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Introduction

Now, more than 30 years after the first commercial light water reactor (LWR) plant
went into operation in Japan, nuclear power generation supplies close to 37% of total
electricity consumed in Japan and the average capacity factor for the plants is
maintained at more than 80%.

In Japan, METI (Ministry of Economy, Trade and Industry) periodic inspections are
conducted every 13 months in accordance with the EUIL (Electric Utility Industry
Law) for light water reactors. These inspections include ISI (in-service inspection),
system performance tests, containment leakage rate tests, and overhauls of
mechanical equipment. In addition, many voluntary maintenance activities, most of
which are periodic overhauls for mechanical equipment, are planned and conducted
by electric utilities during the plant refueling outages.

On the other hand, during operation, many kinds of function tests are conducted in
accordance with Technical Specifications or utilities' voluntary test procedures. Until
now, those periodic inspections and the functional tests based on Japanese
regulation and the utilities' voluntary activities have contributed to high reliability of
nuclear power plants in Japan.
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However, these maintenance activities during outages are in other respects
considered too costly and more than necessary because of its predetermined
maintenance interval and its old-fashioned full scope maintenance menu. Recent
deregulation of the electricity market is also a motivation to make our maintenance
program more cost effective. In these circumstances, the ASME O&M Codes and
Standards, which are applied to nuclear power plants in the United States, came to
be one of the issues to be considered among Japanese utilities. This is because the
ASME O&M Codes and Standards, which are developed to verify the operational
readiness of equipment or systems by condition based maintenance or performance
testing without overhauls, will be considered to suggest a rational alternative to our
existing maintenance activities.

Because there had been no standard for function tests other than the METI
inspection procedures in Japan, activities started for the development of Japanese
Operation and Maintenance Guideline (hereinafter called the Japanese OM
Guideline or the Guideline) for function tests and condition monitoring. The Japanese
OM Guideline is not proclaimed for regulatory use, but the long-term objective is to
provide a substantial basis to change the current maintenance activities including
regulatory inspection. The first edition of the Guideline was developed by the
Subcommittee on Operation and Maintenance of the Japan Electric Association
(JEA) and published by JEA June in 2000. The Guideline is composed of five parts,
which are general requirements, pumps, valves, snubbers and ECCS systems. This
paper gives a summary of the ECCS part of the Japanese OM Guideline, in particular,
focusing on the differences between the Guideline and the ASME O&M Standards,
and topics or discussion during their establishment.

Outline of the ECCS part

At the beginning of establishment of the ECCS part of the Japanese OM Guideline,
the structure and the necessary contents were discussed and determined. The ECCS
part is based on the ASME O&M Standards (OM-15, 20). Consequently, the structure
of the main body is almost the same as that of the ASME O&M Standards, but
changes are made in its contents from the point of view of practical implementation.
The comparison between ASME O&M Standards and the ECCS part of the
Japanese OM Guideline is shown in Table-1.

The ASME O&M Standards (OM-15, 20) stipulate basic concepts and general
requirements for tests rather than actual test procedures, but the Japanese OM
Guideline have the following distinctive differences from the ASME Codes and
Standards.

-To provide a common Guideline applicable to both PWRs and BWRs
-To make the Guideline more user friendly by attaching examples of test programs
for PWRs and BWRs to respond to immediate demand for use

-To categorize the function tests according to vulnerability of the degradation or
importance of the performance to be verified

-To allow the utilities' broad discretion to determine the test scope and test items

The major items on the ECCS part of the Japanese OM Guideline during
development are shown in the following paragraphs.
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Table-1 Comparison between ASME and Japanese OM Guideline (ECCS)

Items

Structure

ASME O&M Standards

OM-15/20
(Item)
5. Identify system performance requirements
6. Identify characteristics that verify

performance requirements
7.Identify characteristic acceptance criteria
8.Develop test procedures and perform

testing, inspections, and engineering
analysis

9.Evaluate test data

Japanese OM Guideline

2000 test planning
- Identify system performance requirements
-Identify characteristics that verify

performance requirements
- Identify characteristic acceptance criteria
- Develop test procedures and perform

testing, inspections, and engineering
analysis

3000 Implementation of Testing
4000 Test data evaluation
5000 Corrective action

Note: The ECCS part of the ASME O&M Standards, which specifies the concepts and how to
develop a test plan but do not provide concrete test programs, differ from other OM
Codes.
The main body structure of the Japanese OM Guideline is similar to that of the ASME
Standards, but the Japanese Guideline attaches examples of testing programs and
testing procedures.

1000 General

Reactor types

Application

Scope

PWRs and BWRs are covered by different
standards.

A common Guideline for PWRs and BWRs.

Note: From the beginning of development of the Japanese OM Guideline, guidelines for
PWRs and BWRs were combined when the main body of each testing item and test
procedure were recognized as being common between OM-15, 20.

Standard Non-mandatory Guideline

Note: The Japanese OM guideline is established for the purpose of assisting voluntary
activities of the maintenance services conducted by utilities.

Systems required to perform a specific
function in shutting down a reactor to the safe
shutdown condition, in maintaining the safe
shutdown condition, or in mitigating the
consequences of an accident.

ECCS Systems and their related subsystems
indispensable to achieve the ECCS functions
including ECCS logic systems. (See Table-2)

Note: In Japanese METI periodic inspections, functions of related subsystems indispensable
to achieve the ECCS functions are tested as well as those of the ECCS main system.

2000 Test Planning

Test planning
process

Evaluation of ECCS performance based on
the following process:
1) Extract performance requirements
2) Extract system characteristics
3) Establish acceptance criteria..
4) Develop test procedures, performance

tests, and engineering evaluations.
5) Adopt suitable measures for correction,

based on evaluation of test results and
results of engineering evaluations.

Fundamentally same as the ASME O&M
Standards.

Note: Performance requirements are extracted from system design specifications, design
basis documentations, safety evaluation report and so on. These processes are
reasonable and should be placed in the guidelines.



Table-1 Comparison between ASME and Japanese OM Guideline (ECCS) (Cont'd)

Items

Use of
other test
procedures

ASME O&M Standards

When existing test procedures satisfy the
requirements of these standards, it is
possible to use those test procedures.

Japanese OM Guideline

Fundamentally the same as the ASME O&M
Standards.

Note: These provisions were considered reasonable.

3000 Implementation of Testing

Testing
frequency

Test conditions

Alternatives

Conduct in-service testing at an interval of 5
years ±25%. If valid bases for changing
interval are developed and documented, the
test interval may be extended up to 10 years.

Note: It was determined that the Japanese OM
first publication, because the METI per c

Perform testing under conditions as close as
practical to those expected during ECCS
operation. Identify test conditions that are
different from accident conditions when
testing under accident conditions is not
practical, or could potentially damage
equipment and evaluate differences between
accident and test conditions.

The utilities should establish the test interval,
based on their operation and maintenance
experience, and so on.

Guideline did not specify the test interval at the
die inspection was conducted every 13 months.

Same

Note: In the Japanese OM guideline, examples of cases when tests under accident conditions
are not practical, or when tests at accident condition can potentially damage equipment
are identified in the guideline.

Engineering evaluations may be performed if
integrated testing is not practical.

See below

Note: In the Japanese OM Guideline, it is specified that when ECCS pumps have an
integrated suction line, evaluation for a case when all pumps are in operation can be
performed from the data taken at single pump operations.

Attachment: Examples of Performance testing program
Examples of
performance
testing program

Category
of test items

Following four modes are shown as
examples of testing.
-High pressure injection mode
-Depressurization mode
-Low pressure injection mode
-Long term decay heat removal mode

Example for concrete testing plans is
attached for representative PWR and BWR
plants.

Note: To assist the understanding of testing plans to be developed, complete examples for
each representative reactor type are provided for user's convenience in Japanese
Guideline.

Not specified Seven performance tests identified as
necessary to verify the indispensable
parameters are classified into three
categories according to their vulnerability of
degradation and importance in ECCS
performance.

Note: The contents of the test items categorized in category I are confirmed to be almost the
same as those of periodic inspection, the Japanese Tech. Spec, imposed by Japanese
regulation.
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Scope

In the ECCS part of the ASME O&M Standards, the scope is defined as follows:
"The Emergency Core Cooling Systems including those systems required for
long-term decay heat removal" and "the ECCS systems required to perform a specific
function in shutting down a reactor to the safe shutdown condition, in maintaining the
safe shutdown condition, or in mitigating the consequences of an accident."

On the other hand, in the ECCS part of the Japanese OM Guideline, the scope is
defined as follows:

- Structures, systems and components (SSC) that are required to perform the
emergency core cooling including the subsystems.

- SSC that are required for long-term decay heat removal following the accident but
excluding those SSC which are not contained in ECCS analysis such as
containment spray systems.

- Closed cooling systems are tentatively excluded from the ECCS part.

The scope for BWR plants in the Japanese Guideline is shown in Table-2.

Table-2: Scope of ECCS part in Japanese OM Guideline (BWR)
Structures, systems and

components
ECCS:
High pressure core spray system (HPCS)
Low pressure core spray system (LPCS)
Low pressure core injection system
(LPCI)
Automatic depressurization system (ADS)

Emergency power supply system (DG)

Reactor protection system (RPS)

Subsystems

ECCS pump minimum flow line
- Suppression Pool (S/P) strainers
- Pump suction valves from CST and

S/P and pump suction piping
- Piping from MS line to SRV
- N2 source for SRV
- Electric circuits for control and power

supply

Fuel supply system
DG auxiliary systems:

- Air intake system
- Pneumatic system for starting
- Close Cooling system*
- DG start-up signals

Remarks

*
The Closed Cooling
system is out of the scope
of this part.

CST: Condensate storage tank
MS: Main steam

Function test plans

Indispensable parameters that should be verified by function tests for both ECCS and
the related systems were examined by the ECCS working group of the JEA. In the
example test program attached to the Japanese OM Guideline, these parameters
were divided into three groups:

- Parameters on initiating signals in instrumentation and control systems
- Parameters on electrical power supply systems such as the diesel generator

start-up time or fuel supply valve flow resistance characteristics
- Parameters on mechanical systems such as pump discharge flow or pipe

resistance.
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Next, studies on relationship between the parameters and function tests were
conducted with respect to test effectiveness referring to current functional tests and
pre-operation tests. Consequently, seven representative function tests were identified
as the most efficient to verify these parameters by a limited number of tests. (See
Table-3.)

Category of function tests

Currently, ECCS function tests are included in the METI periodic inspections for light
water reactors and conducted every outage, but not all of the above-mentioned
seven function tests are conducted in the inspections.

Therefore, the seven tests identified were investigated and classified into three
categories as shown below from the technical standpoint, although the Guideline
allows the utilities' discretion regarding the extent of the application.

Category I: 'Indispensably important'
Category II: 'Important and strongly recommended'
Category III: 'Recommended if possible'

Technical consideration made in this classification is given in Table-3 below for BWR,
and as a result, it reveals that Test Category I will meet the current METI Inspection
items and it is concluded that the METI inspection items were appropriate to cover
the most significant areas for verification of the ECCS characteristics.

Table-3: Function tests and their category
Function tests

Test name

1. Function tests of reactor protection
systems, ECCS operating units, etc.

Verification parameters

Operating signals

Operating units

Diesel generator start-up signals

Instrumentation for information to plant operators

2. Function tests of emergency diesel generator

3. Function tests of fuel supply system for diesel generator, etc.

4. Function tests of ECCS pumps
Injection capability

Pump characteristics

5. Function tests of automatic depressurization system

6. Function tests of valves, suppression pool strainers, etc. (exercise and characteristics)

7. Verification tests of system piping resistance, etc.

Test category

I

I

I

III*1

I

I

I

II*2

I

I

II*3

Notes:
Test category- I: 'Indispensably important for ECCS function verification
Test category- II: 'Important and strongly recommended' for ECCS function verification
Test category- III: 'Recommended if possible' for ECCS function verification
* 1 : Control and instrumentation systems are used for condition monitoring during ECCS operation to assist

judgment for manual operations, so, the importance of this tests are categorized as III.
*2: To verify ECCS system function, measurement of flow at the rated flow point is indispensable, but

measurement of flow under other operating conditions is not necessarily required.
*3: it is not probable that piping system resistance changes to an unacceptable level during plant life without

modification, so, this function test is categorized as II.
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Example of test program

For the convenience of utilities, examples of testing programs for representative
plants of a BWR and a PWR that can be used at actual plant tests are shown in the
appendices in the ECCS part of the Japanese OM guideline. A major concern was
how the injection function into a reactor pressure vessel should be specified in the
Guideline. It is technically desirable to conduct injection tests into the reactor
pressure vessel to verify the resistance of the flow path, but whether or not to include
the test in the actual tests program was again decided to be left to the utilities'
discretion, because in some cases implementation of the actual injection is very
difficult in the existing plant system, or the injection may incur unknown adverse
effects.

Figure-1 shows schematic diagram for low-pressure core spray pump test (BWR) for
a system test mode and an accident mode.

QZ&-CKJif-

300A

S/P

LPCS pump

F017
From CSP

Accident mode System test mode

Figure-1 Diagram for low-pressure core spray pump test of injection function (BWR)
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Future action

Japanese electric utilities and plant manufactures intend to implement the following
activities to improve the ECCS part of the Japanese OM Guideline:

- To establish the part for the Closed Cooling system and Emergency Diesel
Generator

- To implement revision according to the accumulation of the actual operation data
- To investigate and study regarding revised contents of ASME O&M Standards

Conclusions

The Japanese OM Guideline including the ECCS part presented in this paper, was
published in June 2000. Following the publication, JEA committee has been
establishing the new guidelines for the Closed Cooling System, Emergency Diesel
Generator, and Heat Exchangers that are to be used in conjunction with this ECCS
part.

The ECCS part of this Guideline will be desirable to be commonly used in the future
by the utilities. Now the Guideline is not connected with regulatory use, and will be
used in voluntary maintenance activities of the electric utilities.

In the future, the maintenance method for equipment in light water reactor plants
should be changed from the current 'Time Based Maintenance' to 'Condition Based
Maintenance'. It is the inherent objective of this Guideline to realize this change, and
it is believed that rationalized facility management should become possible by using
this Guideline.

Consequently it is important to continue improving this Guideline and increase its
users to include all concerned parties, while continuing to review the ASME O&M
Standard and communication with the ASME O&M committee during development of
each standard and guideline.


