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CLEAN AIR ACT: NEW SOURCE REVIEW
REGULATORY PROGRAM

MONDAY, FEBRUARY 28, 2000

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PuBLIC WORKS,
SUBCOMMITTEE ON CLEAN AIR, WETLANDS, PRIVATE
PROPERTY,
AND NUCLEAR SAFETY,
Cincinnati, Ohio.

The subcommittee met, pursuant to notice, at 2:30 p.m. at the
Hamilton County Administration Building, 138 East Court Street,
6th Floor, Cincinnati, Ohio, Hon. James M. Inhofe (chairman of the
subcommittee) presiding.

Present: Senators Inhofe and Voinovich.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. The meeting will come to order. | apologize, but
it seems like we had our news conference before instead of after
the meeting, which is fine with me.

Today’s hearing is on the reform of the New Source Review Reg-
ulatory Program. This is a highly complicated issue and hopefully
we can shed some light on it today. This hearing is not about re-
cent enforcement actions taken by the EPA against the electric
utilities, although those actions were filed using the existing regu-
lations.

For those people in the audience who are not familiar with the
way the EPA works, let me explain. The Air Program Office writes
the regulations and the Enforcement Office polices the compliance
of those regulations that have been written.

What | would like to do now is briefly layout where we are today
and invite some of the witnesses to comment. The New Source Re-
view Program dates back to the Clean Air Act of 1977. The Act re-
quired sources built after 1977 to have state-of-the-art emissions
control devices. Congress did not believe this was fair and equitable
and financially feasible to require all existing facilities to install
new equipment.

Instead, Congress required existing large facilities to undergo a
New Source Review before they make major expansions or modi-
fications in order to prevent significant new air emissions. These
facilities have been referred to as grandfathered facilities, meaning
that they are originally exempted from the new provision controls.
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Although, of course, they have had to install other control devices
over the years.

This program started a confusion and debate, which has lasted
for almost 25 years now. | am told that over the years the EPA has
issued more than 4,000 pages of guidance documents, which some-
times contradict each other, in order to explain the original 20-
page, 1980 regulations.

In the late 1980's the Wisconsin Electric Power Company, called
WEPCO, challenged a determination by the EPA that they had vio-
lated the NSR regulations. The lawsuit resulted in a new regula-
tion governing the NSR for utilities in 1992 called the WEPCO
rule. Then in 1994 the EPA issued a new proposed rule for all in-
dustries and after 6 years in debate the EPA has indicated that
they may go final with their new rule later this year.

In my opinion, the major question is: when do modifications or
changes to a facility or plant trigger the New Source Review Pro-
gram. This involves a number of issues, such as whether you meas-
ure actual releases or just potential to release; whether you look at
the dollar amount of the modifications and compare it with the
value of the facility; or whether the modifications are just routine
maintenance which is also hard to define. Considering the amount
of debate over the last 25 years, the number of guidance documents
and regulations issued by the EPA, and the number of lawsuits, |
don't expect that we're going to be able to answer all the questions
that exist today.

I would like to publicly thank Bob Perciasepe, EPA’s Clean Air
Director, for working these issues out. He couldn’t be here with us
today. He sent a very capable person to represent him.

Senator Voinovich?

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH,
U.S. SENATOR FROM THE STATE OF OHIO

Senator VoiNovicH. Thank you, Mr. Chairman. First of all, |
would like to thank the county commissioners, John Dowling, Tom
Neyer, and Bob Bedinghaus, for allowing us to use this fine facility
here in Cincinnati; and | would like to welcome you here, Mr.
Chairman. The chairman and | have known each other since his
days when he was the Mayor of the City of Tulsa, Oklahoma, and
I was the Mayor of the City of Cleveland and we've worked to-
gether in the Senate; and | consider him a true champion of re-
sponsible environmental policy.

I don't know whether you know this or not, Mr. Chairman, but
this is the home of Ken Griffey, Jr., and he’'s coming home to play
and join his dad on the Reds team, and we're expecting some great
things from him.

Senator INHOFE. Sure, yes. Is that an invitation to come up
and——

Senator VoiNovicH. Come up for the 1-71 World Series.

Cincinnati is our queen city and it has a wonderful public part-
nership and a community that really cares about the environment
and public health.

I'd also like to welcome Congressman Ted Strickland. Ted is tes-
tifying today, and Ted and | have worked together in a bipartisan
manner on a range of issues including the post ambient air stand-
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ards for a particulate ozone; proposed NAAQS standards. Right
now we're working on the Portsmouth gas infusion plant to try and
predict in the interest of the workers, and I'm glad you're here
today, Ted.

I'd also like to extend a warm welcome to Bill Tyndall, Vice
President of Environmental Services and Federal Affairs at
Cinergy Corporation in Cincinnati. Cinergy is a responsible cor-
porate citizen in the environmental arena and | am pleased that
Mr. Tyndall is here today and he’s testified before our committee
before, Mr. Chairman.

As | said, Southwest Ohio cares a great deal about clean air and
the environment. | think it's appropriate that Cincinnati was cho-
sen as the location for this hearing today. Just last month the U.S.
EPA issued a proposed rule to redesignate Cincinnati as in attain-
ment of the 1-hour ozone rule. I want to congratulate the greater
Cincinnati community for working on that through a variety of co-
ordinated programs to improve the quality of Ohio’s air. And we're
very hopeful that Administrator Browner will quickly act to finalize
the rule following the close of the public comment period.

Incidentally, Mr. Chairman, when 1 first entered office in 1991
as Governor of the State of Ohio, most of Ohio’s urban areas were
not attaining the 1-hour ozone standard. By the time | left in 1998
all but Cincinnati were in attainment. So we're very, very proud of
the fact that we've achieved that standard. And as you know, |
have been very concerned about the new proposed standards for
ambient air particulate matter and part of the reason is because
we worked so doggoned hard to reach the 1-hour ozone standard.
And as many people in this room know, | testified in your commit-
tee. The chairman helped us with that, and finally had to go to
court over those regulations. A U.S. Appeals Court several weeks
ago remanded EPA’'s ozone and PM,5s standards ruling that the
EPA did not justify its decision with sound scientific evidence. So
that we want a clean environment, but we want reasonable rules.

Now, we're here today to talk about the New Source Review Pro-
gram and the proposed changes to the program. I think the chair-
man has done a good job explaining the history of it.

We have a clean air statute. While | have some concerns about
the law, it has done a great deal to clean up the nation’s air and
has improved public health and the environment. We need clear
guidelines on how EPA will enforce provisions of that law and we
need clear rules for industry to play by.

I think you are going to be having a series of hearings, Mr.
Chairman? Perhaps next year, we'll look at reauthorizing the Clean
Air Act?

Senator INHOFE. Yes. We have two more this year. We've already
had one. Then we'll start the process, and we set a rather ambi-
tious schedule for completing it.

Senator VoiNovicH. | think it's important to look into the prob-
lems created by the New Source Review Program and look for the
solutions needed to clarify the rules, and I commend U.S. EPA for
taking on that task. Whether we're talking about the electrical util-
ity, pulp and paper, or refining industries, one thing is clear: it is
important for them to know the rules of the game. It should be
clear to them what kinds of repairs can be made before triggering
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New Source Review, because repairs need to be made in a timely
manner to insure worker safety and reliability of service, particu-
larly electricity. So | urge the EPA to take into consideration the
unintended consequences that are associated with this issue. We
need to insure that this rule will help maintain air quality stand-
ards, but we also need to insure that needed maintenance repairs
can be made so as not to jeopardize worker safety or the reliability
of needed services.

I also want to raise concern about the length of time it takes to
receive a New Source Review permit, either to build a new facility
or to make changes in an existing facility. I've been told that the
standard timeframe is between one and 2 years. | also understand
that even getting a determination on whether a New Source Re-
view permit is needed is also a timely process. I'm not sure that
most industries can withstand that kind of timeframe without suf-
fering serious consequences. A plant operator needs to make a deci-
sion much earlier than that to insure worker safety and, particu-
larly, reliability of service.

In addition, competitiveness is called into question. For instance,
if a computer chip manufacturer wants to build a new plant it is
likely that the technology will have changed during the time it
takes to get an NSR permit and build the facility. | just think there
needs to be some balance here.

So, again, I commend the agency for moving forward to reform
the program and | hope that it will keep those issues in mind as
it proceeds forward. 1 am pleased that the EPA has worked with
various stakeholders during the rulemaking process, and | strongly
encourage them to do the same with the electric utilities. You learn
more through communication, and that's what | hope will be
achieved today through this hearing and will be achieved as the
EPA continues the stakeholder discussions.

Mr. Chairman, | ask that my statement be made a part of the
record.

Senator INHOFE. Without objection.

Thank you, Senator Voinovich. I sometimes find that people in
the local community are not as aware as they are in Washington
in certain areas of expertise as the people who represent them. |
was very pleased to have had one of the toughest jobs in the world,
that is to be the mayor of a major city, when we were mayors to-
gether. And way back at that time and up to the present, Senator
Voinovich has been one of those individuals who has been an ex-
pert in the field of clean air. And as he mentioned, he actually
came as Governor of Ohio and testified before the committee that
I chaired, the committee that we're in right now.

I'm very happy to have Ted Strickland here, who | served with
in the House. And while you're coming up, Congressman
Strickland, let me just kind of give you an overview of what we're
going do today. We've got a lot of people here. We've got four panels
and then one panel has several on it. So with all seven witnesses
we’re going to have to keep moving along.

I also mentioned that some of the Senators who are not here
today, their staff is here; and they're going to be taking information
back to their Senators in Washington but some of them could not
be here today.
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Each witness will be allocated 5 minutes to give his opening
statement. They’ll be lights. And | see Andrew Wheeler brought his
lights from Washington here. It's red and yellow and green. | think
we all know what that means. So with that we will go ahead and
begin.

And, Congressman Strickland, it's a pleasure having you here
with us today in your district.

STATEMENT OF HON. TED STRICKLAND, U.S.
REPRESENTATIVE FROM THE STATE OF OHIO

Representative STRICKLAND. Thank you. Thank you, Mr. Chair-
man. Thank you for your coming to Ohio. And Senator Voinovich,
I especially want to thank you for the fact that you have shown
leadership in supporting one of Ohio’s great resources, and that is
the use of and continued use of coal. That's certainly very impor-
tant to my district.

I do represent the Sixth District. It's a 14-county, sprawling dis-
trict, from Warren County in the west to Washington County in the
east. This part of the State offers beautiful natural forest land,
some of the most pristine farmland in Ohio, and many unique his-
toric sites.

Briefly, I just would like to share this morning some troubling
statistics from my district and my concerns about EPA’'s New
Source Review Program. | think together this information dem-
onstrates the need for meaningful reform of the NSR program so
that we can strike a better balance between the pace of desired en-
vironmental benefits and the increased productivity anticipated
through economic development initiatives.

As Senator Voinovich knows, the Sixth Congressional District is
one of the poorest in Ohio and even the country. It has the lowest
per capita income and the highest poverty rate of any district in
Ohio. Unfortunately, southern Ohioans have not experienced the
full economic recovery that most of the U.S. has enjoyed. The Sixth
District includes Meigs and Vinton Counties, which have among
the highest unemployment rates of any of Ohio’s 88 counties, 11.1
percent and 13.8 percent, respectively, compared to a statewide av-
erage of 4.3 percent. These statistics clearly underscore the region’s
enthusiasm for economic development opportunities and its fear of
regulations which may hamper job creation. Without a doubt, low
cost energy and high quality manufacturing labor are vital to the
economic prospects of the region.

A substantial number of the labor force, more than 25 percent,
is employed in the manufacturing sector. And this region provides
a significant number of jobs in the utility, mining, and refining sec-
tors. Southern Ohio cannot withstand the loss of these jobs and it
certainly cannot afford to overlook any opportunity for job creation.
I have heard from the International Brotherhood of Electrical
Workers, who raised specific issues about EPA’s New Source Re-
view proposed rule, and it should come as no surprise that one
such concern is job loss. Under the current NSR program, decisions
could be made to shut down utilities rather than venture into the
confusing NSR permitting program to undertake what could be
considered routine maintenance activities. Obviously this would re-
sult in layoffs.
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As you know, the New Source Review was first introduced as
part of the 1977 Clean Air Amendment. The program was designed
to insure that newly constructed facilities and substantial modifica-
tions of existing facilities do not result in the violation of applicable
air quality standards. The New Source Review Program is acknowl-
edged to be a very complicated program and a potential bottleneck
to many positive community development projects, including
brownfields redevelopment and the manufacturing facility improve-
ments and modernization.

For example, the specific requirements dictated by the New
Source Review Program depend on the location of the facility. If a
plant is cited in a part of the country that fails to meet the na-
tional ambient air quality standards for a pollutant, one set of re-
quirements apply. If a plant is in a max attainment area, another
set of rules apply. As you can imagine, some facilities may rest in
a region that is considered in attainment for some criteria pollut-
ants but not others, complicating the requirements even further.

Let me quickly describe some frustrations my constituents and
others have shared with me concerning this program. I've learned
that merely determining whether the program applies to a project
depends on complicated rules and guidelines which have been sub-
ject to 20 years of EPA’s interpretation. I've also been told that
EPA could require a preconstruction permit under NSR for the re-
placement of worn equipment parts even though the replacements
are only modifications and not new construction.

I know the EPA claims many successes under the NSR program,
and | applaud the reduction or prevention of pollutant emissions.
The environmental protections afforded under the NSR program
should not be minimized here today; however, the EPA’s most re-
cent proposed changes to the NSR lead to considerable controversy
and the agency acknowledges the need to build a more flexible pro-
gram and streamline the permitting process. I would suggest that
a truly meaningful reform of the NSR program can actually lead
to even greater environmental benefits in the future.

And in closing, let me say that this past fall | raised the concern
that the EPA should not short-change the discussion on meaningful
NSR reform. | am pleased to hear that a full review of approaches
to NSR reform is ongoing. Without sufficient dialog among the in-
terested parties, | have little confidence that a workable solution
can be reached.

Therefore, 1 would like to state very clearly that congressional
oversight of this process does not stop here in Cincinnati. Indeed
I think today’s hearing demonstrates that both senators and rep-
resentatives will continue to monitor the progress made to reform
this program. With hard work and cooperation | believe an equi-
table proposal can be crafted that creates an efficient NSR rule
without unnecessary pitfalls and establishes a proper balance be-
tween environmental benefits and economic progress.

Mr. Chairman, in closing let me thank you once again for holding
this hearing and Senator Voinovich for bringing it to Ohio. Thank
you very much.

Senator INHOFE. Thank you, Congressman Strickland. | hope it's
obvious to everyone that this is not a partisan thing. We are all
concerned. First of all, Democrats and Republicans alike want
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clean air. Democrats and Republicans also want fair treatment.
During the course of our little news conference out here | told them
the major concern | had is the unpredictability. People don't know,
and that's what we're here to find out today, if they know what
they can properly plan for in advance, how much time it's going to
take to comply.

I guess you would agree, Congressman Strickland, that both
Democrats and Republicans feel that the dialog between the EPA
and the stakeholders should continue?

Representative STRICKLAND. | think it's essential. And | think, as
I said near the close of my statement, that it's incumbent upon
those of us who are in the House and those of you who are in the
Senate to make sure that this process proceeds in a manner that
involves meaningful dialog and input from all stakeholders.

Senator INHOFE. I'm sure this will be a surprise to you when |
say it, but we have witnesses today who are testifying that the
EPA has issued conflicting guidance on this program over the last
20 years or so. | know my constituents are concerned with that
back in Oklahoma, and you have some that are concerned with
that here.

Representative STRiICKLAND. Well, they absolutely are, and it's
important for a Federal agency to proceed in a fair manner. And
I am troubled by some of the actions which seem to reach back to
apply rules or interpretation of rules retroactively. That troubles
me greatly. | see no fairness to that, and | think it's our respon-
sibility as elected officials to make sure that what happens is done
in a fair and a justifiable manner, and that's why I'm here today.

Senator INHOFE. Because of the time constraints and the number
of witnesses, we had to restrict the opening statements. You were
talking about the frustrations of your constituents. Did you get a
chance to complete that thought?

Representative STRICKLAND. Well, 1 did not but I'll submit it for
the record. So many of my constituents representing both working
folks, members of the work force, as well as the management of
some of these facilities, are terribly concerned and justifiably so.
And that's why | am so pleased that you're holding this hearing.

Senator INHOFE. | think that's one of the issues here, Represent-
ative Strickland, that we have. Both labor and management are
the big losers if we become noncompetitive. And | know—I can't
speak for Ohio, but I can in Oklahoma. We've had some businesses
actually have to leave and go across the border. And, of course,
we're a little closer to Mexico, and we've lost a ton of jobs in Okla-
homa as a result of this. And | assume that you have some exam-
ples here in Ohio, also.

Representative STrRicKLAND. Well, | think there is great fear, as
Senator Voinovich said a little earlier, the concern about the lack
of predictability and not knowing what interpretations are going to
be made regarding which regulations and how they are going to be
applied. It seems to be one of the most troublesome aspects of this
situation.

Senator INHOFE. Senator Voinovich?

Senator VoINovICH. I'm interested in reading the letter from
the—was it the president of the IBEW?

Representative STRICKLAND. Yes.
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Senator VoiNovicH. Are you aware of the fact of whether or not
that organization is participating at all in the negotiations that are
going on in terms of the rulemaking?

Representative STRICKLAND. | am not aware as to whether or not
that particular organization is, but it's a good question. | certainly
will talk with him. It seems important to me, Senator, that all
stakeholders be given a voice in this process and be listened to.
And that's the only way | think we can come to a consensus that
is going to be widely embraced by all parties.

Senator VoinovicH. Well, I'm a big believer in quality manage-
ment. | think so often when we talk about these things that we
don't really bring in the people that are actually doing the work
and have the insight into what some of this means. So often you
get an engineer from some company that says, well, this is the way
it is, and the other person on the other side says what he has to
say. And if you had somebody that was really doing the work at
the table with them, they'd have a much better understanding of
what it's about. And | would hope that representatives here from
the EPA make sure that some of those people are involved who are
actually out there getting the job done in terms of——

Representative STRICKLAND. Absolutely. If | can just say as a
concluding statement here, my district is a unique district but it
is also a district not unlike other districts across the country in
terms of its economic needs and in terms of its past history of hav-
ing heavy manufacturing jobs and so on. And it is really troubling
to me that a district like mine, and districts like mine across this
country, could find themselves in an ever more difficult set of eco-
nomic circumstances at a time when they really need to be able to
make economic progress and to attract industry and create jobs
and so on.

And quite frankly, in perhaps a selfish way, that is the primary
motivation behind my speaking out on this issue, and | think it's
very important. It's important to my constituents and to the indus-
tries which serve my constituents. Thank you very much.

Senator INHOFE. Well, let me just—I think what Senator
Voinovich is suggesting is something that is a very good idea, to
bring them in, the labor force in. They have just as much to be con-
cerned with as anybody else. So | would like to ask you specifically
to encourage them to do that, maybe today, to make some calls and
get an involvement.

I would also like to say that Senator Voinovich mentioned the
ambient air proposed rules that we went through for about 2 years.
And we held a field hearing out in Oklahoma. We had your Lieu-
tenant Governor and several people from Ohio out there, and it
seems like Oklahoma and Ohio have a lot of things in common in
terms of regulations. So it's nice to have you here to testify. Thank
you very much.

Representative STRICKLAND. Thank you, Senator.

Senator INHOFE. Now, I'd like to ask our second panel, Mr. John
Seitz, Director of Office of Air Quality Planning and Standards. Mr.
Seitz is a regular here and we always are able to get a lot of
healthy compromises and communications, and | appreciate very
much your coming today.

Mr. SEITz. Thank you, Senator.
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STATEMENT OF JOHN S. SEITZ, DIRECTOR, OFFICE OF AIR
QUALITY PLANNING AND STANDARDS, ENVIRONMENTAL
PROTECTION AGENCY

Mr. SEITz. Good afternoon, Mr. Chairman and Senator Voinovich.
I thank you for the opportunity to be here today on behalf of the
administration to talk to you about the New Source Review Pro-
gram.

Enacted in Congress in 1977, the program’s goal was to minimize
air pollution from large, newly built, and modified industrial facili-
ties. Recent figures suggest that over the life of the program NSR
has prevented move than 100 million tons of pollution from getting
into the air. The NSR program insures that when companies up-
grade their facilities in a way that increases air pollution that they
also take specific measures to minimize those increases. Upgrading
pollution controls in the industrial infrastructure simultaneously
make good economic and environmental sense. It's a simple concept
that has been working in the NSR program for almost a quarter
century, protecting our nation’s air resources and makeing a criti-
cal part of the air quality program.

The NSR provisions of the Clean Air Act combine air quality
planning, air pollution technology requirements, and stakeholder
participation. The only time NSR applies is when a facility makes
a change that could significantly increase air pollution. This means
a facility can make any change it wants so long as emissions could
not increase. If a facility is unsure whether a change will trigger
NSR review, there are many resources available to help them an-
swer that question, most notably the State and local agencies.
States are key partners in this program. Under the Act generally
the States have the primary responsibility for issuing permits and
they can customize their NSR program within the bounds of the
EPA regulations.

The NSR permit program for major sources has two different
components: one for areas where the air is dirty or unhealthy, and
the other for areas where the air is cleaner. In areas with
unhealthy air, NSR assures that the sources do not impede
progress toward cleaner air. In areas with clean air, especially pris-
tine areas like national parks and wilderness areas, the program
assures that emissions from new and modified sources do not sig-
nificantly degrade the air quality. The program assures citizens
that if any large industrial source being built or modified in their
neighborhood, then the pollution aspects are addressed.

Permits for sources located in attainment areas are known as
prevention or significant deterioration—or PSD—permits. Permits
for sources located in areas not meeting the National Ambient Air
Quality Program are known as NSR permits. A major difference in
the two programs is that the control technology requirement is
more stringent in the nonattainment areas.

Let me give you a few statistics about the NSR program. Our
most recent data indicate that approximately 1 percent of large fa-
cilities or roughly about 250 facilities of 20,000 industrial facilities
in this country are going through the NSR program annually. Re-
cent data also show that these permits have prevented about a half
a million tons per year of pollution from entering the environment.
It's remarkable that annually less than 1 percent of these large
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sources are involved in the program, yet so much pollution is avert-
ed. These emission reductions are being achieved at the same time
as the unprecedented economic expansion. We believe the program
is achieving its goal.

In addition to the emission reductions, the NSR program has
sparked improvement in pollution control and pollution prevention
technology. This technology forcing aspect of the program is an im-
portant reason why it has been so successful in allowing for contin-
ued economic growth while insuring environmental protection. It
also helps the United States to be a leader in the export of pollu-
tion control technology.

Despite the success of the NSR program, we have been actively
working with many different stakeholders on all sides of the equa-
tion to help find ways to make the program work more effectively.
I described some of those in my written statement which has been
submitted for the record. We have worked very hard to be inclusive
and comprehensive in our analysis of the stakeholder concerns.
Since 1992 we have held hundreds of hours of meetings actively
seeking comments and recommendations from various stakehold-
ers. We formed the NSR Reform Subcommittee of the Clean Air Act
Advisory Committee, a group of experts from industry, environ-
mental groups, and State and local governments, brought together
for the purpose of making recommendations for improving the NSR
program. We listened to the analysis and debate from a wide vari-
ety of often opposing viewpoints. We issued a proposed rule in
1996, took comments, and held a public hearing on that rule. Since
then we have continued to have meetings with stakeholders. As re-
cently as last week we held another meeting with an industrial
group.

Our fundamental principle during this reform effort has been to
promote more certainty and flexibility in the permitting process
while maintaining at least the same level of environmental protec-
tion. We are examining the idea of promoting flexible plant-wide
caps that would enable sources to make changes at their plant
without meeting NSR'’s program so as long as the overall environ-
mental cap is met. More examples are included in my written
statement.

We are also considering other options to provide flexibility for a
specific industry while protecting the environment. For example,
we recently held meetings with our stakeholders to obtain views on
the concept of a sector-based approach for utilities. This would tai-
lor the NSR regulations in such a way as to address issues unique
to the utilities while still providing the overall environmental pro-
tection envisioned by the NSR program.

We continue to discuss several issues with stakeholders and have
not reached final decisions on the reform rule. However, we hope
to complete the NSR rulemaking, as you indicated, later this year.

Mr. Chairman, this concludes my statement. | appreciate the op-
portunity to be here today and | would be happy to answer any
questions you have.

Senator INHOFE. Thank you, Mr. Seitz. Mr. Seitz, | get conflicting
reports as to the length of time it takes to apply for and to receive
a permit under the NSR program. | know you keep records of
these. Can you give us what your records show?
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Mr. SEITz. Yes. I'd be pleased to give that to you for the record,
Senator.

Senator INHOFE. No, just for today's oral testimony, I'm sure
you've looked at this before.

Mr. SeiTz. | was a little surprised by the comment of one to 2
years. | acknowledge that there are some permits that take over
that period of time after completing the application, but we believe
that the majority of those are issued within the timeframe of 12
months, as set forth in the statute. However, industry has brought
to the table in the reform effort—I think the microchip, the com-
puter chip was a good example you brought out—that they need
the ability to make changes quickly in the permitting process. They
need more certainty, more speed in the permitting process. So we
are currently looking at that and hope some of the efforts in terms
of PALS and the technology clearinghouse can address some of
that.

Senator INHOFE. I'd like to have kind of an average just off the
top of your head, 6 months, a year, 2 years?

Mr. SEITz. I'd say it's probably from 9 to 12 months at this point
in time.

Senator INHOFE. Nine to 12 months would be somewhat of an av-
erage?

Mr. SEITz. Right.

Senator INHOFE. Now, who issues——

Mr. SEITz. That's from the complete application. Sometimes there
are problems getting a complete application. But once the applica-
tion is in the hands of the States, I'd say 9 to 12 months.

Senator INHOFE. First of all, who receives the permit applica-
tions, the EPA or the States?

Mr. SEITz. The States.

Senator INHOFE. The States. And then who reviews them at
EPA?

Mr. SeiTz. Well, it depends on the program, sir. If it is a SIP-
approved program such as in Oklahoma, the State is the primary
reviewer during the public comment period on the permit. The EPA
regional office provides comments on some permits, but not nec-
essarily all permits.

Senator INHOFE. In planning new regulations which will result in
the increase of permit applications, something that hasn't been
talked about very much is who is going to pay for this? How much
additional work load is going to be incurred in terms of the EPA,
in terms of the State? Have you done a study of that, on work load,
how we're going to accommodate that?

Mr. SeITz. No, sir, | have not. We have not completed a study
on that, yet. It's unclear to me at this point in time that as a result
of the final reform package that we will have an increased number
of permits that will actually go through the system. It is hoped that
with some of the innovations such as plant-wide applicability lim-
its, the process would actually, narrow that some. When we do the
final rulemaking, we will have to put forward an analysis as to
what the total cost and burden would be, which we have not done
as of yet.

Senator INHOFE. Prior to the rulemaking?

Mr. SEITz. Prior to the final rulemaking.
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Senator INHOFE. Oh, OK, yes.

Mr. SEITZ. Yes.

Senator INHOFE. The other witnesses, Henson and others, I'll
probably be asking you the same question, but I'd be interested in
knowing how this—at our news conference, and | think Ted
Strickland mentioned this too, what this does to our competitive-
ness if we have these lengthy permit periods of time, how do you
think that would affect our competitiveness compared to other
countries?

Mr. SEITz. Again, planning is the cornerstone of this program, as
I said. The intent of the program when Congress put it together is
that as a plant expands and plans on increasing its capacity, the
environmental protection is protection addressed as a critical com-
ponent of that. So I would hope that in the permit process the in-
dustrial sector would consider environmental protection as essen-
tial to the permitting application, and we need to preserve that as-
pect of the program along with the reforms to expedite the permit-
ting process. Again, that is part of the effort of the reform process
we have underway.

Senator INHOFE. This is a concern to me because in Oklahoma
we have some specific examples that | talked about the last time
we had a hearing in Washington.

It's been suggested that the New Source Review reform process
is being steered in the direction of trying to get the same emissions
reductions from the same sources as the 8-hour ozone and fine par-
ticulates and NAAQS set aside—they've been set aside by the D.C.
Circuit Court of Appeals. And the NOx SIP call and Section 126,
we're talking about three different things which are pending before
that same court. Now, you've heard this and you've talked about
this before. What is the agency’s response to that notion?

Mr. SEiTz. | don't quite even understand how one could say that
the NSR program is supplementing the NOx SIP call under section
110 of the Act. NSR is a source-specific facility, case-by-case deci-
sion. As you know, the NOx SIP call was across a given region
based on a nitrogen budget for each State.

Some of the alternative approaches we are examining in NSR re-
form voluntary approaches such as PAL or the sector-based ap-
proach for utilities. They clearly are voluntary programs and have
nothing to do with the NOx SIP call.

Since it would be a voluntary offering, 1 don’t know how it could
be something that supplements the NOx SIP call.

Senator INHOFE. Yes, I'm running out of time here. Just one last
question. In the January 3, 2000 issue of the well-known trade
journal Electric Utility Week, Administrator Browner is quoted as
saying in reference to a just announced final ruling granting the
Clean Air Act, Section 126, petitions filed by the northeastern
States asking for NOx emissions reductions from midwestern and
southeastern States, “we’re going to get there one way or another.”

What do you think she meant by that?

Mr. SeiTz. | think the Administrator’'s position is that we are
going to get the clean air. Every American is deserves clean air,
and she meant that we have to work together to achieve that.

Senator INHOFE. Not to get to those standards that are under
court review one way or another?
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Mr. SEITz. | didn't read it that way.

Senator INHOFE. OK, Senator Voinovich?

Senator VoinovicH. When Administrator Browner appeared be-
fore our committee last week on her budget, she talked about over-
all reduction in the budget but an increase of 11 percent in the ad-
ministrative part of the budget.

Are you aware of any additional money that's going to be made
available for this procedure, the people that handle this New
Source Review?

Mr. SEITz. Senator, at this current time I am unaware of that.
I’'m not aware of what the final pass-back numbers would be.

Senator VoinovicH. Well, I'm interested with talking about the
timing though. The real decision on this, the application is submit-
ted to the State agency and they go through it. But is it in Wash-
ington that that decision is made or is it made in the regional office
in terms of this particular review?

Mr. SEITz. In terms of the review and who conducts the review,
that decision is in terms of the delegation. For instance, Ohio and
Oklahoma have different types of programs. Maybe it would be
helpful to describe them. The Oklahoma program is administered
by the State under a State-approved regulatory program that was
adopted in the Federal rulemaking. The State of Oklahoma issues
the NSR permits.

The State of Ohio’s program is delegated program. The State did
not choose to get a federally approved program so, therefore, the
State is acting as an agent for EPA. In Ohio when a permit is is-
sued by the State it is actually a federally issued permit, and Ohio
acts as the agent for EPA. So the regional office—it is in Chicago
for Ohio—would be more closely involved. An appeal of that permit
goes straight to the EPA.

I's my understanding the State of Ohio is working to change
that now. This process contrasts with the appeals in Oklahoma,
which go to the State.

So the decision on where the permit goes and how it is reviewed
depends on that State’'s structure. In Ohio, the regional office is
more involved. In Oklahoma, the permits would be decided on a
case-by-case decision. The funding of the program is an overall
budget decision that is made out of Washington.

Senator VoiNovIcH. I'm interested in that. As | say, I'm a big fan
of quality. And | know that as Governor of the State we had a lot
of agencies that did a lousy job of permitting, and we made a real
issue of that. We instituted quality management in our State agen-
cies. | recall underground storage tanks. Ninety percent of the ap-
plications that used to be submitted were rejected because the peo-
ple didn't understand the form. They spent a couple of months
working on that issue, the people that actually issued the permits.
They spent time with their customers, revised the application.
Today there is only a 5 percent rejection. So that speeded up the
process right off the bat, because people didn't understand the
process.

Maybe it's a governmental thing, but I really want to know how
you handle this. | want to kow what the manpower is and is it——

Mr. SeEiTz. Well, in light of what you just said, particularly in
terms of total quality and what you might do in the State of Ohio
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or Oklahoma, the internal timeframe is governed by the State. EPA
does not set that. The statute says 12 months. The period of time
the State agency chooses to, say, take phase one or phase two, is
totally within their discretion. So to the extent that some States
have, as you said, maybe in Ohio with the total quality aspect of
it, have implemented processing changes that make it more effi-
cient, that is totally within the State’s capability right now. I think
through STAPPA/ALAPCO, which are the State and local air asso-
ciations, share those experiences.

So within that timeframe the only thing we govern is the 12
months.

Senator VoiNovicH. Well, I'd like you to get back to me on that.
I'd also like to know how much of EPA’s new budget are they put-
ting into the program.

Mr. SEITz. I'd be glad to answer that for you.

Senator VoINovIcH. You're going to hear testimony today that
will surprise you. People have been doing things according to the
rules and all of a sudden they are finding out that they are sup-
posed to have violated a process. They should have been able to get
the permits reviewed and issued. Just what is the attitude of the
agency toward those kinds of claims?

Mr. SEiTz. Well, most frequently, in the examples you've given |
was actually sort of surprised at some of it. And you referenced
some of it in your statement, Senator Inhofe. As mentioned, these
rules were put out in 1980. Routine maintenance, or that issue of
maintaining, was put in in 1988 and 1989, put out as guidance,
and that was upheld in the courts. And since that time we, EPA,
has received very few written requests for an interpretation of that
definition. So I am somewhat surprised that if it is so confusing
and confounded why we have heard so little? There are questions
about the other programs | administer; and Senator Inhofe has had
the opportunity to quiz me on some of them in the past. | get hun-
dreds of requests for interpretation, whether it is a MACT program
or Title I program.

So with respect to this issue, | receive relatively few questions
in that area. In contrast, | receive lots of requests for information
on modeling: how you do attribution, etc. On the issue of what is
and is not routine—very few. | think we have to look closely at that
as we go forward. I'm hearing that today.

Senator VoiNnovicH. There is a question about whether or not
when you're coming up with the final rules on this whether you're
going to be concerned about electricity reliability. One of the things
that is a big issue now with the proposed 85 percent on the NOXx
that the agency is requiring, is that many of the utilities are com-
plaining about the fact that if they would go forward with that that
they would have a real reliability problem. And there also is some
real concern about ordinary maintenance of facilities that involve
the well-being of people who are working for those agencies. And
in terms of just providing reliable electricity for people that are—
you know, the benefits of the company. What comment do you have
about that?

Mr. SEITz. Senator, as mentioned last summer when this first
came up in connection with the SIP call, the Administrator said at
that point in time if anyone is concerned about their ability to
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produce electricity because of either brown outs or shortage contact
us because we do not believe this program will jeopardize the
power supply of this country.

With respect to the issue of whether or not routine maintenance
can go on at a facility, as | said in my statement, the test here is
really simple. | know there’s a lot of debate around it, but the test
here is really quite simple: Are there going to be emission increases
as a result of what you’re doing?

Senator VoiNnoviIcH. May | ask one last question? | know I'm out
of time here.

Senator INHOFE. Sure.

Senator VoiNovicH. The issue of cost benefit in making a deci-
sion, and based on the technology that's available, does that ever
get into the decisionmaking process?

Mr. SeiTz. Specifically you're referring to the decision of whether
to apply back the Best Available Control Technology—BACT. One
of the factors in that decision is cost, like the age of equipment. So,
yes, cost benefit is looked at in making decisions.

Senator VoiNovIcH. Good.

Mr. SEITz. We take a look at the incremental costs, the marginal
costs, social impacts, cost of energy. Those are specific criteria that
are set forth in the statute.

Senator INHOFE. Let me ask you one followup question and feel
free to do the same thing.

Mr. Seitz, I understand that part of your proposed rule would re-
quire facilities to look at what they actually emit today and then
compare that to what they potentially could emit after equipment
changes. And it seems to me this is kind of apples and oranges,
that any facility could potentially emit more than they actually
emit without making any equipment changes. All they have to do
is run at full speed or increase the number of hours that they're
emitting more pollutants. Would it make more sense to compare
the actual emissions before an equipment change to the actual
emissions after an equipment change. It seems like you anticipate
that everyone runs at full capacity a hundred percent of the time.

Mr. SEITz. Well, again, Senator, | think you have to go back to
another provision in the Clean Air Act about the contemporaneous
period in which you determine what the actual is. So when you
make a change you assess the last 5 years of emissions data. Then
you project forward to see, based on the proposed changes, what
you could do in the way of production. If, based on the proposed
changes, you have the ability to produce 100 products an hour, in-
stead of 10 products an hour, there could be more pollution. Grant-
ed you're not at that level yet. A source has the ability to say, “We
never plan to emit. We want to address the technology issue now
and put the technology on.” They would have, through the State
permitting program, the ability to take on an enforceable cap to ad-
dress that.

But the basic concept is if there is a potential to increase the
emissions, then the impact on the environment has to be ad-
dressed.

Senator INHOFE. But why couldn’t you just compare the present
potential to future potential? Then at least you're comparing the
same things.



16

Mr. SEITz. Let's say that a facility in the last 5 years has only
produced 10 units. However, when the plant was built 30 years
ago, it was designed to produce 100 units. Is it fair to say that the
design capability should meet an environmental permit that is
based on 30 units 20 years ago should be the design criteria now,
even though the standard has not been achieved in 30 years? We
think that that's not what the statute——

Senator INHOFE. OK, | understand your answer. | disagree with
it, and I'm going to be asking some of the—Panel 3 and 4 the same
question.

Do you have any further questions of Mr. Seitz?

Senator VoiNovicH. No, | haven't.

Senator INHOFE. Thank you very much, Mr. Seitz. | appreciate
your being here.

Audience speaker. Senator, would you indulge me for a second,
please?

Senator INHOFE. No, sir, we won’t. I'm sorry. | don’'t want to be
rude, but we have to comply with our rules. This is the way things
get out of hand. We would run out of time, sir. I'd ask you to please
sit down.

I'd ask now Mr. Bynum to come forward. Most of the witnesses
today are either industry or government, and | think Mr. Bynum
is a hybrid. Which are you, Mr. Bynum?

Mr. ByNuM. I'm a hybrid. You're absolutely right, Mr. Chairman.

Senator INHOFE. By the way, | would like to have all of the pan-
els to understand that you're entire statement will be made a part
of the record, but for time sake we have to do this. And that's why
I always regret having to not deviate from the published rules by
not allowing people from the audience to join in. When we’re on
time constraints, that takes away from our invited witnesses.

Mr. Bynum?

Mr. BynuM. Thank you.

STATEMENT OF JOE BYNUM, EXECUTIVE VICE PRESIDENT,
FOSSIL POWER GROUP, TENNESSEE VALLEY AUTHORITY

Mr. ByNuM. Mr. Chairman, thank you for the opportunity to tes-
tify before the subcommittee today. In my testimony | am providing
the committee with the views that are solely those of the Ten-
nessee Valley Authority. | appreciate your interest in the Environ-
mental Protection Agency’'s proposed changes to the New Source
Review Program, which will have a lasting impact on the operation
of individual fossil plants and, in fact, the reliability of our nation’s
electric system.

TVA has been operating various kinds of generating technology
for more than 65 years and has substantial expertise in the main-
tenance of fossil plants. | am here today to represent TVA's dual
responsibilities as a power producer and an environmental stew-
ard.

Although there has been some criticism of its complexity, the
TVA believes the NSR program has generally been a success. The
EPA has largely applied the program’s requirements in a way that
does not impede routine maintenance or efficiency improvements of
the nation’s electric generating resources. TVA believes such im-
provements, long a part of routine maintenance, are desirable to in-
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sure a reliable supply of electricity and are in the public interest.
As the person responsible for the operation and maintenance of 59
coal units, | urge great caution as EPA contemplates changes to
the program. Unfortunately, some of the ideas being discussed can
discourage such desirable improvements and have a detrimental
impact on the electric utility industry’s ability to safely and effec-
tively operate our plants.

The current NSR regulations have long excluded routine mainte-
nance, repair, and replacement projects at existing sources. Histori-
cally the EPA has employed a common sense understanding of the
term that encompasses those maintenance activities that are cus-
tomary in the industry but optimize reliability, safety, availability,
and efficiency. It would be a serious mistake in its rulemaking for
the EPA to change its historic interpretation of the definition of
routine maintenance. The EPA should not make changes to the
program that discourage utilities from making improvements that
increase plant efficiency and improve reliability. The utilities in the
eastern interconnect have strained to meet demand and keep the
lights on the last two summers. Now more than ever utility main-
tenance programs are key to meeting demand and reliably serving
the public.

TVA has recently released a technical report on routine mainte-
nance on the TVA system and in the utility industry. This report
demonstrates how important maintenance is for reliable service. |
would like to submit a copy of this report for the record.

Senator INHOFE. Without objection.

[The referenced report follows:]

ROUTINE MAINTENANCE OF ELECTRIC GENERATING STATIONS

TENNESSEE VALLEY AUTHORITY

(Gerry L. Golden Manager, Production Technology Fossil Power Group)
EXECUTIVE SUMMARY

The Tennessee Valley Authority (TVA) has more than 65 years of experience in
maintaining electricity-generating units with a wide range of unit size and tech-
nologies.

This report examines TVA's maintenance philosophy and highlights specific TVA
and industry routine maintenance activities. TVA and utility maintenance practices
have as their goal unit reliability and availability and safe working conditions. This
report presents maintenance case studies including:

¢ Cyclone replacements (at least 300 replaced industrywide [43 percent]).

« Draft system replacements (at least 79 replacements of forced-draft systems
identified in a sample of 151 boilers [52 percent]).

¢ Reheater replacements (231 in a sample of 190 generating units [121 percent—
some units had multiple replacements]).

« Economizer replacements (98 replacement projects identified in a sample of
202 generating units [49 percent]).

A large number of variables affect unit components’ useful lives and dictate vary-
ing maintenance responses. These responses range from simply lubricating equip-
ment to replacing components with improved materials to lessen component deg-
radation and downtime. TVA's analyses indicate that component replacement does
not occur at a certain age but varies widely, both within the TVA system and else-
where in the industry.

The case studies presented herein are only illustrative of the broad range of main-
tenance, repair, and replacement activities necessary to ensure safe and reliable
production of electric power from coal-fired units. They do, however, provide insights
into commonly encountered failure mechanisms and the advancements in assess-
ment and repair techniques that have occurred over the last three decades.
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Introduction

A steam electricity-generating unit is a complicated machine consisting of thou-
sands of separate parts and components that must be operated together in an inte-
grated fashion to produce electricity. Like any complex mechanical system, an elec-
tricity-generating unit may suffer impaired performance caused by defects in design
or manufacture, extreme operating conditions, or catastrophic failure. This impaired
performance affects the economic performance of a unit and employee safety. In ad-
dition, it negatively impacts the ability to supply adequate and reliable electric en-
ergy to the public. To complicate matters, the unit's component parts are subject to
different operating conditions and deteriorate at different rates. To ensure reliable
integration and operation of all of these parts, an active maintenance program is
necessary.

The Tennessee Valley Authority (TVA) has more than 65 years of experience in
maintaining various kinds of power-generating technologies. In the early 1930's,
TVA began operating and maintaining hydroelectric units. When the public's de-
mand for electricity exceeded the region’s hydroelectric generation potential, TVA
turned to coal-fired steam generating units. Output from its hydroelectric and coal-
fired units was later supplemented by generation from nuclear units. Whatever the
choice of fuel or generating technology, maintenance has been and continues to be
the key to reliable operation of a unit throughout its useful life.

In a 1972 report, two TVA power-system managers, T. H. Gladney and H. S. Fox,
described TVA's maintenance experiences to date and its maintenance philosophy.
Maintenance practices and techniques have improved since then, with better analyt-
ical tools and more experience, but the maintenance philosophy has remained un-
changed for more than 25 years. TVA and other power-system operators try to at-
tain and maintain the highest practical availability and reliability of generating as-
sets while taking into account safety and economic and financial considerations.
Only through careful maintenance of generating assets can the public’s need for
electric energy be reliably and safely met.

This report builds on the TVA maintenance activities documented in the earlier
Gladney and Fox work. First, information about TVA's power system is provided.
The report then discusses the life of a generating unit, the utility obligation to
serve, and overall maintenance concepts in order to provide the fuller context in
which maintenance decisions are made. This is followed by several case studies of
specific maintenance projects and information about the frequency of similar main-
tenance activities on the TVA system and elsewhere.

TVA's Electric Power System

TVA is an agency and instrumentality of the United States created by the Ten-
nessee Valley Authority Act of 1933. Congress has tasked TVA with the develop-
ment and conservation of the resources of the Tennessee Valley region in order to
foster the region’s economic and social well-being. One component of TVA's regional
resource development program is the generation, transmission, and sale of electric
power. TVA's power system now serves approximately 8 million people in parts of
seven States.

Generation sources currently operated by TVA include 11 coal-fired power plants,
29 hydroelectric plants, 4 gas-turbine plants, 1 hydro pumped-storage facility, and
3 nuclear plants. TVA's 11 coal-fired power plants consist of 59 units, which are lo-
cated in Alabama, Kentucky, and Tennessee. These units represent approximately
60 percent of the installed generating capacity on the TVA system.

TVA's oldest active coal-fired unit was placed into service in late 1951; the newest
unit was placed into service in 1989. Four of the units are supercritical units. The
unit boilers are a diverse mix of burner types and configurations: 26 are tangen-
tially fired; 24 are wall-fired; 2 are cell burners; 6 are cyclones; and 1 is atmospheric
fluidized-bed combustion. Unit sizes range from 125 MWs to 1,300 MWs (nameplate
capacities). These boiler types and sizes are typical for more than 90 percent of the
United States coal-fired boiler fleet. All of the boilers originally burned medium- to
high-sulfur eastern coals, but a number of them currently burn coal blends consist-
ing of low-sulfur western and medium- or high-sulfur eastern coals. TVA’'s nominal
fossil fuel-fired capacity is now 19,917 MWs.

TVA is widely recognized as one of the leaders in the utility industry. Throughout
its history, TVA has championed the evolution of electricity-generating technologies
to improve efficiency and reliability and to reduce costs. Since the 1960's many of
the major step increases in the size and economic performance of coal-fired generat-
ing plapts have been taken by TVA. These steps included the construction and oper-
ation of:

* Gallatin Unit 1—first 300 MW tangentially fired unit in 1956;
¢ Widow's Creek Unit 7—first 500 MW tangentially fired unit in 1961;



19

Colbert Unit 5—first 500 MW wall-fired unit in 1965;

Paradise Unit 1—first 700 MW unit in 1963;

Bull Run—first 900 MW unit in 1967;

Paradise Unit 3—first 1100 MW unit in 1970;

Cumberland Unit 1—first 1300 MW unit in 1973; and

Shawnee Unit 10—first utility-scale (160 MW) atmospheric fluidized-bed com-
bustion unit in 1989.

As Gladney and Fox stated, these units . represented the largest units the
turbogenerator and steam-generator manufacturers were capable of designing and
building; consequently, maintenance problems associated with prototype units were
faced during the entire period.”

In its 1955 Annual Report to the President and Congress, TVA observed:

Because of the size of the TVA power system and its region-wide integration, TVA
has been able to take advantage of the economies of “bigness” and to stimulate ad-
vances in steam-plant technology. Turbogenerators of unprecedented capacity and
greater efficiency have been purchased in multiple units of 2 to 12. As a result, the
new TVA steam plants have made excellent field laboratories for the manufacturers,
providing an opportunity for inspecting and testing a whole series of machines
under operating conditions. The later machines in each series could be improved
from the experience with earlier installations.

Many of the maintenance practices developed by TVA on these prototype units
(tjherefore became the practices that were adopted and refined by others in the in-

ustry.

Today, many of TVA's generating units are among the top performers in the coun-
try, ranking in the top decile in efficiency and reliability.

The Integrated Steam Electric Generating Unit

A typical steam driven electricity-generating unit is a complex assembly of off-the-
shelf components and custom-engineered equipment. Steam: Its Generation and Use
(40th edition 1992) by Babcock and Wilcox, and Combustion Fossil Power (4th edi-
tion 1991) by Combustion Engineering Inc., describe in detail from the equipment
vendors’ perspective the various kinds of boilers and their component parts.

The design, installation, and operation of boiler and turbogenerator component
parts must be fully integrated in order to achieve the ultimate objective of generat-
ing electricity reliably, safely, and at the least cost possible. This integration is, even
for the simplest, smallest units, a major undertaking. Thousands of components and
pieces of equipment that are designed and supplied by different firms must ulti-
mately be properly assembled, tested, and, almost always, tuned and refined before
a generating unit can be initially connected to the grid. Furthermore, it is not un-
usual for replacements of equipment and systems and refinements to operational
procedures to continue for months and years before a unit achieves its efficiency and
reliability objectives.

Maintaining integrated operation of all components is difficult because of the
large number of components and the varying stresses on components. Failure of a
component, or its failure to meet performance specifications, results in the inability
of a unit to perform efficiently or to generate at design capability and may even pre-
vent the unit from generating at all. This is true for almost all components. Failure
of a critical electrical relay, sensing device, or valve can interfere with a unit's abil-
ity to operate properly as much as can failure of larger boiler or turbine compo-
nents.

The components and equipment of a generating unit face a wide range of operat-
ing environments and service conditions. These conditions range from the heat- and
humidity-controlled environment of a control room to the extremely harsh environ-
ment inside a large furnace. Heat transfer surfaces in a boiler must retain adequate
structural integrity to contain water/steam at pressures up to 4500 psi, the approxi-
mate equivalent to an ocean depth of two miles.

Components must retain this structural integrity while being exposed to furnace
temperatures exceeding 3000F; to highly corrosive gases; to deposition of corrosive
solid materials; and to erosion caused by high-velocity, abrasive solid materials.
Solid particles and water droplets traveling at supersonic velocities bombard steam
turbine blades. Dynamic forces from the formation and collapse of steam bubbles
can gouge chunks of metal from seating surfaces and rotating elements of control
valves and pump impellers. Insulation inside electrical generators must maintain
integrity while withstanding up to 24,000 volts.

Because of this wide variation in conditions of service, the service lives of individ-
ual components differ considerably. This affects the ability to maintain reliable inte-
grated operation. Even the various components of a system or assembly do not have
the same expected service life. For example, the rotating elements of a steam tur-
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bine, under design conditions, will require repair or replacement before the station-
ary components of the turbine. The superheater section of a boiler, which operates
in a substantially more hostile service environment than the economizer section of
the same boiler, typically has a shorter life than the economizer—even though the
superheater is made of higher grade materials that can tolerate very adverse condi-
tions.

The power system may fail to meet its performance and reliability expectations
because of design and integration errors. Components often fail to achieve their ini-
tially anticipated service lives. Poor quality control, manufacturing errors, design er-
rors, and imperfect information regarding conditions of service can result in expo-
sure to stresses higher than anticipated by the design engineer. Unexpected trace
materials in the fuel supply can result in higher corrosion. Improper operation due
to human error or failure of control components may also shorten component lives.
For example, a single overheating event can occur early in the life of a plant and
shorten the useful life of an entire section of heat transfer surfaces within a boiler
(e.g., a superheater or reheater). All of these circumstances eventually require some
form of maintenance response to ensure safe and reliable operation.

Advances in industry standards, metallurgical developments, and improvements
in inspection procedures and performance-testing techniques can also result in re-
duced life for components. Codes and standards exist to minimize the threat of a
major safety-related failure. Industrial experience and increased knowledge of mate-
rials behavior can result in changes to these codes and standards that require re-
moval of components from service earlier than anticipated by the designer. For ex-
ample, in 1965 and again in 1991, the American Society of Mechanical Engineers
reduced the allowable high-temperature stress levels for 11/4 Cr. 1/2 Mo steel
(chrome-molybdenum, also known as T-11), which was commonly used in the
waterwall, reheater, and superheater sections of a boiler. This significantly affected
the assessment of remaining useful life for some of the boiler sections fabricated
from this material. Similarly, the development of improved nondestructive examina-
tion techniques for boiler tubes and other components allowed sophisticated assess-
ments of the remaining useful life of pressure parts to be conducted, which in turn
allowed for planned replacements of wearing parts to be undertaken before a forced
outage required emergency repairs.

Life of a Generating Unit

Given the variations in the design life of individual unit components and systems,
the life of a generating unit depends upon how a unit is operated, how well it is
maintained, and other external factors. As a result, there is no preordained expected
life of a generating unit. For TVA and other generating utilities, there are in fact
two different concepts of expected life.

First, there is the project planning life or accounting life. When a decision is made
to put a new generating unit on line, a minimum expected lifetime is defined for
accounting or planning purposes. In other words, for a project to be viable, it must
be expected to perform long enough to generate sufficient revenues to provide a min-
imum targeted return on investment. In the case of for-profit entities, this minimum
expected life or “accounting life” also establishes the depreciation schedule, an im-
portant parameter in the economic evaluation of a new project because of tax consid-
erations. TVA periodically adjusts its depreciation schedules to reflect current esti-
mates of a plant’s remaining useful life. It is not unusual, however, for a generating
plant to become fully depreciated yet remain in service.

Second, generating units have a useful life, one that is based on a dynamic assess-
ment of unit—specific internal and external factors to determine its continuing viabil-
ity. Just as automobiles are not retired once the car loan is paid, generating units
are not retired from service at the end of their accounting lives simply because they
have been fully depreciated. Rather, they are retired when they no longer remain
viable assets. This means that units are removed from service when either:

The revenue they generate is inadequate to cover fixed plus variable operating
costs and to provide sufficient return on investment in needed component restora-
tions; or Technological advances provide the opportunity for an investment in new
facilities to generate greater return on investment and lower cost of electricity than
could be achieved through continued operation of the existing facility.

Maintenance, repair, and replacement of unit components are necessary to
achieve reliable and safe operation of a generating unit throughout this useful life.
Since 1940, TVA has permanently shut down 24 steam-driven electrical power
plants. TVA acquired 23 of these plants from other power companies or from the
government. One of the 24 plants shut down was the Watts Bar coal-fired plant,
the first steam plant designed and constructed by TVA. Many of the plants included
in the acquisition of entire utility systems had internal combustion engines and
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were retired immediately upon their acquisition. Others were coal-fired plants of
varying size and description that were shut down from 1941 to 1997 based on sys-
tem needs and the relative economics of the individual plants.

Review of this retirement history shows that retirements of coal-fired units on the
TVA system have been limited to small (<60 MW) units that operated at low steam
pressure and low temperature and had high heat rates (low efficiency) compared to
other existing TVA units. Those units identified in Table 1 represent the largest and
most efficient of the coal units shut down by TVA.

Table 1
Thermal Conditions of Retired TVA Fossil Units
Estimated
Steam Pres- Steam Temp
sure (PSI) Tgﬁbmﬁi
Parksville ..... 250 575 21,000
Hales Bar ... 365 725 18,000
Watts Bar ... 865 900 11,400*

*Design Value

As demand grew on the TVA electrical system, substantially larger, more efficient
generating units were added. The significantly lower production cost of these new
units resulted in the older units being used less. This decrease in utilization led to
the old unite’ net annual revenue going negative (often, even net generation would
go negative). Retirement of the old units typically followed soon thereafter.

Table 2 was compiled based on information obtained from a review of TVA's An-
nual Reports to the President and Congress in 1957-1959. Table 2 compares the av-
erage cost and capacity factor of the TVA-acquired units that were in service and
the average figures for the TVA coal system overall. For example, in the late 1950's,
the average cost of electric power generated by TVA'’s old, acquired units was about
4.4 to 6.5 times the cost of electric power generated by TVA's new coal-fired units.
The acquired units were all retired in the early to mid-1960's. (TVA retired the
Parksville, Bowling Green, and Watauga units in 1960, the Nashville plant in 1962,
Hales Bar in 1963, Memphis in 1965, and Wilson in 1966.)

Table 2
Financial Performance of JVA Coal Units 1957-1959
1957 1958 1959
TVA Coal System—Average CoSt ($/MW) .........coovcerreemrcrrirminrrreesseerseseeserenns 2.773 2.898 2.793
Effective Capacity Factor (%) ............ 90.110 77.960 82.200
TVA-Acquired Units.—Average Cost ($/MWh) 17.918 12.640 17.200
Effective Capacity Factor (%) ............ 4.440 4740 3.130

* Generating units acquired by TVA from other power companies or from other government agencies from 1933 through 1950. Plants still
active in 1957-1959 included Wilson, Nashville, Hales Bar, Parksville, Watauga, and Bowling Green.

This retirement sequence demonstrates that neither the accounting age nor the
actual age of units dictates when units are retired. TVA's 1960 Annual Report indi-
cated that the Nashville, Memphis, and Parksville units had reached the end of
their accounting lives; that is, they were fully depreciated. Yet, the 1960 retirements
included the Bowling Green and Watauga units but not the Nashville and Memphis
units. Table 3 provides a summary of the age of some of these acquired facilities
at the time of their retirements. Even in the 1950's and 1960's, unit age at date
of retirement ranged from just less than 30 to over 60 years, confirming that plant
age was not the motivation behind retirement.

Table 3
Age of TVA Coal-Fired Plants at Retirement

Generating Unit Retirement Age at Retire-

Date ment
Hopkinsville s 1954 41
Parksville ......cccoovvriens 1960 46
Bowling Green 1960 28

Watauga - - - - - . 1960 38
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Table 3—Continued
Age of TVA Coal-Fired Plants at Retirement

Generating Unit Retirement Age at Retire-

Date ment
Nashville . 1962 61
Hales Bar s 1964 40
Wilson ... RN TN . 1966 50

TVA's most recent plant to be shut down was the Watts Bar Steam Plant. This
four-unit, combination wet-bottom/dry-bottom boiler plant was the first coal-fired
plant actually built by TVA. The units began operation in 1942-45. In only one dec-
ade, the unite’ operation was shifted from base-load to peaking mode following com-
pletion of the Kingston units in 1954-55. The technology of coal-fired generating
stations had evolved considerably during this period because of increases in operat-
ing temperature and pressure and the addition of steam reheating to the thermo-
dynamic steam cycle. As a result, the new Kingston units were approximately 20
percent more efficient than the Watts Bar units (design heat rates of 9,400 Btu/kWh
compared to 11,400 Btu/kWh at Watts Bar) and produced electricity at costs sub-
stantially lower than the Watts Bar units.

The generation from Watts Bar continued to decline as other generating units
were added to the TVA system until, as early as 1960, the net generation of the
plant was negative—it consumed more electricity when it wasn't operating than it
generated when it was operating. The units were effectively retired at ages ranging
from 15 to 18 years. However, Watts Bar's value as backup capacity exceeded the
cost to maintain it as a viable generating asset, so it continued to be staffed and
remained capable of operation. This changed in 1982 when an analysis indicated
that, for the number of hours of expected operation, it would be more economical
to generate the standby power from combustion turbines than to maintain full staff-
ing and absorb the total fixed cost of the Watts Bar facility. As a result of this anal-
ysis, the plant was shut down and put into mothballed condition. Subsequently, in
1997 Watts Bar was permanently shut down—55 years after going into service.

Technological advances have continued to improve the efficiency and reduce the
variable operating costs of new generating units. However, these more recent effi-
ciency improvements have not approached the giant strides that were made in the
1950's and 1960's. Additionally, the economy-of-scale factor that allowed the fixed
cost of the replacement capacity to be relatively small prior to 1970 is no longer rel-
evant because there has been no increase in the size of generating units since the
early 1970's. In fact, almost all of the new generating units added in the 1990's have
capacities considerably smaller than those built in the late 1960's and early 1970's.
Simply stated, the more recent limited improvements in unit operating efficiencies
are not sufficient economically to justify the replacement of existing units, especially
when the public’s demand for electricity has continued to increase.

1 Refer to the care study on reheater replacement on p. 28 of this report for addi-
tional details.

Service Mandates

The TVA Act requires TVA to provide an ample supply of electric power to aid
in discharging its congressionally mandated responsibility for the advancement of
national defense and the physical, social, and economic development of the TVA re-
gion. The TVA Act also requires TVA to provide power at the lowest feasible rates,
which in turn requires that TVA generate power at the lowest feasible cost.

Maintaining generating units to ensure they are available to generate when need-
ed is a critical element of any program to ensure reliability of supply. Maintenance
activities are also necessary to reduce costs. If generating are not reliable, more ca-
pacity must be installed (or obtained from some other power supplier) to ensure that
total energy needs are met. Furthermore, if the lowest cost coal-fired units are not
fully available when needed, energy needs must be met from generating units with
higher production costs.

As a member of the North American Electric Reliability Council2 (NERC), TVA
is also obligated to help preserve the reliability of the national electricity trans-

2NERC is a not-for-profit organization responsible for promoting the reliability of the electric
supply for North America. This mission is accomplished by working with all segments of the
electric industry as well as customers. Electric utilities formed NERC in 1968 to coordinate ef-
forts to avoid blackouts such as the November 1965 event that left 30 million prople without
power in the northeast USA and Ontario, Canada. NERC reviews the past for lessons learned
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mission and distribution grid. NERC's Operating Policy 1, Section C, defines the re-
sponses required of participating utilities in order to maintain acceptable fre-
guencies at the transmission interfaces between entities. Upsets such as loss of a
major generating unit on another utility’s system can require TVA to activate its
standby generation facilities or start idle ones. In addition to having an obligation
to respond reliably to such events, TVA must minimize the number of events that
are initiated on its system. Reliable generation and the ability to control the times
when generating units operate or are shut down are crucial to fulfilling this obliga-
tion.

In addition, TVA must operate its generating units and transmission assets in a
manner that fully protects the health and well-being of its employees. As a result,
TVA strives to promptly correct conditions that might lead to an unsafe or
unhealthy working environment.

Other companies that own and operate electricity-generating facilities for profit
have also long been under a legal duty to maintain and to operate their facilities
in a manner that ensures a safe, efficient, and reliable supply of electricity to their
consumers. This legal duty is described in the utilities’ compacts with their public
service or public utilities commissions (PUCs). Activities aimed at improving or
maintaining the reliability and efficiency of generating facilities are also subject to
public scrutiny through reports to State PUCs, to the Federal Energy Regulatory
Commission (FERC), and to the Energy Information Administration (EIA) within
the U.S. Department of Energy.

Theory of Maintenance

To fulfill their respective obligations to serve, TVA and the rest of the electric util-
ity industry have developed a very simple maintenance philosophy—maintain the
reliability of generating units in a way that preserves the value of the asset and
minimizes the cost of electricity. For some maintenance activities, this simple state-
ment is equally simple to implement. However, for other activities, determining the
appropriate approach may involve more complicated engineering and economic eval-
uations. Furthermore, the conclusions that are reached today may not be valid at
some future date because of changes in the technology or economic circumstances.

Under this maintenance philosophy, routine maintenance of components of a gen-
erating unit generally falls into three categories. It can be proactive, reactive, or
predictive.

Proactive Utilities routinely change lubricants, clean lubricants, replace gaskets,
repack pump seals, etc., based on fixed calendar schedules or hours of service—re-
gardless of the condition of the equipment. Typically, major overhauls of equipment
have also been performed on a predetermined schedule based on manufacturers’ rec-
ommendations or utility experience. Improvements in monitoring and diagnostic ca-
pabilities in recent years have enabled plant operators to reduce the level of this
proactive maintenance in favor of the more cost-effective “condition based” or pre-
dictive maintenance.

Reactive Reactive maintenance is routinely performed when components or sys-
tems fail or experience performance degradation. This may entail replacement of
components with identical parts, replacement with components with improved de-
sign or materials, replacement followed by changes in operating procedures, or re-
placement of an entire assembly or system that includes the failed component. The
actions taken following a failure are determined by an economic evaluation that in-
cludes consideration of the immediate needs of the generating system, impact of the
failure on unit operation, the frequency of the failure, and the availability of alter-
native solutions designed to prevent similar failures in the future.

When a failure results in loss of generating capability of a unit, either partial or
total, the economics normally dictate choosing a maintenance solution that mini-
mizes lost generation. This sometimes results in an immediate response to restore
unit capability followed by a later action to avoid future failures. For example, con-
sider the case of a tube failure in the reheat section of a steam generator.

and monitors the present for member compliance with published policies, standards, principles,
and guides. NERC assesses the future reliability of the bulk electric systems in North America.
NERC's owners are ten regional councils whose members come from all segments of the electric
industry—investor-owned Federal State/municipal and provincial utilities electric cooperatives,
independent power producers, power marketers and electricity customers. TVA is a member of
Southeastern Electric Reliability Council (SERC). NERC governance is by a board of trustees
comprised of 47 electric industry executives. TVA has representation on the board of trustees.
Operating guides and policies are developed and revised by committees comprised of members
from the ten councils. Guides and policies are approved at various levels and ultimately by the
board of trustees (Information from NERC's Web site January 2000—http://www.nerc.com)
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If the damage is isolated to a single tube, that area of the tube is cut out and
replaced, and the unit is returned to service. If there is visible collateral damage
or if it is clear from initial analysis and review of operating history that other tubes
in close proximity to the failure have been exposed to similar conditions that would
make their early failure likely, a larger number of tubes may be replaced before the
unit is returned to service. In this case, reactive maintenance is augmented by a
proactive component replacement in order to avoid future failures that would result
in loss of generation or create safety risks.

If it is determined that the root cause of a failure is a condition that has exposed
all or a large number of the reheater tubes to increased risk of failure, the economic
analysis may indicate that replacement of the entire reheater is needed to maintain
unit reliability and safety and that replacement is the most cost-effective approach
to maintaining system reliability. Such a condition might result from identification
of a design or materials deficiency, operational errors such as temperature or water-
quality excursions, or changes in the condition of service such as might result from
unexpected changes in fuel combustion characteristics due to variation of properties
within a coal seam. The economic analysis would indicate that the loss of generation
and wear and tear on the unit resulting from anticipated failures and shutdowns
justify the investment needed to replace the reheater.

Reactive maintenance can also be initiated by discovery of conditions that will
lead to component failure if not corrected. If evidence of damage is found during in-
spections, a similar economic analysis is performed to determine the appropriate re-
sponse. When the condition is detected prior to failure, however, repair of the com-
ponent may also be a viable option. For example, discovery of cavitation damage at
the suction of a pump could lead to weld repair of the pump impeller, replacement
of the impeller, replacement of the impeller with improved materials, reconfigura-
tion of the suction piping, or changes to the system upstream of the pump. The se-
lected course of action would depend upon the costs of the alternative solutions and
the benefits each solution would provide to system reliability.

Predictive As technology has advanced, so have the maintenance tools used by the
electric utility industry. Advances in equipment-monitoring capability and analytical
techniques now achieve many of the benefits of proactive maintenance while avoid-
ing the costs of inspecting and overhauling equipment that is operating well and
poses no current threat to unit reliability or employee safety. Predictive capability
also allows threatening conditions to be discovered and mitigated prior to failure,
thus avoiding the cost of lost generation, wear and tear on equipment that occur
during the shutdowns and startups that accompany failures, and safety risks associ-
ated with a failure.

Examples of predictive or condition-based maintenance are plentiful. Deteriora-
tion of a piece of rotating equipment can now be discovered by spectral analysis long
before vibration reaches levels that would have been detectable with originally in-
stalled equipment. Portable vibration-monitoring equipment allows this analysis
technique to be extended to components that have never previously been equipped
with any type of vibration-monitoring equipment. Evaluation of metallurgical sam-
ples now enables the condition of tubing or other structural members to be deter-
mined and the remaining service life of the component to be predicted with in-
creased precision. This allows the replacement of components before failure while
fully utilizing the life of the component. Modern computational fluid dynamics capa-
bilities allow the prediction of corrosive conditions within boilers that may result
from installation of low-NOx burners. This enables localized mitigation techniques
such as protective cladding to be applied.

Timing of Maintenance Activities

The economic evaluation of maintenance activities at a generating unit is depend-
ent upon a total generating system optimization that assigns a role and set of oper-
ating objectives to each individual unit. Unit roles and objectives change because
of independent factors that include changes in fuel costs, overall economic condi-
tions, and the condition of other units in the operating system. As a unit's role
changes, the maintenance practice for that unit may also change.

For example, a unit operating as a “swing” or load-following unit affords more op-
portunities to patch or replace failed components one at a time without severely im-
pacting systemwide reliability because system load demand does not require that
the unit be operated continuously. (It should be noted that this swing mode of oper-
ation might, in fact, create more opportunities for failure because of the thermal,
mechanical, and electrical cycling of equipment and systems.) However, conditions
on the operating system (such as loss of another generating unit for an extended
period of time) can quickly change the role of the unit to base-load operation. Be-
cause a base-load unit is expected to operate continuously, opportunities for failure-
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driven maintenance are less frequent and certainly more costly. Proactive replace-
ment of a complete assembly of components that have failure potential, rather than
reactive replacement of individual components, may become economically justified
with the increase in production rate or hours of operation.

Many of TVA's coal-fired units experienced a major change of roles in the mid-
1980's when TVA decided to shut down all operating nuclear units for an extended
period because of safety concerns. The reliability of the coal-fired units during this
period became critical to meeting system demand and fulfilling TVA’s mission and
obligation to serve.

Decisions to repair or replace and the scope of the repair or replacement are not
based only on assessments of the least-cost approach to maintaining the requisite
reliability of TVA's generating and transmission system. The evaluations of options
at a generating unit must also include consideration of the condition of the rest of
the electrical system and the general economy as well as the safety of TVA employ-
ees.

Technologically Superior Replacement It has been the common practice within
TVA and the utility industry for decades to replace components and systems with
state-of-the-art equipment that is often more reliable or more efficient than the
original, sometimes obsolete, component. It is also typical for maintenance activities
to include improved maintenance and operational practices that respond to condi-
tions experienced during actual operation of the unit. The following discussion lists
specific examples of these practices on the TVA system.

Replacements with improved design or materials

« Boiler feedpump recirculation valves for supercritical units underwent a com-
plete evolution of materials and design and were replaced numerous times on many
units.

¢ Cooling tower fill was replaced with fill systems that had better structural and
thermal properties and/or eliminated asbestos materials.

« Metallic expansion joints were replaced with more durable fabric joints.

* Insulation of generator stator bars was upgraded because of continuing failures
of the originally supplied design.

« Steam turbine blade shape and materials of construction have been improved
with resultant increases in thermodynamic efficiency and reliability.

* Feedwater heaters have been completely retubed with new materials that have
improved the reliability of the heaters with resultant increases in thermal efficiency
of the generating units.

« Analog control systems have been replaced with digital systems that provide
increased control flexibility and accuracy and improved reliability.

Improved maintenance tools or operational practices:

¢ Continuous-cleaning systems for condenser tubes have increased efficiency
through improved heat transfer capability and increased reliability by eliminating
the need for unit outages or short-term load reductions to manually clean tubes.

« Vibration-monitoring systems with expanded capability have provided in-
creased analytical capability and have increased the number of pieces of rotating
equipment that can be monitored. This has resulted in improved reliability by mak-
ing maintenance programs more effective and avoiding forced outages. Continuous-
emissions-monitoring equipment has been added to improve combustion controls
and overall thermal efficiency. Continuous-cleaning and filtration systems have been
added to lubricating oil systems of turbine generators and other large rotating
equipment to improve bearing life and decrease bearing-related forced outages.

« More recently, artificial intelligence control systems have been added to con-
tinuously optimize unit efficiency while minimizing pollutant emissions.

TVA Historical Practices

The overall maintenance philosophy described above has been in place at TVA for
many years. This philosophy is reflected in a report presented to the American
Power Conference in 1972, “TVA's Power Plant Maintenance Program” by T.H.
Gladney and H.S. Fox. At the time of that report, TVA's oldest coal-fired plant had
been in service just over 20 years. Many of the units were less than 10 years old.
The report clearly stated TVA's approach to maintenance:

In an effort to maintain unit reliability, major replacement or rehabilitation in
areas where excessive tale failures occur is made after an evaluation based on loss
of generation, cost of repairs, and damage to the and from frequent startups and
shutdowns indicates it is justified.

Examples of the types of routine maintenance activities and projects that were
identified in the report after less than 20 years of operation include the following.
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¢ In one family of 14 similar turbines, 3 high-pressure spindles had to be re-
placed because of creep-rupture cracking.

« Another high-pressure spindle was replaced and two intermediate-pressure
spindles were on order following discovery of unacceptable cracks in the rotor bore.

» Steam chests were replaced on two 700 MW units after only 8 years of oper-
ation.

« Four generators required complete stator rewinding with upgraded insulation
material, and 42 percent of the total generator fleet required partial replacement
of bars.

¢ Although the projects had not yet been implemented, the decision had been
made to pressurize the penthouse on all pressurized furnaces.

¢ Most crotch tubes, reentrant throat tubes, wrapper tubes, and face tubes had
been replaced at least once on all cyclones of two 700 MW units, and it was thought
that replacement of all cyclone tubes would be required within 3 to 5 years. (See
Paradise Unit 1 Cyclone Replacement Case Study later in this report.)

¢ Of 41 low-pressure heaters using admiralty tubing, 14 had been retubed using
better quality copper-nickel material and all others were anticipated to require re-
tubing in the near future.

¢ Stainless steel tubes were removed, heat-treated, and reinstalled in the super-
heater and reheater sections of 11 steam generators.

¢ The return bends in all reheater pendant elements of two steam generators
were redesigned and replaced.

These maintenance activities left the basic design of the steam/heat cycle and the
maximum heat input to the furnace unchanged. Within these overall design con-
straints, however, all of these maintenance activities were intended to improve the
reliability or efficiency of the generating units.

Case Studies

The same TVA maintenance philosophy has been consistently applied since the
Gladney-Fox report. Four case histories of maintenance projects are presented
below. Each case presents a discussion of the component, its function, and its condi-
tions of service; the relevant operational history of the component; alternatives con-
sidered; and the rationale behind the maintenance decision. This specific case is
then extended to analyze the history of replacements of the component on both the
entire TVA coal-fired system and a larger data set that represents either the entire
electric utility industry or a large segment of the industry.

Cyclone Furnace Replacement

Cyclone Background

As related in Steam: Its Generation and Use,3 cyclone-fired boilers were devel-
oped by Babcock and Wilcox (B&W) to burn coals with low ash-melting (fusion) tem-
peratures that are not well suited for pulverized-coal (PC) combustion. The ash from
these coals would enter the superheater of a PC unit in a molten state and create
severe slagging and fouling problems. The “cyclone” design developed by B&W ad-
dressed this problem by deliberately melting as much ash as possible and draining
it from the bottom of the furnace. This kept molten slag out of the superheater and
substantially reduced the total amount of ash that was transported out of the boiler
with the flue gas (fly ash). The cyclone design also had these collateral benefits:

« Eliminated the need for high-cost and high-maintenance pulverizers.

¢ Resulted in overall smaller furnaces (with the associated reductions in power-
house dimensions).

¢ Required smaller particulate collection equipment due to reduced fly ash load-

ing.
¢ Opened the market to a range of fuels that were not usable with pulverized-
coal firing.

The design objective was accomplished by creating a zone where combustion takes
place outside the main furnace. The hot flue gas and molten slag then discharges
into the main furnace, with the gas being cooled and discharged from the top of the
furnace while the molten slag is kept at elevated temperatures and is drained
through the main furnace bottom. This allows very high temperatures to be main-
tained in the combustion zone while the majority of the evaporative heat transfer
occurs in the main furnace.

These combustion zones or “cyclones” are horizontally oriented, cylindrical barrels
that attach to the sides of the main furnace. Cyclones range from 6 feet to 10 feet
in diameter. As few as 1 or as many as 23 of these cyclones are attached to the

3Babcock and Wilcox, Storm: Its Generation and Use, 40th edition, 1992, pp 14-1-14-11
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main furnace of different units. The term “cyclone furnace” is used to describe both
the individual cyclones and the total furnace assembly of a cyclone-fired unit. The
cyclones are a water-cooled, tangent tube construction, but a thick layer of refrac-
tory lining is used to protect the tubing material while allowing the sustained high
temperatures (greater than 3000F) needed to consistently melt the ash. BOW de-
scribes the operation of cyclones as follows:

Crushed coal and some air . . . enter the front of the Cyclone through specially
designed burners in thefrontwall of the Cyclone. In the main Cyclone barrel a swirl-
ing motion is created by the tangential addition of the secondary air in the upper
Cyclone barrel wall. A unique combustion pattern and circulating gas-flow structure
result. . . . The products of combustion eventually leave the Cyclone furnace through
the re-entrant throat. A molten slag layer develops and coats the inside surface of
the Cyclone barrel. The slag drains to the bottom of the Cyclone and is discharged
through the slag tap. 4

While cyclones achieved their design objectives, they also presented some difficult
problems. The introduction of crushed coal and air at high velocities resulted in ero-
sion problems, particularly in areas of the cyclone that do not form a protective slag
layer. The hot, molten slag environment also introduced high risk for corrosion dam-
age to the water-cooled tubes. Generally, the refractory material would protect the
tubing. However, in areas where refractory eroded, cracked, or otherwise was re-
moved from the tubing, the tubing’s exterior surfaces would be subjected to the cor-
rosive matter (such as iron sulfide) and rapidly lose metal thickness and strength.
As a result, cyclones were plagued by tube failures that resulted in forced outages
and decreased reliability. In the face of these cyclone failures, B&W developed reha-
bilitative repair and replacement strategies, such as welding flat steel stock onto
tube surfaces in areas of high erosion potential and using a high-density pin-stud-
ding pattern to better hold refractory in place.

Paradise Unit 1 Case Study

Unit 1 of the Paradise Fossil Plant (located on the Green River in Muhlenberg
County, Kentucky) is a 700 MW (nominal) cyclone-fired unit that was put into serv-
ice in 1963. It has 14 ten-foot diameter cyclones—7 on each of the front and rear
walls. Its boiler produces steam at 2450 psi”, 1003F. Within its first year of commer-
cial operation, the unit began experiencing failures of cyclone tubes. These failures
increased in frequency such that by the time of the Gladney and Fox report in 1972,
most of the crotch tubes, reentrant throat tubes, wrapper tubes, and face tubes had
been replaced at least once. It was projected at that time that replacement of all
cyclone tubes would be mandatory within 3 to 5 years, but this anticipated whole-
sale replacement was delayed by a manpower-intensive program of frequent,
proactive, tube replacements. This piecemeal replacement of the tubes continued
through 1982; however, during this period the cyclones continued to exhibit failures
that resulted in decreasing reliability, wear and tear on equipment, and labor and
materials charges. The increase in unit forced outages from 1962 is shown in Figure
1. (The peak forced-outage rate experienced in 1979 was the result of a single tur-
bine casing failure that resulted in a forced outage of approximately 1350 hours and
contributed 20.5 percent to the 42.5 percent forced-outage rate for the year. Without
this single event, the forced-outage rate for 1979 would have been about 22 per-
cent—consistent with the trend at the time but still unacceptably high.)

4Babcock and Wilcox, Steam: Its Generation and Use, 40th edition, 1992, p. 141.
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The contributions to forced outages for calendar year 1982 are analyzed in Table
4 below. These data show that cyclone failures were the principal cause of the unit's
degraded performance.

Table 4
Paradise 1—1982 Forced Outage Rate (FOR) Analysis

Estimated Dif-

Forced . ferential
Description 2‘\%“?5 Oﬁgjrgse MWH Loss Contr#OT'g Unit Sme;\ Fési
Cost

Cyclone Tube Leaks 10 882 516118 15.50 4,077,000
Waterwalls .............. 2 158 98052 2.95 775,000
Condenser Shell . 1 158 10839 0.33 86,000
Wet Coal .....ccoorrerens 2 11 6881 0.21 54,000
Main Turbine Control Valve . 2 5 2903 0.09 23,000
Main Turbine Shop Valve . 1 2 1002 0.03 8,000
Boiler Feedpump Turbine . 1 1 744 0.02 6,000
Total ... RN 19 1026 636539 19.12 5,029,000

In addition to decreasing reliability and increasing costs, cyclone repairs were be-
coming increasingly manpower-intensive. Although there were only ten forced-out-
age events attributed to cyclones during calendar year 1982, there were 213 tube
leaks (and 168 leaks in 1981). Each of these leaks required maintenance attention.

As discussed above, when equipment experiences repeated failures that adversely
impact performance, it is TVA’s practice to undertake a structured analysis of var-
Lous alternatives to correct the problem. The maintenance decision involves a choice

etween:

* Repair or replacement of individual components (reactive maintenance);

¢ Replacement of other components that have also experienced conditions that
could affect future performance (proactive maintenance); and

¢ Incorporation of improved materials or design elements that might help ad-
dress the causes of equipment degradation in the future.

TVA evaluated three primary options to address this unacceptable situation.

1. Do nothing—Make no proactive tube replacements. Take only those measures
necessary to return the unit to service after cyclone tube failures.

2. Status quo—Continue with the past program of proactive replacement of dam-
aged or high-risk tubes.

3. Replacement—Replace all cyclones in a single scheduled outage, incorporating
advances in materials and design developed by BOW based on lessons learned in
service.

TVA knew that there were similar cyclone problems at other utilities and that
other utilities had replaced cyclones as part of their maintenance programs. The
TVA analysis considered the results that had been achieved or projected by other
utilities with similar large boilers. The results achieved by these utilities are shown
in Table 5 below.
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Table 5
Results of Prior Cyclone Replacements
Unit 1 Unit 2 Unit 3
Availability BEFOe ........c.ovvrverrrirriirisesiesses e 60% 59% 50%
1Availability After .......... et 82% 8% 75%*
FOR** Before ........cc........ e 24.5% 29% 35%
FOR After ... SRR 6.58% 13% 12%*

* Projected results—projects were being implemented at time of economic evaluation.
** FOR—*Forced Outage Rate.

Based on TVA's experience to that time, complete inspection and evaluation of the
condition of the cyclones, and the results of similar replacement projects performed

by others, TVA projected the future performance of the unit for all three options as
shown in Figure 2.
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Using these projections for future performance, the expected cost of the three op-

tions, and projected differential costs for replacement power, the economic analyses
Droduced the results shown in Table 6.

1Table 6
Paradise 1 Cyclone Options Economic Evaluation
Low-Load High-Load
Forecast™ Forecast*
Present Worth Savings ($ million):
Alternative 2 vs. Alternative 1 ... . —2.70 5.90
Alternative 3 vs. Alternative 1 .... . 15.90 45.30
Benefit/Cost Ratio:
Alternative 2 vs. Alternative 1 .... . 0.75 158
Alternative 3 vs. Alternative 1 .... . 211 5.12

* TVA typically projects a range for future energy demands on its system: low-, medium-, and high-load forecasts. This table shows the
range of cost estimates based on the low- and high-load forecasts at that time.

As Table 6 shows, Alternative 3 (full replacement during a scheduled outage) was
the best alternative, maximizing both the savings and the benefit/cost ratio for both
the low- and high-load forecasts. TVA chose Alternative 3 and implemented the
project in 1984.

Experience on the TVA System

TVA operates six cyclone-fired units, three each at the Allen and Paradise Fossil
Plants. In total, the Allen units have 21 seven-foot diameter cyclones and the Para-
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dise units have 51 ten-foot diameter cyclones. All the cyclones have experienced the
erosion and corrosion problems discussed above and, like Paradise Unit 1, all the
originally supplied cyclones have been replaced. Figure 3 depicts the replacement
history for these cyclones since 1978. The major tubing replacements refer to re-
placement of reentrant throat tubes at the Allen Fossil Plant. (Note that the re-
placements during the proactive, partial tube replacement effort are not included in
Figure 3. That effort, which was performed at all TVA cyclones, is discussed above
in the case study for Paradise Unit 1.)
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Other Industry Experience >

The TVA experience with operating and maintaining cyclones is not unique. Vir-
tually all cyclone owners have encountered the same problems with varying degrees
of severity. There are 96 electricity-generating stations in the United States, (total-
ing 26,152 MW of capacity) powered by cyclone-fired furnaces. These units contain
701 individual cyclones. At these units, 300 cyclones (representing 13,981 MW of ca-
pacity) have been replaced since 1979. Industrywide data on partial replacements
were not available for this report. Figures 4 and 5 show the number of cyclones re-
placed and the associated capacity as a function of cyclone age. The median age of
the replaced cyclones was 21 years, while the mean age of those cyclones was 23.1
years.

Of these 300 replacement cyclones, only 13 cyclones (representing a total capacity
of 569 MW) were replaced with identical cyclones. All other replacements included
some improvement based on the B&W rehabilitative repair and replacement strate-
gies (discussed in the background above) or similar measures.

5Throughout this report, TVA experience is also included in the analysis of industry experi-
ence.
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It is apparent from the TVA case study and the analysis of industrywide mainte-
nance history and practices that full replacement of cyclones has occurred frequently
throughout the industry. It is also apparent that cyclones have been replaced on
units of varying ages, confirming that many variables affect the actual condition and
performance of boiler components. Full replacement of cyclones to correct problems
created by corrosion and erosion of materials has occurred frequently and routinely
throughout the utility industry.

Balanced-Draft Conversion
Balanced-Draft Background

In the 1950's, boiler designers began to employ a new design concept for large
utility boilers—pressurized furnace operation. Prior to this design, the furnaces of
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all utility pulverized-coal-fired boilers had operated under a slight vacuum (negative
pressure). The majority of these negative-pressure furnaces operated in a “balanced
draft” mode. That is, they were equipped with a forced-draft fan that supplied the
combustion air to the furnace and an induced-draft fan that mechanically drew the
combustion gasses out of the furnace and expelled them through the chimney. Some
smaller units were equipped with only an induced-draft fan, while some had no fans
at all, using the draft effect of the chimney to draw air into the boiler and evacuate
the combustion products.

There were several recognized incentives to move to pressurized firing. Operation
with a negative-pressure furnace introduces some inefficiency caused by the un-
avoidable in-leakage of air not needed for combustion. This extra air requires addi-
tional motive power from the induced-draft fans and increases thermal losses be-
cause the total mass of hot gas lost from the system through the chimneys is in-
creased. Keeping the furnace, the convective sections of the boiler, and the duct to
the chimney under positive pressure eliminates this inefficiency. In addition, elimi-
nation of the induced-draft fan lowers the initial cost of the draft system and subse-
guent operation and maintenance costs.

The early installations with this forced-draft system design were initially success-
ful and were soon followed by construction of other small, pressurized firing units.
Pressurized firing was increasingly used in the industry by the mid to late 1950's
and was widely accepted by the mid-1960's. (Of 284 boilers sold from 1955 to 1965
by Babcock and Wilcox and Combustion Engineering, the two largest boiler suppli-
ers in the United States, 127 were pressurized. Of 185 sold from 1966 to 1975, 76
were pressurized.)

Although the pressurized furnaces were gaining in popularity during this period,
certain shortcomings in the concept began to be manifested. Leakage of air into the
furnace was replaced by leakage of combustion products out of the furnace. These
combustion products, laden with fly ash and high concentrations of SO, and other
corrosive gasses, caused several unacceptable conditions that called for a mainte-
nance response:

¢ Infiltration of corrosive gasses and fly ash into the penthouses above the fur-
naces resulted in accelerated corrosion and structural failures.

* The employee work environment deteriorated because of exposure to high con-
centrations of combustion byproducts.

« Corrosion of components in the powerhouse near the boilers increased.

* Rotating machinery was exposed to increased levels of damaging particulate
matter.

« Component performance was degraded because accessibility to the components
was reduced, impeding performance of maintenance.

As a result, no pressurized Babcock and Wilcox units and only two pressurized
Combustion Engineering units were sold after 1975 (none after 1977), and many
utilities began to replace their forced-draft systems with balanced-draft systems to
address equipment degradation and related health and safety problems. Some of the
replacements were undertaken for economic reasons based on loss of reliability
caused by component failure and inability to perform required maintenance. How-
ever, the primary reason for many of the replacements, including those on the TVA
system, was improvement of the operating environment for plant personnel— em-
ployee health and safety.

The trend back to balanced-draft systems was accelerated by the addition of con-
trol equipment to meet air-quality regulatory requirements. The new control equip-
ment added resistance (pressure drop) to the flow of the flue gas. Often, this added
resistance could not be overcome by the existing draft system. Thus, when a utility
considered the addition of control equipment, one of the options considered to en-
hance the draft system to accommodate the added pressure drop was replacement
with a balanced-draft system. This was often the preferred option because it both
accommodated the added pressure drop and resolved other operational, mainte-
nance, and safety concerns, as discussed above. A TVA survey of 79 balanced-draft
conversions indicates that 68 were done either out of concerns for employee health
and safety or in conjunction with the addition of pollution-control equipment.

Cumberland Unit 1 Case Study

Unit 1 of the Cumberland Fossil Plant (located on the Cumberland River in Stew-
art County, Tennessee) is a 1300 MW (nominal) opposed-wall, pulverized-coal-fired
unit that was put into service in 1973. It produces steam at 3650 psi”, 10030F. The
unit was not yet in service at the time Gladney and Fox reported in 1972 that the
decision had been made to pressurize the penthouse on all pressurized units. This
decision was made in an effort to mitigate the severe maintenance and safety prob-
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lems that had been encountered on the six other TVA units that had been operating
with pressurized furnaces.

Very early in the life of the Cumberland unit, it was apparent that state-of-the-
art efforts to reduce gas leakage were inadequate. (These efforts included the rede-
sign of tubing penetrations, sootblower penetration seals, expansion joints, and
other design details aimed at reducing the tearing of ductwork and other pressure
boundaries during boiler startups and shutdowns.) The environment inside the pow-
erhouse when the unit was operating was intolerable—especially at upper elevations
near the boiler bay. It was determined that the SO, concentrations inside the pow-
erhouse exceeded the levels allowed for safe industrial occupancy.

Cumberland also was unable to consistently attain the reliability that is normally
expected of a new generating unit. While this was due to a nhumber of reasons, TVA
determined that the hostile environment caused by the leakage from the pressurized
furnace was a major contributor to the unit's poor initial performance, which is de-
picted in Figure 6.
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Accordingly, TVA decided to replace the pressurized firing system with a bal-
anced-draft system in conjunction with its decision to add new, high-efficiency elec-
trostatic precipitators to the unit for particulate control. In this instance, a rigorous
economic evaluation justifying the decision was not made; providing a safer work
environment for employees was deemed a major priority. The authorization docu-
ment for the conversion states:

... (G)as leakage from the boilers has resulted in sulfur dioxide and fly ash prob-
lems in the plant. Sulfur dioxide concentrations exceed the recognized national
standard established to limit employee exposure and also prohibit adequate equip-
ment maintenance and increase unit deratings. Also, the entrained fly ash infil-
trates plant equipment, resulting in premature failures and further deratings. The
addition of induced-draft fans and conversion to balanced-draft firing will eliminate
these problems.

... The addition of induced-draft fans and conversion to balanced-draft firing will
bring the two Cumberland units into compliance with TVA Code VIII HAZARD
CONTROL and consistent with the Occupational Safety and Health Act of 1970.
The cost of converting these units to balanced-draft is estimated to be $41 million;
this cost will be partially offset by the potential saving of reduced deratings and
unit trips and by reduced plant maintenance. &

The project was approved in 1978 and implemented in 1981.

Experience on the TVA System

Eleven of TVA's 59 operating units, totaling over 7,100 MW, were initially con-
structed and operated with pressurized furnaces. This included all units that went
into service between 1962 and 1973. Today only one of these units, the 900 MW Bull
Run unit, remains in pressurized operation.

Bull Run is unique among the TVA pressurized units in that it has historically
burned coal with a much lower sulfur concentration. (The lower sulfur content re-

6 Tennesssee Valley Authority Project Authorization, Serial No. 3384, September 29, 1978.
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duces the corrosiveness and SO, concentration of gasses that may leak into the pow-
erhouse.) Bull Run has experienced many of the adverse conditions associated with
pressurized firing. However, the twin-furnace, membrane-wall construction of the
unit combined with its continuous operation as a base-load unit burning low-sulfur
coal has allowed plant staff to maintain a safe working environment while balancing
the impact of reduced reliability and other economic penalties associated with pres-
surized units. The penthouse at Bull Run was pressurized in 1972.

Similar to the Cumberland project, other forced-draft system replacement projects
on the TVA system were performed in conjunction with addition of environmental
control equipment. Table 7 summarizes the history of TVA balanced-draft conver-
sions.

Table 7
Draft System Replacements of JVA Coal-Fired Units

Date of  Concur-
Draft rent En-

System viron-

Replace-  mental
ment Control

Date of
Initial
Oper-
ation

Unit Size, MW

............. 330 1959 1991 None
330 1959 1993 None
. 330 1959 1993 None

......... 500 1965 1981 None

Colbert 5 .

Cumberland 1 ........ [T 1300 1973 1981 ESP
Cumberland 2 ........ 1300 1973 1982 ESP
Paradise 1 ............ ST ST, 700 1963 1983 FGD
Paradise 2 ........... s 700 1963 1983 FGD
Paradise 3 ... 1150 1970 1983 ESP*

Widow’s Creek 8 .. e 500 1965 1977 FGD

* Paradise 3 replacement of forced draft system was delayed one outage cycle by delays in delivery of induced draft fans.

Other Industry Experience

There are no readily accessible data that identify industrywide pressurized fur-
naces and those where a forced-draft system was replaced with a balanced-draft sys-
tem. However, TVA was able to obtain data from a large sample of U.S. utilities
that own a significant number of coal-fired generators. This data set includes 19
utilities that operate 166,000 MW of fossil generation. These utilities collectively
own 151 boilers that were purchased and initially operated with pressurized fur-
naces. Within a 15-year period beginning in 1972, utilities replaced forced-draft sys-
tems with balanced-draft systems on 73 of these units. (Six other units were con-
verted between 1991 and 1995 for a total of 79 conversions representing 52 percent
of the sample population.) Draft system replacement did not alter these unite’ treat
input capacity or steam flow but in most instances reduced the net electrical output
because of increased auxiliary electrical loads for the induced-draft fans. The ages
of the units at the time of the conversions are shown in Figure 7.
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These data show that replacement of forced-draft systems with balanced-draft sys-
tems in order to address equipment degradation, maintenance problems, health and
safety concerns, and pollution control requirements has occurred frequently in the
utility industry. The data show that these draft system replacements occurred re-
gardless of the age of the unit, with age at conversion ranging from 4 to 36 years.
On the TVA system, conversions to balanced-draft were justified primarily because
of the need to improve working environments for employees. Improvement in unit
reliability was an important collateral benefit. Balanced-draft conversions have oc-
curred frequently and routinely in the utility industry.

Reheater Replacement

Reheater Background

Modern coal-fired power plants operate on cycles based on the regenerative
Rankine cycle. In this cycle the boiler feedwater is converted to superheated steam
in the boiler and used to drive a turbine-generator for electrical energy production.
The steam is then condensed to liquid water to allow it to be pumped back to the
boiler. The water is then heated using heat exchangers and returned to the boiler
again as the boiler feedwater (thus being a regenerative cycle). In efforts to increase
the plant thermal efficiencies (that is, reduce the amount of coal required to be
burned for a specified output of electric power), the cycle was first improved to use
superheated steam and then further improved with the addition of the reheat cir-
cuit. This latter addition, referred to as the reheat cycle, includes removing energy
from the superheated steam in a high-pressure turbine and then returning the
steam to the reheat section of the steam generator for additional heat energy. The
steam is then again returned to the turbine-generator for further energy removal.
For large installations, reheat makes possible a thermal efficiency improvement of
approximately 5 percent and substantially reduces the heat rejected to the con-
denser cooling water.”

Most of the TVA coal-fired plants built since 1951 (all since 1954) use the reheat
cycle. The portion of the steam generator that transfers the heat to the steam is
referred to as the “reheater” or the “reheat superheater.” This system is, in general
terms, a simple single-phase he