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Abstract 

During the accident occurred in Fukushima Daiichi Nuclear Power Station in Japan, the onsite and 

offsite electrical systems were affected and lost for a long time with irreversible consequences, therefore, 

the Mexican Regulatory Body known as the National Commission for Nuclear Safety and Safeguards 

(CNSNS: for its acronym in Spanish) has taken several actions to review the current capacity of the 

electrical systems installed at Laguna Verde NPP to cope with an event beyond of the design basis. 

The first action was to require to Laguna Verde NPP the compliance with Information Notice 2011-05 

“Tohoku-Taiheiyou-Oki earthquake effects on Japanese Nuclear Power Plants” and with 10 CFR 50.54 

“Conditions of licenses” section "hh", both documents were issued by the United States Nuclear 

Regulatory Commission (USNRC). Additionally, CNSNS has taken into account the response actions 

emitted by other countries after the Fukushima accident.  This involved the review of documents generated 

by Germany, Canada, United Arab Emirates, Finland, France, the United Kingdom and the Western 

European Nuclear Regulator's Association (WENRA). 

CNSNS made special inspections to verify the current capacity of the electrical systems of AC and 

DC. As a result of these inspections, CNSNS issued requirements that must be addressed by Laguna Verde 

NPP to demonstrate that it has the capacity to cope with events beyond the design basis.  

Parallel to the above, Mexico has participated in the Iberoamerican Forum to address matters related to the 

"Resistance Tests", the evaluations of the Forum have reached similar conclusions to those required by 

European Nuclear Safety Regulators Group (ENSREG), under the format proposed by WENRA. The 

actions carried out here are closely linked to the requirements established by the USNRC. 

It is also important to mention that: 1) the Extended Power Uprate project was implemented in both 

Units of the Laguna Verde NPP before the accident in Fukushima Daiichi, for this reason the main 

electrical equipment belonging to the offsite power system was changed and the electrical analysis was 

reviewed (such as: short-circuit, load flow, electrical stability analysis, etc.), 2) Generic Letter 2006-02 

“Grid Reliability and the Impact on Plant Risk and the Operability of Offsite Power” is in process of 

implementation, this aims to verify that it maintains compliance with regulatory requirements which 

govern electrical systems and 3) the USNRC is in the process of reviewing the 10 CFR 50.63 and 

Regulatory Guide 1.155 "Station Blackout", once issued, CNSNS will require its implementation at 

Laguna Verde NPP. 

Based on the above, CNSNS concludes that all actions are being taken to enhance the robustness of 

Laguna Verde NPP´s electrical systems, in order to increase their reliability, safety and operation as 

required in order to cope with events beyond design basis as that occurred at Fukushima Daiichi and avoid 

as far as possible damage to the reactor core. 
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1. Introduction 

The purpose of this paper is to share information on the actions taken by Laguna Verde NPP to 

strengthen its electrical systems that will support the response to events beyond the design basis; therefore, 

there is a general description of the electrical systems of the plant, the regulatory aspects concerned with 

safety issues and the use of the learned lessons from international nuclear community developed from the 

accident occurred at the Fukushima Daiichi Plant in Japan. 

2. General description 

 

2.1 Site 

LVNPP has two units with type reactors, of the type BWR5 (Boiling Water Reactor), supplied by 

General Electric, with primary containment Mark II design, the main condenser is cooled by sea water, 

from the Gulf of Mexico, both units have a temporary permit to operate at extended power 2,317 MWt 

(810 MWe). It is owned by the Federal Electricity Commission (CFE) and is located in Punta Limon, 

municipality of Alto Lucero, on Veracruz State (Figure 1). 

2.2 Regulations 

The regulation used for the LVNPP is that of the country of origin of the reactor, Title 10, "Energy" 

Code of Federal Regulations, regulations issued by the Nuclear Regulatory Commission of the United 

States, including industry standards and guidelines derived from such regulation; additionally, there are the 

safety standards and guidelines of the International Atomic Energy Agency (IAEA). 

 

2.3 Description 
(1)

 of the electrical systems at LVNPP  

These systems are divided into offsite power system and onsite power system, both systems provide 

enough electric power, whether alternating current (AC) or direct current (DC) to feed the electric loads 

that lead to LVNPP to the safety shutdown and long term cooling (Figure 2). 

2.3.1 Offsite power system 

This system is designed to provide a minimum of two reliable sources of electric power from the 

exterior that provide electrical power to auxiliary systems during starting and shut down of the LVNPP, or 

at any time when AC power is unavailable from the main generator. This system also has DC power 

system. 

LVNPP is connected to the "Región Oriental" of the national electrical system through electric 

substations of 400 KV and 230 KV, the connection is made through 7 transmission lines (5 lines of 

400 KV system and 2 lines of 230 KV system), these electric substations serve both, Units 1 and 2 at the 

LVNPP, and are interconnected through an autotransformer. 

Some general aspects of the national electrical system 
(2)

 are: at December 31, 2010, the effective 

installed capacity of generation was 52,947 MW, with a total of 833.081 km of transmission and 

distribution  lines.  The  power  plants  are  of  the  type:  thermoelectric, combined cycle, gas turbines, 

 

(1) Final Safety Analysis Report – LVNPP Units 1 & 2 

(2) Programa de Obras e Inversiones del Sector Eléctrico (POISE) 2012-2026 
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carboelectric, hydroelectric, nuclear power, geothermoelectric. The national electrical system is organized 

into nine regions: Central, Eastern, Western, Northwest, North, Northeast, Baja California, Baja California 

Sur and Peninsular, operated under the responsibility of eight control centers, which are managed by the 

National Center of Energy Control, ensuring coordination for dispatching electric power, operation and 

security of supply. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Location of LVNPP and regions of the national electrical system in Mexico 

 

The following major electrical equipment is part of offsite power system: the main generator, main 

transformer, normal auxiliary transformer, standby transformer, backup transformer, as well as buses and 

associated power equipment. 

The normal auxiliary transformer supplies the electric power to all auxiliary loads in normal 

operation, it is used as a source of power during startup and scheduled shut down when the main switch is 

open and this is the first source of external AC power. The second source of offsite power is the standby 

transformer that provides backup electric power for all auxiliary loads, it is energized at all times by the 

34.5 KV bus 31 and it is only used when the normal auxiliary transformer is inoperable. The normal 

auxiliary and standby transformers have the same capacity, they reduce the voltage of 34.5 KV to 4.16 KV, 

are connected to the non-Class 1E Divisions A and B, and provide electric power to the Class 1E Divisions 

I, II and III. 

A third source of offsite power is available from the bus 32 of 34.5 KV connected to the 230 KV 

system and through the backup transformer provides electric power solely Class 1E Division I or II, when 

there is an electric power loss from the normal auxiliary and standby transformers, and one standby diesel 

generator Division I or II fails during safety shutdown. This transformer is used in periodic testing of 

standby diesel generator Division I or II, it is connected manually and is continuously energized. 
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The offsite power system also has DC power systems consisting of 250 VDC batteries, 125 VDC 

batteries and 48 VDC batteries. 

2.3.2 Onsite power System 

The system is designed to ensure reliable availability of electric power to take the nuclear plant to a 

safety shutdown and keep it in a safe condition following a design basis accident coincident with the 

external power loss. For the operation of electric loads, the LVNPP has AC and DC power systems. 

The AC power system is formed by Class 1E Division and non-Class 1E Division, both are 4160 VAC. 

The non-Class 1E Division is formed by Division A (buses 1A/2A and buses 1B/2B bus) and Division B 

(buses 1C/2C bus): The non-Class 1E Divisions are connected with Class 1E Divisions (Division I for 

critical bus 1A1/2A1, Division II for critical bus 1B1/2B1 and Division III for critical bus 1C1/2C1), this 

connection complies with regulatory requirements for physical and electrical separation. Any Class 1E 

Division I or II is used for the safety shutdown of the reactor or to mitigate the consequences of a loss of 

coolant accident (LOCA) and/or event loss of offsite power (LOOP). The Division III provides power to 

the high pressure core spray pump motor and its auxiliary equipment. Both non-Class 1E Divisions and 

Class 1E Divisions have unit substations to reduce the voltage of 4160 VAC to 480 VAC, these substations 

feed motor control centers. Furthermore have 120/240 VAC Class 1E uninterruptible power system. During 

a LOCA event and/or LOOP event, each bus of Class 1E Divisions I, II and III has a standby diesel 

generator, the capacity for each diesel generator Division I or II is 3676 KW and the capacity for diesel 

generator Division  III is 2200 KW, they generate voltage to 4160 VAC and 60 Hz. 

The onsite power system also has DC power system integrated by batteries and associated auxiliary 

equipment of 24 VDC (Divisions I and II), 125 VDC (Divisions I, II and III) and 250 VDC (Division I). The 

DC systems are independent, redundant, meet the single failure criterion, have the ability and reliability to 

supply DC power to all loads Class 1E and non-Class 1E. 
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Figure 2 - Simplified Diagram of Electrical Systems in LVNPP-U2 

 

3. Actions at LVNPP before the Fukushima event 

It has implemented the power uprate project and it continues with the implementation of the Generic 

Letter 2006-02, evaluations have considered the concept defense in depth such as design, maintenance, 

quality assurance and operation, in order to ensure the electric equipment will operate correctly, the 

following actions are considered contributors in the robustness of the electrical systems and consequently 

in the robustness of the nuclear plant to cope with events beyond design basis. 

 

3.1 Generic Letter 2006-02 "Grid Reliability and the Impact on Plant Risk and the 

Operability of offsite Power", this letter was issued by the USNRC after the electric power loss occurred 

on August 14, 2003, the event affected nine nuclear plants in the United States, in addition to the electrical 

system of Canada. Its objective is to determine that nuclear plants keep compliance with regulation 10 CFR 

50.63 for the SBO rule, 10 CFR 50.65 for the maintenance rule, 10 CFR Part 50, Appendix A, General 

Design Criteria 2 and 17, 10 CFR 50.120 for training and qualification of personnel and 10 CFR 55.59 for 

requalification. Currently, implementation of this generic letter is in process and it will verify that the 

nuclear plant continues to meet the regulatory requirements specified in this the generic letter. 

a) The use and management of protocols between LVNPP´s operators and transmission system 

operators, is performed by the National Center of Energy Control, this national center plans, directs 

and supervises the generation of electric energy, and conducts studies of electrical stability, load 

flow and short circuit. The analysis tools used to perform electrical studies are used worldwide and 

Federal Electricity Commission. 
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b) The information is considered by LVNPP on the condition monitoring of the electrical grid for risk 

assessments (10 CFR 50.65) in maintenance activities or maneuvers.  

c) LVNPP has procedures to restore electric power during a SBO in fulfilment with 10 CFR 50.63. 

 

3.2 Power Uprate Project 

a) Main generator, main transformer, normal auxiliary transformer and 400 KV electric substation 

were changed, for each electric equipment was reviewed its compliance with 10 CFR 50 Appendix 

A, General Design Criteria (GDC) 2 requires that the nuclear plant is protected against natural 

phenomena and GDC 17 governs electrical systems. 

b) The electrical protection schemes at the 230 KV electric substation were changed from analog to 

digital, and two transmission lines of 400 KV were added to increase transmission capacity of the 

power generated. 

c) The following electrical analysis were reviewed: a) three-phase short circuit with U1 and U2 

synchronized to electrical grid and with various operating conditions, the analysis used the 

software called "Electrical Transmission and Distribution System Analysis Programs and Designs 

(EDSA)", this software was validated with the IEEE std. 141-1993 "IEEE Recommended Practice 

for Electric Power Distribution". Currently there is a replacement program for circuit breaker with 

undersized capacity, b) Load Flow with Units synchronized to electrical grid and consider static 

state and dynamic state (motor starting), the analysis used the software called EDSA, this software 

was validated with IEEE std. 399-1997 "IEEE Recommended Practice for Industrial and 

Commercial Power Systems Analysis (Brown Book)". Although there were low levels of voltage 

at critical buses, they will not trip the second level of protection against low voltage, to ensure the 

above, TAP changes were recommended in transformers installed at LVNPP. The software used 

for both studies was certified according to quality assurance procedures of the LVNPP. 

d) The set points of relays of the second level of protection against low voltage on both units were 

reviewed, these set points keep compliance with the requirements established in the Branch 

Technical Position PSB-1 “Adequacy of station electric distribution system voltages” (NUREG 

0800 Standard Review Plan). 

e) The electrical stability analysis determined behavior of the nuclear plant and its associated 

electrical grid in different scenarios, such as steady state and dynamic state, with single and double 

contingencies, cascading events and scheduled licenses. It is concluded that the electrical stability 

is kept in all scenarios analyzed. 

 

4.  Actions at LVNPP after the Fukushima event 

In response to the events that occurred on March 11, 2011 at Fukushima Daiichi nuclear power plant 

in Japan, the Mexican regulatory body has taken actions at LVNPP, based on international information 

coming from the USNRC, IAEA and countries of the European Union to verify current capacity of the 

LVNPP or otherwise take steps to increase their robustness to cope with events beyond of design basis. 

Based on the above and in accordance with the objective of the international workshop "Robustness 

of Electrical Systems of NPPs in Light of the Fukushima Daiichi Accident", it is related with exchange of 

information on the design and simulation of electrical systems related to plant safety nuclear, are described 

below the main activities which have been specifically made for electrical systems, emphasizing that such 

activities are an integral part of the actions taken to increase the robustness at LVNPP. 
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4.1 Information Notice (IN) 2011-05 "Tohoku - Taiheiyou -Oki earthquake effects on 

Japanese Nuclear Power Plants" requires ensuring the nuclear safety at nuclear plants to cope natural 

events beyond design basis and consider actions, as appropriate to avoid similar problems. This through the 

verification of the capability at NPPs to establish mitigation strategies that result from severe adverse 

events, a total loss of power to the NPPs, capability to mitigate flooding and the impact that floods have on 

inside and outside systems, and the identification of the potential for loss of function of the equipment 

during seismic events on the site. The verifications were considered during the special inspection IE-02/11-

LV1, this information will be given later. 

 

4.2 10 CFR 50.54 "Conditions of licenses" section (hh) (2) requires each licensee develop 

and implement guidelines and mitigation strategies to maintain or restore core cooling, containment, and 

the cooling capacity of spent fuel pool under circumstances associated with the loss of large areas of the 

plant due to explosions or fire and through these strategies should ensure nuclear safety to cope with events 

beyond the design basis. 

The implementation of mitigation strategies are in process according to 10 CFR 50.54 (hh) (2) and 

NEI-06-12 Rev. 2 "B.5.b Phase 2 & 3 Submittal Guideline", these strategies that contribute to increase the 

robustness of the electrical systems at LVNPP during an extended SBO are the following: 

 DC power supply to energize locally solenoid valves of the Automatic Depressurization 

System/Safety Relief Valves, to depressurize the Reactor Pressure Vessel (RPV) and inject water 

with portable pump. 

 Using a diesel generator to recharge the Class 1E batteries.  

 Using a portable diesel pump. 

 

4.3 Inspection IE-02/11-LV1 "Special inspection to verify the measures applied in the 

Laguna Verde Nuclear Power Plant in response to the event of fuel damage at Fukushima Daiichi Nuclear 

Power", this inspection used the instructions of the inspection guide NRC-IM-IT 2515/183 “Followup to 

the Fukushima Daiichi Nuclear Station fuel damage eventˮ and Information Notice 2011-05 to verify the 

current capacity of the electrical systems at LVNPP during a total loss of AC electrical power (SBO: 

Station Blackout), the following activities were performed: 

 

 Verification through inspection of all required equipment are adequate and properly classified, 

tested and maintained. 

 Verification of the capability to cope with a SBO. 

 Use of international operational experience. 

 

The following actions resulting from the inspection IE-02/11-LV1 are contributors to the robustness 

of electrical systems. Currently these topics are in process. 

a) Procedures to cope with a SBO event according to the current 10 CFR 50.63 
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Table 1 – Procedures to cope with a current SBO at LVNPP 

  Procedure Title 

Anormal Operation 

(OA-829) 

Loss of external power with start failure of diesel generator 

Anormal Operation 

(OA-853) 

Loss of external and internal power 

DTO-P9 Procedure to restore the system in case of total collapse 

DTO-P10 Procedure for feeding own services at LVNPP from hydroelectric 

plant Temascal 1 in case of total collapse (115 KV) 

DTO-P11 Procedure for feeding own services at LVNPP from hydroelectric 

plant Temascal 1 in case of total collapse (230 KV) 

DTO-P16 Procedure for feeding own services at LVNPP from hydroelectric 

plant Mazatepec in case of total collapse 

 

The OA-0853 procedure had comments, which have been attended. 

 

b) Analyze the interconnection of standby diesel generators between Unit 1 and Unit 2, to increase the 

capacity of the installed batteries, determine the probable recovery time of the external AC electric 

power and install a ventilating and air conditioning system in room 125 VDC batteries (Division 

III). Currently, these topics are addressed. 

 

c) Nuclear plant operators and transmission system operators were trained for a scenario of current 

SBO, before to the accident of Fukushima Daiichi, this action was considered proactive and shows 

the interaction between staff of the nuclear power plant and staff of the transmission system 

organization, the training activities should consider the scenario of extended SBO. 

 

d) Some cells of batteries of 24 VDC, 125 VDC and 250 VDC at LVNPP U1 were observed with 

degradation, this situation has been documented and controlled, LVNPP has taken actions related 

to this issue. During the conduct of inspections shall be verified that the physical condition of all 

electrical systems is maintained in good state. 

 

4.4 Inspection IE-04/11-LV1 "Special inspection to verify implementation of the rule of total 

loss of AC electrical power “Station Blackout” (SBO) at LVNPP Units 1 and 2" programs, engineering 

analysis, procedures, training, equipment, systems and support documentation to implement the SBO rule, 

meet compliance with the requirements of the 10 CFR 50.63, this inspection was based on inspection guide 

NRC-IM -TI 2515/120, "Inspection of implementation of Station Blackout Rule Multi-Plan Action Item A-

22." The following are the most important actions and contributors to the robustness of electrical systems 

at LVNPP. 
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Table 2 – Actions derived from the current SBO at LVNPP 

Analysis Observations 

SBO-3.0 

Revise reliability program of the standby diesel generators. 

Determine estimated time to restore external AC electric power from 

hydroelectric plant Temascal (115KV/230 KV) to LVNPP. 

Analyze the installation a DG as backup of the batteries at 230 KV electric 

substation. 

Establish clearly the responsibilities of LVNPP´s operators and transmission 

system operators regarding 400 KV electric substation, so that this situation 

will not be an adverse factor that compromises the recovery of electric power 

for a current or extended SBO. 

Incorporate into the maintenance program the batteries and chargers of 48 VDC 

and 250 VDC of the 230 KV electrical substation, in addition replace these 

equipment to ensure that they will be able to feed the loads of the substation 

and will be available, for example for the restoration of the external electric 

power toward the LVNPP during a SBO event. 

SBO-5.3.1 

SBO-5.3.2 

SBO-5.3.3 

Tests of batteries from 125 VDC and 250 VDC should consider discharge profiles 

indicated in the SBO-5.3.1 and SBO 5.3.2 studies. 

Perform short circuit analysis for CD power systems Class 1E and non-Class 

1E, and analysis to determine the remaining capacity of the Class 1E batteries 

after a 4-hour SBO. 

SBO-5.7 

Check that all areas where recovery activities will be conducted during SBO 

have autonomous lighting units (ALU). Standardize maintenance frequency for 

ALU. Identify ALU by placing a label. 

 

Based on observations from the special inspections IE-02/11-LV1 and IE-04/11-LV1 is important to 

make follow-up inspections to verify that they have taken the necessary actions in electrical systems to 

cope with current SBO and extended SBO. 

 

4.5 Resistance tests 

In accordance with the agreements established in the Iberoamerican Forum, currently are in the 

process actions related with "Resistance tests", the following actions are contributors in the robustness of 

the electrical systems and they are result outcome of the review to events related with LOOP, current SBO, 

extended SBO and loss of the ultimate heat sink coincident with SBO. 
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Table 3 – Actions derived from resistance tests at LVNPP 

Analysis Observations 

LOOP with or 

without failure of a 

standby diesel 

generator 

Procedures to restore a failed standby diesel generator or start the 

remaining diesel generators. 

Standby diesel generators Divisions I, II and III have availability of 

diesel fuel for 176 hours and LVNPP can cope with a LOOP for 72 

hours, time set on the stage of the Resistance Tests. 

Current SBO 

Procedure to manually start the reactor core isolation cooling (RCIC) 

system or the high pressure core spray (HPCS) system. 

Procedures to feed own services at LVNPP from hydroelectric plants 

Mazatepec and Temascal One in case of total collapse. 

The cooling of the core is adequate during a 4-hour SBO. 

Sensitivity analysis to determine the response of the containment 

during a SBO event with more than 4 hours and to estimate the time 

when the Central can support a SBO without any external support 

before the inevitable occurrence of severe fuel damage. 

Extended SBO 

 

Evaluate the feasibility of extending the required minimum time 

from 4 hours to 8 hours, to cope with a SBO (coping time). 

Analysis for using diesel generator of the Compressed Air System 

(CAS) to feed battery chargers of 125 VDC and 250 VDC at U1 and 

analysis for using diesel generator of Integrated Information Process 

System (SIIP) to feed battery chargers of 125 VDC and 250 VDC at 

U2. 

Analysis for using portable diesel generators. 

 

4.6 FLEX  

LVNPP decided to implement the NEI 12-06 "Diverse and Flexible Coping Strategies (FLEX) 

Implementation Guide" establishes as main objective the development a specific capacity of the plant to 

cope with simultaneous events such as "Extended loss of AC Power" (ELAP) and "Loss ultimate heat sink" 

(LUHS) for an indefinite time through combination of the installed capacity in the plant, onsite portable 

equipment and offsite resources. With these strategies the defense in depth will be increased to cope with 

events beyond of the design basis. Some of the strategies considered contributors in the robustness of the 

electrical systems and that are in process at LVNPP are: 

a) Electric distribution system AC and DC.  

 

b) Determination of the time for declaring ELAP/LUHS.  

 

c) Extending the duration of the DC Power. 
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4.7 The regulatory body has required to LVNPP to consider the information contained in the 

document NEA/CSNI/R (2009)10 "Defence in Depth of Electrical Systems and Grid Interaction", 

specifically the related to electrical systems that support a nuclear power plant, these systems can be 

characterized according with concept defense in depth, in addition to the description of the specific features 

that contribute to the robustness of such systems. 

 

4.8 New regulation for extended SBO 

Currently, the USNRC is in the process of reviewing of the 10 CFR 50.63 and Regulatory Guide 

1.155, once issued the final review of the documents, the regulatory body will require their implementation 

at Laguna Verde NPP. Some relevant topics in the new regulation are: 

a) Establish a minimum coping time of 8 hours for a total loss of AC power.  

b) Establish the equipment, procedures and training required to implement the extended loss of all AC 

power with coping time of 72 hours for cooling the core and spent fuel pool, and the cooling 

system of the reactor and the integrity of the primary containment, as needed.  

c) Add offsite resources to support as indicated in the previous point. 

 

5.0 Conclusions 

 

 Based on the above: 

 

 Actions were taken prior and after to the Fukushima accident that are in compliance with 

regulatory requirements. 

 These actions consider the concept of defense in depth and contribute to the robustness of the 

electrical systems. 

 These systems will support the Nuclear Plant to increase its reliability, safety and operation to 

address events beyond the design basis and avoid the possible damage to the reactor cores, in 

order to protect the public and the environment. 

 Future activities will be to follow up any new guidance regarding robustness of electrical 

systems developed by the external operational experience including the outcomes of this 

workshop. 

 It is worth mentioning that all mitigation strategies will be reflected in the guidance of 

emergency management at LVNPP. 
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