion along with Fuel Burn-up 
•Maintain sufficient Reactivity Margine at Hot Shutdown 
and Cold Shut down 

(3) Burnable Poison: Boron Silicate-Glass/Gadlina 
•Control Excess Reactivity and Maintain Negative 
Moderator Temperature Coefficient at Power Operation 

d.Power Distribution Control 
During normal Operation, Axial Inbalance are controlled 
within 5% of Target Value which is defined as a Function of 
Power. 
•keep the Fq x Power to be within Design Limits defined 
by Fuel Temperature and DNBR. 

Axial Inbalance = (Pt~Pb) 

e.Check Points of Reload Fuel Cycle Core Design 

(1) Shutdown Reactivity Margine at One Rod Stuck 
(2) Maximum Linear Power(kw/m) 
(3) Maximum Burn-up of Highest Burn-up F/A 
(4) MaximumReactivity Insertion Rate 
(5) Fnxy:Nuclear Peaking in X-Y Plane 
(6) Moderator Temperature Coefficient 
(7) Doppler Coefficient 
(8) Dropped Rod Worth 
(9) FndH at Rod Drop 



(10)Ejected Rod Worth 
(ll)Fq at Rod Ejection 

5.Monitoring of Power Distribution, Burn-up and Fuel Integrity 
* Excore Power Monitor(Power Level and Axial Inbalance) 
* In-Core monitoring 
Once a Month Core Power Distribution is monitored and F/A 
Burn-up are evaluated 

* Reactor Coolant Radiation Monitor 
Continuous Monitoring of Fuel. Integrity 

6.Operating Experience 
*12Month+lMonth Operation 
In order to keep higher Plant Capability Factor, it is desir
able to operate NPPS as long as Regulation Perraitts, by Regul
ation NPP must perform a Periodic Inspection within a Period 

of 
no longer than 1 year +- lmonth 

*Base Load Operation 
In Japan, NPP is operated as a Base Load Power Supplier at 
Constant Level of Rated Power 

*Flat Power Distribution Oriented Rather than LLLP to reduce 
R/V nvt 
In order to keep Power Distribution within the Core as flat as 
possible, and due to the Margine in the R/V Wall NVT, LLLP 
is not applied 
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CONSULTANT'S GROUP MEETING ON CORE 
CONTROL & PROTECTION STRATEGY OF VVER-1000 REACTORS 

VIENNA, 18-22 APRIL 1994 

LICENSING OF CORE 
CONTROL AND PROTECTION 

CONSEJO 

JOSE M. CONDE 
CORE ANALYSIS BRANCH 
DE SEGURIDAD NUCLEAR 



GENERAL 

• CONSEJO DE SEGURIDAD NUCLEAR (CSN) 

Spanish Nuclear Regulatory Body 

Nuclear Safety & Radiation Protection 

• CORE ANALYSIS BRANCH 

T-H Core Design 

Core Neutronics 

Core response to transients and accidents 

Criticality Safety 

CGMO 
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NUCLEAR INSTALLATIONS 

• PWR PLANTS 

1 Westinghouse "Hoop 160 Mwe 

4 Westinghouse 3-loop 930 Mwe 

1 Westinghouse 3-loop 975 Mwe 

1 Siemens-KWU 3-loop 1040 Mwe 

• BWR PLANTS 

1 GE BWR-6 980 Mwe 

1 GE BWR-3 440 Mwe 

• 1 GCR DECOMISSIONED 

• FUEL FABRICATION FACILITY 

CGM1 
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GENERAL CHARACTERISTICS 

• STANDARD CORE CONTROL AND 
PROTECTION SYSTEMS 

• FUEL DESIGN EVOLUTION 

Clad and hardware materials 

Higher enrichment 

Number of spacers 

Gadolinium as burnable poison 

• CORE DESIGN STRATEGY 

Low Leakage Loading patterns 

Fuel burnup >40 Gwd/TmU (3 cycles) 

18-month fuel cycles 

No Load-following: ARO operation 

CGM2 
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LICENSING APPROACH 

• BASED ON INDEPENDENT ANALYSIS 
CAPABILITY 

Review of submittals 

Audit of analysis 

Selected alternative calculations 

• METHODS AND CODES USED: 

Public or industry codes 

Well known, widely used codes 

Validated 

Limitations known 

Up-to-date 

Wide range of applicability 

• OBJECTIVE: 

Demonstrate submittal's conservatism 
CGM3 
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LICENSING METHODS 

• NEUTRONICS 

* CASMO/SIMULATE System 

Fuel Design verification 

Reload Safety Evaluation 

Core Following 

Criticality Safety (fuel storage) 

Kinetic Data input for Transient Analysis 

* SCALE (ORIGEN and KENO) 

Criticality safety (storage & transport) 

Spent fuel characterization 



LICENSING METHODS 

• PWR T-H DESIGN 

* COBRA-IIIC-M1T based 

* Automatic systems developed 

* W plants: 

Different design procedures 

Core limits 

DNBR protection setpoints 

* KWU plants (under development): 

Core limits 

DNBR calculation coefficients 

CGM5 
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EVALUATION OBJECTIVES 

- NEW FUEL DESIGNS 

Reactivity dcrease with burnup 

Radial power distribution 

Fuel temperature. Fission gas 

• DNBR PROTECTION 

DNBR Safety limit 

Margin available in DNBR operation limit 

Core limits 

Effect of non-symmetric axial shapes 

Protection setpoints 

« RELOAD CORES 

Shutdown margin 

Peaking factors 

Start-up parameters 
CGM6 
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LICENSING EXPERIENCE 

• CURRENT EVOLUTION 

* Improvements in core operation 

* Optimization of fuel utilization 

• TRENDS: 

* Use of advanced codes: 

Reload design 

Core following 

Predictive capabilities on-line 

* Fuel design: 

Plant-specific 

Axial zoning 

* More accurate methodologies: 

Quantified conservatism 

* Instrumentation improvement 



LICENSING EXPERIENCE 

• CONSEQUENCES FOR SIMILAR PLANTS: 

Mixed cores with different characteristics 

Different core following methods 

Different core design methods 

• CASE-BY-CASE EVALUATION NEEDED 

General approaches similar 

Individual applications deeply differ 

• MODIFICATION OF UTILITY'S ROLE 

Higher responsability in core management 

Increased independent capability 

Detailed information needed 

CGM8 
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CORE C&P SYSTEMS EXPERIENCE 

• EXCORE DETECTOR CALIBRATION 

Peripheric control bank rods 

Strong effect on excore readings 

Redistribution of control banks 

• CONTROL ROD ISSUES 

Rod drop during start-up 

Control rod repositioning during reload 

• CONTROL & PROTECTION SYSTEMS 

Fine tuning of control systems 

Calibration errors 

Erroneous setpoint values 

CGM9 
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IAEA 
CONSULTANTS' MEETING 

CORE CONTROL AND PROTECTION STRATEGY FOR WWER-1000 
REACTORS 

WESTERN PWR EXPERIENCE: 
CORE CONTROL AND PROTECTION ASPECTS IN SIZEWELL 'B' 

J. P. Rippon 
Nuclear Engineering Division 

NNC 



POWER/POWER SHAPE/PEAKING FACTOR CONTROL 

Power control: Control banks 
Soluble boron 
T inlet 

RCCA insertion limits and very low T inlet trip protected. RCCA banks 50% overlap, 
5 RCCA Z bank. 

Radial power distribution: RCCA patterns 
Fuel loading pattern 
BP loading and distribution 

typical F ^ 0 = 1.55(l+.2 (1-P)) for normal operation 

Axial power distribution: CAOC to prevent xenon distribution getting out of step with 
power distribution. 

LOCA: 

DNB: 

KW/M: 

In normal operation, M^ [FQ(Z) x Power] less than design value < 2.32 
Core reload design ensures this is net for all operational transients 
(within CAOC band) 

Trip protection for frequent faults, 
e.g. trip if QN16>Q l imi t (Thimble) x F ^ x Q 

F T T 
• AH iief 

Trip to preclude fuel centreline melt for frequent faults. For SXB trip 
if local power > 59 KW/M. 

KW/M (Z) = P(Z) x F ^ x QN
16 x C 

(For SXB CAOC means this trip should never occur). 

SDM: RCCA insertion limits plus reload design ensure a minimum value 
throughout cycle. 

Low flow: Explicit RTs on low flow related parameters (since flow not factored) 
into DNB and KW/M trip functions. 
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TYPICAL APPLICATION OF 
CONSTANT AXIAL OFFSET CONTROL 

Percent of Rated Thermal Power 

100 

Alarm These 
— Boundaries 

/ 

/ 

Limited Operation 
Per Technical 
Specifications 

1 I 1 

Typical Target Value 
(Unrodded Equilibrium 

w Value Measured At 
V Least Once Per 

\
Effective Full 

Power 
\ Quarter) 

\ 
"Target 
Band \ 

Limited Operation 
Per Technical 
Specifications 

J L_i 
-40 -30 -20 -10 0 10 20 30 40 

indicated Axial Flux Difference AQ {%) 
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</2£T0&LPRC~ECTION SYSTEM 

REACTOR THI? FARAMZTERS 

i SAFETY INJECTION SIJXAL 

PLANT PARAMETERS 

PLANT PARAMETERS 

PRIMARY 
RTS 

PRIMARY 
ESFAS 

SECONDARY 

PRIMARY 
INTERRUPT 
OF CONTROL 
ROD SUPPLIES 

ENGINEERED 
SAFEGUARDS 
FEATURES 

TURBINE 
TRIP 

REACTOR TRIP PARAMETERS SECONDARY 
RTS 

SECONDARY 
INTERRUPT OF 
CONTROL ROD 
SUPPLIES 

PROTECTION SYSTEM PRINCIPLES 

1. FREQUENT FAULTS 

2 DIVERSE LINES OF PROTECTION PPS + SPS 

2. INFREQUENT FAULTS 

2 LINES OF PPS OR 1 LINE OF SPS, 

REACTOR TRIP SYSTEM 

1. RCCAs 

2. EBS 



TRTP PARAMETERS 

Trip Function 

Power range flux, high setting 

Power range flux, low setting 

High N-16 power 

Power range flux, high positive rate 

Power range flux, high negative rate 

Intermediate range flux 

Source range flux 

Source raffle .flux, doubling 

High reactor coolant inlet temp. 

Low 2 reactor coolant inlet temp. 

Low DNBR 

High Jcw/m 

1 High pressuriser pressure 

High pressuriser water level 

Low pressuriser' pressure 

Axial offset 

RCCA insertion limit 

Low reactor coolant flow 

RCP underspend 

Loss ef iiltfc 

Turbine trip 

KSXV position 

Low KCP motor current 

Low steam generator level 

High steam generator level 

Safety injection 

Low Primary Circuit Pressure 

High Primary Circuit Pressure 

PPS 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

' i 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

• 

/ 

• 

• 

* ' 

SPS 

/ 

/ 

• 

• 

/ 

• 

• 

• 

• 

• 

• 

• 

• 

V 

Limiting Trip Point | 
Assumed in Analyses 

1181 

35% 

112% 

6.9% * 

6.9% 

351 

1.5 x 105 counts/s 

2.6 increase in 10 
minute* 

575»F 

540#F 

Variable 

59.1 kW/m 

167.2 bar \ 

100% of narrow range 
span 

128.2 bar 

87% loop flow 

92 % of nominal speed 

68% nominal volt*** 

RT on double torsi** 
trip only 

1 

12.2% of span 

83.1% of span 

Equivalent protection *s 
given by pressuriser 

pressure trip 
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I Cold"Overpressure Mitigation 
Emergency Boration System Initiation 
High Head Safety Injection and SI Signal Actuations 
Boron Dilution Prevention 
Main Steamline Isolation 
SI Recirculation Phase Initiation 
Main Feedwater Restriction/Isolation 

Main Turbine Trip 
Residual Heat Removal System • Low Head Safety Injection 

Reactor Building Spray Initiation 
Reactor Building Purge Isolation 

Component Cooling Water System Actuations 
Auxiliary Feedwater Pumps Start (Motor and Turbine Driven Pumps) 
Auxiliary Feedwater Restriction (from Motor Driven Pumps) 
SG Blowdown Isolation 

, Control Building Ventilation Isolation ^ 
Auxiliary Building HVXC Reinforce Start Signal 
Auxiliary Shutdown Building HYAC Reinforce Start Signal 
Reserve Ultimate Heat Sink (RUHS) System Initiation Signal 
Phase B Containment Isolation 
Steam Dump Prevention 
Initiate LSELS and Start Essential Diesel Generators 
Isolation of the Liquid Radwaste Floor Drain Tank Line 
Reactor Building Sump Pump Discharge Line Isolation 
Phase A'Containment Isolation 
Initiation of Post-Fault Operation of the Reactor Building Cooling System 
Initiation of Post-Fault Operation of the Reactor Building Hydrogen Mixing 
Fans 

Fuel Storage Pond Cooling and Clean-up System Supply Line Isolation 
Essential Service Water System Increased Flow 

Accumulator Isolation Valves Open Signal 

RCC A Motion Freeze 

Engineered Safety Features 



^ ^ j / D N B / K w / f t TRIP FUNCTIONS 

West inghouse I P S . 

i . e . 414 e x c e p t a) 24 a x i a l p t s fo r P (Z) 

b) Hu l t i s egmen t Excore d e t e c t o r s moved back . 

A/D 
C o n v e r t e r f l 

A/D 

A/D 

A/D 

U s e s 
4 ir<cT 

p r o d u c e 
a c o r e 
a v e r a g e 
a x i a l 
power 
d i s t r i b 
u t i o n PfZ) 

Rod Q n ~ 1 6 

DNBR 
ANALYSIS 

Q(Z) LOCA ALARM 

Overpower 
Kw/f t 

Max 
(Q) 
T r i p 

Q MARGIN T r i p 

Rod T i n Pr QN-16 
p o s n 
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RECONSTRUCTION OF AXIAL POWER SHAPE 

[Pzl = [C] [G] [D] 
24,1 24,4 4,4 4,1 

Pz = Normalized Radially Averaged Core Power at axial location Z (derived from 
In-cores) 

C = Direct Correlation Coefficients (evaluated by least squares fit to Nmaps at each 
axial level. 

G = Coefficients of 3rd order polynomial to evaluate detector gain multiplier as a 
function of Z bank insertion. 

D = 4 segment ex-core detector currents 

Each monthly in-core flux map processed to produce a set of 24 factors to apply to the 
24 rows of [C] to 'correct' for de-calibration due to burn-up. 



DNB TRIP FUNCTION 

Core limit lines calculated using design power shapes. 

°-limit(i) = AiTm + Bi Pm + CiTmPm -f- t>i 

F A H changes due to a) RCCA insertion 

b) Power Design 
Limit 

3V 
FA/f =r F^H 1 [1 + 0»1(1-P)] 

RCCA insertion 

Axial power shape correction 

1.0 

Benefit 

Penalty 

MAXPIP 

MAXPIP = Max of P (h) xf P(Z)dZ 

o 
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PPS monitors core power (N-16) 

pressurizer pressure 
vessel inlet temperature 
axial power shape 
RCCA bank position 

QLIMIT (1) = Fit of vessel exit boiling limit 

QLIMFT (2) = F i t of 15% quality limit x F iH DESIGN 

QUMIT (3) = Fit of typical cell DNB limit x F ^ DESIGN x Q_ 
F*H VREF 

QLIMIT (4) = Fit of thimble cell DNB limit x F ^ DESIGN x Q 
F U? ~ o 
r i H VREF 

If N16 power > QLrMn -> RT 



(1651, 
2<;oo 

J157) 
J280/ 

CORE PRESSURE PStA{8ARS> 

LOCUS OF POINTS WHERE 

REACTOR VESSEL EXIT 

TEMPERATURE EQUALS 

SATURATION TEMPERATURE 

(11.0)2030, 

1805(1241 

LOCUS OF POINTS 
WHERE STEAM GENERATOR 
SAFETY VALVES OPEH• 

LOW 0H8R REACTOR 
TRIP LINES (INCLUDING 
INSTRUMENT ERRORS) 

LOCUS OF POINTS 
WHERE OHSR EQUALS 
LIMIT VALUE FOR 
REFERENCE AXIAL 
POWER DISTRIBUTION 

\ 

V 

3W 

320 

300 

280 

1 1 1 
20 40 60 80 100 

CORE THERMAL POWER LEVEL [f. OF NOMINAL) 
120 140 

ILLUSTRATION OF LOW DNBR REACTOR TRIP FUNCTION 

PROTECTION 
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SIZEWELL KW/ft TRIP FUNCTION 

KW/M (Z) = P (Z) x Fxy x QN.16 x C 

Fxy is a function of a) Rod insertion 

e.g. Rl (z) = F^ unrodded at Z 

R2 (z) = Fxy bank Z at Z 

R3 (z) = F^ band Y + Z at Z 

b) Power 

Fxy = R ( z ) x [ l + . l ( l - P ) ] 

Outputs to station control system include 

KW/M trip margin. 

KW/M surveillance margin. 

KW/M versus Z display. 
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'A. R A M A T O M E 

CORE CONTROL AND PROTECTION 

PRINCIPLES FOR N4 PLANTS 

JP. LEBRUN 

FRAMATOME 

317 



KEY MILESTONES OF THE DIGITAL 
PROTECTION AND CONTROL 

SYSTEMS DESIGN 

1976 : DECISION TO DEVELOP ENTIRELY NEW PROTECTION AND CONTROL SYSTEMS 
(French design bases and technologies) 

DIGII^ l^NTEGR^EDB»RbTECgr iON^YSTEM 

1977 DIPS DESIGN STUDIES (with EDF, CEA, MERLIN-

GERIN) 

1978-80 MULTISECTION EXCORE CHAMBERS TESTED AT 

BUGEY 2 

1981 LINEAR POWER DENSITY AND DNBR CALCULATION 

MOCK-UP TESTED IN BASE LOAD OPERATION AT 

TRICASTIN 3 

1981-83 MOCK-UP TESTED DURING LOAD FOLLOW AND 
FREQUENCY CONTROL AT TRICASTIN 3 

1984 DESIGN STUDIES OF AN ADVANCED DIPS FOR THE 
1500 MW UNITS (with EDF and MERLIN-GERIN) 

PALUEL 1 CONNECTED TO THE GRID 

1986 US NRC NUREG 1206 

1990 COMPLETE ARCHITECTURE OPERATING IN THE 
FACTORY 

Today 
318 

65 REACTOR-YEARS OPERATING EXPERIENCE 
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KEY MILESTONES OF THE DIGITAL 
PROTECTION AND CONTROL 

SYSTEMS DESIGN 

FRA.MATON 

1976 : DECISION TO DEVELOP ENTIRELY NEW PROTECTION AND CONTROL SYSTEMS 
(French design bases and technologies) 

j | l£REQUENCY|ft^ 

1976 MODE G DESIGN STUDIES 

1979-80 FREQUENCY CONTROL OPERATION TESTED AT 
FESSENHEIM (MODE A) 

MODE X DESIGN STUDIES 

1982 DECISION TO OPERATE THE 1500 MW UNITS WITH 
THE MODE X 

1981-83 

1983 

MODE G TESTED AT TRICASTIN 3 

MODE G LICENSED 

MODE G IMPLEMENTED ON PLANTS (TRICASTIN 2, 
CHINON 1) 

Since 
1983 

MODE G IMPLEMENTED ON ALL 900-1300 MW UNITS 
(with the exception of FESSENHEIM BUGEY) 

1990 St ALBAN 2 EQUIPPED WITH A PROTOTYPE 
ENABLING BOTH MODE G AND MODE X 

MODE X TESTS SINCE 1990 

Today « ^ -ALL UNITS MEETING FULL GRID REQUIREMENTS 
319 
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. V A T C M E KEY MILESTONES OF THE DIGITAL 
PROTECTION AND CONTROL 

SYSTEMS DESIGN 

^ 

1976 : DECISION TO DEVELOP ENTIRELY NEW PROTECTION AND CONTROL SYSTEMS 
(French design bases and technologies) 

^ I G I X A l J f D O N T R O I ^ Y S T E M S 

1980-82 CONTROL SYSTEMS ADAPTED TO GRID 
REQUIREMENTS 

1982 DESIGN OF DIGITAL SYSTEMS TO BE INSTALLED 
ON ALL 12 MOST RECENT 1300 MW UNITS 
STARTING WITH CATTENOM 1 

1986 CATTENOM 1 CONNECTED TO THE GRID 

T o d a y m^ 30 REACTOR-YEARS OPERATING EXPERIENCE 

320 
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CORE CONTROL AND 
PROTECTION 

CORE CONTROL SYSTEM 

. ADAPTATION OF CORE POWER TO TURBINE POWER 

. AXIAL POWER SHAPE CONTROL . 

- PREVENTION OF XENON OSCILLATIONS 

- CONTROL OF CORE SAFETY MARGINS ( DNBR, POWER 
DENSITY) 

CORE PROTECTION 

1. PROTECTION SYSTEM 

. REACTOR TRIP 

. ACTUATION OF SAFEGUARD SYSTEM 

2. CORE SURVEILLANCE UNtT 

ONLINE VERIFICATION OF COMPLIANCE WITH THE LIMITING 
CONDITIONS OF OPERATION (INITIAL CONDITIONS POSTULATED 
IN ACCIDENT ANALYSES) 

A M A T O M E 



T O M E 
CORE CONTROL 

FRENCH GRID HISTORICAL BACKGROUND 

MAIN EDF MANEUVERABILITY REQUIREMENTS FOR THE N4 
PROJECT 

MODE X CORE CONTROL PRINCIPLES 

EXAMPLE OF LOAD FOLLOW TRANSIENT 



7-R A M A T O M E 
CORE CONTROL 

FRENCH GRID HISTORICAL BACKGROUND 

1975 ESSENTIALLY BASE LOAD OPERATION 

IMPLEMENTED ON 6 OLDER 3-LOOP PLANTS 

. SLOW LOAD FOLLOW TRANSIENTS : ±2% RP/MIN 

. LOCAL FREQUENCY CONTROL : ±2% RP 

. REMOTE FREQUENCY CONTROL : ±3% RP 

1985 EXTENSIVE LOAD FOLLOW 

IMPLEMENTED ON 3-LOOP 900 MWe & 4-LOOP 1300 MWe 
UNITS {48) 

. FAST LOAD FOLLOW TRANSIENTS : ±5% RP/MIN 

. LOCAL FREQUENCY CONTROL : ±3% RP 

. REMOTE FREQUENCY CONTROL : ±5% RP 

. CAPABILITY TO RETURN TO FULL POWER 
AT 5% RP/MIN WITHOUT NOTICE 

1995 IDEM + IMPROVED FLEXIBILITY 

TO BE IMPLEMENTED ON THE NEW GENERATION OF 4-
LOOP 1450 MWe UNITS ( N4 SERIES ) 

SUCCESSFULLY TESTED AT THE SAINT-ALBAN 1300 MWe 
UNIT IN 1991 

. HIGHER AUTOMATION DEGREE 

. HIGHER FLEXIBILITY IN LIQUID WASTE MANAGEMENT 



7-
M F R A M A T O M E CORE CONTROL 

MAIN EDF REQUIREMENTS FOR THE N4 PROJECT 

DAILY LOAD FOLLOW CAPABILITY 

. 16-8 TYPICAL TRANSIENT 

. BETWEEN 100 & 30%RP 

. DURING 80% OF CYCLE LENGTH 

. POWER RATE : UP TO 5% RP/MIN 

- FREQUENCY CONTROL SUPERIMPOSITION 

. LOCAL ( short term limitation of frequency deviations ) ±3% RP 

. REMOTE (return to nominal frequency) ±5% RP 

. POSSIBLE AT ANY POWER LEVEL BETWEEN 30&100%RP 
WITHOUT BORON CHANGES 

- ROD POSITIONING AT PART POWER LEVEL 

CHOICE AVAILABLE BETWEEN DIFFERENT STRATEGIES: 

. MINIMISATION OF WASTE : XENON FOLLOWING BY RODS 

. CAPABILITY TO RETURN RAPIDLY TO FULL POWER WITHOUT 
NOTICE : XENON FOLLOWING BY BORON 

. INTERMEDIATE STRATEGIES 



/F, R A M A T O M E 

CORE CONTROL 

3. MODE X CORE CONTROL PRINCIPLES 

MAIN OBJECTIVES : 

TO MEET THE EDF REQUIREMENTS FOR N4 PLANTS 

TO FACILITATE PLANT OPERATION BY ENSURING A FULLY 
AUTOMATED TEMPERATURE AND AXIAL POWER SHAPE CONTROL 

TO MAINTAIN THE AXIAL POWER SHAPE CLOSE TO A REFERENCE 
SHAPE IN ORDER TO PREVENT ANY RISKS OF XENON OSCILLATION 

TO LIMIT BORON CONCENTRATION CHANGES AT THE 
COMPENSATION OF LONG TERM REACTIVITY EFFECTS (XENON, 
FUEL BURNUP) 

TO ALLOW AN EASY IMPLEMENTATION OF DIFFERENT STRATEGIES 
OF ROD POSITIONING AT PART POWER LEVELS 
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'A. F R A M A T O M E 
CORE CONTROL 

3. MODE X CORE CONTROL PRINCIPLES (contd.) 

MODE X PRINCIPLES 

- BASED ON THE FOLLOWING OBSERVATION : WHEN AT LEAST TWO 
ROD BANKS ARE PARTIALLY INSERTED AT DIFFERENT ELEVATIONS 
IN THE CORE, IT IS POSSIBLE, BY VARYING THE OVERLAPS 
BETWEEN THESE BANKS, TO CONTROL THE CORE REACTIVITY AND 
THE AXIAL POWER SHAPE SIMULTANEOUSLY 

- TWO INTERLINKED CONTROL LOOPS : 

. REACTOR COOLANT AVERAGE TEMPERATURE CONTROL LOOP 

. AXIAL OFFSET (AO) CONTROL LOOP 

- ROD SPEED IS A FUNCTION OF TEMPERATURE DEVIATION ONLY 

- THE SAME SPEED SIGNAL IS APPLIED TO ALL BANKS 

VARIATIONS OF OVERLAPS ARE OBTAINED BY BLOCKING SOME ROD 
BANKS MOMENTARILY, DEPENDING ON THE AO DEVIATION 

- THE BLOCKED RODS ARE PRIORILY THOSE LOCATED IN THE TOP OR 
THE BOTTOM OF THE CORE 



/ : . R A M A T O M E 

CORE CONTROL 

3. MODE X CORE CONTROL PRINCIPLES (contd.) 

PHYSICAL PRINCIPLES FOR ROD MOTION 

\ 

\ 

1 
f 

f 

, 

i 
i 

INSERTION 

WITHDRAWAL 

1 r 

i 

4 

i 
i 

T-Tref>0 

T-Tref<0 

AO-AOref < 0 AO-AOref>0 



'A, R A M A T O M E 

CORE CONTROL 

MODE X CORE CONTROL PRINCIPLES (contd.) 

A B C D E F G H J K L M N P R S T 
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CONTROL BANKS X1 

SHUTDOWN BANKS 

4 GREY RCCA 
X2 4 BLACK RCCA 
X3 4 GREY + 4 BLACK RCCA 
X4 8 BLACK RCCA 
X5 9 BLACK RCCA 

40 BLACK RCCA 



7-
M F R A M A T O M E CORE CONTROL 

3. MODE X CORE CONTROL PRINCIPLES (contd.) 

SHUTDOWN MARGIN ONLINE MONITORING 

BANK OVERLAPS NOT CONSTANT 

=* CLASSICAL INSERTION LIMITS IN FUNCTION OF THE POWER LEVEL 
ARE NOT ADEQUATE TO ENSURE COMPLIANCE WITH THE SAFETY 
REQUIREMENTS ON MINIMUM SHUTDOWN MARGIN 

=> IMPLEMENTATION OF A SHUTDOWN MARGIN MONITORING SYSTEM 

- REAL TIME CALCULATION OF THE ROD "OVER1NSERTION" 

. INSERTED ANTIREACTIVITY IN EXCESS OF WHAT IS STRICTLY 
NECESSARY TO COMPENSATE THE POWER DEFECT 
BETWEEN FULL POWER AND THE CURRENT CORE STATE 

- SIMPLE ALGORITHMS TO CALCULATE INDIVIDUAL REACTIVITY 
EFFECTS (DOPPLER, MODERATOR, ROD INSERTION, AXIAL 
POWER SHAPE) 

- MAIN INPUT DATA: 

. POWER LEVEL 

. COOLANT TEMPERATURE 

. ROD POSITIONS 

. AXIAL POWER DISTRIBUTION (measured by multi-section excore 
detectors) 

- BORATION IS ACTUATED WHEN THE COMPUTED 
OVERINSERTION REACHES THE LIMIT VALUE TAKEN INTO 
ACCOUNT IN THE SAFETY REPORT 



'/:, F R A M A T O M E 
CORE CONTROL 

MODE X CORE CONTROL PRINCIPLES (contd.) 

BENEFITS OF THE SDM MONITORING SYSTEM COMPARED WITH 
USUAL INSERTION LIMITS : 

1. ROD INSERTION LIMITS ARE CALCULATED TAKING INTO ACCOUNT 
THE REAL CORE CONDITIONS (NO PENALIZING ASSUMPTIONS) 

=* LESS STRINGENT LIMITS 

=> MORE FLEXIBILITY FOR CORE CONTROL 

2. THE INDICATIONS DELIVERED BY THE SYSTEM ARE PARTICULARLY 
SUITABLE TO CONTROL THE BORON CONCENTRATION IN 
FUNCTION OF THE DESIRED ROD POSITIONING STRATEGY: 

- THE MAXIMUM POWER LEVEL ( PMAX) THE PLANT MUST BE 
ABLE TO REACH IF REQUIRED BY THE DISPATCHING IS 
TRANSLATED INTO A REFERENCE VALUE FOR ROD 
OVERINSERTION 

- THE GLOBAL ROD POSITIONING AT PART POWER IS 
PERFORMED BY DILUTION/BORATION OPERATIONS IN 
FUNCTION OF THE DEVIATION IN ROD OVERINSERTION 

REMARK : THESE BENEFITS WOULD ALSO EXIST IN CASE OF A CORE 
CONTROL MOD E WITH CONSTANT BANK OVERLAPS 



7-R A M A T O M E 

CORE CONTROL 

4. EXAMPLE OF LOAD FOLLOW TRANSIENT 

- SAINT-ALBAN 2 UNIT (4 LOOPS - 1300 MWe) 

THIRD CAMPAIGN OF MODE X TESTS (1991 ) 

TYPICAL DAILY LOAD FOLLOW WITH SUPERIMPOSITION OF 
FREQUENCY CONTROL ( LOCAL AND REMOTE) 

- STRATEGY AT PART POWER : CAPABILITY TO RETURN TO FULL 
POWER WITHOUT NOTICE 



M Ffi RAMATOME 

CORE CONTROL 

EXAMPLE OF LOAD FOLLOW TRANSIENT 

*zz 
i 

POWER s c ,*W. 

L E V E L (%) s , ! 
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7 
I 
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HNM^^TVWJ. 
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9 t- i boration threshold 

. * * t*HgG* dilution threshold ^ " 
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'/:. R A M A T O M E 

CORE CONTROL 

EXAMPLE OF LOAD FOLLOW TRANSIENT 

TOP OF THE CORE 

>sc 'XS 

>o 

CONTROL 

ROD 

P O S I T I O N 

< S T E P S ) 

t 

x i 

u 
:zz. 

m 

M \_: 

• 
> 

:e. 2 0 . 25. 

TIME (HOURS) 
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/ : . R A M A T O M E 

CORE CONTROL 

4. EXAMPLE OF LOAD FOLLOW TRANSIENT 

•--_\'MINERALIZED 

v.'ATER 

T LOW RATE 

KC 

*x 

2.Z 

n 

IS. IS. 22. 

TIME (HOURS) 

3ORATED 

WATER 

F L O W R A T E 

(Wfc> 

I C C -

:e. 20 . 2S 
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M F R A M A T O M E 

CORE PROTECTION 

1. PROTECTION SYSTEM 

ACTUATES REACTOR TRIP TO ENSURE COMPLIANCE WITH THE 
CORE RELATED SAFETY CRITERIA 

- MINIMUM DEPARTURE FROM NUCLEATE BOILING RATIO 

- PEAK FUEL TEMPERATURE 

2. SURVEILLANCE UNIT 

. VERIFIES DURING NORMAL OPERATION THE OBEYANCE WITH THE 
LIMITING HYPOTHESES CONSIDERED IN THE SAFETY ANALYSES 

- MINIMUM REQUIRED SHUTDOWN MARGIN 

- MAXIMUM LINEAR HEAT RATE / LOCA 

. GENERATES ALARMS FOR OPERATOR ACTION 

TWO TYPES OF EQUIPMENT 

. FOUR PROTECTION CHANNELS 

REACTOR TRIP THROUGH A 2 OUT OF 4 VOTING LOGIC 

. TWO SURVEILLANCE UNITS 

ALARMS GENERATED THROUGH A 1 OUT OF 2 LOGIC 

335 



7' 
M F R A M A T O M E CORE PROTECTION 

REACTOR TRIP CHANNELS FOR CORE PROTECTION 

1. SPECIFIC PROTECTION CHANNELS 

HIGH NEUTRON FLUX 

HIGH NEUTRON FLUX RATE 

HIGH THERMAL POWER 

ROD POSITION VARIATION 

LOW COOLANT FLOW RATE 

LOW REACTOR COOLANT PUMP SPEED 

LOW PRESSURIZER PRESSURE 

HIGH PRESSURIZER PRESSURE 

2. GENERIC PROTECTION CHANNELS 

LOW DNBR 

HIGH LINEAR POWER DENSITY 

HIGH CORE OUTLET ENTHALPY 

HIGH HOT CHANNEL OUTLET QUALITY 



'A. R A M A T O M E 

CORE PROTECTION 

GENERIC PROTECTON 

ON LINE CALCULATION OF MINIMAL DNBR AND 
MAXIMAL POWER DENSITY 

=> SIMPLIFIED REPRESENTATION OF CORE POWER 

DISTRIBUTION BY USING SYNTHESIS METHOD 

6 CURRENTS FROM 

AN EXCORE CHAMBER 
MEAN AXIAL POWER 

PROFILE P(z) 

.PRETABULATED PEAK POWER 
BY ROD CONFIGURATION 

+ 
CONTROL BANK POSITION 

RADIAL PEAK POWER Fxy(z) 

. THERMO-HYDRAULICAL 

MEASUREMENTS 

(Tin, Tout, P, Q) 
THERMAL POWER 

LEVEL 

537 



OME 

CORE PROTECTION 

GENERIC PROTECTON 

POWER DENSITY CALCULATION 

MULTI-EXCORE 
ION CHAMBER 

CURRENTS 

CONTROL 
RODS 

P O S I T I O N 

1 
P(Z) 

T I N TOUT 

PRZ PP 
P SPEED 

MM 
POWER 

LEVEL 

± 
FXYC 2> 

POWER DENSITY 

PL I N=K*P CZJ * F ,,,,CZi *• PL 

T 
RT 



O M E 

CORE PROTECTION 
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Ti„ TOUT P SPEED 
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'/:. R A M A T O M E 

CORE PROTECTION 

S CR VEILLA NCE UNIT 

GENERIC PROTECTIONS-ARE EFFICIENT WITHOUT ANY 
ASSUMPTION ON PRE-ACCIDENT VALUES OF DNBR AND 
POWER DENSITY 

SPECIFIC PROTECTIONTARE EFFICIENT IF LIMITS ARE 
RESPECTED FOR INITIAL DNBR AND POWER DENSITY 

=> LIMITING CONDITIONS OF OPERATION, 
COHERENT WITH ACCIDENT STUDIES 

-> A SURVEILLANCE UNIT VERIFIES ON-LINE THE L.C.O. : 

-CALCULATION OF MARGINS : 

. "LOW DNBR" ALARM 

. "LOCA" ALARM 

. "SHUTDOWN MARGIN" ALARM (SCRAM EFFICIENCY) 

-SURVEILLANCE OF SPECIFIC PARAMETERS : 

. RCCA BANK INSERTION (ROD EJCTION ACCIDENT;) 

. QUADRANT POWER TILT 

. ROD MISALIGNMENT 
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/ : . R A M A T O M E 

CORE PROTECTION 

S VR \ EILLA NCE UNIT 

"LOW DNBR " ALARM : 

-CALCULATION OF CURRENT DNBR WITH THE SAME 
METHOD AS FOR GENERIC PROTECTION BUT WITH 
A BETTER ACCURACY (MORE DETAILED MODEL) 

. A GREATER RESPONSE TIME IS ALLOWED 

LCO THRESHOLD DIMENSIONED BY THE MOST 
LIMITATIVE TRANSIENT NOT DETECTED BY 
GENERIC PROTECTION 

=> ROD DROP ACCIDENT 

"LOCA" ALARM : 

-CALCULATION OF CURRENT AXIAL DISTRIBUTION 
OF POWER DENSITY, WITH THE SYNTHESIS 
METHOD 

' BETTER ACCU^CT T I M E } T H A N F 0 R G E N E R I C PROTECTION 

LCO THRESHOLD DIMENSIONED BY THE LOSS OF 
COOLANT ACCIDENT 
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'/:. R A M A T O M E 

CORE PROTECTION 

SURVEILLANCE UNIT 

DNBR 

ALARM SETPOIMT CLC03 

SYSTEM 
UNCERTAINTIES 

PNBF: '-"RRIftTION 
GUf?ING LIMITATIVE 

fiCCIOENT t»OT DETECTED 
EV GENERIC PROTECTION 

REACTOR TRIP 

SYSTEM 
UNCERTAINTIES 
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'/:. R A M A T O M E 

CORE PROTECTION 

SURVEILLANCE UNIT 

OTHER SURVEILLANCE FUNCTIONS 

QUADRANT POWER TILT : 

GENERIC PROTECTION CALCULATION ARE VALID FOR 
AZIUMTAL OSCILLATIONS UNTIL A DESEQULIBRIUM 
EQUAL TO 2 % 

ROD MISALIGNEMENT : 

RADIAL PEAK POWER PER ROD ZONE, PRETABULATED 
IN GENERIC PROTECTION, ARE NOT VALID IF A 
SINGLE ROD IS MISALIGNED FROM ITS BANK 

CONTROL RODS INSERTION : 

IN ORDER TO LIMIT CONSEQUENCES OF ROD 
EJECTION ACCIDENT, SPECIFIC ROD INSERTION 
LIMITS ARE DIMENSIONED BY SAFETY STUDIES 

SHUTDOWN MARGIN SURVEILLANCE 

(-> REACTIVITY CONTROL) 
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C o m m e n x s o n C o r e O o n - t : r o I L 

SLrxcL P r o t e c t i o n 

f o r T e m e l i n N P P 

M. LEHMANN 

N u c l e a r R e s e a r c h I n s t i t u t e JRez p i c . 

S c o p e : 

1. Former Project of Automatic Power Distribution 

Controller Development (by Czech organizations): 

- basic principles; 

results of analysis; 

reasons to stop the project. 

Goals of the Current Project of Complex I&C Replacement. 

3. Some Remarks on Recommendations in Reference Documents. 



X - F o x m e x : P r o j e c t o :£" A u t o m a t i c 

P o w e r DdL s t r d_ b u t d_ o n C o n t r o l 

l e r D e - v e X o p m e n t 

1-1 Start of Project: 1989 

Main participants: NRI Rez, SKODA, EGU Praha. 

Starting point requirements: 

at load-follow operation minimization of boron con

centration changes to compensate the power and Xe 

reactivity effects (i.e. maximized elimination of 

the primary coolant bleeding); 

reliable, fully automatic control of the axial po

wer distribution (CAOC); 

exclusive application of the original "black" RCCAs 

(no decrease of the mechanical control system worth 

was allowed), avoidance of PLRCCs; 

existing Reactor Power Control and related Systems 

had to be usable without any major modifications 

(i.e. the distribution control should be provided 

by an additional separated system); 

possibility to select either "automatic 

load-follow" control mode or "classical manual" 

(CAOC) one. 



Design principles (inspired by Siemens ideas mainly') . 

a) Automatic load-follow mode 

Power and Xe reactivity effects compensated by 

"light" D-banks formed by 3 RCCAs (120° core sym

metry) . 

D-banks overlapping: ~ 45% H^ 

(variable in principle). 

Reference D-banks positions (steady state HFP): 

D1 - 50% H R ; others "out". 

Results: D-banks insertion produces minimum AO 

deviations (see later). 

Axial power distribution deformations-arising main

ly (only?) from A T M changes - compensated by 

"heavy" L-bank (tens of RCCAs). 

Reference L-bank position (steady state HFP): 

fully withdrawn! 

L-bank movements practically limited to: 

- insertion during power decreasing •» provides 

f support 
- withdrawal during power increasing to D-banks. 

Support can be intensified by the modifications of 

AO controller dead band. 



b) Transition between the Automatic and Manual control 

modes is provided by: 

overlap reset (at D^ insertion ~ 50% H^): 

Dl/D2 : 4 5 % ~~**100%; de

position of "standard" ®i+2 bank is then stabi

lized by Reactor Power Controller automatically 

on 70-80% H^; usually a small correction of AO 

(by boron change) is needed; 

switching AO - controller off (L-bank "out"). 



Technical realization (only basic idea prepared") : 

Digital microprocessor system connected to the Rod 

Control System (SKODA). 

Inputs: - commands from Reactor Power Controller; 

- AO (?); 

rod positions; 

manual commands; etc. 

Outputs: - modified rod movement commands; 

addresses (numbers) of actuated rod banks 

(alternatives depending on the possible 

Rod Control System modifications propo

sed) ; etc. 

Main Subsystems: 

- D-banks control (including overlap modification); 

- L-bank control (including support of fast power 

changes); 

- boron concentration control (including D-banks 

insertion limits determination from the 

point of view of boron changes minimi

zation etc.). 



1.4 Results of analyses ("static" 3D calculations with the 

program MOBY-DICK) . 

two-years cycle". 

illustrates a small effect of D-banks 

movement on AO; 

one example of load-follow maneuver, 

where limits of D-banks insertion play 

an important role (to protect D-̂  against 

excessive withdrawal and insertion; the 

limits are not excelently optimized!). 

Tens of transients were analysed (including transi

tions from manual to automatic control mode and vi

ce versa). 

b) "Three-years cycle"-

Here a substantially more complicated core behavi

our was observed in BOL of the 1-st cycle: 

AO and L-bank position unstability during constant 

power operation periods occurred - significant 

doubts of control principles arose. 

Explanation: 

- Caused by high negative AO* (-13%) . CAOC is not 

effective in such situation - the axial 

Xe-stability is not guaranteed sufficiently (see 

Fig. 3). 

General recommendation: "natural" AO* must be kept 

near 0. 

a) WER-1000 

Fig- 1 -

Fig.2a/b -
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Some defaults of our ideas: 

a) System can be effective only when relatively deep 

insertion of D-banks is allowed. But: 

- a significant margin to the limiting radial power 

peak factor is then needed (see Fig. 1 ) , which 

causes a fuel cost penalty (through non-optimal 

loading pattern design); 

- the shut-down reactivity margin could be 

unsufficient; 

- some problems with rod ejection accidents can ta

ke place; etc. 

b) No positive reactivity margin (in inserted RCCAs in 

initial HFP state) is provided to enable return to 

full power with Xe poisoning higher than the 

equilibrium one. 

c) There has been serious unresolved design problems 

(automatic boron control, etc.). 

d) Decrease of Temelin capacity to 2000 MVe reduced 

needs of plant load-follow operation. 

Decision of Temelin NPP: change of priorities, 

realization of automatic 

axial power distribution 

control postponed (as 

a minimum) . 



G o a l s o £ - t In. e C T_L .ir or e m t : P r o j e c x 

C o m p > 3 _ e > c X <ScC R e p l a c e m e n t 

First: fundamental Temelin NPP safety evaluation 

carried out by IAEA mission in 1990. 

Key IAEA findings: 

a) No major safety issue or problem in Temelin 

WER-1000 design. 

b) Specific recommendations related to possible 

improvements: 

Safety analyses 

Power distribution control / Xe oscilations 

Core Protection, Control and Monitoring, and 

Unit Information Systems 

Core design 

Technical Specifications. 

Similar conclusions issued by all later 

expertises. 



CEZ-ETE bas ic decision: 

Carry out complex fuel, control, and protection system 

upgrade (instead of individual solution of particular 

deficiencies). 

Two bid specifications issued: 

a) Design and provide fuel for safe, reliable, 

efficient, and economic energy output 

- provide licensable fuel, core design, and core 

components 

- support lead rod average burnup capability to 

60 000 MVd/MTU 

- minimize neutron parasitic losses 

- implement core control strategies which allow 

reliable and flexible plant operation. 

b) Design and provide instrumentation, control, and 

protection systems which enhance the safety, re

liability, and flexibility of plant operation 

- provide a licensable, digital Primary Reactor 

Protection System which meets plant safety goals 

- provide Control System and design which supports 

flexible plant operation 

- support plant operation with one or two loops 

out of service 

- provide a licensable Diverse Reactor Protection 

System. 



3 Selection of designers and vendors: 

CEZ-ETE decided for the same designer&vendor in both 

areas (Vestinghouse). 

Reasons: 

- assure high integrity of fuel and core design, I&C, 

and safety analyses 

- avoid possible complications caused by difficult 

coordination of different designers etc. 

State Office for Nuclear Safety of CR made decision to 

apply US codes and standards in Temelin NPP licensing 

process (in addition to Czech ones). 
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Core Control and Protection for Temelin NPP 

Power distribution control approach 

a) Core design and control strategies. 

Deficiencies of original WER-1000 power distribu

tion control strategies observed by IAEA have been 

removed: 

- Part length (PL) rods have been eliminated (since 

they can contribute to unstable power distributi

ons) 

- Stable radial power distribution control is de

termined by establishing a good loading pattern 

- Stable axial power distribution control can be 

obtained by establishing a Constant Axial Offset 

Control (CAOC) strategy. 

- All inputs to Protection and Control Systems de

sign and to surveillance requirements axe provi

ded (fuel limitations are addressed etc.). 



Radial power distribution control 

Radial power distribution is primarily affected by 

loading pattern and fuel management strategies. 

Control rods are not used for radial distribution 

control - are kept out of core at all times unless 

load change is required. 

Loading pattern design includes flexible selection 

of fuel assemblies*: 

enrichments 

burnable poison design and distribution 

reactivity distribution. 

Loading patterns are optimized to: 

meet peaking factor limits, reactivity coeffi

cient limits, rod worth requirements, load 

follow constraints, etc. 

to reach good neutron economy (low leakage 

loading patterns) etc. 

to assure relatively constant radial power 

distribution throughout core life. 



Axial power distribution control 

Core power distribution control reduces to simply 

control the axial power distribution: 

it is important to minimize axial power distri

bution oscillations 

axial power distribution oscillations can be 

minimized by maintaining axial power distribu

tions near to the natural equilibrium state 

maintaining Xe distribution in phase with axial 

power distribution at all times, including du

ring load changes, minimizes axial power oscil

lations 

constant axial offset control (CAOC) strategy 

maintains Xe distribution in phase with axial 

power distribution by precluding the uneven 

buildup of Xe (but see 1.5b) 

CAOC maintains the power of the top and bottom 

halves of the core within specified ranges 

including load changes 

replacement of PL control rods with full lenght 

ones and optimization of the rod insertion li

mit improved shutdown margin and power distri

bution control. 



Reactor protection approach 

a) Observations by IAEA have identified following de-

ficiences: 

No linear power density protection. 

Removed by implementation of the Overpower 

Delta-T (OPA.T) Linear Power Density Protection 

Reactor Trip. 

No pressurizer high water level protection. 

High Pressurizer Vater Level Reactor Trip 

added. 

Inadequate protection for departure from 

nucleate boiling (DNB). 

Removed by implementation of Overtemperature 

Delta-T ( O T A T ) DNB Protection Reactor Trip. 

Inadequate low flow protection. 

Two new protection function implemented: 

Rapid Reduction in Flow Reactor Trip; 

High Power-to-Flow Ratio Reactor Trip. 

No instrument environmental consideration. 

In Temelin protection system setpoints 

established based upon adverse environmental 

consideration. 

b) Integrated core design, safety analyses, protec

tion, and limitation system established to ensure 

operation within desired safety limits. 



Summary 

In Temelin NPP: 

- Integrated core design, protection system setpoints, 

and safety limits being established 

- Replacement of PL control rods with FL control rods 

and optimization of rod insertion limits 

- increased shutdown margin 

- improved axial power distribution control 

- CAOC core power distribution control strategies 

developed to minimize Xe oscilations 

- Reactor Protection System design developed which 

addresses IAEA concerns (OTdT, O P A T , Low Flow Pro

tection Reactor Trips etc.). 

Implementation of the above features will further 

enhance the safety and operation of the Temelin NPP to 

Vestern standards. 
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APPENDIX III 

USNRC GUIDANCE ON RESOLUTION OF DEGRADED 
AND NON-CONFORMING CONDITIONS 
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* '- UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20555 

November 7, 1991 

TO: ALL NUCLEAR POWER REACTOR LICENSEES AND APPLICANTS 

SUBJECT INFORMATION TO LICENSEES REGARDING TWO NRC INSPECTION MANUAL 
SECTIONS ON RESOLUTION OF DEGRADED AND NONCONFORMING CONDITIONS AND 
ON OPERABILITY (GENERIC LETTER 91-18) 

The NRC staff has issued two sections to be included in Part 9900, Technical 
Guidance, of the NRC Inspection Manual. The^first is, "Resolution of Degraded 
and Nonconforming Conditions." The second is, "Operable/Operability: Ensuring 
the Functional Capability of a System or Component." Copies of the additions to 
the NRC Inspection Manual (enclosure) are provided for information only. No 
specific licensee actions are required. 

The additions to the NRC Inspection Manual are based upon previously issued 
guidance. However, because of the complexity involved in operability 
determinations and the resolution of degraded and nonconforming conditions, there 
have been differences in application by NRC staff during past inspection 
activities. Thus, the purpose of publishing this guidance is to ensure 
consistency in application of this guidance by the NRC. Regional inspection 
personnel have been briefed on this guidance. The NRC will conduct further 
training on these topics to ensure uniform staff understanding. 

The use of this guidance by inspectors may raise backfitting issues for specific 
licensees. The NRC backfitting procedures apply in such cases. Licensees should 
consult with the Regional office regarding the application of specific staff 
positions in the guidance. 

Please contact the appropriate NRC Project Manager if you have any questions 
regarding this matter. 

Jam»s G. Parti ow 
Associate Director for Projects 
Office of Nuclear Reactor Regulation 

Enclosure: As stated 

9111040293 
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RESOLUTION OF 
DEGRADED AND NONCONFORMING CONDITIONS 

1.0 PURPOSE AND SCOPE: 

To provide guidance to NRC inspectors on resolution of degraded and nonconforming 
conditions affecting the following systems, structures, or components (SSCs): 

(i) Safety-related SSCs, which are those relied upon to remain functional 
during and following design basis events (A) to ensure the integrity 
of the reactor coolant pressure boundary, (B) to ensure the capability 
to shut down the reactor and maintain it in a safe shutdown condition, 
or (C) to ensure the capability to prevent or mitigate the 
consequences of accidents that could result in potential c.'fsite 
consequences comparable to the 10 CFR Part 100 guidelines. Design 
basis events are defined the same as in 10 CFR 50.49(b)(1). 

(ii) All SSCs whose failure could prevent satisfactory accomplishment of 
any of the required functions identified in (i) A, B, and C. 

(Hi) All SSCs relied on in the safety analyses or plant ^valuations that 
are a part of the plant's current licensing basis. Such analyses and 
evaluations include those submitted to support license amendment 
requests, exemption requests, or relief requests, and those submitted 
to demonstrate compliance with the Commission's regulations such as 
fire protection (10 CFR 50.48), environmental qualification 
(10 CFR 50.49), pressurized thermal shock (10 CFR 50.61), anticipated 
transients without scram (10 CFR 50.62), and station blackout 
(10 CFR 50.63). 

j,U) Any SSCs subject to 10 CFR Part 50, Appendix B. 

(v). Any SSCs subject to 10 CFR Part 50, Appendix A, Criterion 1. 

(vi) Any SSCs explicitly subject to facility Technical Specifications (TS). 

(vii) Any SSCs subject to facility TS through the definition of operability 
(i.e., support SSCs outside TS). 

£j*trT Any SSCs described in the FSAR. 

This guidance is directed toward NRC inspectors that are reviewing actions of 
licensees that hold an operating license. Although this guidance generally 
reflects existing staff practices, application on specific plants nay constitute 
a backfit. Consequently, significant differences in licensee practices should 
be discussed with NRC management to ensure that the guidance is applied in a 
reasonable and consistent manner for all licensees. 

Issue Date: 10/31/91 -1- 9900 Degraded Conditions 
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2.0 DEFINITIONS: 

2.1 Current Licensing Basis 

Current licensing basis (CLBJ is the set of NRC requirements applicable to a 
specific plant, and a licensee's written commitments for assuring compliance with 
and operation within applicable NRC requirements and the plant-specific design 
basis (including all modifications and additions to such commitments over the 
life of the license) that are docketed and in effect. The CLB includes the NRC 
regulations contained in 10 CFR Parts 2, 19, 20, 21, 30, 40, 50, 51, 55, 72, 73, 
100 and appendices thereto; orders; license conditions; exemptions, and Technical 
Specifications (TS). It also includes the plant-specific design basis 
information defined in 10 CFR 50.2 as documented in the most recent Final Safety 
Analysis Report (FSAR) as required by 10 CFR 50.71 and the licensee's commitments 
remaining in effect tha* were made in docketed licensing correspondence such as 
licensee responses to NKC bulletins, generic letters, and enforcement actions, 
as well as licensee commitments documented in NRC safety evaluations or licensee 
event reports. 

2.2 pesion Basis 

Design basis is that body of plant-specific design bases information defined by 
10 CFR 50.2. 

2.3 Degraded Condition 

A condition of an SSC in which there has been any loss of quality or functional 
capability. 

2.4 Nonconforming Condition 

A condition of an SSC in which there is failure to meet requirements or licensee 
commitments. Some examples of nonconforming conditions include the following: 

1. There is failure to conform to one or more applicable codes or 
standards specified in the FSAR. 

2. As-built equipment, or as-modified equipment, does not meet FSAR 
design requirements. 

3. Operating experience or engineering reviews demonstrate a design 
Inadequacy. 

4. Documentation required by NRC requirements such as 10 CFR 50.49 is 
not available or deficient. 

2.5 Full Qualification 

Full qualification constitutes conforming to all aspects of the current licensing 
basis, including codes and standards, design criteria, and commitments. 

9900 Degraded Conditions -2- Issue Date: 10/31/91 



3.0 BACKGROUND: 

A nuclear power plant's SSCs are designed to meet NRC requirements, satisfy the 
current licensing basis, and conform to specified codes and standards. For 
degraded or nonconforming conditions of these SSCs, the licensee may be required 
to take actions required by the Technical Specifications (TS). The provisions 
of Title 10 of the Code of Federal Regulations (10 CFR), Part 50, Appendix B, 
Criteria XVI, may apply requiring the licensee to identify promptly and correct 
conditions adverse to safety or quality. Reporting may be required in accordance 
with Sections 50.72, 50.73, and 50.9(b) of 10 CFR Part 50, 10 CFR Part 21, and 
tne Technical Specifications (TS). Collectively, these requirements may be 
viewed as a process for licensees to develop a basis to continue operation or to 
place the plant in a safe condition, and to take prompt corrective action. 
Changes to the facility in accordance with 10 CFR 50.59 may be made as part of 
the corrective action required by Appendix B. The process displayed by means of 
the attached chart titled, "Resolution of Degraded and Nonconforming Conditions," 
recognizes these and other provisions that a licensee may follow to restore or 
establish acceptable conditions. These provisions are success paths that en^le 
licensees to continue safe operation of their facilities. 

4.0 DISCUSSION OF NOTABLE PROVISIONS 

4.1 Public Health and Safety 

All success paths, whether specifically stated or not, are first directed to 
ensuring public health and safety and second to restoring the systems, 
structures, or components (SSCs) to the current licensing basis of the plant as 
an acceptable level of safety. Identification of a degraded or nonconforming 
condition that may pose an immediate threat to the public health and safety 
requires the plant to be placed in a safe condition. 

Technical Specifications (TS) address the safety systems and provide Limiting 
Conditions for Operation (LCOs) and Allowed Outage Times (AOTs) required to 
ensure public health and safety. 

4.2 Operabilitv Determinations 

For guidance on operabillty see the Inspection Manual, Part 9900, 
"0PERABLE/0PERABIL1TY: ENSURING THE FUNCTIONAL CAPABILITY OF A SYSTEM OR 
COMPONENT," and see the Inspection Manual, Part 9900, "STANDARD TECHNICAL 
SPECIFICATIONS STS SECTION 1, OPERABILITY." 

4.3 The Current Licensing Basis and 10 CFR 50. Appendix B 

4.3.1 10 CFR 50, Appendix B 

The design and operation of a nuclear plant is to be consistent with the current 
licensing basis. Whenever degraded or nonconforming conditions of SSCs subject 
to Appendix B are identified, Appendix B requires prompt corrective action to 
correct or resolve the condition. The timeliness of this corrective action 
should be commensurate with the safety significance of the Issue. 
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4-3.2 Changing the Current Licensing Basis 
to Satisfy an Appendix B Corrective Action 

A licensee may change the design of its. plant as described in the FSAR in 
accordance with 10 CFR 50.59 at any time. Whenever such changes tre sufficient 
to resolve a degraded or nonconforming condition involving an SSC that 1s subject 
both to Appendix B and 50.59, they may be used to satisfy the corrective action 
requirements of Appendix B, in lieu of restoring the affected equipment to its 
original design. However, whenever such a change involves a unrevlewed safety 
question (USQ) or change in a Technical Specification (TS), the licensee must 
obtain a license amendment in accordance with 10 CFR 50.90 prior to operating the 
plant with the degraded or nonconforming condition. In order to resolve the 
degraded or nonconforming condition without restoring the affected equipment to 
its original design, a licensee may need to obtain and exemption from 10 CFR 50 
in accordance with 10 CFR 50.12, or relief from a design code in accordance with 
10 CFR 50.55a. The use o* 10 CFR 50.59, 50.12 or 50.55a In fulfillment of 
Appendix B corrective action requirements does not relieve the licensee of the 
responsibility to determine the root cause, to examine other affected systems, 
or to report the original condition, as appropriate. 

Further guidance on 10 CFR 50.59 is provided in the NRC Inspection Manual, Part 
9900, "50.59 Changes, Testing, and Experiments." 

4.4 piscoverv of an Existing But Previously Unanalvzed Condition or Accident 

In the course of its activities, the licensee may discover a previously 
unanalyzed condition or accident. Upon discovery of an existing but previously 
unanalyzed condition that significantly compromises plant safety, the licensee 
shall report that condition in accordance with 10 CFR 50.72 and 50.73, and put 
the plant in a safe condition. 

For a previously unanalyzed condition or accident that is considered a 
significant safety concern, but is not part of the design basis, the licensee may 
subsequently be required to take additional action after consideration of backfit 
issues (see Section 50.109(a)(5)). 

4.5 Justification for Continued Operation (JCO) 

4.5.1 Background 

The license authorizes the licensee to operate the plant in accordance with the 
regulations, license conditions and the TS. If an SSC Is degraded or 
nonconforming but operable, the license provides authorization to operate and the 
licensee does not need further justification. The licensee must, however, 
promptly identify and correct the condition adverse to safety or quality in 
accordance with 10 CFR Part 50, Appendix 8, Criterion XVI. 

Under certain defined and limited circumstances, the licensee nay find that 
strict compliance with the TS would cause an unnecessary plant action not In the 
best interest of public health and safety. NRC review and response Is required 
prior to the licensee taking actions that are contrary to compliance with the 
license conditions or TS unless an emergency situation is present such that 10 
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CFR 50.54{X) is applied. A JCO, as defined herein for general NRC purposes, is 
the licensee's technical basis for requesting NRC responses to such action. 

4.5.2 JCO Definition 

A Justification for Continued Operation1 (JCO) is the licensee's technical basis 
for requesting authorization to operate in a manner that is prohibited (e.g., 
outside TS or license) absent such authorization. The preparation of JCOs does 
not constitute authorization to continue operation. 

4.5.3 Items for Consideration in a JCO 

Some items which are appropriate for consideration in a licensee's development 
of a JCO include: 

o Availability of redundant or backup equipment 
o Compensatory treasures including limited administrative controls 
o Safety function and events protected against 
o Conservatism and margins, and 
o Probability of needing the safety function. 
o PRA or Individual Plant Evaluation (IPE) results that determine how 

operating the facility in the manner proposed in the JCO will impact 
the core damage frequency. 

4.5.4 Discussion of Industry-Type JCOs 

Currently, some licensees refer to two other documents or processes as JCOs that 
are not equivalent to and do not perform the same function as the NRC-recognized 
JCO (as defined in 4.5.2). This is an acceptable industry practice and to the 
extent the industry JCO fulfills other NRC requirements, the JCOs will be 
selectively reviewed and audited accordingly. 

In the first industry-type JCO, the licensee may consider the entire process 
depicted in the attached chart as a single JCO that includes such things as the 
basis for operability, PRA, corrective action elements, and alternative 
operations. 

In the second industry-type JCO, the licensee may consider the documentation that 
is developed to support facility operation after the operability decision has 
been made as a JCO. This documentation can cover any or all of the items listed 
under "Interim Operation" on the attached chart. 

'Regulations, generic letters, and bulletins may provide direction on 
specific issue JCOs, which do not require that they be submitted. Licensees may 
also use the JCO for situations other than for operating in a prohibited manner. 
The JCO term has been used in 6eneric Letters 88-07 on Environmental 
Qualifications of Electrical Equipment and 87-02 on Seismic Adequacy. Licensees 
should continue to follow earlier guidance regarding the preparation of JCOs on 
specific issues. 
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Although the "0C0" is used differently by some licensees, the NRC concern is that 
the operability decision is correct, documentation of licensee's actions are 
appropriate, and submittals to the NRC are complete. The licensee's 
documentation of the JCO's 1s normally procedural 1 zed through the existing plant 
record system, which is auditable. 

4.6 Reasonable Assurance of Safety 

For SSCs that are not expressly subject to IS and that are determined to be 
inoperable, the licensee should assess the reasonable assurance of safety. If 
the assessment is successful, then the facility may continue to operate while 
prompt corrective action is taken. Items to be considered for such an assessment 
include the following: 

o Availability of redundant or backup equipment 
o Compensatory measures including limited administrative controls 
o Safety function and events protected against 
o Conservatism and margins, and 
o Probability of needing the safety function. 
o PRA or Individual Plant Evaluation (IPE) results that determine how 

operating the facility in the manner proposed In the JCO will impact 
the core damage frequency. 

5.0 REFERENCE 

See attached chart on next page titled, "Resolution of Oegraded and Nonconforming 
Conditions." 
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OPERABLE/OPERABILITY: 
ENSURING THE FUNCTIONAL CAPABILITY OF A SYSTEM OR COMPONENT 

1.0 PURPOSE AND SCOPE 

To provide guidance to NRC inspectors for the review of licensee operability 
determinations affecting the following systems, structures, or components (SSCsJ: 

(i) Safety-related SSCs, which are those-relied upon to remain functional 
during and following design basis events (A) to ensure the Integrity 
of the reactor coolant pressure boundary, (B) to ensure the capability 
to shut down the reactor and maintain it in a safe shutdown condition, 
or (C) to ensure the capability to prevent or mitigate the 
consequences of accidents that could result In potential offsite 
consequences comparable to the 10 CFR Part 100 guidelines. Design 
basis events are defined the same as in 10 CFR 50.49(b)(1). 

(ii) All SSCs whose failure could prevent satisfactory accomplishment of 
any of the required functions identified in (1) A, B,. .and C. 

(iii) All SSCs relied on in the safety analyses or plant evaluations that 
are a part of the plant's current licensing basis. Such analyses and 
evaluations include those submitted to support license amendment 
requests, exemption requests, or relief requests, and those submitted 
to demonstrate compliance with the Commission's regulations such as 
fire protection (10 CFR 50.48), environmental qualification 
(10 CFR 50.49), pressurized thermal shock (10 CFR 50.61), anticipated 
transients without scram (10 CFR 50.62), and station blackout 
(10 CFR 50.63). 

(iv) Any SSCs subject to 10 CFR Part 50, Appendix B. 

(v) Any SSCs subject to 10 CFR Part 50, Appendix A, Criterion 1. 

(vi) Any SSCs explicitly subject to facility Technical Specifications (TS). 

(vii) Any SSCs subject to facility TS through the definition of operability 
(i.e., support SSCs outside TS). 

(viii) Any SSCs described in the FSAR. 

This guidance 1s directed toward NRC inspectors that are reviewing actions of 
licensees that hold an operating license. Although this guidance generally 
reflects existing staff practices, application on specific plants »ay constitute 
a backfit. Consequently, significant differences in licensee practices should 
be discussed with NRC management to ensure that the guidance is applied in a 
reasonable and consistent manner for all "licensees. 
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2.0 DEFINITIONS: 

2-1 Current Licensing Basis 

Current licensing basis (CIB) is the set of NRC requirements applicable to a 
specific plant, and a licensee's written commitments for assuring compliance with 
and operation within applicable NRC requirements and the plant-specific design 
basis (including all modifications and additions to such commitments over the 
life of the license) that are docketed and in effect. The CIB includes the NRC 
regulations contained in 10 CFR Parts 2, 19, 20, 21, 30, 40, 50, 51, 55, 72, 73, 
100 ana appendices thereto; orders; license conditions; exemptions, and Technical 
Specifications (TS). It also includes the plant-specific design basis 
information defined in 10 CFR 50.2 as documented" in the most recent Final Safety 
Analysis Report (FSAR) as required by 10 CFR 50.71 and the licensee's commitments 
remaining in effect that were made in docketed licensing correspondence such as 
licensee responses to NRC bulletins, generic letters, and enforcement actions, 
as well as licensee commitments documented in NRC safety evaluations or licensee 
event reports. 

2.2 Design Basis 

Design basis is that body of plant-specific design bases information defined by 
10 CFR 50.2. 

2.3 Degraded Condition 

A condition of an SSC 1n which there has been any loss of quality or functional 
capability. 

2.4 Nonconforming Condition 

A condition of an SSC in which there is failure to meet requirements or licensee 
commitments. Some examples of nonconforming conditions include the following: 

1. There 1s failure to conform to one or more applicable codes or 
standards specified in the FSAR. 

2. As-built equipment, or as-modified equipment, does not meet FSAR 
design requirements. 

3. Operating experience or engineering reviews demonstrate a design 
inadequacy. 

4. Documentation required by NRC requirements such as 10 CFR 50.49 is 
not availaMe or deficient. 

2.5 Full Qualification 

Full qualification constitutes conforming to all aspects of the current licensing 
basis, including codes and standards, design criteria, and commitments. 
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3.0 STANDARD TECHNICAL SPECIFICATIONS OPERABILITY DEFINITION AND DISCUSSION 

3.1 Ooerabilitv Definition 

The Standard Technical Specifications (STS) define operable or operability as 
follows: 

"A system, subsystem, train, component, or device shall be OPERABLE or 
have OPERABILITY when it is capable of performing its specified functions, 
and when all necessary attendant instrumentation, controls, electrical 
power, cooling or seal water, lubrication or other auxiliary equipment 
that are required for the system, subsystem, train, component, or device 
to perform its function(s) are also capable of performing their related 
support function(s)." 

3.2 Variations of Operability Definition in Plant Specific TS 

There are several variations in existing plant specific TS of the above basic 
definition. Therefore, some judgement is required in application of this 
guidance on operability. Word differences that exist are not viewed by the NRC 
to imply any significant overall difference in application of the plant specific 
TS. Any problems that result from existing inconsistencies between a plant 
specific definition of operability and this guidance should be discussed with 
regional management, who should discuss the issues with NRR if deemed necessary. 
In all cases, a licensee's plant-specific definition is governing. 

3.3 Specified Function(s) 

The definition of operability refers to capability to perform the "specified 
functions." The specified function(s) of the system, subsystem, train, 
component, or device (hereafter referred to as system) is that specified safety 
function(s) in the current licensing basis for the facility. 

In addition to providing the specified safety function, a system 1s expected to 
perform as designed, tested and maintained. When system capability 1s degraded 
to a point where it cannot perform with reasonable assurance or reliability, the 
system should be judged inoperable, even if at this Instantaneous point in time 
the system could provide the specified safety function. See Section 6.11, which 
discusses ASHE Section XI, for an example. 

3.4 Support System Operabmtv - Understanding System Interrelationships 

The definition of operability embodies a principle that a system can perform its 
specified safety function(s) only when all Its necessary support systems are 
capable of performing their related support functions. Therefore, an-NRC 
inspector should expect that each licensee understands which support systems are 
necessary to ensure the operability of main systems and components that perform 
specified safety functions. Such an understanding is mandatory. Otherwise the 
licensee will not be able to implement the definition of operability. 
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4.0 BACKGROUND 

The purpose of the Technical Specifications is to ensure that the plant is 
operated within its design basis and to preserve the validity of the safety 
analyses, which are concerned with both the prevention and mitigation of 
accidents. Because both prevention of accidents and the ability to mitigate them 
must be continuously ensured, the process of ensuring OPERABILITY for safety or 
safety support systems is ongoing and continuous. The focus of operability is 
foremost on the capability to ensure safety. 

The process of ensuring operability is continuous and consists of the 
verification of operability by surveillances- and formal determinations of 
operability whenever a verification or other indication calls into question the 
system's or component's ability to perform its specified function. 

Verification of operability is supplemented by continuous and ongoing processes 
such as: 

o Day-to-day operation of the facility 
o Implementation of programs such as inservice testing and inspection 
o Plant walkdowns or tours 
o Observations from the control room 
o Quality assurance activities such as audits and reviews 
o Engineering design reviews including design basis reconstitution. 

Without any information to the contrary, once a component or system is 
established as operable, it is reasonable to assume that the component or system 
should continue to remain operable, and the previously stated verifications 
should provide that assurance. However, whenever the ability of a system or 
structure to perform its specified function is called Into question, operability 
must be determined from a detailed examination of the deficiency. 

The determination of operability for systems is to be made promptly, with a 
timeliness that is commensurate with the potential safety significance of the 
issue. If the licensee chooses Initially not to declare a system Inoperable, the 
licensee must have a reasonable expectation that the system 1s operable and that 
the prompt determination process will support that expectation. Otherwise, the 
licensee should immediately declare the system or structure Inoperable. Where 
there is reason to suspect that the determination process 1s not, or was not 
prompt, the Region may discuss with the licensee, with NRR consultation as 
appropriate, the reasoning for the perceived delay. 

The TS establish operability requirements on systems required for safe operation 
and include surveillance requirements to demonstrate periodically that these 
systems are operable. Performance of the surveillance requirement 1s usually 
considered to be sufficient to demonstrate operability provided that there is 
reasonable assurance that the system continues to conform to all appropriate 
criteria in the current licensing basis (CLB). Whenever conformance to the 
appropriate criteria in the CLB is called Into question,"performance of the 
surveillance requirement alone 1s usually not sufficient to determine 
operability. 

9900 Operability -4- Issue Date: 10/31/91 



When operability verification or other processes indicate a potential deficiency 
or loss of quality, licensees should make a prompt determination of operability 
and act on the results of that determination. The licensee should also restore 
the quality of the system in accordance with 10 CFR Part 50, Appendix B, 
Criterion XVI, Corrective Action. 

5.0 ADDITIONAL GUIDANCE FOR OPERABILITY DETERMINATIONS 

In the course of review activities or through normal plant operation, a licensee 
may become aware of degraded or nonconforming conditions affecting the SSCs 
defined in Section 1. These activities include, but are not limited to, the 
following: 

o Review of operational events 
o Design modifications to facilities 
o Examinations of records 
o Additions to facilities 
o Vendor reviews or inspections 
o Plant system walkdowns. 

These and other paths for identifying degraded or nonconforming conditions, 
including reports from industry and other utilities, should result in the prompt 
identification and correction of the deficiency by the licensee. Licensees 
should make an operability determination and take follow-on corrective action in 
the following circumstances: 

o Discovery of degraded conditions of equipment where performance is 
called into question 

o Discovery of nonconforming conditions where the qualification of 
equipment (such as conformance to codes and standards) is called 
into question 

o Discovery of an existing but previously unanalyzed condition or 
accident. NOTE: For a previously unanalyzed condition or accident 
that is considered a significant safety concern, but Is not part of 
the design basis, the licensee may subsequently be required to take 
additional action after consideration of backflt issues 
(See 10 CFR 50.109 (a)(5)). 

The following guidance for dealing with issues that are closely associated with 
operability determinations has been derived from the NRC regulations and from 
previous guidance issued to licensees. 

5.1 Focus on Safety 

The immediate and primary attention must be directed to safety concerns. 
Reporting and procedural requirements should not Interfere with ensuring the 
health and safety of the public. To continue operation wh-ile an operability 
determination is being made, the licensee must have a reasonable expectation that 
the system 1s operable and that the determination process will support that 
expectation. 
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5.2 Full Qualification 

Full qualification constitutes conforming to all aspects of the current licensing 
basis, including codes and standards, design criteria, and commitments. 

The SSCs defined in section 1 are designed and operated, as described in the 
current licensing basis (CLB), to include design margins and engineering margins 
of safety to ensure, among other things, that some loss of quality does not mean 
immediate failure. The CLB includes commitments to specific codes and standards, 
design criteria, and some regulations that also dictate margins. Many licensees 
add conservatism so that a partial loss of quality does not affect their 
commitments to the margins. The loss of conservatism not taken credit for in the 
safety analyses and not committed to by the licensee to satisfy licensing 
requirements does not require a system to be declared inoperable. All other 
losses of quality or margins are subject to an operability determination and 
corrective action. 

5.3 Deal with Ooerabilitv and Restoration of Qualification Separately 

Operability and qualification are closely related concepts. However, the fact 
that a system is not fully qualified does not, in all cases, render that system 
unable to perform its specified function If called upon. According to the 
definition of operability, a safety or safety support system-or'structure must 
be capable of performing its specified function(s) of prevention or mitigation 
as described in the current licensing basis, particularly the TS bases or FSAR. 

The prompt determination of operability will result 1n decisions or actions 
pertaining to continued plant operation, while qualification or requallfication 
becomes a corrective action goal. Qualification concerns, whether it is a lack 
of required quality or loss of quality because of degradation, can and should be 
promptly considered to determine the effect of the concern on the operability of 
the system. 

If operability is assured based on this prompt determination, plant operation can 
continue while an appropriate corrective action program 1s Implemented to restore 
full qualification. This is consistent with the plant TS being the controlling 
document for making decisions about plant operations, while 10 CFR Part 50, 
Appendix B, Criterion XVI, Corrective Action, is the requirement document for 
dealing with restoring equipment qualification. 

The principle of treating the related concepts of operability and restoration of 
qualification separately is to ensure that the operability determination Is 
focused on safety and is not delayed by decisions or actions necessary to plan 
or implement the corrective action, i.e., restoring full qualification. 
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5.4 Determining Qperabilitv and Plant Safety is a Continuous Decision-Making 
Process 

Licensees are obligated to ensure the continued operability of SSCs as specified 
by TS, or to take the remedial actions addressed in the TS. For other SSCs which 
may be in a degraded or nonconforming condition, it must be determined whether 
a condition adverse to quality exists and whether corrective actions are needed. 
Operability is verified, as discussed above, by day-to-day operation, plant 
tours, observations from the control room, surveillances, test programs, and 
other similar activities. Deficiencies in the design basis or safety analysis 
or problems identified by the operability verification lead to the operability 
determination process by which the specific deficiency and overall capability of 
the component or system are examined. The process, in one form or another, is 
ongoing and continuous. As a practical matter, decision making requires good 
information and takes time. However, the process used by licensees should call 
for prompt and continuous attention to deficiencies and potential system 
inoperabilities. In aduition, the licensee's process should call for Immediately 
declaring equipment inoperable when reasonable expectation of operability does 
not exist or mounting evidence suggests that the final analysis will conclude 
that the equipment cannot perform its specified safety function(s). 

5.5 Timeliness of Operability Determinations 

Timeliness of operability determinations should be commensurate with the safety 
significance of the issue. Once the deficiency has been identified and the 
specific component or system has been identified, the determination can be made 
regarding the capability to perform the specified function(s). There is not an 
explicit requirement in the regulations for the timing of the decision. As 
discussed further in Section 6.0, timeliness is important and is determined by 
the safety significance of the issue. The Allowed Outage Times (AOTs) contained 
in TS generally provide reasonable guidelines for safety significance. 

5.6 Timeliness of Corrective Action 

Timeliness of corrective action (i.e., the requirements 1n 10 CFR Part 50, 
Appendix B, Criterion XVI, for "prompt" corrective action) should be commensurate 
with the safety significance of the corrective action. 

The determination of operability establishes a basis for plant operation while 
the corrective action establishes or re-establishes the design 
basis/qualification of the safety or safety support system. As in Section 5.5 
above, there is no explicit requirement in the regulations for timeliness of 
these corrective actions, except that 10 CFR Part 50, Appendix B, Criterion XVI 
requires 1t to be "prompt". Again, timeliness is determined by the safety 
significance of the issue. 

5.7 Justification for Continued Operation 

See the NRC Inspection Manual, Part 9900, Technical Guidance, "Resolution of 
Degraded and Nonconforming Conditions," tor guidance on JCOs. 
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6.0 DETAILED DISCUSSION OF SPECIFIC OPERABILITY ISSUES 

6.1 Scope and Timing of Qperabilitv Determinations 

Determining system, structure, or component (SSC) operabllity 1s a continuous 
process that cannot be avoided. Action Is required any time an SSC that is 
required by TS or NRC requirement to be operable 1s found to be Inoperable If 
an immediate threat to public health and safety 1s identified, action to place 
the plant in a safe condition should begin as soon as this circumstance is known 
and should be completed expeditiously. 

Once a degraded or nonconforming condition of specific SSCs 1s identified, an 
operability determination should be made as soon as possible consistent with the 
safety importance of the SSC affected. In most cases, it is expected that the 
decision can be made immediately (e.g., loss of motive power, etc.). In other 
cases it is expected the decision can be made within approximately 24 hours of 
discovery even though complete information may not be available. Some few 
exceptional cases may take longer. For SSCs in TS, the Allowed Outage Times 
(AOTs) contained in TS generally provide reasonable guidelines for safety 
significance. For SSCs outside TS, engineering judgement must be used to 
determine safety significance. The decision should be based on the best 
information available and must be predicated on the licensee's reasonable 
expectation that the SSC is operable and that the prompt determination process 
will support that expectation. When reasonable expectation does not exist, the 
SSC should be declared inoperable and the safe course of action should be taken. 

The licensee should examine the full scope of the current licensing basis, 
including the TS and FSAR commitments, to establish the conditions and 
performance requirements to be met for determining operability. The operability 
decision may be based on analysis, a test or partial test, experience with 
operating events, engineering judgment, or a combination of these factors taking 
into consideration equipment functional requirements. An Initial determination 
regarding operability should be revised, as appropriate, as new or additional 
information becomes available. 

The scope of an operability determination needs to be sufficient to address the 
capability of the equipment to perform its safety function(s). Operability 
determinations should therefore include the following actions: 

o Determine what equipment 1s degraded or potentially nonconforming. 

o Determine the safety function(s) performed by the equipment. 

o Determine the circumstances of the potential nonconformance, 
including the possible failure mechanism. 

o Determine the requirement or commitment established for the 
equipment, and why the requirement or commitment may not be met. 

o Determine by what means and when the potentially nonconforming 
equipment was first discovered. 
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o Determine safest plant configuration including the effect of 
transitional action. 

o Determine the basis for declaring the affected system operable, 
through: 
a. analysis 
b. test or partial test, 
c. operating experience, and 
d. engineering judgement. 

If an NRC-approved action (such as provided in an LCO action statement) is 
immediately taken to compensate for failed equipment (e.g., placing one channel 
of reactor protection in the tripped condition upon failure of the channel such 
that the specified safety function can be maintained), continued operation of the 
facility is permitted. 

However, continued operation with an inoperable channel in the tripped condition 
is not advisable because a subsequent failure will result in a plant trip that 
will challenge plant safety systems. It is also not advisable from the 
standpoint of plant availability. 

6.2 Treatment of Single Failures in Ooerabilitv Determinations 

6.2.1 Definition of Single Failure 

10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power Plants," 
defines a single failure as: 

"A single failure means an occurrence which results in the loss of 
capability of a component to perform its intended safety functions. 
Multiple failures resulting from a single occurrence are considered to be 
a single failure." 

6.2.2 Capability to Withstand a Single Failure Is a Design Consideration 

Appendix A contains general design criteria (GDC) for SSCs that perform major 
safety functions. Many of the GDC contain a statement similar to the following: 

"Suitable redundancy in components and features and suitable 
interconnections, leak detection, isolation and containment capabilities 
shall be provided to assure that for onsite electrical power system 
operation (assuming offsite power 1n not available) and for offsite 
electrical power system operation (assuming onsite power is not available) 
the system safety function can be accomplished assuming a single failure." 

See, for example, GDC 17, 34, 35, 38, 41, 44. Therefore, capability to withstand 
a single failure in fluid or electrical systems 1s a plant-specific design 
consideration, which ensures that a single failure does not result 1n a loss of 
the capability of the system to perform its safety functions. 
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6.2.3 Discovery of a Design Deficiency 1n Which Capability to Withstand 
a Single Failure is Lost 

A design deficiency 1n which capability to withstand a single failure 1s lost, 
should be evaluated and treated as a degraded and nonconforming condition. As 
with any degraded or nonconforming condition, a prompt determination of 
operability is required. 

For any design deficiency in which the capability to withstand a single failure 
is lost, the licensee must address the quality aspects and if the design 
deficiency affects the design basis requirements for the particular plant, 
promptly correct the deficiency in accordance with 10 CFR Part 50, Appendix B, 
Criterion XVI, Corrective Action. 

6.3 Treatment of Consequential Failures in ODerabilitv Determinations 

6.3.1 Definition of Consequential Failure 

A consequential failure is a failure of an SSC caused by a postulated accident 
within the design basis. For example, if during a loss of coolant accident 
(IOCA) (a design basis event), the broken pipe could whip and incapacitate a 
nearby pump, then the pump would not be able to function. Such a pump failure 
is called a consequential failure because the pump failed as a result of the 
design basis event itself. In general, facility design -takes any such 
consequential failures that are deemed credible into consideration. In this 
case, that would mean that the broken pump was not one that the safety analysis 
would take credit for to mitigate the LOCA. 

6.3.2 Consequential Failures and Operability Determinations 

Operability determinations should be performed for those potential consequential 
failures (i.e., an SSC failure that would be a direct consequence of a design 
basis event) for which the SSC 1n question needs to function. Where 
consequential failures would cause a loss of function needed for limiting or 
mitigating the effects of the event, the affected SSC 1s inoperable because it 
cannot perform all of Its specified functions. Such situations are most likely 
discovered during design basis reconstitution studies, or when new credible 
failure modes are identified. 

6.3.3 Consequential Failures and Appendix B 

With any consequential failure, the licensee must address the quality aspects and 
if the failure affects the design basis requirements for the particular plant, 
promptly correct the deficiency 1n accordance with 10 CFR Part 50, Appendix B, 
Criterion XVI, Corrective Action. 

6.* Operabilltv During TS Surveillances and Preventive Maintenance 

During preventive maintenance (PM), equipment may be removed from service and 
rendered incapable of performing the functlon(s) specified for safety. This 
equipment is clearly inoperable. For equipment subject to the Technical 
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Specifications (TS), the PM activity and any other action that may be required 
by the Limiting Conditions for Operation (LCOs), is expected to be completed 
within the Allowed Outage Time (AOT). For safety equipment not subject to the 
TS either explicitly by direct inclusion in the TS or implicitly through the 
definition of operability, the licensee's PM activities should be consistent with 
the importance of the equipment to safety and the function(s) of the equipment 
and a reasonable time goal should be set to complete the PM. 

In all cases, care should be exercised in removing equipment from service for PM 
to avoid accumulating 'ong out-of-service times of safety trains. The licensee 
should reestablish operability before the equipment is returned to service. The 
licensee also may need to reestablish operability for systems or components, in 
whole or in part, that are actively dependent upon the equipment undergoing the 
PM activity. The need for testing to reestablish operability should be based on 
a reasonable judgement about how the inoperable equipment may have been affected. 
If retesting to reestablish operability is not possible or practicable because 
of safety concerns, analysis or other means should be used to demonstrate 
operability. 

If TS surveillances require that safety equipment be removed from service and 
rendered incapable of performing its safety function, the equipment is 
inoperable. The LCO action statement shall be entered unless the TS explicitly 
direct otherwise. Upon completion of the surveillance, the licensee should 
verify restoration to operable status of at least those portions of the equipment 
or system features that were altered to accomplish the surveillance. 

NOTE: With regard to surveillances or other similar activities (such as 
inservice testing) that render systems inoperable for extended periods 
(i.e., those that may exceed the Allowed Outage Time (AOT)}, licensees 
must have prior NRC approval by license amendment for the surveillance 
requirement or redefine the tests. It is not the intent of surveillances 
or other similar program requirements to cause unwarranted plant shutdowns 
or to unnecessarily challenge other safety systems. 

See "Maintenance - Voluntary Entry into Limiting Conditions for Operation Action 
Statements to Perform Preventive Maintenance," NRC Inspection Manual, Part 9900, 
Technical Guidance. 

6.5 Surveillance and Operability Testing in Safety Configuration 

Many systems are designed to perform both normal operational and safety 
functions. It 1s preferable that both the Technical Specification (TS) 
surveillance requirement testing and any other operability testing be performed 
in the same configuration as would be required to perform the safety function, 
i.e., safety mode. However, testing in the normal configuration or mode of 
operation may be required for systems if testing 1n the safety mode will result 
in unwarranted safety concerns or transients. The mode of operation for the TS 
surveillance requirements test is usually prescribed and the acceptance criteria 
are established on that basis. 

If a system should fail while it H being tested in the safety mode of operation, 
the system is to be declared inoperable. For ongoing periodic testing that must 
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be performed during normal mode operation, the licensee should establish normal 
mode operational acceptance criteria that are based on a direct relationship to 
the safety mode requirements. Operability verification 1s then provided by 
acceptable normal mode operational test results. 

Test failures should be examined to determine the root cause and correct the 
problem before resumption of testing. Repetitive testing to achieve acceptable 
test results without identifying the root cause or correction of any problem in 
a previous test is not acceptable as a means to establish or verify operability. 

6.6 Hissed Technical Specification Surveillance 

The Standard Technical Specifications (STS) contain Surveillance Requirement 
4.0.3 which states: 

"Failure to perform a Surveillance Requirement within the specified time 
interval shall constitute a failure to meet the OPERABILITY requirements 
for a Limiting Condition for Operation. Exceptions to these requirements 
are stated in the individual specifications. Surveillance Requirements do 
not have to be performed on inoperable equipment.* 

Plant-specific Technical Specification (TS) variations of this statement may 
exist, in which case the plant-specific TS govern. 

The Allowed Outage Time (AOT) in the action requirements specifies a time 
interval that permits corrective action to be taken to satisfy the LCO. If such 
a time interval is specified in the action requirements or if the licensee has 
adopted by license amendment, the 24-hour provision of amended Surveillance 
Requirement 4.0.3 as discussed 1n Generic Letter (GL) 87-09, the completion of 
a missed surveillance within these time intervals meets the requirements. As 
with systems discovered to be inoperable, the time interval begins upon discovery 
of the missed surveillance. Failure to perform a TS requirement within the 
specified time interval is considered a condition prohibited by the TS and is 
reportable at least under 10 CFR Part 50.73; 1t also may be subject to 
enforcement action. 

Generic Letter 87-09 and other documents provide extensive guidance on 
surveillance extension, applicability, and success criteria. The above 
discussion involves only the operability issues. 

6.7 Use of Manual Action in Place of Automatic Action 

Automatic action is frequently provided as a design feature specific to each 
safety system to ensure that the specified functions of the system will be 
accomplished. Limiting safety system settings for nuclear reactors are defined 
in 10 CFR Part 50.36, "Technical Specifications," as settings for automatic 
protective devices related to those variables having significant safety 
functions. Where a limiting safety system setting is specified for a variable 
on which a safety limit has been placed, the setting must be so chosen that 
automatic protective action will correct the abnormal situation before a safety 
limit is exceeded. Accordingly, it is not appropriate to take credit for manual 
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action in place of automatic action for protection of safety limits to consider 
equipment operable. This does not preclude operator action to put the plant in 
a safe condition, but operator action cannot be a substitute for automatic safety 
limit protection. 

The licensing of specific plant designs includes consideration of automatic and 
manual action. While approvals have been granted for either or both type 
actions, not every combination of circumstances has been reviewed from an 
operabillty standpoint. Although it is possible, it Is not expected that many 
determinations of operability will be successful for manual action in place of 
automatic action. Credit for manual initiation to mitigate the consequences of 
design basis accidents should have been established as part of the licensing 
review of a plant. 

For any other situation in which substitution of manual action for automatic 
action may be acceptable, the licensee's determination of operabillty with regard 
to the use of manual action must focus on the physical differences between 
automatic and manual action and the ability of the manual action to accomplish 
the specified function. The physical differences to be considered include, but 
are not limited to, the ability to recognize input signals for action, ready 
access to or recognition of setpoints, design nuances that may complicate 
subsequent manual operation such as auto-reset, repositioning on temperature or 
pressure, timing required for automatic action, etc., minimum manning 
requirements, and emergency operation procedures written for the automatic mode 
of operation. The licensee should have written procedures in place and training 
accomplished on those procedures before substitution of any manual action for the 
loss of an automatic action. 

The assignment of a dedicated operator for manual action is not acceptable 
without written procedures and a full consideration of all pertinent differences. 
The consideration of manual action in remote areas also must include the ability 
and timing in getting to the area, training of personnel to accomplish the task, 
and occupational hazards to be incurred such as radiation, temperature, chemical, 
sound, or visibility hazards. One reasonable test of the reliability and 
effectiveness of manual action may be the approval of manual action for the same 
function et a similar plant. Nevertheless, this 1s expected to be a temporary 
condition until the automatic action can be promptly corrected in accordance with 
10 CFR Part 50, Appendix B, Criterion XVI, Corrective Action. 

6.8 "Indeterminate" State of Operability 

An SSC 1s operable when 1t 1s capable of performing Its specified function(s) and 
when all necessary support SSCs are also capable of performing their related 
support functions. See operabillty definition and discussion 1n Section 3.0. 
Otherwise, ths SSC is inoperable. When a licensee has cause to question the 
operability of an SSC, the operability determination is to be prompt; the 
timeliness must be commensurate with the potential safety significance of the 
Issue. The determination process during this time; howeverf must be predicated 
on the licensee's reasonable expectation that the SSC 1s operable and that the 
prompt determination process will support that expectation. 
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In the absence of reasonable expectation that the SSC is operable, the SSC is to 
be declared inoperable immediately. Subsequent evaluation may conclude that an 
SSC declared inoperable 1s in fact operable. The licensee's actions subsequent 
to declaring an SSC Inoperable are guided by the regulations, TS, plant 
procedures, and so forth. In addition, the licensee should determine when and 
under what circumstances the system became inoperable so that reporting 
requirements may be met and NRC followup actions may properly reflect the 
circumstances and the licensee's efforts to correct and prevent recurrences. In 
summary, an SSC is either operable or inoperable at all time. "Indeterminate" 
is not a recognized state of operability. 

6.9 Use of Probabilistic Risk Assessment in Qperabilltv Decisions 

Probabilistic risk assessment (PRA) 1s a valuable tool for the relative 
evaluation of accident scenarios while considering, among other thing.,, the 
probabilities of occurrence of accidents or external events. The definition of 
operability states; however, that the SSC must be capable of performing its 
specified function(s). The inherent assumption is that the occurrence conditions 
or event exists and that the safety function can be performed. The use of PRA 
or probabilities of the occurrence of accidents or external events 1s not 
acceptable for making operability decisions. 

However, PRA may provide valid and useful supportive Informatioh for a licensee 
amendment. The PRA is also useful for determining the safety significance of 
SSCs. The safety significance, whether determined by PRA or other analyses, is 
a necessary factor in decisions on the appropriate "timeliness" of operability 
determinations. Specific guidance on the timeliness of determinations is 
presented in Section 5.5. 

6.10 Environmental Qualification 

When the NRC or licensee identifies a potential deficiency in the environmental 
qualification of equipment (I.e., a licensee does not have an adequate basis to 
establish qualification), the licensee is expected to make a prompt determination 
of operability, to take immediate steps to establish a plan with a reasonable 
schedule to correct the deficiency, and to write a Justification for Continued 
Operation (JCO) (See Note below), which will be available for NRC review. The 
licensee may be able to make a finding of operability using analysis and partial 
test data to provide reasonable assurance that the equipment will perform Its 
safety function(s) in its accident environment when called upon to do so. The 
licensee should also show that subsequent failure of the equipment will not 
result 1n significant degradation of any safety function or provide misleading 
information to the operator. 

NOTE: The JCO referred to in questions of equipment qualification 1s 
specifically addressed by Generic Letter 88-07 dated April 7, 1988. This 
environmental qualification "JCO" includes an operability determination. It also 
states that the licensee should evaluate whether the findings are reportable 
under 10 CFR 50.72, 10 CFR 50.73, 10 CFR Part 21, the Technical Specifications, 
or any other pertinent reporting requirements, including 10 CFR 50.9. 
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The following actions should be taken if a licensee is unable to demonstrate 
equipment operability: 

o For inoperable equipment In a system subject to the TS, the licensee 
shall follow the appropriate action statements. This could require 
that the plant be shut down or remain shut down. 

o For inoperable equipment 1n a system not subject to the TS, the 
licensee may continue reactor operation if the safety function can 
be accomplished by other designated equipment that is qualified, or 
if limited administrative controls can be used to ensure the safety 
function is performed. 

6.11 Technical Specification Qperability vs. ASME Code. Section XI 
Operative Criteria 

The Technical Specifications (TS) normally apply to overall system performance 
but sometimes contain limiting values for certain component performance, which 
are specified to ensure that the design basis and safety analysis is satisfied. 
The values (e.g., pump flow rate, valve closure time, valve leakage rate, 
safety/relief valve set point pressure) are operability verification criteria. 
If these values are not met at any time, the applicable LCO shall be entered. 

The ASHE Section XI inservice testing plans required under 10'CFR 50.55(a) for 
pumps and valves may contain the same or different limits and additional 
component performance acceptance values which, if not met, will indicate that the 
pump or valve has seriously degraded so that corrective action would be required 
to ensure or restore the operability and operational readiness of the pump or 
valve. The ASME Section XI acceptance criteria include "required action ranges" 
or limiting values for certain component performance parameters. These required 
action ranges or limiting values as defined by the code as component performance 
parameters, may be less conservative than the TS values which are safety analysis 
limits. However, action must be taken when the TS requirements are not met. 

Generic Letter 89-04 Attachment 1, Position 8, defines the starting point for the 
Allowed Outage Time (AOT) in TS action statements for ASME Section XI pumps and 
valves. When performance data fall in the required action range, regardless of 
whether the-limit is equal to or more conservative than the TS limit, the pump 
or valve must be declared Inoperable immediately (the term "inoperative" is used 
in the text of ASME Section XI; the pump or valve is both "inoperative" and 
Inoperable) and the TS action statement for the associated system must be 
entered. 

In cases where the required action range limit is more conservative than its 
corresponding TS limit, the corrective action may not be limited to replacement 
or repair; it may be an analysis to demonstrate that the specific performance 
degradation does not impair operability and that the pump or valve will still 
fulfill its function, such as dellverina the required flow. A new required 
action range may be established after such analysis which would then allow a new 
determination of operability. 

Issue Date: 10/31/91 -15- 9900 Operability 



The durations specified by the Code for analyzing test results have not been 
accepted by the NRC for postponing entering a TS action statement. As soon as 
data are recognized as being within the required action range for pumps or as 
exceeding the limiting value of full-stroke time for valves, the associated 
component must be declared inoperable and, if subject to the TS, the AOT 
specified in the action statement must be started at the time the component was 
declared inoperable. For inoperable pumps and valves considered by ASHE Section 
XI but not subject to the TS, the action should be consistent with the safety 
significance of the issue and the functions served by the affected system(s). 

Recalibrating test instruments and then repeating pump or valve tests is an 
acceptable alternative to the corrective action of repair or replacement, but 1s 
not an action that can be taken before declaring the pump or valve Inoperable. 
However, if during a test it is obvious that a test instrument is malfunctioning, 
the test may be halted and the instruments promptly recalibrated or replaced. 
During a test, anomalous data with no clear indication of the cause must be 
attributed to the pump or valve under test. For this occurrence, a prompt 
determination of operability is appropriate with follow-on corrective action as 
necessary. 

Note: In the above discussion, "required action range" and "Inoperative" are ASHE 
Section XI terms. 

6.12 Support System Ooerability 

The definition of operability embodies the principle that a system can perform 
its function(s) only if all necessary support systems are capable of performing 
their related support functions. It is incumbent upon each licensee to 
understand which support systems are necessary to ensure operability of systems 
and components that perform specified safety functions. 

When a support system is determined to be Inoperable, all systems for which that 
support system is required for systems operability should be declared inoperable 
and the LCOs for those systems entered. Any appropriate remedial actions 
specified by a supported system LCO action statement (to compensate for the 
inoperable supported-system) should be taken. 

When a support system is determined to be inoperable, the licensee should employ 
the same operability determination process for the supported systems, as the 
licensee would for any other degraded system. In particular, the scope and 
timing of such operability decisions should follow the guidance 1n Section 6.1. 

There are cases where judgment on the part of a licensee 1s appropriate In 
determining whether a support system 1s or is not required. One example 1s the 
case of a ventilation system. A ventiUtior; system may be required to ensure 
that other safety-related equipment can perform its safety function in the 
summer, but may not be required in the winter. Similarly, the electrical power 
supply for heat tracing may be required in the winter to ensure that a safety-
related system equipment can perform its safety function, but may not be required 
in the summer. The need for judgment in reviewing what individual licensees do 
in specific cases should be recognized. If a licensee determines that a 

9900 Operability -16- Issue Date: 10/31/91 



Technical Specification (TS) system is capable of performing its specified 
function(s) with an inoperable support system that is not in the TS, then no 
additional action outside of restoring the inoperable support systems is needed. 
Furthermore, the licensee may modify the support function like any other change 
to the facility by use of the 10 CFR 50.59 process and FSAR update. 

For some support systems, there are specific Allowed Outage Times (AOTs) 
specified in the TS. Ideally, the AOT contained in the TS for a support system 
should be equal to or less than the AOT for any system for which that support 
system is reouired for system operability. Problems where inconsistencies exist 
between an AOT for a support system and the AOT for a system for which that 
support system is required should be discussed with regional management who 
should discuss the issue with NRR if deemed necessary. While such 
Inconsistencies are being resolved, the more restrictive AOT should be used. In 
some cases an amendment to the TS may be necessary. 

In all cases, the following principles should be used: 

a. The most important safety concern is to ensure that the capability to 
perform a specified safety function is not lost as a result of more than 
one train of a support or supported system being declared inoperable. 
When a support or supported system is declared inoperable in one train, 
the corresponding independent support or supported systems and all other 
associated support systems in the opposite train(s) should be ensured to 
be operable; i.e., the complete capability to perform the specified safety 
function has not been lost. The term "ensure" as used here, allows for an 
administrative check by examining logs or other information to determine 
if required features are out-of-service for maintenance or other reasons. 
These actions are not to be used in lieu of required TS actions. 

b. Upon determining that a loss of functional capability condition exists, 
actions specified in the support and supported system LCOs should be taken 
to mitigate the loss of functional capability. 

6.13 Piping and Pipe Support Requirements 

All piping and pipe supports found to be degraded or nonconforming should be 
subjected to an operability determination. To assist licensees in the 
determinations, operability guidance has been provided specific to various 
components. These components include the piping, supports, support plates, and 
anchor b'lts. IE Bulletin No. 79-14 addressed the seismic analysis for as-build 
safety-related piping systems. The supplement to IE Bulletin 79-14 dated August 
15, 1979 and Supplement 2 to IE Bulletin 79-14 dated September 7, 1979 provide 
additional guidance. Concrete anchor bolts and pipe supports are addressed with 
specific operability criteria in Supplement 1 to Revision 1 of IE Bulletin 79-02. 
The criteria for evaluating operability of seismic design piping supports and 
anchor bolts relating to Bulletins 79-02 and 79-14 are detailed in the E. Jordan 
memo to the Regions dated July 1979, and the V. Noonan memo dated August 7, 1979. 
Upon discovery of a nonconformance with piping and pipe supports, licensees may 
use the criteria 1n Appendix F of Section III of the ASME Code for operability 
determinations. These criteria and use of Appendix F are valid until the next 
refueling outage when the support(s) are to be restored to the FSAR criteria. 
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For systems determined to be otherwise operable but which do not meet the above 
criteria, licensees should treat the systems or components as if inoperable until 
NRC approval 1s obtained for any additional criteria or evaluation methods used 
to determine operability. Where a piping support is determined to be Inoperable, 
a determination of operability should be performed on the associated piping 
system. 

6.14 Flaw Evaluation 

Regulation 10 CFR 50.55a(g) and Standard Technical Specification (STS) 3.4.10 
(the section number may vary with plant specific TS) require that the structural 
integrity of ASME Code Class 1, 2, and 3 components be maintained according to 
Section XI of the ASME Code. In the conduct of inservice inspection, maintenance 
activities, or during plant operation, flaws in components will be discovered. 
The operability of such systems containing flaws may depend on the flaw 
characterization or evaluation performed by the licensee and the acceptability 
of continued service of the component. . Since the characterization and/or 
evaluation is vital to the determination of operability, the licensee's efforts 
following flaw detection must be prompt. 

Components containing flaws characterized or determined to be within the 
acceptance standards in IWB-3500 (IWC-3500 for Class 2 components) of Section XI 
are acceptable for continued service and, although no determination of 
operability is necessary, reporting must be in accordance with regulatory 
requirements. 

Upon discovery of a flaw exceeding the acceptance standards in IWB-3500 (IWC-3500 
for Class 2 components), the licensee should promptly determine operability. The 
evaluation and acceptance criteria of IWB-3600 may be used in the determination. 
For Class 3 moderate energy piping, i.e., Class 3 piping with a maximum operating 
temperature below 200 #F and a maximum operating pressure below 275 psig, the 
evaluation and acceptance criteria in Generic Letter 90-05 may be used. 

The licensee may treat the system containing the flaw(s), evaluated and found to 
meet the acceptance criteria 1n IWB-3600, as operable until NRC approval in 
accordance with IWB-3600 is obtained. For Class 3 moderate energy piping, the 
licensee may treat the system containing the flaw(s), evaluated and found to meet 
the acceptance criteria in Generic Letter 90-05, as operable until relief is 
obtained from the NRC. The licensee must promptly submit its evaluation for 
either case to the NRC for review and approval. 

Alternative evaluation procedures and/or acceptance criteria may also be used for 
flaws exceeding IWB-3600 or Generic Letter 90-05. When alternative evaluation 
procedures and/or acceptance criteria are used as a basis for acceptable 
continued service, the licensee must treat the system containing the.flaw(s) as 
inoperable until NRC approval of procedures and criteria is obtained*. Prior to 
the approval, the plant must be placed in a safe condition or for systems 1n the 
TS, the plant must enter the corresponding Limiting Condition for Operation. 
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6.15 Operational Leakage 

If leakage develops 1n the reactor coolant system, there are additional » 
requirements. The Technical Specifications (TS) do not permit any peessuce.* 
boundary leakage. The Operational Leakage Limiting Condition for Operation (LCO) 
must be entered upon discovery of pressure boundary leakage; therefore, an 
operability determination is not appropriate. . •-••;•• 

Article NB-2121 of Section III of the ASHE Code excludes code requirements^froos 
materials not associated with the pressure retaining function of a component,-u 
such as packing and gaskets. However, leakage from the reactor coolant system j 
is limited to specified values in the TS depending on whether the leakage is from.t 
identified, unidentified, or specific sources such as the steam generator tubes?, 
or reactor coolant system pressure isolation valves. If the leakage exceeds the 
TS limits, the LCO must be entered. 

For reactor coolant system leakage within the limits of the TS, the licensee: 
should determine operability for the degraded component and include Ifl^tbe' 
determination the effects of the leakage onto other components and materials.,', 

Furthermore, the regulations and TS require that the structural Integrity of ASME a 
Code Class 1, 2, and 3 components be maintained according to Section XI of the 
ASHE Code. If a leak is discovered in a Class 1, 2, or 3 component jn the i 
conduct of inservice inspections, maintenance activities, or duriiisfc-planfc; 
operation, IWA-5250 of Section XI requires corrective measures be.taken-based onf 
repair or replacement in accordance with Section XI. In addition, a tbrough-wall-
flaw does not meet the acceptance criteria in 1WB-3600. . c 

Upon discovery of leakage from a Class 1, 2, or 3 component pressure boundary 
(i.e., pipe wall, valve body, pump casing, etc.) the licensee should declare there 
component inoperable. The only exception is for Class 3 moderate energy pipingo 
i s discussed in Generic Letter 90-05. For Class 3 moderate energy piping, the s 
licensee may treat the system containing the through-wall flaw(s), evaluated and 6 
found to meet the acceptance criteria in Generic Letter 90-05, as operable until t 
relief is obtained from the NRC. h* of 

6.16 Structural Requirements e:. 
* < . . 

Category I structures and supports (referred to herein as structures) which arer 
subject to .periodic surveillance and Inspection In accordance with the 
requirements of Technical Specifications (TS) shall be considered operable 1f the 
limits stipulated u, the TS are met. If these limits are not met, the Limiting 
Condition for Operations (LCOs) are to be entered for the affected structure. 

* c 
If the degradation affects the ability of the structure to provide the required-f 
design support for systems attached to the structure, tn operabilityjs 
determination must be performed for these systems as well. c 

i 
Degradation affecting Category I structures include, for example, concrete^ 
cracking and spalling, excessive deflection or deformation, water leakage., rebar i. 
corrosion, missing or bent anchor bolts, etc. If these degradations arer 
identified in Category I structures which are not subject to periodicn 
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surveillance and inspection, they should be assessed by the licensee to determine 
the capability of these structures to perform their specified function. As long 
as the identified degradation does not result in the exceedance of acceptance 
limits specified in applicable design codes and standards, referenced In the 
design basis document, the affected structures are operable. 

Significant degradations resulting 1n the exceedance of the acceptance limits 
must be promptly reported in accordance with the requirements 1n 10 CFR 50.72 and 
evaluated by the licensee for determination of operablllty. These evaluations 
should include the criteria used for the operability determination and the 
rationale for continued plant operation ,n a degraded condition outside of the 
design basis. The licensee's evaluations should also Include the plan for 
corrective action, as required by Criterion XVI of Appendix B to 10 CFR Part 50, 
to restore degraded structures to their original design requirements. As stated 
above, any system which depends upon the degraded structure for required support 
should also be examined for operability if the degradation or nonconformance 
calls into question the performance of the system. NRC inspectors, with possible 
support from headquarters, should review licensees' evaluations of structural 
degradations to determine their technical adequacy and conformance to licensing 
and regulatory requirements. 

END 
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Public Service 
Electric and Gas 
Company 

Joseph J. Hagan Public Service Electric and Gas Company P.O. Box 236, Hancocks Bridge, NJ 08038 609-339-1200 

Vice PresiOent - Nuclear Operations 

JUN17 1993 
NLR-N93098 
LCR 93-21 

United States Nuclear Regulatory Commission 
Document Control Desk 
Washington, DC 20555 

Gentlemen: 

REQUEST FOR EMERGENCY LICENSE AMENDMENT 
ROD CONTROL SYSTEM 
SALEM GENERATING STATION UNITS 1 AND 2 
FACILITY OPERATING LICENSE NOS. DPR-70 AND DPR-75 
DOCKET NOS. 50-272 AND 50-311 

Public Service Electric and Gas Company (PSE&G) hereby requests 
an Emergency License Amendment for Facility Operating License 
Nos. DPR-70 and DPR-75 in accordance with the requirements of 
10CFR50.90 and 10CFR50.91. This request for Emergency License 
Amendment concerns a change to the current licensing basis 
requirements to address a potential single failure identified in 
the Rod Control System. During startup of Salem Unit 2 following 
the seventh refueling outage, a failure in the rod control system 
caused a single rod to withdraw while the operator applied a rod 
insertion command. Investigation of this event has determined 
that a failure may occur resulting in a possible rod withdrawal 
event. Assuming the failure is a single failure, it is not 
within the current plant licensing basis. Based on the current 
information available, the identified failure is being 
conservatively treated as a single failure which would result in 
this event being classified as a Condition II event. This 
conservative assumption of an increase in probability results in 
an Unreviewed Safety Question in accordance with 10CFR50.59. 

Attachment 1 provides the detailed Engineering Evaluation in 
support of this Emergency License Amendment and the proposed 
compensatory actions in support of this amendment. As discussed 
in Attachment 2, PSE&G's conclusion is that granting this request 
would involve neither a Significant Hazards Consideration nor any 
irreversible environmental consequences. 

This Emergency License Amendment request addresses the potential 
failure, and is requested in order to allow the safe restart and 
operation of Units 1 and 2. This Emergency License Amendment is 

9306220388 930617 
PDR ADOCK 05000272 
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considered an interim measure pending completion of ongoing 
actions and industry initiatives to resolve this concern. 

Per discussion with NRC Region I and NRR on June 16,1993, this 
request for Emergency License Amendment supersedes the 
Justification for Continued Operation for Salem Unit 1 previously 
provided to the NRC in response to the NRC Confirmatory Action 
Letter dated June 6, 1993. Thus, this modifies the agreements 
reached in the referenced letter. It is recognized that Unit 2 
will not restart until all of the actions of the Confirmatory 
Action letter are completed. 

This request has been reviewed and recommended for approval by 
the Salem Station Operations Review Committee. A copy of this 
request for amendment has been sent to the State of New Jersey, 
in accordance with 10CFR50.91. 

Sincerely, 

Attachment 
Affidavit 

Mr. T. T. Martin, Administrator - Region I 
U. S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA 19406 

Mr. J. C. Stone, Licensing Project Manager 
U. S. Nuclear Regulatory Commission 
One White Flint North 
11555 Rockville Pike 
Rockville, MD 20852 

Mr. S. Barr (S09) 
USNRC Senior Resident Inspector - Acting 

Mr. Kent Tosch, Manager, IV 
NJ Department of Environmental Protection 
Division of Environmental Quality 
Bureau of Nuclear Engineering 
CN 415 
Trenton, NJ 08625 



REF: NLR-N93098 

STATE OF NEW JERSEY ) 

) SS. 

COUNTY OF SALEM ) 

J. J. Hagan, being duly sworn according to law deposes and says: 

I am Vice President - Nuclear Operations of Public Service 

Electric and Gas Company, and as such, I find the matters set 

forth in the above referenced letter, concerning the Salem 

Generating Station, Unit Nos. 1 and 2, are true to the best of my 

knowledge, information and belief. 

Subscribed and Sworn to before me 

this /HW day of QUAVL- , 1993 

Notary Pufelic of New Jersey 

SHERRY L. CAGLE 
NOTARY PUBLIC OF NEW JERSEY 
My Commission Expires March 5.199' 

My Commission e x p i r e s on 
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JUSTIFICATION FOR SGS UNITS 1 AND 2 RESTART AND OPERATION 

ROD CONTROL SYSTEM FAILURES 

1.0 INTRODUCTION 

A failure in the Salem Generating Station (SGS) Unit 2 Rod 
Control System has been recently identified, which, coincident 
with a rod motion command, could result in abnormal operation of 
the Rod Cluster Control Assemblies (RCCA's). 

On May 27, 1993, a failure in the rod control system caused a 
single rod to withdraw from the core 15 steps while the operator 
was applying a rod insertion signal. The failure, an integrated 
circuit on a slave cycler decoder card, disrupted the normal 
sequence of pulses that the rod control system sends to the rods 
in the selected bank. Normally on insert demand, the pulses are 
staggered in a sequence that leads to rod insertion. With the 
failure, the rod control system periodically sent simultaneous 
pulses to the movable gripper coil, lift coil, and stationary 
coil for each of the rods in the selected bank. Under these 
conditions, based on the preliminary investigation, each rod in 
the bank may either remain where it is or withdraw from the core 
when a rod movement demand occurs. When the rod control system 
is in the automatic mode of operation, a rod movement demand is 
generated automatically in response to changes in the turbine 
load and changes in the average reactor coolant temperature. Rod 
movement then occurs without any operator action until the demand 
is satisfied. When the rod control system is in the manual mode 
of operation, a rod movement demand is generated only in response 
to operator manipulation of the raise-lower pushbuttons, given no 
failures in the demand circuit. 

The identified failure could potentially result in operation of 
the plant outside the design basis. Evaluation of the identified 
failure in accordance with 10 CFR 50.59 (Ref.8) has concluded 
that this potential single failure would be an Unreviewed Safety 
Question. The purpose of this evaluation is to ensure safe 
restart and continued operation of Salem Units 1 and 2 given the 
potential for this failure to occur. 

The Salem Generating Station (SGS) Updated Final Safety Analysis 
Report (UFSAR) Sections 4.3 and 15.3.5.1 presently state that 
multiple failures would be required for a single rod withdrawal 
to occur. The single rod withdrawal event is generally treated 
as an ANSI N18.2 Condition III event (Infrequent Faults), for 
which the acceptance criteria allow a small percentage of fuel 
failure based on a low probability of occurrence. 
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The basis for this justification includes an evaluation of the 
licensing basis safety analyses to account for the effects of the 
identified failure. This evaluation conservatively demonstrates 
that no fuel design limits are exceeded for the affected 
transients, which is consistent with Condition II events (Events 
of Moderate Frequency), and 10CFR50 Appendix A, General Design 
Criterion (GDC) 25. 

This safety analysis evaluation is predicated on the following: 

The failure does not affect the ability of the Reactor 
Protection System to perform its intended safety function. 
Reactor trip is not affected by the Rod Control System 
logic. 

The failure is detectable based on periodic surveillance 
testing and control operator verification of rod position. 
Although this failure is detectable with the rod control 
system in automatic, manual operation and modified 
surveillance testing during subcriticality provide further 
assurance of detecting the failure. Detectability and its 
significance relative to the safety analyses is discussed 
further in Section 4.0. 

Although not credited in the analysis, alarms, 
administrative controls and compensatory measures 
implemented specifically in response to this event (Section 
6.0) provide further assurance that the discovered failure 
will not result in any consequences adverse to public health 
and safety. 

This evaluation bounds all of the possible rod movements 
described in Section 2.0 

This justification for restart and operation assumes that the Rod 
Control System is placed in either the individual bank select, 
manual, or automatic modes of operation. This evaluation is 
valid for the present fuel loadings of Salem Unit 1 (cycle 11) 
and Salem Unit 2 (cycle 8). Future fuel cycles will be analyzed 
to the same criteria presented in Section 5.0 of this document 
(or subsequent revisions) during the Core Reload Safety 
Evaluation 10CFR50.59 process. 

In light of continuing activities, this justification for restart 
and operation is an interim document. Further investigations are 
underway to pursue long term resolution of the issue. Industry 
initiated investigations may also provide additional insights. 
As these activities yield conclusive results, this justification 
for restart and operation will be revised to reflect the most 
current information and analyses. 
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2.0 DESCRIPTION OF ROD CONTROL SYSTEM FAILURE MODES 

On May 27 , 1993, a failure in the rod control system caused a 
single rod to withdraw while the operator applied a rod insertion 
motion command to the Shutdown Bank A (SDBA) . The remainder of 
the SDBA RCCA's remained stationary. The rod withdrawal was 
observed by the operator on the Individual Rod Position 
Indicator. 

The Rod Control System logic is designed to provide an insertion 
or withdrawal direction command to the selected rod bank(s) . The 
direction command establishes the sequence of Control Rod Drive 
Mechanism (CRDM) coil operation. When combined with a motion 
command, the direction command is designed to result in the 
proper number and sequence of RCCA steps. It is now known that a 
card failure in the rod control system logic can result in an 
undesired "insert" or an undesired "withdraw" direction command. 

It has been determined that the logic failure could result in rod 
motion only if a rod motion command exists. The following rod 
movements are possible, given the presence of the discovered 
failure coincident with a motion command (Ref. 6}: 

1. Case 1 - Single failure that gives an insert direction 
command. 

When a rod insertion motion command is given, all rods in 
the selected bank(s) will insert normally. 

When a rod withdraw motion command is given, each rod in the 
selected bank(s) may either not move, or may withdraw. No 
rod will be capable of stepping in. 

2. Case 2 - Single failure that gives a withdraw direction 
command-

When a rod insertion motion command is given, each rod in 
the selected bank(s) may either not move, or may withdraw. 
No rod will be capable of stepping in. 

When a rod withdraw motion command is given, all rods in the 
selected bank(s) will withdraw normally. 

3. Case 3 - A single gate failure that result in insertion and 
withdraw direction commands being present. (This is the case 
that existed in Salem Unit 2.) 

Irrespective of whether an insertion or withdraw command is 
given, each rod in the selected bank, or banks if in 
overlap, may either not move, or may withdraw. No rod will 
be capable of stepping in. 
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For each of these cases the logic failure does not affect the 
reactor trip function. 

3.0. DISCUSSION OF SALEM LICENSING BASIS 

A potential single failure that could cause a single or multiple 
rod withdrawal event without an urgent failure alarm involves a 
change to the current licensing basis for Salem Units 1 and 2. 

UFSAR Section 15.3.5.1 states that a-single RCCA withdrawal at 
power would result in an "urgent failure" and a rod "deviation 
alarm" on the control room console. An "urgent failure" 
annunciates in the control room and inhibits further rod 
withdrawal through the affected cabinet. During the actual 
failure, a "deviation alarm" was generated but an "urgent 
failure" was not received. Evaluation has concluded that for the 
experienced failure, the conditions for an ''urgent failure" alarm 
were not satisfied. That is, the "urgent failure" should not 
have (and did not) actuate. No credit is taken in the safety-
analyses for the "urgent failure" alarm or its termination of rod 
movement. As discussed in Section 6.2, operators have been 
briefed that abnormal rod movement may occur without resulting in 
an "urgent failure" alarm. 

UFSAR Sections 4.3 and 15.3.5.1 describe single rod withdrawal 
events, based on the assumption that multiple failures would be 
required for a single rod withdrawal to occur. Multiple rod 
withdrawals are not considered in the present SNGS licensing 
basis (except for the bank withdrawal events) . 

UFSAR Section 15.3.5.1 classifies the single RCCA withdrawal at 
power accident as an ANSI N18.2 Condition III Event (Infrequent 
Fault) . This classification is based on the assumption that 
multiple independent equipment failures are required for a single 
RCCA withdrawal to occur. The current UFSAR RCCA withdrawal at 
power analysis indicates, based on F-delta-H calculations, that 
localized Departure From Nucleate Boiling would result. This is 
consistent with acceptance criteria for Condition III events 
(i.e., a small fraction of fuel may exceed its design limits). 
Based on the assumption that a single failure of the rod control 
system may cause a single or multiple RCCA withdrawal event to 
occur, the RCCA withdrawal at power events have been 
conservatively evaluated, based on explicit DNBR calculations, 
against the criteria for a Condition II event. This is 
accomplished by demonstrating that the Departure From Nucleate 
Boiling Ratio (DNBR) limit is not exceeded and, therefore, fuel 
design limits are maintained. 
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Per UFSAR Section 3.1, SNGS is committed to the intent of the 
General Design Criteria (GDC) of 10 CFR 50 Appendix A. General 
Design Criterion 25 states: "The protection system shall be 
designed to assure that specified acceptable fuel design limits 
are not exceeded for any single malfunction of the reactivity 
control systems, such as accidental withdrawal (not ejection or 
dropout) of control rods." 

Based on the previous assumption that multiple independent 
failures would be required to have a single rod withdrawal event, 
GDC 25 compliance is addressed in the UFSAR (Section 4.3.1.4 and 
15.2) by demonstrating that a rod bank withdrawal would not 
result in exceeding any fuel design limits. The new assumption 
that a potential single failure can cause misoperation of a 
single or multiple RCCAs necessitates a reevaluation of 
compliance with GDC 25. The analyses summarized in Section 5.0 
ensured continued compliance with GDC 25. 

4.0 ROD CONTROL SYSTEM SINGLE FAILURE 
ASSUMPTIONS/DETECTABILITY 

Consistent with Westinghouse safety analysis methodology, control 
systems are not assumed to mitigate any UFSAR Chapter 15 
transient. Random single failures of control systems are not 
considered provided they are detectable during normal operation 
or surveillance testing. This is based on the low probability of 
an initiating event coincident with a random single failure. 

For the purposes of evaluating the UFSAR Chapter 15 safety 
analyses, the identified rod control system logic failure is 
defined as a detectable failure, based on the following. 

The logic failure does not affect individual rod position 
indication, which is a direct measurement of the rods physical 
location. Therefore, comparison of the group step demand counter 
with the individual rod position indication is a means of 
verifying that the rods have responded per the motion command. 
Technical Specification Surveillance 4.1.3.1.2 is applicable in 
MODES l and 2^ It requires each full length rod not fully 
inserted in the core, to be moved at least 10 steps in either 
direction at least once per 31 days. The surveillance procedure 
requires an insertion of between 10 and 20 steps of motion, 
followed by a comparison of group step counter indication and 
individual rod position indication. The procedure then requires 
a withdrawal to the original position, followed by a final 
comparison of group step counter indication and individual rod 
position. This test, therefore, demonstrates proper operation of 
the group step demand counter and proper RCCA response. 
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Technical Specification surveillance 4.1.3.2.2 is applicable in 
MODES 3, 4, and 5, with the reactor trip system breakers in the 
closed position. It requires at least 10 steps of rod motion to 
verify that group step counter indication is consistent with the 
individual rod position. This test is required every 31 days for 
each bank that is not fully inserted. 

Prior to each startup, a modified surveillance test will be 
performed at SNGS 1 and 2, to ensure that the failure does not 
exist. The test will be performed for all shutdown and control 
banks, and will begin from the fully inserted position (although 
Technical Specifications do not require testing for fully 
inserted banks) . Each bank will be tested after the trip 
breakers are closed and the rod drive motor-generator sets are 
energized, prior to withdrawing the banks for startup. The test 
will be performed by sequentially withdrawing and inserting each 
of the shutdown and control banks a minimum of ten steps, with 
the operator verifying that individual rod position matches group 
demand. While the test is being performed, current traces will 
be taken. These traces will indicate abnormalities if the 
failure is present. If the failure is present, the condition 
will be corrected and evaluated prior to commencing startup. 

During normal surveillance testing, the only way the test would 
not detect the failure in the logic would be if all rods (i.e., 
all shutdown and control banks) operated normally despite the 
presence of an undesired insert direction command. If this is 
the case, the logic failure has no adverse affect on rod motion. 
Therefore, normal 31 day surveillance testing is capable of 
detecting the ability of a logic failure to adversely affect rod 
motion. 

The failure is also detectable during normal rod control system 
operation. The control operator compares the individual rod 
position indication to the demand counter whenever rods are 
moved. In accordance with the control room logs, individual rod 
position indication is also compared to group step demand once 
every four hours when the rod deviation alarm is inoperable. In 
the unlikely event the control operator does not detect a 
misalignment during rod motion with the failure present, it can 
be observed during this four hour check, subsequent to the rod 
motion that caused the misalignment. 

Detectable control system failures are typically assumed to 
initiate events of moderate frequency. As a result, the rod 
control system single failure of concern in this evaluation, 
which is a detectable control system failure, has been considered 
an initiating event. However, it need not be considered 
coincident with (or instead of) , the protection system single 
failure assumed in any of the UFSAR Chapter 15 safety analyses. 
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5.0 SAFBTY ANALYSES 

UFSAR Chapter 15 accident events were examined for adverse impact 
resulting from the postulated rod control system single failure. 
Based on this review the only events that are potentially 
impacted are Rod Ejection (UFSAR Section 15.4.7),.RCCA 
Misalignment (Dropped Rod) (UFSAR Section 15.2.3), Single RCCA 
Withdrawal At Power (UFSAR 15.3.5), Uncontrolled Boron Dilution 
(UFSAR Section 15.2.4), RCCA Bank Withdrawal At Power (UFSAR 
Section 15.2.2) and RCCA Bank withdrawal From Subcritical (UFSAR 
Section 15.2.1). In addition, a multiple asymmetric RCCA 
withdrawal both at power and from subcritical has been evaluated 
based upon the postulated failure scenario. 

5.1 Key Assumptions 

Based on the PSE&G and Westinghouse investigations into the 
effects of the identified failure summarized above, the 
evaluations of the UFSAR accident events are based on the 
following key assumptions: 

Alarm Response - Consistent with the present UFSAR analysis 
assumptions, no analyses performed for this evaluation take 
additional credit for any alarms that may occur. The RCCA static 
misalignment event continues to credit Technical Specification 
3/4.1.3.1, which prescribes surveillances and corrective measures 
for misaligned rods. 

Single Failure of Control Systems - The identified rod control 
system logic failure that may cause single or multiple rod 
withdrawal has not been considered in addition to (or instead of) 
the protection system single failure assumed in any of the UFSAR 
Chapter 15 accident analyses. As a detectable failure (See 
Section 4.0), it is not assumed to pre-exist at the onset of any 
transient. 

RCCA position will be maintained consistent with reactor coolant 
system Tavg measurements, within the rod speed controller 
deadband of +/-1.5 degree F of reference Tavg, consistent with 
the Precautions, Limitations, and Setpoints Document (Ref. 11). 

Reactor Protection System Functions - No RPS functions are 
adversely affected by the identified rod control system logic 
failure. 

Technical Specifications - The present Technical Specification 
Limiting Conditions of Operation (e.g., Power Distribution 
Limits, Rod Insertion Limits) establish the initial conditions 
for the evaluated transients. 
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5.2 Evaluation Results 

5.2.1 Rod Ejection 

As described in UFSAR Section 15.4.7, a rod ejection is caused by 
a mechanical failure of the control rod drive mechanism (CRDM) 
pressure housing which results in the instantaneous ejection of 
an RCCA and drive shaft. Neither single nor multiple failures in 
the rod control system can initiate a rod ejection event. 
Therefore, the UFSAR analysis and conclusions are unaffected and 
remain valid considering the postulated single failure which may 
cause erratic RCCA withdrawal. 

5.2.2 RCCA Misalignment 

UFSAR Section 15.2.3 describes the Condition II events of static 
misalignments and dropped RCCAs, groups, and banks. The static 
misalignment is not a concern given this failure since the Salem 
Technical Specifications prescribe recovery actions for a static 
misalignment. Since inadvertent RCCA insertion is not a 
consequence of this failure, there is no impact on the UFSAR 
dropped RCCA analyses. Any dynamic misalignments would continue 
to be addressed and bounded by the current dropped RCCA analyses 
presented in this UFSAR section. 

In summary, this single failure will not result in any RCCA 
misalignment (static or dynamic) which is worse than that already 
analyzed for the Salem licensing basis. 

5.2.3 Uncontrolled Boron Dilution 

UFSAR Section 15.2.4 describes the Condition II event of an 
uncontrolled boron dilution. The dilution will result in a 
positive reactivity insertion and the power and temperature will 
rise until the reactor reaches the overtemperature delta T 
setpoint. This single failure will not change the reactivity 
insertion rate or the time at which the overtemperature delta T 
trip occurs, which is obtained from the UFSAR RCCA bank 
withdrawal at power analysis. Therefore, the boron dilution 
results presented in the UFSAR remain valid. 

5.2.4 RCCA Bank Withdrawal At Power (Symmetric) 

UFSAR Section 15.2.2 describes the Condition II event of an 
uncontrolled RCCA bank withdrawal occurring at various power 
levels (e.g., representative cases at 10%, 60% and 100% rated 
thermal power). A wide range of reactivity insertion rates are 
assumed which bound the maximum number of RCCAs that can 
withdraw. 
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The high neutron flux and overtemperature delta T trip functions 
continue to provide automatic protection over the entire power 
and reactivity insertion ranges described in the UFSAR. The 
resulting minimum DNB ratios are always greater than the limit 
value. In summary, a single failure causing a symmetric RCCA 
withdrawal at all power levels is within Salem's current 
licensing basis and the UFSAR conclusions remain valid. 

5.2.5 Single RCCA Withdrawal At Power 

This event is described in UFSAR Section 15.3.5 as withdrawal of 
a single RCCA from the inserted D-bank at full power operation. 
As part of the current accident description, it is noted that no 
single electrical or mechanical failure in the rod control system 
can result in a accidental withdrawal of a single RCCA. The 
current UFSAR also states that in all cases it is not possible to 
provide assurance that the core safety limits are not violated. 

It has been determined for Salem that, a potential single failure 
could cause a single (or multiple asymmetric) RCCA to withdraw. 
A single RCCA withdrawal at power has been conservatively 
evaluated to meet the Condition II acceptance criteria. Thus, 
for this transient, fuel safety limits are shown to be met by 
demonstrating that the DNBR limit value is met. 

Based on explicit analyses performed for Salem Units 1 and 2, the 
single RCCA withdrawal at power event was determined to be 
bounded by a multiple RCCA withdrawal of two adjacent D-bank 
RCCAs (one from each group) at full-power. This analysis, now., 
termed Multiple RCCA Withdrawal at Power (Asymmetric), is 
discussed below. 

5.2.6 Multiple Asymmetric RCCA Withdrawal At Power Case 

Given the potential single failure, any number of RCCAs (up to 
17) can experience uncontrolled withdrawal. 

1. Above 68% power, any number of the nine group 1 and 2 
D-bank RCCAs could withdraw on an insert or withdraw demand. The 
maximum number of RCCAs which are not bounded by the RCCA Bank 
Withdrawal at Power analysis is 8 (one less than a complete bank 
withdrawal). For this scenario, the most limiting case is the 
withdrawal of two adjacent D-bank RCCAs (one from each group). 
The basis for this statement is due to the core physics response. 
If more than two RCCAs are withdrawn, the maximum peaking factor 
will be reduced as a result of the flattened power distribution. 

2. Between 15% and 68% power, any combination of the nine 
D-bank and eight C-bank RCCAs could withdraw on an insert or 
withdraw signal. The maximum number of RCCAs which are not 
bounded by the RCCA Bank Withdrawal at Power analysis is 16 (one 
less than the two complete banks). Since the DNB benefit gained 
by the reduction in power more than offsets the increased peaking 
factors, there is no combination of asymmetric withdrawals at 
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these power levels that is more limiting than item 1 above. This 
has been confirmed by explicit analyses for Units 1 and 2. 

3. Below 15% power, the worst scenario - all RCCAs at their 
insertion limits - is that any combination of the eight C-bank 
RCCAs and the B-bank RCCAs (4 four Unit 1 and 8 for Unit 2) could 
withdraw on an insert or withdraw signal. The maximum number of 
RCCAs which are not bounded by the RCCA Bank Withdrawal at Power 
analysis is 11 for Unit 1 and 15 for Unit 2 (one less than the 
two complete banks) Again, since the DNB benefit gained by the 
reduction in power more than offsets the increased peaking 
factors, there is no combination of asymmetric withdrawal at 
these power levels that is more limiting than item 1 above. This 
has been confirmed by explicit analyses for Units 1 and 2. 

Salem Unit 1 and 2 analyses were performed to address the RCCA 
withdrawal at power case. The standard NRC-approved method 
described in WCAP-9272 was employed. A 1.08 design allowance 
(consistent with WCAP-7308) was made for the hot rod F-delta-H 
calculations. Consistent with the current licensing-basis 
analysis in UFSAR Section 15.3.5, no rod deviation or rod control 
urgent failure alarm or operator action was assumed. The 
analyses concluded that the DNB design basis continued to be met 
for the limiting case, and thus, there were no fuel failures 
given the rod control system failure. 

In conclusion, based on the explicit analyses performed for Units 
1 and 2, an asymmetric RCCA withdrawal at any power level would 
not result in any fuel failures at Salem. This is in compliance 
with GDC-25. 

5.2.7 Symmetric RCCA Bank Withdrawal From Subcritical Case 

UFSAR Section 15.2.1 discusses this Condition II event, the 
uncontrolled addition of reactivity to the reactor core caused by 
withdrawal of RCCAs resulting in a power excursion. This 
transient could be caused by a single malfunction in the rod 
control system at subcritical, hot zero power, or at power. The 
at power case is presented above in the RCCA Bank Withdrawal At 
Power section. 

The maximum reactivity insertion rate analyzed in the UFSAR is 
greater than that occurring from a simultaneous withdrawal of the 
combination of two control banks having the maximum combined 
worth at maximum speed (rod speed is not affected by this 
failure) . The neutron flux response to a continuous reactivity 
insertion is characterized by a very fast rise terminated by the 
reactivity feedback effect of the negative Doppler coefficient. 
This limits the power to a tolerable level during the delay time 
for protection action. The transient will be terminated by an 
automatic feature of the reactor protection system. In summary, a 
single failure causing a symmetric RCCA withdrawal from 
subcritical or hot zero power conditions is within Salem's 
current licensing basis and the UFSAR conclusions remain valid. 
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5.2.8 Asymmetric RCCA Withdrawal From Subcritical Case 

This is defined as a single or multiple asymmetric withdrawal of 
RCCAs from subcritical or hot zero power conditions. The rod 
control system is maintained in the manual mode while the reactor 
is subcritical. The UFSAR Section 15.2 analysis for an 
uncontrolled bank withdrawal is based on a single malfunction of 
the rod control system or control rod drive system, and shows 
that DNBR would remain above the design limit. It is judged 
extremely unlikely that any single failure could result in a 
spurious motion demand coincident with the direction command 
logic failure. However, if one were to assume that such a 
failure did occur and an asymmetric rod withdrawal resulted, it 
is reasonable to conclude that operator action would be 
expeditiously taken to prevent challenging fuel integrity. The 
worst case scenario would be for the rod withdrawal to occur at 
the point when the reactor is critical. At the point when the 
operator takes the reactor critical, motion continues with no 
demand (i.e., the rod direction pushbutton is released). Since 
rod speed is not affected by the failures, the rods step out at a 
rate of 48 steps per minute. 

Identification would be almost immediate due to the continuous 
observation of the IRPI•s and the bank demand counters changing 
both audibly and visually. The action taken would be to trip the 
reactor as required by the Abnormal Operating Procedure 
SI(2).OP-AB.ROD-0003<Q), "Continuous Rod Motion," and reinforced 
by training exercises. 

Although it is reasonable to credit operator action for 
mitigating this type accident, administrative measures will be 
imposed to preclude achieving criticality should a asymmetric rod 
withdrawal accident occur. This will be accomplished by 
maintaining the reactor coolant system boron concentration 
sufficient for the reactor core to remain subcritical even if all 
rods are postulated to spontaneously move to their fully 
withdrawn position. Rod withdrawal to the desired critical rod 
configuration will be performed prior to a boron dilution to 
criticality. Thus the DNBR limit could not be challenged for a 
continuous rod withdrawal from subcritical, even with no operator 
response. This approach to criticality is similar to that used 
for the initial fuel cycle startup. 

Once criticality is achieved, any subsequent asymmetric rod 
movement that might occur would be bounded by the previously 
discussed analysis of Multiple RCCA Withdrawal at Power 
{Asymmetric). 

5.3 Summary of Safety Analyses 

UFSAR Chapter 15 accident analyses have been evaluated to account 
for the possible effects of the failure. The evaluation 
considered the failure to be a single failure, and applied the 
criteria of 10CFR50, Appendix A General Design Criterion 25. 
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The evaluation concluded that the DNB design limits for the fuel 
continued to be met. 

6.0 ADDITIONAL CONSIDERATIONS FOR RESTART AND OPERATION 

6.1 Rod Control System Alarms and Indications 

The following alarms are designed to provide the operator with 
indications of abnormal rod control system operation. No 
analyses performed specifically for this evaluation take credit 
for any alarms that may occur or resulting operator action. 
However, credit can be taken for operators to ensure alignment 
within the ± 12 step Technical Specification allowance. 

Reactor Coolant Temperature Deviation Alarms - The alarms listed 
below are annunciated on the control console and provide 
indication that asymmetric bank movement might have occurred in a 
particular region of the core resulting in an uneven increase in 
Reactor Coolant temperature. 

RC Loop D/T Deviation 

RC Loop Tavg Deviation 

Tavg RC Tavg - Tref Deviation 

The Tavg and (Tavg - Tref) alarms also annunciate if rod position 
is not maintained consistent with Tavg. 

Deviation Alarm - A rod deviation alarm is provided on the 
Overhead Annunciator (OHA) Windows. OHA Window E-24, "ROD DEV OR 
SEQ" is generated if any two rods in a given bank are more than 
12 steps apart or if any rod deviates from the bank position by 
12 steps. No automatic actuations are associated with this 
alarm. If a rod deviation does occur, the operator is alerted 
and responds in accordance with alarm response procedures (SI or 
S2.OP-AR.ZZ-0005(Q) for E OHAs). These procedures ensure the 
operator investigates, takes corrective actions, and enters 
Technical Specification action statements as required. Technical 
Specification LCO 3.1.3.1 requires each rod to be operable and 
positioned to within 12 steps of its group step counter demand 
position within one hour after rod motion. 

Individual Rod Position Indication (IRPI) - Visual indication of 
rod position is provided to the operators via the Individual Rod 
Position Indication (IRPI) system. The IRPI's are not affected 
by the rod control system failure mechanism under consideration. 
Each indicator is derived from a signal based on the rods' actual 
physical location rather than the demanded position. 

Rod Insertion Limit (RIL) Alarms - RIL alarms give the operator 
advance warning of bank insertion demand in excess of rod 
insertion limits. The failure does not affect the demand sent to 
the RIL circuits. The Rod Insertion Limits for Control Banks B, 
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C and D are given in Technical Specification Table 3.1-1. Control 
Bank A is withdrawn when the reactor is critical. The computer 
uses the difference in reactor coolant system temperature across 
the core to calculate the RIL. This delta-T is a direct 
correlation to reactor power and thus can be used to compare 
against the Technical Specification limit. The calculated limit 
is compared to actual bank demanded position as determined by the 
pulse to analog converter from the data logging cards. 

Two OHA rod insertion limit alarms are provided. OHA E-8, "ROD 
INSERT LMT LO" alarms if one or more control banks are within 10 
steps of the insertion limit. OHA E-16, "ROD INSERT LMT LO-LO" 
alarms if one or more control banks are at the insertion limit. 
Operators respond to these alarms in accordance with alarm 
response procedures (SI or S2.OP-AR.ZZ-0005(Q) for E Windows). 
For a "ROD INSERT LMT LO" alarm, the operator is directed to 
identify the affected rod bank and determine if it is a dropped 
rod or rod misalignment event. For a "ROD INSERT LMT LO-LO" 
alarm, the operator is directed to identify the affected rod bank 
and commence rapid boration in accordance with the procedure. 
Both alarm procedures refer the operator to Technical 
Specifications. 

Determination of rod position for the insertion limit alarms is 
based on position demanded, not by the physical position as 
determined by the individual rod position indicators. Therefore, 
the RIL alarms will be received if an insertion demand exceeds 
the alarm setpoints, regardless of whether the RCCAs are moving 
as demanded. 

Symptoms of misaligned rods also include abnormal variations in 
axial flux distribution (AFD) and quadrant power distribution. 
AFD is indicated on the control console with alarm annunciation 
when flux distribution is outside the allowable band. The 
quadrant power tilt ratio (QTPR) is continuously monitored by the 
upper section/lower section deviation alarm by comparing the 
difference in the detected power range flux. If the overhead 
deviation alarm is received, a hand calculation is performed to 
verify QPTR. Depending on the symmetry of the misaligned rod(s) , 
it is possible to have significant misalignment that would not 
satisfy the alarm conditions. However, these alarms provide an 
additional means of detecting any rod misalignment that would 
result in abnormal AFD or QPTR. In addition, monthly core-Flu:, 
mapping surveillances provide an additional opportunity to detect 
severe RCCA misalignments. 

6.2 Operator Training 

Reactivity manipulations are a key element in the training of 
reactor operators. Operators are trained to confirm any movement 
of rods either in auto or manual with the anticipated plant 
response. Heightened awareness during startup is emphasized with 
the operating crew during startup training conducted at the 
Training Center, as well as just prior to the actual plant 
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startup. Continuous comparison of bank demand versus actual 
position is performed during che approach to criticality as well 
as administrative stops to compare these indications. The 
operators are required to stop rod movement should any deviation 
from the anticipated response occur and enter the appropriate 
procedure, (eg., Abnormal, alarm response, etc.). 

The active control room operating crews, and operations staff 
personnel, have been briefed on the potential for misoperation of 
the rod control system. An Operations Department temporary 
standing order directs the operator to carefully monitor rod 
position during any manual rod movements, noting that withdrawal 
may occur instead of insertion, or that less than the full group 
or bank may withdraw upon a withdrawal command. The temporary 
standing order will be amended to allow automatic rod control 
based upon analyses presented in Section 5.0. The temporary 
standing order also states that abnormal rod movement may occur 
without resulting in an urgent failure alarm. Each supervisor 
and control operator will review the actions of the standing 
order prior to assuming the watch. 

Startup training is performed on the simulator at the Nuclear 
Training Center prior to unit startup. This training is provided 
for licensed personnel that participate in the actual plant 
startup and will include the potential effects of this failure. 
Emphasis will be placed on the importance of readily identifying 
and taking the appropriate actions for any abnormal response of 
the RCCA's. These actions will include reference to the 
appropriate Abnormal Operating Procedure as outlined below. 

6.3 Procedures 

Control Operators enter Abnormal Operating Procedure 
S2.OP-AB.ROD-000KQ), "Immovable/Misaligned Rods," on any 
indication that one or more rods are not responding to demand 
signals, or are misaligned by 12 or more steps from the 
respective bank. This procedure provides the direction necessary 
to: 

a. Stabilize plant conditions in the event that one or 
more control rods indicate misalignment or the 
inability to move, 

b. Determine if a rod position indication failure has 
occurred or if rods are actually misaligned, 

c. Determine if a control system malfunction has 
occurred which prevents rod motion in the absence of 
an Urgent Failure Alarm, 

d. Maintain plant control with an Urgent Failure Alarm, 

e. Realign a mispositioned control rod, 
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f. Comply with Technical Specification requirements, as 
appropriate. 

This procedure has been reviewed and determined' to provide 
adequate guidance to ensure adequate diagnostics and subsequent 
actions are taken should any rod movement occur that is 
indicative of a logic failure. Other related procedures have 
been reviewed and are not impacted by a failure in the rod 
control logic. 

In accordance with the current operating procedure, the rod bank 
selector switch is positioned to Shutdown Bank A (SDBA) prior to 
energizing the rod control system. It is maintained in that 
position after the rod drive system is energized and before any 
rod withdrawal prior to startup or testing. By keeping the 
selector switch on SDBA, the potential for rods to inadvertently 
withdraw in any bank other than SDBA is reduced. With the plant 
in the condition with rod control energized capable of moving 
rods and all control banks inserted, the operator can initially 
focus on SDBA should he be alerted to a spurious rod withdrawal. 
This selector switch is sequenced through the shutdown banks 
until all shutdown rods are out, then placed in manual (i.e, 
overlap) for the remainder of the reactor startup. Automatic rod 
control is used above 15% turbine power. 

6.4 Testing 

Prior to startup for each unit, a modified version of 
surveillance test 4.1.3.2.2 will be performed prior to control 
rod withdrawal in order to detect and correct the failure prior 
to startup. This test is described in more detail in Section 
4.0. 

For Salem Unit 2, Surveillance Test 4.1.3.1.2 will be performed 
weekly .for two weeks, biweekly for two cycles, and monthly 
thereafter. This will provide an added level of confidence that 
this failure is not present. 

7.0 ROD CONTROL SYSTEM OPERABILITY 

Technical Specification 3/4.1.3, Movable Control Assemblies, 
establishes operability and surveillance requirements for control 
rods and their position indicating systems. The bases for these 
Technical Specifications include assurance that fuel integrity is 
maintained for Condition I (Normal Operation) and Condition II 
(Incidents of Moderate Frequency) events. Fuel integrity is 
maintained by demonstrating that DNBR in the core remains greater 
than or equal to the design limit following such events. This 
evaluation demonstrates that the Condition II criteria are met 
for rod withdrawal events based on the present plant Technical 
Specifications. 
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8.0 ASSESSMENT OF UNIT 2 FAILURE ON SALEM UNIT 1 

The failure of the logic card experienced on Salem Unit 2 is 
believed to be isolated to that unit. The Rod Control System had 
undergone Westinghouse-recommended preventative maintenance 
during the Unit 2 refueling outage. During this activity, the 
cards were removed, tested and inspected. Failed cards were 
repaired before being inserted back into the system. 

Unit 1 cards have been in place unhandled since the 1988 when 
this same maintenance was performed. Since this time, numerous 
rod manipulations have been performed without failure, including: 
reactor startups, numerous normal power reductions and 
escalations, transient responses, and rod surveillances in 
accordance with Technical Specifications. During the last Unit 1 
refueling outage, a system checkout was performed, during which 
any abnormalities would have been detected. Any failures that 
might have been induced due to the preventive maintenance 
activities would have been detected by this time. 

In summary, failed cards are not expected to exist at Unit 1. 
However, PSE&G has conservatively opted to impose the same 
compensatory actions proposed for Unit 2. These include: 
performing a new surveillance test prior to startup, diluting to 
criticality on the next startup, ensuring operators are cognizant 
of the failure symptoms and applicable responses. 

9.0 CONCLUSIONS 

The potential single failure has been conservatively evaluated 
against the criteria for a Condition II event. This failure is 
detectable via surveillance testing and normal operation, and is 
treated as such in the evaluation. Based on this evaluation, the 
DNBR design limit is met. Compensatory measures relative to 
testing and operator training, combined with existing alarms and 
procedures, provide assurance that should the failure occur, it 
would be readily detected and corrected. Therefore, startup and 
continued operation of Salem Units 1 and 2 would not result in 
any condition adverse to safety. 

10.0 REFERENCES 

1. 10CFR50, Appendix A, General Design Criterion 25 

2. ANSI N18.2-1973, "Nuclear Safety Criteria for the Design of 
Stationary Pressurized Water Reactor Plants," 1973. 

3. SGS Updated Final Safety Analysis Report 

4. Salem Unit 1 Technical Specifications up to and including 
Amendment 138-1. 
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NLR-N93098 ATTACHMENT 2 

1.0 EMERGENCY REQUEST FOR LICENSE AMENDMENT 

UFSAR Sections 4.3 and 15.3.5.1 are based on the assumption that 
multiple failures would be required for a single rod withdrawal 
to occur. At the present time, multiple rod withdrawal events 
are not considered in the present Salem Generating Station (SGS) 
licensing basis (except for the bank withdrawal events) . 
However, a failure in the rod control system logic has been 
identified that can cause withdrawal of a single or multiple Rod 
Cluster Control Assemblies (RCCA). The potential single failure 
that may result in a rod withdrawal event requires a license 
amendment to address the impact of this failure and ensure 
compliance with 10CFR50, Appendix A,-General Design Criterion 
(GDC) 25. This change to the SGS licensing basis has been 
evaluated in accordance with 10CFR50.59, which concluded, based 
on the current information available, that this issue is 
considered an Unreviewed Safety Question. 

PSE&G hereby requests an Emergency License Amendment to support 
safe restart and operation of Salem Units 1 and 2 with the rod 
control system placed in either the automatic or manual mode of 
operation. Reactor startup will be accomplished by pulling the 
rods to the desired critical position, followed by boron dilution 
to achieve criticality. The License Amendment will be 
implemented as an interim measure pending completion of ongoing 
actions and industry initiatives to resolve this concern. 

This request is based upon re-evaluation of the the SGS licensing 
basis safety analyses which are potentially affected by the 
identified failure. This re-evaluation is contained in 
Attachment 1. 

The following evaluation has determined that the proposed changes 
to the SGS licensing basis does not involve a Significant Hazards 
Consideration in support of an Emergency License Amendment 
request as discussed in Section 3.0 below. 

Compensatory actions which have been implemented to support this 
change to the licensing basis are described in Attachment 1. 

2.0 BASIS FOR REQUESTING EMERGENCY APPROVAL 

Upon discovery of the RCCA withdrawal single failure scenario, 
timely actions were taken to investigate its potential impact on 
the licensing basis safety analyses. Considerable effort on the 
part of PSE&G and Westinghouse has been made to determine the 
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effects of the Rod Control System failure, and to reevaluate the 
safety analyses affected by the failure. The results of those 
efforts establish the.basis for this request, which could not 
have been submitted prior to achieving an adequate understanding 
of the potential effects of this newly discovered condition. 
PSE&G believes the delay in restart and operation of the SGS 
associated with the normal amendment process is not warranted. 
Therefore, the emergency provisions of 10CFR50.91 are requested. 

3.0 10CPR50.92 SIGNIFICANT HAZARDS CONSIDERATION ANALYSIS 

PSE&G has, pursuant to 10CFR50.92, reviewed the proposed license 
amendment to determine whether our request involves a Significant 
Hazards Consideration. It has been determined that: 

1) The operation of Salem Generating Station in accordance with 
the proposed change will not involve a significant increase 
in the probability or consequences of an accident previously 
evaluated. 

UFSAR Chapter 15 accident analyses which may be affected by the 
observed rod control system failure causing inadvertent RCCA 
withdrawal have been identified. The probability of the Single 
RCCA Withdrawal at Power event discussed in UFSAR section 15.3.5 
is considered to be increased since only multiple failures were 
previously considered to cause this event. The analysis 
contained in UFSAR Section 15.3.5 was previously evaluated 
against the criteria of a Condition III event. The reanalysis of 
this event considered the more stringent criteria of a Condition 
II event. The analysis concluded that the DNB design limits for 
the fuel continued to be met in accordance with GDC 25. 

Therefore, although the probability of this event has 
theoretically increased, this increase is not considered 
significant since the criteria for a Condition II event as 
defined in ANSI N18.2 have been conservatively demonstrated to be 
met (i.e., although the probability of the event has increased, 
the consequences meet the more stringent Condition II criteria). 

Therefore, the proposed license amendment does not involve a 
significant increase in the probability or consequences of any 
accident previously evaluated. 

2) The operation of Salem Generating Station in accordance with 
the proposed change does not create the possibility of a new 
or different kind of accident from any accident previously 
evaluated. 

A spectrum of RCCA withdrawal events is documented in the Salem 
licensing basis. A symmetric RCCA group/bank withdrawal event 
from subcritical is analyzed and presented in UFSAR section 
15.2.1 and a symmetric RCCA group/bank withdrawal at power is 
analyzed and presented in UFSAR Section 15.2.2. The single RCCA 

419 



-3-

withdrawal event is analyzed and presented in Section IS.3.5 of 
the Salem UFSAR but assumes that initiation can only occur as a 
result of multiple failures. This event, although now potentially 
caused by a single failure, is not considered to be an event 
which is different than already evaluated. 

Given that this failure could cause the asymmetric withdrawal of 
more than one RCCA, which is not currently analyzed for the 
UFSAR, new RCCA withdrawal cases have been postulated. However, 
based on the guidelines of the Standard Review Plan (section 
15.4.3), this postulated scenario only represents a variation of 
the reactivity and power distribution anomalies that are 
currently addressed in the Salem licensing basis and is not 
considered to be a new event of a different type. Thus, although 
it requires reanalysis of the RCCA withdrawal event, the assumed 
single failure does not create the possibility of an accident 
that is different than that already evaluated. 

Therefore, the proposed license amendment does not create the 
possibility of a new or different kind of accident from any 
previously evaluated. 

3) The operation of Salem Generating Station in accordance with 
the proposed change does not involve a significant reduction 
in a margin of safety. 

The rod control system failure and subsequent RCCA withdrawal 
will have no affect on the availability, operability or 
performance of any safety-related equipment required for accident 
mitigation. Operation in automatic or manual control and 
criticality achieved through boron dilution will ensure that the 
requirements of GDC 25 will continue to be satisfied. Any 
potential releases resulting from RCCA withdrawals will remain 
within the limits of 10CFR20 and 10CFR100 limits. Therefore, the 
proposed license amendment does not involve a significant 
reduction in a margin of safety. 

Determination that the Request does not Involve Irreversible 
Environmental Consequences 

The requested amendment would modify the SGS licensing basis to 
account for a Rod Control System failure mechanism. 

The requested amendment would not allow for any increase to the 
amount or type of any effluent released off site. Manual or 
automatic operation of the rod control system does not affect 
radiation exposure to personnel. As provided above, PSE&G's 
conclusion is that the proposed amendment does not require a 
Determination of No Significant Hazards Consideration. 

Therefore, the request does not involve any irreversible 
environmental consequences. 
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Hancocks Bridge, New Jersey 08038 

Dear Mr. Miltenberger: 

SUBJECT: ROD CONTROL SYSTEM UNREVIEWED SAFETY QUESTION, SALEM NUCLEAR 
GENERATING STATION, UNITS 1 AND 2 (TAC NOS. M86753 AND M86754) 

The Commission has issued the enclosed Amendment Nos.144 and 122 to Facility 
Operating License Nos. DPR-70 and DPR-75 for the Salem Nuclear Generating 
Station, Unit Nos. 1 and 2. These amendments consist of changes to the 
Updated Final Safety Analysis Report (UFSAR) in response to your application 
dated June 17, 1993. 

These amendments revise various UFSAR sections to address a potential single 
failure in the Rod Control System that is not within the current licensing 
basis of Salem, Units 1 and 2. These amendments are being issued pursuant to 
the requirements of 10 CFR 50.59(c) because the review by Public Service 
Electric and Gas Company identified the changes as an unreviewed safety 
question. No changes to the Technical Specifications are required by these 
amendments. However, this amendment is considered an interim measure pending 
completion of ongoing actions and industry initiatives to resolve this issue. 

A copy of our safety evaluation is al 
included in the Commission's biweekly 

also enclosed. Notice of Issuance will be 
Federal Register notice. 

Sincerely, 

y>&«^£< s4&> rd& 

James C. Stone, Project Manager 
Project Directorate 1-2 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 

Enclosures: 
1. Amendment No. 

License No. 
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License No. 

144 to 
DPR-70 
122 to 
DPR-75 

3. Safety Evaluation 

cc w/enclosures: 
See next pare 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 2055S-0001 

PUBLIC SERVICE ELECTRIC & GAS COMPANY 

PHILADELPHIA ELECTRIC COMPANY 

DELMARVA POWER AND LIGHT COMPANY 

ATLANTIC CITY ELECTRIC COMPANY 

DOCKET NO. 50-272 

SALEM NUCLEAR GENERATING STATION. UNIT NO. 1 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No.'144 
License No. DPR-70 

1. The Nuclear Regulatory Commission {the Commission or the NRC) has found 
that: 

A. The application for amendment filed by the Public Service Electric & 
Gas Company (PSE&G) (the licensee), dated June 17, 1993, complies with 
the standards and requirements of the Atomic Energy Act of 1954, as 
amended (the Act), and the Commission's rules and regulations set 
forth in 10 CFR Chapter I; 

B. The facility will operate in conformity with the application, the 
provisions of the Act, and the rules and regulations of the 
Commission; 

C. There is reasonable assurance: (i) that the activities authorized by 
this amendment can be conducted without endangering the health and 
safety of the public, and (ii) that such activities will be conducted 
in compliance with the Commission's regulations set forth in 10 CFR 
Chapter I; 

D. The issuance of this amendment will not be inimical to the common 
defense and security or to the health and safety of the public; and 

E. The Issuance of this amendment is in accordance with 10 CFR Part 51 of 
the Commission's regulations and all applicable requirements have been 
satisfied. 

2. Accordingly, by Amendment No. 144, the license is amended to authorize 
revision of the Updated Final Safety Analysis Report (UFSAR) as set forth 
in the application for amendment by PSE&G, dated June 17, 1993. PSE&G 
shall update the UFSAR to reflect the revised rod control system licensing 
basis, authorized by this amendment, in accordance with 10 CFR 50.71(e). 
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3. This license amendment is effective as of its date of issuance. 

FOR THE NUCLEAR REGULATORY COMMISSION 

Michael L. Boyle, Acting Director 
Project Directorate 1-2 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 

Date of Issuance: September 22,.1993 
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NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

PUBLIC SERVICE ELECTRIC & GAS COMPANY 

PHILADELPHIA ELECTRIC COMPANY 

DELMARVA POWER AND LIGHT COMPANY 

ATLANTIC CITY ELECTRIC COMPANY 

DOCKET NO. 50-311 

SALEM NUCLEAR GENERATING STATION. UNIT NO. 2 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 122 
License No. DPR-75 

1. The Nuclear Regulatory Commission (the Commission or the NRC) has found 
that: 

A. The application for amendment filed by the Public Service Electric & 
Gas Company (PSE&G) (the licensee), dated June 17, 1993, complies with 
the standards and requirements of the Atomic Energy Act of 1954, as 
amended (the Act), and the Commission's rules and regulations set 
forth in 10 CFR Chapter I; 

B. The facility will operate in conformity with the application, the 
provisions of the Act, and the rules and regulations of the 
Commission; 

C. There is reasonable assurance: (i) that the activities authorized by 
this amendment can be conducted without endangering the health and 
safety of the public, and (ii) that such activities will be conducted 
in compliance with the Commission's regulations set forth in 10 CFR 
Chapter 1; 

D. The issuance of this amendment will not be inimical to the common 
defense and security or to the health and safety of the public; and 

E. The issuance of this amendment is in accordance with 10 CFP. Part 51 of 
the Commission's regulations and all applicable requirements have been 
satisfied. 

2. Accordingly, by Amendment No. 122, the license is amended to authorize 
revision of the Updated Final Safety Analysis Report (UFSAR) as set forth 
in the application for amendment by PSE&G, dated June 17, 1993. PSE&G 
shall update the UFSAR to reflect the revised rod control system licensing 
basis, authorized by this amendment, in accordance with 10 CFR 50.71(e). 
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3. This license amendment is effective as of its date of issuance. 

FOR THE NUCLEAR REGULATORY COMMISSION 

^ 5 ^ ^ ^ ^ 
Michael L. Boyle, Acting Director 
Project Directorate 1-2 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 

Date of Issuance: September 22, 1993 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20555-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO AMENDMENT NOS. 144 AND 122 TO FACILITY OPERATING 

LICENSE NOS. DPR-70 AND DPR-75 

PUBLIC SERVICE ELECTRIC & GAS COMPANY 

PHILADELPHIA ELECTRIC-COMPANY 

DELMARVA POWER AND LIGHT COMPANY 

ATLANTIC CITY ELECTRIC COMPANY 

SALEM NUCLEAR GENERATING STATION. UNIT NOS. 1 AND 2 

DOCKET NOS. 50-272 AND 50-311 

1.0 INTRODUCTION 

By letter dated June 17, 1993, Public Service Electric and Gas (PSE&G or the 
licensee) requested an Emergency License Amendment for Salem Nuclear 
Generating Station (SNGS), Units 1 and 2, to the Updated Final Safety Analysis 
Report (UFSAR). This request concerns a change to the current licensing basis 
requirements to address a potential single failure identified in the Rod 
Control System (RCS). Investigation of an RCS failure during the startup of 
Salem Unit 2 has determined that a single failure in the RCS may result in a 
single Rod Cluster Control Assembly (RCCA) withdrawal or an asymmetric RCCA 
withdrawal event. The SNGS UFSAR presently states that multiple failures 
would be required for a single RCCA withdrawal to occur. If the identified 
failure is a single failure, it has not been addressed in the current 
licensing basis. 

Based on the information currently available, the identified failure is being 
treated as a single failure which would result in an Unreviewed Safety 
Question in accordance with 10 CFR 50.59. The current UFSAR analysis for RCCA 
single withdrawal at power indicates that localized Departure From Nucleate 
Boiling (DNB) would result. This was acceptable because UFSAR Sections 4.3 
and 15.3.5.1 describe single RCCA withdrawal events using the assumption that 
multiple failures would be required for a single RCCA withdrawal to occur. If 
a single failure can cause a single RCCA withdrawal or an asymmetric RCCA 
withdrawal, General Design Criterion (GDC) 25 which states, "The protection 
system shall be designed to assure that specified acceptable fuel design 
limits are not exceeded for any single malfunction of the reactivity control 
systems such as accidental withdrawal (not ejection or dropout) of control 
rods," is not met. 
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Furthermore, the identified potential single failure that could cause a single 
or multiple asymmetric rod withdrawal event without an urgent failure alarm 
involves a change to the current licensing basis for Salem Units 1 and 2, 
because UFSAR Section 15.3.5.1 states that a single RCCA withdrawal at power 
would result in an "urgent failure" and a rod "deviation alarm" on the control 
room console. 

The staff determined that emergency approval of the potential unreviewed 
safety question was not required because there was no change to the technical 
specifications and, for the case of Salem, compliance with GDC 25 was shown. 
Therefore, the request was processed on a non-emergency basis. The licensee 
was notified of this determination before the restart of Salem, Unit 1 on 
June 19, 1993. 

2.0 EVALUATION 

The licensee has provided a justification for restart and continued operation 
of Salem Units 1 and 2. The basis for this justification includes an 
evaluation of the licensing basis safety analysis to account for the effects 
of the identified failure. This evaluation demonstrated that no fuel design 
limits are exceeded for the affected transients, which is consistent with 
General Design Criterion 25. 

UFSAR Chapter 15 accident events were examined for adverse impact resulting 
from the postulated rod control system single failure. The only previously 
analyzed event impacted is the Single RCCA Withdrawal At Power (UFSAR 15.3.5). 
Multiple asymmetric RCCA withdrawals both at power and from subcritical have 
been evaluated based upon the postulated failure scenario. Analyses performed 
for Salem Units 1 and 2 showed that the single RCCA withdrawal at power event 
was determined to be bounded by a multiple RCCA withdrawal of two adjacent D-
bank RCCAs at full-power. The multiple asymmetric RCCA withdrawal at power 
case was divided into three cases depending on the power level and the rods 
allowed to be inserted into the core in accordance with the rod insertion 
limits. Above 68% power, since rod insertion limits allow only D bank rods to 
be inserted, any number of the nine D-bank rods could withdraw. The most 
limiting case for the multiple asymmetric RCCA withdrawal was shown to be the 
withdrawal of two adjacent D-bank rods. When more than two RCCAs are 
withdrawn, the maximum peaking factor would be reduced as a result of the 
flattened power distribution. 

Between 15 and 68% power, D bank and C bank RCCAs are allowed to be inserted 
into the core. Thus any combination of the nine D-bank and eight C-bank RCCAs 
could withdraw. Explicit analyses for Units 1 and 2 showed that there is no 
combination of asymmetric withdrawals that 1s more limiting than the 
previously mentioned limiting case. Below 15% power, where C bank and B bank 
rods are allowed to be inserted, any combination of the eight C-bank and B-
bank RCCAs (4 for Unit 1 and 8 for Unit 2) could withdraw. Again this case is 
bounded by the first case. 
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The standard NRC-approved methodology described in WCAP-9272 was used for this 
analysis. Consistent with the current licenslng-basis analysis in UFSAR 
Section 15.3.5, no rod deviation or rod control urgent failure alarm or 
operator action was assumed. The analysis concluded that the DNB design basis 
was met for the limiting case. 

The final case to be considered was the asymmetric RCCA withdrawal from 
subcritical. Administrative measures are being Imposed to preclude achieving 
criticality should an asymmetric rod withdrawal accident occur. This is being 
accomplished by maintaining the reactor coolant system boron concentration 
sufficient for the reactor core to remain subcritical even if all rods are 
postulated to spontaneously move to their fully withdrawn position. 

In summary, RCCA withdrawal events resulting from the potential single failure 
have been evaluated against the criteria in GDC 25. The Salem-specific 
analyses demonstrated that the DNB design limits for the fuel are met. In 
addition, PSE1G has imposed compensatory actions Including performing a new 
surveillance test prior to startup, and ensuring that operators are cognizant 
of the failure symptoms and applicable responses. This is considered an 
interim measure for Salem, Units 1 and 2, pending completion of ongoing 
actions and industry initiatives to resolve this concern. 

Based on the staff evaluation as detailed above, and compensatory measures 
relative to testing and operator training, combined with existing alarms and 
procedures, the staff concludes that startup and continued operation of Salem, 
Units 1 and 2, 1s acceptable. 

3.0 STATE CONSULTATION 

In accordance with the Commission's regulations, the New Jersey State official 
was notified of the proposed Issuance of the amendments. The State official 
had no comments. 

4.0 ENVIRONMENTAL CONSIDERATION 

Pursuant to 10 CFR 51.21, 51.32, and 51.35, an environmental assessment and 
finding of no significant impact have been prepared and published (58 FR 
48904) in the Federal Register on September 20, 1993. Accordingly, based upon 
the environmental assessment, the staff has determined that Issuance of this 
amendment will not have a significant effect on the quality of the human 
environment. 

5.0 CONCLUSION 

The Commission has concluded, based on the considerations discussed above, 
that: (1) there is reasonable assurance that the health and safety of the 
public will not be endangered by operation in the proposed manner, (2) such 
activities will be conducted In compliance with the Commission's regulations, 
and (3) the Issuance of the amendments will not be inimical to the common 
defense and security or to the health and safety of the public. 

Principal Contributor: M. Chatterton 

Date: September 22, 1993 429 
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