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MODULARIZATION AS AN AVENUE

TO ECONOMIC COMPETITIVENESS

W. Patrick Keene

Mr. Cottrell has done an excellent job in showing us how shipyards can play a vital role in
the modular construction of large scale electromechanical processing plants. Land based
nuclear power plants fit well into United States shipyard capabilities.

Some American shipyards have always been innovative leaders in construction techniques
and imaginative products. Avondale's recent association with the AP-600 project is no
exception and I am grateful to have been asked to respond to this idea of shipyard
participation in construction of advanced nuclear land based power plants.

The American shipbuilding industry has witnessed a generally declining market over the
past forty years; but in the face of that decline, a few very large and healthy shipyards have
emerged. My company, Litton Industries' Ingalls Shipbuilding Division is among them. Indeed,
the construction of nuclear reactors and their associated marine propulsion plants has continued
unabated for thirty-five years in our private shipyards. More than 180 such plants have been
built. Our own yard has built twelve and, in addition, overhauled and refueled an equal
number. This nuclear experience, combined with the modular experience covered by Mr.
Cottrell, would be a cornerstone in the use of shipyards to accelerate nuclear power plant
development.

As Mr. Cottrell has ably shown, the ability of shipyards to plan, construct and trans-ship
very large modules to remote sites has been repeatedly demonstrated. Ingalls recently
completed just such a project - a complete naval gas turbine propulsion and electric plant for
crew training was built in Mississippi and shipped in modular form up the Atlantic and down
the St. Lawrence Seaway into the Great Lakes training center.

It is clear that today's large private shipyards have capacity, capability and experiences
far in excess of what is needed for today's ship construction and repair requirements. Today,
quantities such as:

140,000 tons of steel
450 miles of pipe

2800 miles of electrical cable
125 tons of ventilation duct

are annual throughputs of our four largest shipyards. These quantities represent approxi-
mately 70% of capacity of the four major shipyards. This capacity is available in private
shipyards because of continuing capital investments. More than four billion dollars of such
investment resides in today's major shipyard facilities.

The AP-600 power plant and possibly other passively safe type designs have reduced bulk
quantities significantly. If we assume that as much as 75% of this design can be constructed as
shipyard modules, then clearly two or three units per year fall within any one shipyard's
annual capacity. Even with new ship construction levels equal to those of the past several
years, modularized units for land based nuclear power plants of the AP-600 size could be
produced at an annual rate of perhaps ten per year.
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Another consideration in choosing shipyards would be the resident program management
skills already in place. Nearly all shipbuilding contracts are large scale, multiple unit, multi-
year endeavors requiring technical design, world wide materiel purchasing, detail planning
and scheduling, quality and cost control skills and techniques. Moreover, as previously men-
tioned, the shipbuilding community taken in a generic sense has been exposed to nuclear
construction and the inherent quality control record keeping required by the U.S. Navy, the
NRC and other regulatory agencies. Safety of handling equipment, community acceptance of
constructing nuclear products and shipyard worker attitude would not bring any cultural shock
into the industry.

Of course, as with most issues, we must focus on costs. As Mr. Cottrell's work on the AP-600
project has revealed, costs would be reduced in choosing a shipyard for selected modules.
Modular production has reduced ship costs by millions of manhours and modern, complex naval
ships are in many respects more complex than power generating plants. Standard designs
should not only enhance modularization but speed up the licensing process. Parallel construc-
tion paths are available to a prime plant contractor using one or more shipyards. Learning
curves of 85% and better are standard in the shipyards of the United States on multiple units.
For those not familiar with learning curve calculations, this means that unit ten produced in a
modem shipyard would cost about 85% of unit one. Although Ingalls has not sought out this
market in the recent past, it will bear watching as the future unfolds a world where the gross
consumption of fossil fuels (at least to produce electrical energy) must soon be curtailed. Indeed,
it is becoming shameful that the United States with our demonstrated technological
capabilities has not been the world leader in nuclear power generation. A national energy
policy would be welcome to all Americans, and the shipbuilding industry has the ability and
strength to contribute.

Finally, I would like to congratulate Professor Michael Golay fr arranging this First
International Conference on this subject and look forward to participating. Perhaps in the
future our shipyards may be called upon to examine solar and geothermal modular plants as
well.
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MODULARIZATION AS AN AVENUE TO

ECONOMIC COMPETITIVENESS

DISCUSSION

While the majority of discussion of this session focused on manufacturing issues, there were
some technical questions regarding Avondale Industries' contributions to the AP-600 project and
concerns about modularization in general. The question was asked whether the AP-600 was
designed from the start to take advantage of opportunities for modular optimizations. It was
explained that was in fact the case, that from the earliest design work it used a modular plan,
taking into account all the variables of such a design. It was also pointed out that an analysis
for economic optima would probably show that some systems might best be built at the plant
site rather than shipped as modules. However, it was estimated that 40-50% of the total
plant range could be developed as rail-shippable prefabricated systems.

Some concern was expressed about making modules too densely packed for easy maintenance,
in an attempt to limit their sizes to rail-shippable proportions (roughly 4 4 x 6 m); an analogy
was drawn to the dense-packing typical on a marine vessel. The AP-600 has been designed to
allow for access between modules, and with most operating equipment, such as valves and
filters, located on the face adjacent to the module for ease of access in operation and removal.
Systems are designed and fabricated to meet all criteria of good practice for operation and
maintenance, they are not miniaturized or densely populated. It was pointed out that there is
nothing constrained or overly compact in the 192MWe hydroelectric plant built by Avondale,
and that the plant layout is exactly like a plant built by conventional methods.

An interesting turn of the discussion came when the question was raised concerning whether
the modular design would be simple to take apart when the plant is decommissioned. The
response was that some parts would be, while other parts would have concrete poured into them
once in place. This led to the assertion by one participant that modules and systems should be
removable in the event of an accident.

One of the Italian participants related some of the experience of a project led by Ansaldo in
Italy, where a 116 scale model of an entire plant has been built in order to study modulariza-
tion possibilities. Requirements for inspection and maintenance were considered, and all
parameters optimized with respect to minimizing personnel exposure. All replaceable equip-
ment were made small, and procedures were specified for removal by the shortest path. The
conclusion was that the plant layout must be made to allow replacement of systems rather than
entire modules.

The issue of standardization was discussed in the context of both modular and conventional
designs. It was recognized by all participants that, while standardization would improve the
economics of construction, maintenance, and safety regulation of a conventionally-built plant, it
is absolutely essential if modular plants are to be built, especially if one goes into series
construction, employing parallel fabrication paths and using more than one site to fabricate. It
was also mentioned that shipyard design has has utilized extensive computer-aided design
(CAD) capability that enables a check for interferences in designs before the final drawings are
issued. This capability should also be applicable t eactors in both fabrication and on-site
placement of modules.

The economics of modularization were discussed in terms of the initial plant construction
duration, including delay due to required design changes, and the dependence of costs upon plant
power capacity. One participant quoted an estimation of 55% that could potentially have been
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saved in the costs of construction of existing, conventionally built plants; with 10% of these
savings obtained from standardization and 45% from an improved regulatory process where one
could proceed with construction from start to finish without design changes. This view was
countered with the suggestion that the actual increase in costs due to delays is closer to 10-15%,
if the calculation is based on constant dollars as opposed to current dollars. It was explained
that the projected construction savings of a modular plant over a conventional plant, of 30 in
capital cost, is based on use of current dollars for the estimate. However, that estimate does not
take into account the fact that the construction schedule is much shorter, so there would be
additional savings in interest costs and reduced delays in use of the facility.

As a great deal of the focus of the interest in modularization has arisen in the area of
smaller, passively safe reactors, there was some discussion of the economics of small reactors.
These reactors take advantage of system features not usable in large reactors, such as natural
CiTCUlation for the BWR internal coolant recirculation and the fact that in the case of the AP-
600, heat can be removed from the containment by natural circulation on its outside. By use of
such mechanisms, designers are able t educe costs by eliminating some systems. But coincident
with those savings, there is a problem arising from diseconomies of small size, in that using
passive safety features, LWRs are designed in the 60OMWe neighborhood, and the LMR and
HTGR are even smaller. Using such plants, the industry must construct and operate a larger
number of plants to meet the same power capacity requirements. It was argued that large plants
using some passive safety features could approach the safety levels of the saller plants using
more passive features. The large General Electric advanced boiling water reactor (ABWR) was
given as an example, where melt-through plugs will allow water to cover the core after a core-
damage event; the result is that, although the reactor is wrecked, offsite the dose is held
within allowable limits.

There was discussion concerning learning curves effects, and it was stated that shipyards
usually attain asymptotic costs of 85% of the initial construction costs, conservatively, while
making two to four units per year. Litton Industries has achieved similar results in offshore oil
drilling industry applications when producing ten or more units annually. It was pointed out
that in reality there will not be even one modular reactor produced per year in the foreseeable
future; consequently the nuclear power industry will be rather far back on the earning curve-
the response given was that, although all of these statements may be true, even so the first
plant is significantly less expensive and faster to build than a plant built by the conventional
approach.

Two notes of caution were given by one participant who had some experience constructing
modules in the mid 1970s similar to the package units mentioned in the presentations of this
session. These were that it is very easy to pack a module to densely and care had to be taken to
avoid this. Also, that one had a tendency to want to pull out a big module in order to replace a
component within it. This aspect made it more costly than it would have been otherwise if
design emphasis had not been so concentrated on modularization.

The view was expressed that the main option for construction improvement in the near
future are modularization and star-dardization as applied to evolutionary water-cooled
reactors. This is because the chances of the NRC requiring design changes during construction
are much smaller than if the design were of a revolutionary sort. Te other reason cited for this
view was that the wealth of experience and information available concerning water cooled
reactors is much greater than with other concepts. However, this view was countered by the
fact that the experience of some 54 gas-cooled reactors worldwide is available to draw on for
design guidance.

A great deal of discussion centered around the issue of mid-construction alterations to
design, resulting from changes in safety regulations as well as self-imposed changes. It was
suggested that the design is particularly susceptible to such changes when commencement of
construction occurs prior to completion of the design process. Referring to the mid-construction
changes in design that caused much of the over-runs of costs and schedules for which many of
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the currently operating plants are famous, it was stated that those plants were being built in an
environment where it was acceptable to be engineering a plant and building it at the same time.
The assertion was made that in today's climate, with regard to deciding to build a plant,
financing, and getting regulatory approval, it is now inconceivable to start construction on a
plant that is not 100% complete from an engineering standpoint. So regardless of whether the
decision is made to build by conventional or modular means, if one finds oneself in an
environment where a plant design is changing as fast as it is being built, there would still exist
the same factors that have made nuclear power plant construction highly uncertain and
expensive.

Conversely, it was expressed that there is no such thing as a frozen design, even after
construction is complete, as evidenced by our current generation of reactors. It should not be
assumed that once this next generation reactor is certified as being acceptable by the safety
authorities, there will be no changes in design for sixty years. Changes will be ade in the
final construction decisions and in what the NRC might require as improvements. Both in
prefabrication and in field-construction, allowances must be made in areas where significant
uncertainties exist. Also, one must consider in the design that a certain kind of instrument used
today may not be available for replacement in forty or fifty years.

It was also pointed out that constructors who had been used to the conventional construction
approach were nervous about waiting to begin machining of materials until the engineering was
complete, being afraid that doing this would greatly lengthen the construction duration.
However, in the experience of Avondale Industries, a conscientious and thorough approach to
parallel path modular construction has actually resulted in a shortened overall construction
schedule.

Some conference participants expressed the view that the modular approach loses some of
the flexibility needed to deal with changes that may come about during construction, but in the
experiences of Mr. Cottrell and Mr. Keene, the converse is true. If changes ae proposed f a
specific module, one can delay construction of that module while continuing on with unaffected
modules. Similarly, if a particular module is late coming from one vendor, it does not stop
construction of the remainder of the plant It was agreed, however, that any changes that come
about during construction will still have an adverse effect upon schedules and costs, and that as
the number of parallel paths in use increases, the more dramatic is that effect.

At several points during the discussion, it was asserted that one of the main reasons for the
continually changing design experienced in construction of the existing plants was the continual
imposition of changes in regulations. It was asked of the Commissioner of the NRC present, Dr.
Forrest Remick, what are his impressions of the stability of the egulatory standards of the
NRC today. His response: "Commissioners are appointed for five years. The stability of
procedures looks good at least for the next few years. If plant designs become standardized, this
should result in increased stability overall. Some factors remain in doubt, however. Members
of the Advisory Committee on Reactor Safeguards (ACRS) have asked "What do we mean by
certification and rulemaking?" No one fully understands what this process is all about. The
Commission is learning as this proceeds, and I sense complete sincerity within the commission to
make this effort successful.

"From a utility viewpoint, important factors are standardization, consistency, and
coherence in the NRC's actions' Something which will contribute to regulatory stability is for
the NRC to review these designs thoroughly. If this isn't done well, the potential exists for
later backfits and changes. The NRC must do a good job at the beginning of a project. I have
some concerns about whether this will be done. The NRC is losing people due to retirement, it
has limited rources and has become very much an inspection agency. Historically, the
strengths of the NRC have been in analysis and review of safety. It is important to maintain
that capability."
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INTRODUCTION

Session 3 - Nuclear Power Public and Utility Acceptance Issues in the United
States

This session consisted of a panel discussion focused upon the situation of the United States.
The panelists were:

• Dr. Ian Beyea, Chief Scientist of the National Audubon Society. He has been vigorous
in writing and speaking about the conditions under which future nuclear power
technology could be acceptable to, at least, a sector of the environmental protection
lobby.

• Dr. Andrew Kadak, President of the Yankee Atomic Electric Co. He has been active in
public communications and within the nuclear electric industry regarding a variety of
issues concerning nuclear power.

• Dr. Bertram Wolfe, Vice President of the General Electric Company, with
responsibility for all nuclear power activities. He has also been active within nuclear
industry circles assessing the situation and future of nuclear power, and communicating
his ideas broadly.

• Mr. William Young, Assistant Secretary of Energy for Nuclear Energy, with
responsibilities for the activities of the U.S. Department of Energy in all areas of
civilian nuclear power, except for radioactive waste disposal. Of particular
importance for the Conference, these activities include development of the federally-
funded advanced reactor concepts, which includes nearly all of the major new reactor
concept projects being pursued in the United States.

Thus, the composition of this panel was composed to reflect the spectrum of viewpoints
which would be important in affecting the actual technology development paths which would
be followed in the United States, and the demands of different communities which will judge
whether that technology is acceptable.

The session consisted Of presentations by the panelists and the following discussion. In
many areas consensus was not evident, but the contrasts Of understandings are stimulating to
consider. In that sense the results speak for themselves. However, some important themes
emerged in the discussions, including the ideas that:

• The acceptability of a particular technology, including nuclear, depends upon the
combination of the sense of need for its benefits and its perceived risks

• In the absence of significant perceived benefits few people are willing to tolerate risks,
or to make the effort to determine whether they are large or small

• The public believes that nuclear power plants may be risky.
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