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ABSTRACT

Hardly any engineering product is free of trouble and it has to go through service work,
corrective or preventive. Fixing a mechanical pencil with a jammed lead is relatively an easy task
for a mechanical engineer, whereas maintaining a power plant requires thorough planning, material
handling, work order processing, and huge workforce. Naturally, service for large structures require
a well designed database.

The authors have shown [1] the importance of feeding service information back to the designer
for authorization so the serviceperson will not “invent” maintenance work that may lead to product
failure. This paper further suggests opening the whole service process to the public. The idea is
especially valuable for some industries that need public acceptance, e.g., nuclear power generation.

Nuclear power generation is often a subject of debate for public acceptance. This paper
discusses two incidents of cover-ups by utility companies that caused large setback in their public
acceptance, one case of overreaction triggered by the media showing dramatic accident scenes
without explaining what was going wrong, and an example of poor management that cost a utility
company its credence with the public.

Up to the time of these incidents utility companies, out of the mindset of “Public do not
understand our highly technical operation so telling them what is going on just creates confusion,”
tended not to fully explain events that may have affected the public. Thanks to the way information
flows around the world these days, even though we may not follow the “techy” words, there are
those that understand the phenomena and are good at rephrasing the information so we can easily
understand them.

The utility company in the poor management case, Chugoku Electric Power Company
(ENERGIA), in its efforts to recover the public trust, started a new service information system on
the web that opens information about troubles and nonconformance in their plants to the public. This
paper explains this new system that is currently in operation. It is a total change in the way a utility
company interacts with the public.

The courageous step by ENERGIA raises the public knowledge and awareness of nuclear power
generation and assures security and safety to the society. The INTERNET is making it harder for
companies, administration, educational institutions or any other entities to operate without public
acceptance. Opening information is a way we all have to get used to in the coming years.

1. INTRODUCTION

Originally aimed at building a weapon, Enrico Fermi and others succeeded in reaching
controlled criticality on December 2, 1942 [2]. This historical achievement accomplished by a
number of leading scientists is overshadowed by the following application of the technology for
building atomic bombs. Nevertheless, scientists turned their interest towards peaceful use of nuclear
energy for power generation.

The first nuclear power plant that made it to an electricity grid was in Obninsk near Moscow in
the former USSR. The event took place on June 26th, 1954 [3]. Since then, nuclear power



generation continued to grow and sprung in the 1970’s. The technological development that started
in the 1940’s, however, advanced together with the development of nuclear weapons and also had its
counterpart of anti-nuclear movement closely marching with it.

The initial concerns of anti-nuclear movement were pointed primarily towards nuclear weapons
and their testing, but it also targeted power generation as well, eminently after the Three Mile Island
(TMI) accident in 1979. Although there were no fatality count for the TMI accident, it cost over 2
billion US dollars [4].

It is human nature to be scared of things that we cannot see. In contrast, over 30,000 people are
killed each year in the US by automobile caused accidents [5], however, we still ride taxis and most
of us drive our own automobile. We are not scared of them as long as they are under control. And we
can usually tell by sight if they are under control or not.

Radioactivity is invisible. Think of when you have your X-ray taken. The radiologist brings a
machine over your injury, tells you to stay still, disappears from the room, and after a few seconds,
reappears and tells you that it is done. Then the surgeon shows you an image of your bones. No
matter how good an explanation we read or even if we can manipulate the formulae that govern the
phenomena, we still have unexplained fear towards radioactivity because we cannot see X-ray or
gamma-ray piercing our skin.

International Atomic Energy Agency (IAEA) has documented a radiological accident that took
place in Goiania, Brazil in 1987 [6]. People interested in “valuable equipment” in an abandoned
radiotherapy institution took apart a teletherapy machine and in the process were exposed to
caesium-137. The accident killed 4 and seriously injured 249. The report shows photographs of skin
developing ulcer and turning black.

When we look at such photographs or visit Hiroshima Peace Memorial Museum, we learn what
radioactivity can do to our bodies. Then the natural question that comes to our mind is whether we
shall abandon the technology that, when not managed properly, can lead to horrifying results.
Groups of people have different opinions about this question. Some extremists may tell us to go
back to the prehistoric age. Others will try to persuade us to rely on different sources of energy.

If we, however, want to keep up our current lifestyle, those relatively new technologies of solar,
wind, or wave have decades to go before they start to produce enough energy at reasonable cost.
Coal and LNG may be cost effective, however, the methods keep producing excessive carbon
dioxide that raises concerns about global warming [7]. Wars still continue in the oil-rich area of the
world, and moreover, accidents at coal mines and oil pipelines are still breaking out.

Table 1 shows a comparison of accidents and cost estimate of different energy sources. Note that
the fatality count for Nuclear is 31, much less than the over 4,000 published elsewhere for the
Chernobyl accident. That is because the numbers in the table show the immediate fatality counts.
Cost estimates also vary depending on who does the counting.

Table 1 Comparing Energy Sources

>4 fa;c;GI;%o%chg]ients Cost Estimate [JPY/kWh]

Accidents ’E‘;c‘:l‘li';t: TEPCO[9] | METIL10] | CNIC[11]
Coal 1,119 20,276 6.0 6.5 49
Qil 397 20,218 11.0 10.2 8.8
LNG 135 2,043 6.4 6.4 49
LPG 105 3,921
Hydro 11 29,938 13.3 13.6 7.2
Nuclear] 1 31 5.6 59 5.7




The purpose of our paper is not about promoting nuclear power generation. Whether the power
source is nuclear, some other or even if it is a substance currently unknown to human, the companies
that produce power, by using facilities that can cause hazards to the public living around them, are
responsible for providing absolute security and safety to the people.

Especially in the case of nuclear power generation, we cannot remove the fear that people have
about effects of radioactivity because, 1. we cannot see the source of damage, and 2. it is hard to
understand the mechanism of power generation. Nobody has seen a neutron hitting Uranium to split
it and producing energy in the process.

So we claim the best thing to do is to provide detail information of what is going on in the
facilities, especially “what is going wrong.”

Section 2 shows recent troubles that took place in nuclear power plants in Japan. They caused
people to lose trust in the companies that run these facilities. In Section 3, we explain a bold step
that The Chugoku Electric Power Co., Ltd. (ENERGIA) took in its efforts to build better public
relations with the people by opening information about nonconformity and trouble events in
operating and maintaining their facilities. Section 4 discusses the effect of opening the information.
We conclude our paper with Section 5.

2. RECENT TROUBLES WITH NUCLEAR POWER PLANTS IN JAPAN

2.1 Maintenance Data Forgery
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Figure1 BWR and Postulated Guillotine Accident

On August 29th, 2002, the Ministry of Economy, Trade and Industry (METI) announced that
Tokyo Electric Power Company (TEPCO) made false reports since late 1986 to the 1990’s about
stress corrosion cracking, their signs and repair [11]. The investigation into the case started in July
of 2000 following a informant letter from a former GE subsidiary employee telling METI that
TEPCO made him sign an inspection report that covered up the cracks found in the steam dryer of
Fukushima-1 Unit 1. The investigation by METI not only found a total of 29 such cover-up cases by
TEPCO, but also led to similar forgery by other utility companies.

The incident became known as TEPCO’s shroud case, probably because among all “defective”
parts, the shroud can lead to the most severe consequences. Damages were found on the shroud of
Fukushima-1 Unit 4. A shroud is the large welded cylindrical structure around the core that normally
separates the downward water flow in the perimeter of the reactor vessel and the upward flow



through the core (Figure 1). Scratches or even holes in the shroud would not affect the plant safety
during normal operation. The concern is when a postulated Guillotine break of a recirculation line
happen, and that is when the shroud has to hold the reactor water level at the top of the jetpump inlet
so the core is always covered with cooling water even when the recirculation lines are drained.
Figure 1 sketches the reactor at normal and recirc line Guillotine break accident states with Boiling
Water Reactors (BWR).

Administration ordered the plant shutdown on October 25 and TEPCO decided to stop all of its
17 nuclear reactors on April 15 of the following year to confirm safety with them. The year 2003
had a record cold summer. Tokyo and other cities that relied on TEPCO supplied electricity escaped
having to follow severe energy conserving schedule by luck [12].

Kobayashi pointed out that the forgery was motivated by the strict Japanese regulations that
required years old nuclear reactor parts to have the same conditions as brand new ones [13]. He
noted that reformation of the regulations were underway when the news hit. The new set of rules for
maintaining facilities went into effect in October of 2003 [12].

The public, nevertheless, developed a strong negative image towards the utility companies,
especially TEPCO, that lasted during the years that followed [14].

2.2 Shika 1 Criticality Cover Up

On June 18, 1999, when Shika unit-1 of Hokuriku Electric Power Company (RIKUDEN) was
under its periodic maintenance, a technician was testing the SCRAM (rapid insertion of control rods
to bring the reactor core to its shutdown state) performance of individual control rod drives (CRD).
Control rods, when fully inserted, block the passage of neutrons so they do not hit the next uranium
atom, thus stop the nuclear chain reaction. He, by mistake, closed the wrong valves on the CRD
insertion lines and three of the 89 CRD’s started to drop. As the three rods withdrew, reactivity in
the core increased and reached criticality (criticality is a condition that the nuclear chain reaction is
self sustaining) [15].
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Upon reaching criticality, the reactor control system sent out SCRAM signals, however, with the
insertion side valves closed, the rods did not go up. The criticality condition lasted for 15 minutes
until the technician opened the insertion valves.

Nuclear reactors are at criticality when they are generating power in normal condition.
Unexpected criticality, however, can go out of control and lead to accidents. Utility companies are
required by law to immediately report such incidents to Nuclear and Industrial Safety Agency
(NISA) of METI but at the time, RIKUDEN covered it up.

Figure 2 shows the mechanism of CRD with BWR’s. The primary piston moves up and down
(shown red) to drive the control rod. Figure 3 is a simplified version to show how the accidental
CRD withdrawal started.

After the maintenance data cover up by TEPCO and other utility companies in section 2.1,
NISA, in November of 2006, ordered all utility companies to disclose all incidents that should have
been reported in the past. Management of RIKUDEN came to know the incident through internal
hearing of its employees and reported it to NISA on March 15, 2007.
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Figure 3 Accidental CRD Withdrawal

METI, on the same day, ordered a shutdown of the plant, thorough investigation of the facts
related to the accident, finding the root causes, and to develop plans to avoid repeating the same
mistake [16]. The plant remained stopped until May 13, 2009.

The media immediately attacked the company for covering up the incident and exposing people
and the environment to the threat of release of radioactivity. Both the containment vessel and the
reactor vessel were open at the time for periodic maintenance [17].

2.3 Chuetsu-Oki Earthquake

At about 10:13 in the morning of July 16, 2007, an earthquake of magnitude 6.8 hit
Kashiwazaki, a small city at about 150 miles north-west of Tokyo facing the Japan Sea. The
epicenter was only about 10 miles north from Kashiwazaki-Kariwa Nuclear Plant facilities of
TEPCO, and the hypocenter 10 miles deep. The site is the world’s largest nuclear power producing
plant.

Soon after the news of the devastation the earthquake brought to houses and buildings in the
town, a camera caught a picture of black smoke rising up from facilities in Kashiwazaki-Kariwa
nuclear plant. A few TEPCO workers rushed to the fire site, however, the earthquake had broken the



water line for extinguishing fires as well as the direct hotline to the fire station. In addition, firemen
were busy helping local victims from the disaster. When the late chemical fire engine put out the
flames, 2 hours had past since the fire broke out [18].

During the two hours, all TV stations kept showing the black smoke from the plant, probably
because it went so high up in the air and made good pictures for news. It was later clarified that the
smoke came from diesel generators to operate in case of loss of power. The generators had low
ratings in terms of earthquake concerns and were build on soil rather than on a foundation joined to
rock beds. The earthquake had sunk the soil ground and broke the insulating oil line. That insulating
oil was burning to produce the thick black smoke in the air.

Later investigation revealed there was minor leakage of radioactive water from the cooling water
pool to the outside, however, to a level much smaller than what is in natural environment.

The plants were shutdown until damages from the earthquake were all cleared. The plant has a
total of 7 units and they started to come back online after April of 2009.

This incident gives a vivid picture of the relations among the media, utility companies, and the
people. The media tries to get their hands on the most dramatic scenes. Their interaction plays an
important role in building people’s image of companies. Nakajima reports [21], [22] that the media
articles at the time about TEPCO plants were overreacting.

The utility companies work hard but without releasing much information about the current state
of the facilities. People were left without knowing what is going on, or what is going wrong. It later
turned out that upon the earthquake hitting the site, all units successfully scrammed to stop all the 7
reactors. The first press release was made at 1PM noting the stoppage of all units. The release
wrongly said that there were no radioactivity release to the outside. A later release on the same day
stated about a small amount that leaked out to the ocean with the cooling pool water.

Although the scene of black smoke from the facilities made people worry about the state of the
plant for about 3 hours, later efforts by TEPCO to keep people informed must be praised.

2.4 Shimane-1 Delayed Maintenance

During an internal nonconformity management meeting on January 22, 2010, a motor to operate
a High Pressure Coolant Injection System (HPCI) External Steam Isolation Valve on Shimane-1was
reported not checked despite it was marked as checked on the service schedule table. Figure 4 shows
the current state of this motor after it was properly exchanged. It is the gray cylindrical unit shown
in the left half of the picture.

Figure 4 HPCI Isolation Valve and Motor to Drive It



The internal committee investigated if there were other equipment that had gone over the use
period. The initial research unveiled over a hundred of such equipment and ENERGIA reported the
problem to NISA. NISA in turn on the same day, instructed ENERGIA to perform a complete
investigation and report the state of all equipment and their findings [23]. The media, of course,
attacked ENERGIA about its poor quality management. ENERGIA manually shutdown Shimane-1
on March 31, 2010.

Another two months of thorough investigation led to a total of 511 pieces of equipment that had
carried on beyond their scheduled checking. In addition, although they had not gone over their use
period, 1,160 pieces of other equipment had inconsistencies in their control documents [24].

3. ENERGIA’'S REFORMATION

With over 500 pieces of equipment that stayed in place after their scheduled service terms,
ENERGIA was faced with the need to counter the situation and at the same time make fundamental
changes to their operation so the same mistake will not repeat. In its efforts to meet these
requirements, ENERGIA formed an internal task force, sought some external consultation and
advise and introduced a new information management system.

3.1 Task Force

The outside resources for ENERGIA included experts in nuclear engineering, cause analysis and
failure prevention, quality assurance, and study of failure. ENERGIA also acquired outside auditors
to verify its method of investigation and new implementation of quality management.
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Figure 5 ENERGIA Task Force for Quality Management

Figure 5 shows ENERGIA’s internal structure for reforming its quality management. The task
force includes teams for cause analysis as well as recurrence prevention.

3.2 Enterprise Asset Management System

ENERGIA employed a new Enterprise Asset Management System (EAM). It had already
computerized almost all operations within the company, however, in a manner consisting of isolated
islands. Each system worked great within the group but there were no inter-system communication
and that part had to rely on manual interaction.

Implementing a centralized database hub for communication among different tasks of
maintenance, allows managing data at a single source and drastically reduces the chance of human



error. Figure 6 shows the conventional island type system of the past and the concept of the new

EAM system.
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3.3 Open Maintenance Information System
A centralized database system, although new to ENERGIA at the time, have been around
elsewhere for quite some time now. Among the changes that ENERGIA implemented, an eye-
opening new one is the Open Maintenance Information System. Here ENERGIA takes the most
recent information about real-time nonconforming facts of the plants whether in operation or
maintenance and make them available to the public on the web. Trouble events are also reported.
Figure 7 shows examples of information readily available on the INTERNET. Once we reach the
Shimane Nuclear Power Plant page, we can hit the “Trouble events” menu to find summaries of
troubles with the plant (Figure 7(a)).
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Table 2 Nonconformity Information Table

Cls | Date | Uni | Stat
t e

Nonconformity and Action
Plans

A 827 |1,2

Inconsistency between
inventory book and actual part
count (cable borrowed for
work but not entered in book).

Enforce proper book entries
and search same occurrence
with other parts.

B 8/16 | 1,2 | Stp

Control document of in-duct
piping for contractor had
missing parts.

Add description and
resubmit.

C |8/16 |2 [Stp

Oil bleeding on generator
shaft from around sealing diff.
press. adj. valvle.

Check applicable equipment.

Immediately above the “Trouble events” menu is the “Nonconformity information” menu.
Hitting it opens tables that list troubles in the plant in classes A (may affect operation), B (changes
work process), and C (within expectation) depending on the severity. Table 2 lists some examples

from the August listing in 2010.

Note that entries in the nonconformity information page have a time lag of three to five weeks.
Figure 8 shows the number of cases during the five month period of August to December of 2010.

Figure 8

Class # of cases [N] |Cleared [N] Rate [%]
A 1 1 100
B 79 75 95
C 533 319 60
Total 613 395 64
Complete Overall
Class B Class C
60% 64%
(319) (395)

Nonconformity Status (Aug. — Dec. 2010)



4. EFFECT OF OPENING SERVICE INFORMATION

After consulting with a number of outside specialists and listening to a number of lectures by
noted people. ENERGIA took a big step in opening its service information to the public. There was
some resistance within the company because such practice had never been made before.

Think about it this way: Whether you open the service information to the public or not, the plant
operation will not change that much. After all, the public cannot make decisions whether to extend
the maintenance period for a couple of days or not. Then we are going to run the plant or not based
on our decision and the difference made by opening the service information is whether the public is
aware of things going on or going wrong.

We cannot expect to build good relations with people that live in the vicinity of our plants if we
keep hiding information from them. We need to open our concerns and be ready to explain why it is
safe to operate the facilities even if they are not in 100% condition.

The public will then expand their knowledge about nuclear power generation instead of having
the unexplained fear towards the invisible form of energy.

Currently, the nonconformity information tables are not directly connected to EAM. There are
technical hurdles to overcome in doing so. Also such connection may cause hesitance by the
engineers and technicians in writing information into EAM.

Although originally intended for providing sense of security to the public, opening
nonconformity information generated a good effect on the plant side. Figure 9 shows the
bimonthly nonconformity counts with ENERGIA Shimane nuclear power plant during the period of
August, 2010 to March, 2011. Cases that may affect operation (Class A) or change work process
(Class B) have significantly decreased during this period. Class C had a large increase in occurrence
in the second half of November to December of 2010. In terms of seriousness, Class C are
somewhat expected troubles so we must praise the decrease in class A and B. It is clear that opening
nonconformity information had the pleasing side effect of raising awareness of the service persons.
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This section so far has discussed positive effects of opening service information. We also need to
turn our attention to the negative effects. What immediately hits our mind is concerns over opening
information to terrorists. Nuclear plants can make targets for terrorists and thus, plants often go
through training of how to manage control in case of an attack. US plants are more serious about
countering terrorist attacks than Japanese plants.

A guideline for a good report lists 5Ws and 1H of who, what, when, where, why and how.
Among them, when and where are information that better not be opened to terrorists, on the other
hand, the public would want to know “when a trouble will be fixed” if something is wrong. As Table
2 shows, the current practice of disclosing nonconformity information withholds when and where.
Although it is a trade-off, it seems reasonable for plant safety and the people around it.

5. CONCLUSION

Nuclear power generation seems to be the most effective form of generating electricity, both in
terms of cost efficiency and safety. LNG and Coal may have better cost efficiencies depending on
the calculation method, however, in the process of generating electricity, they both produce carbon
dioxide that threatens the health of our globe.

Power generation has in the past cost human lives and money. Especially for nuclear power
generation, it seems that we will continue to have the unexplained fear towards it because we cannot
see the substance and its mechanism of power generation.

Whether it is nuclear or not, opening service information to the public produces better results in
terms of gaining public acceptance of the business. It also raises internal awareness in proper
working.

Opening service information will also benefit other industries in addition to power generation.
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