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EXECUTIVE SUMMARY

The year 2008 was paradoxical for nuclear power. Projections of future
growth were revised upwards, but no new reactors were connected to the grid.
It was the first year since 1955 without at least one new reactor coming on-line.
There were, however, ten construction starts, the most since 1985.

At least until the global financial crisis, cost estimates reported for new
nuclear reactors were often higher than those in previous years, particularly in
regions with less recent experience in new construction. However, growth
targets for nuclear power were raised in the Russian Federation, and similar
considerations were under review in China. India negotiated a safeguards
agreement with the Agency in August, and the Nuclear Suppliers Group subse-
quently exempted India from previous restrictions on nuclear trade, which
should allow India to accelerate its planned expansion of nuclear power.

In the USA, the Nuclear Regulatory Commission (NRC) received
combined licence (COL) applications for 26 new reactors. The US Department
of Energy (USDOE) received 19 ‘Partl applications’ for Federal loan
guarantees to build 21 new reactors.

Nonetheless, current expansion, as well as near term and long term
growth prospects, remain centred in Asia. Of the ten construction starts in
2008, eight were in Asia. Twenty-eight of the 44 reactors under construction at
the end of the year were in Asia, as were 28 of the last 39 new reactors to have
been connected to the grid.

Armenia joined the Russian Federation and Kazakhstan as members of
the International Uranium Enrichment Centre in Angarsk, Siberia. The
Ukrainian Government announced that Ukraine would also join. AREVA and
USEC applied to the USDOE for loan guarantees for the construction of
AREVA'’s proposed Eagle Rock Enrichment Facility and USEC’s American
Centrifuge Plant.

Construction of an underground repository for low and medium level
radioactive waste began at the former Konrad iron mine in Germany. The
USDOE submitted a formal application to build and operate the long planned
high level waste repository at Yucca Mountain in Nevada.

The ITER International Fusion Energy Organization formally applied
for a construction permit to build the International Thermonuclear Experi-
mental Reactor (ITER), an experimental fusion reactor, in Cadarache, France.

Water resource management, food security, human health, environmental
protection and the use of radioisotopes and radiation are all areas where
nuclear and isotopic techniques are making valuable contributions to socioeco-
nomic development around the world.



In the food and agriculture area, nuclear techniques are being used,
together with complementary techniques, to enhance livestock productivity as
well as to prevent the spread of dangerous transboundary animal diseases such
as avian flu. As international trade expands, the need to ensure food safety also
grows. Isotopic techniques are being used to trace the origin of foods and to
track the infiltration of contaminants as a means to ensure the quality of food
products.

Nuclear imaging is playing a growing role in the development of new
drugs. Interventions to improve nutrition are increasingly becoming part of
development strategies; the use of stable isotopes to assess key nutritional
aspects, such as body composition, can be part of effective strategies to
counteract later development of chronic diseases. The long sought ‘magic
bullet’, where a truly targeted substance kills cancer cells without damaging
healthy tissue, is progressively, albeit slowly, becoming a reality in therapeutic
nuclear medicine.

In the natural resources management field, nuclear techniques are
helping to assess ‘hot particles’ — a type of radionuclide that can be released to
the environment from a number of sources including weapons testing and
nuclear accidents. Stable isotopes are being used in order to gain a better
understanding of complex food webs and carbon cycling in the marine
environment. Radiotracer tools are being utilized to measure the impacts of
climate change, such as ocean acidification on marine biodiversity. Isotope
methods are increasingly being used to assist in the easy identification of
aquifers with old water and no recharge, or with modern water with significant
recharge, which is important information for effective freshwater management.

Global demand for radioisotope and radiation sources is growing due to
their use in medicine and industry with a corresponding expansion of regional
centres for the production of clinical radiotracers for positron emission
tomography imaging. During the past year, disruptions in the supplies of the
radioisotope molybdenum-99, the source of widely used technetium-99m for
diagnostic imaging, had a negative impact on patient services in nuclear
medicine centres around the world. Governmental support and stronger
cooperation among isotope manufacturers including public—private partner-
ships will be required to ensure that suitable reactors will be engaged in the
irradiation of low enriched uranium targets for molybdenum-99 production in
the future.












FIG. III-1. Transboundary aquifers of the world from the WHYMAP programme. While
the term ‘transboundary’ often refers to two or more countries, it may also refer to
internal boundaries within a country such as between states, provinces, or districts.

customised results. WISER contains unique isotope databases and spatial
products that will increasingly play an important role for addressing trans-
boundary water issues in the future (additional details are provided in
references [II1-5, 111-6]). During roundtable discussions at the 2007 Interna-
tional Isotope Hydrology Symposium in Vienna, participants clearly indicated
that the Agency’s efforts involving WISER are very relevant. For example, the
Global Network of Isotopes in Precipitation (GNIP) and the Global Network
of Isotopes in Rivers (GNIR) databases within WISER were cited as examples
of critical resources for isotope data at local, regional, and global scales.
Because new data are continually added to the WISER system, its usefulness in
understanding spatial relationships between isotopes and hydrological systems
and temporal impacts from such factors as land use and climate change make
WISER highly relevant to transboundary problems as well as other water
resources issues [I11-6]. An example of an isotope map for the Guarani aquifer
in South America is shown below (Fig. IT1I-2) and additional discussion of this
map is provided later in this annex.

III-3. Developing conceptual models of transboundary systems
The simple conceptual models of transboundary water systems shown in
Fig. I1I-3 below illustrate some of the basic characteristics that need to be

understood for a given transboundary location. It is clear from the figure that
simple questions such as where does the water come from, and where is it
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FIG. I11-2. Carbon-14 distribution (per cent modern carbon, pmC) in the Guarani aquifer
system in South America. Light coloured areas (low values of carbon-14) indicate parts of
the aquifer with old groundwater (> 10 000 years). The arrows indicated inferred direc-
tions of groundwater movement, with aquifer recharge in the north and discharge in the
south.

going, need to be answered if transboundary resources are to be used in a
sustainable and cooperative way. However, in many transboundary cases
around the world, it is currently not clear which of these simple models applies
to a given hydrological system. In addition, in cases where the basic conceptual
model is known, important details about the rates of movement, locations of
recharge, or sources of contaminants may not be known. As illustrated in the
examples below, future uses of isotope methods will contribute significantly to
the development of conceptual models of transboundary water systems and
help refine the quantitative aspects of such systems which are necessary for
sustainable management. Such approaches are now being used to address
transboundary water problems through various international collaborations.
Two prominent examples are the Agency and UNDP/Global Environmental
Facility collaborations on the Nubian and Nile systems in Africa (see Ref.
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[II1-3] for a review of these two transboundary systems). New collaborative
efforts similar to these will certainly be utilized as an effective way to deal with
transboundary problems in the years to come.

The effective use of isotope methods to understand a large transboundary
aquifer system is well demonstrated by recent work in the Guarani aquifer of
South America (Fig. ITI-2). The Guarani is one of the world’s largest aquifers
(over 1.2 M km?) covering parts of Argentina, Brazil, Paraguay and Uruguay
[III-7]. It is an important water source for industry, agriculture, and domestic
supplies, and a better understanding of the functioning of the aquifer is
required for sustainable management. A conceptual model of the aquifer based
largely on carbon-14 analyses is shown in Fig. III-2. The carbon-14 results

(a) (b)
COUNTRY | COUNTRY COUNTRY | COUNTRY
1 . 2 1 . 2
|
RIVER |
.
I I
(c) (d)
COUNTRY | COUNTRY COUNTRY | COUNTRY
1 . 2 1 . 2

| @ RIVER
.

FIG. III-3. Conceptual models of groundwater and groundwater—surface water interac-
tions in transboundary water bodies (modified from [III-4] and references therein). The
dashed, red vertical line denotes the delineations between countries. Model A shows an
aquifer in one country that discharges into a river on the boundary between two countries.
Model B shows an aquifer in one country with a recharge zone in another country. Model
C shows a groundwater aquifer that extends across a political boundary. Model D shows
a shared border river that recharges an aquifer in only one of the countries.

P o
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revealed that much of the aquifer contains old groundwater, thus the system is
vulnerable to groundwater mining. The presence of old water was also noted in
Ref. [11I-7] using chlorine-36 and uranium isotopes. Some present day recharge
also occurs, so the aquifer management strategy must account for both of these
situations. It is also important to note that some countries contain the present
day recharge areas, while others contain the discharge areas. Thus, the
information shown here can significantly aid the four Guarani aquifer countries
in their efforts to build a cooperative transboundary management strategy.

Radon-222 is another isotope technique that is expected to see increasing
use in the near future to address transboundary and other hydrological
problems. Radon-222 has been used for hydrological studies for many years
[ITI-8] and its particular usefulness lies with the fact that most groundwaters are
enriched with radon-222, while activities in surface waters are typically very
low. Thus, it can be used to map and quantify groundwater discharges into lakes
and streams, and also into marine coastal zones [III-8-III-10]. For example, a
groundwater discharge zone in a river typically has substantially higher radon-
222 activities than nearby river reaches above or below the groundwater
discharge zone. Knowing where groundwater discharge is occurring is an
important conceptual and quantitative factor when addressing transboundary
water problems as indicated by the conceptual models in Fig. ITI-3 (e.g. model
A). However, the short half life of radon-222 (3.83 days) has hampered its
broader use because of the need to conduct liquid scintillation analyses within
a few days after sampling to avoid excessive decay. On the other hand, the
availability of a relatively low cost, portable, yet high precision and accuracy
radon-222 detector capable of analysing a wide range of radon-222 activities in
water (Fig. I11-4) should increase the use of radon-222 in hydrological studies.
The detector can be used to analyse collected water samples [I1I-10] or make in
situ measurements directly within a surface water body [III-9]. The instrument
and associated water analysis attachments (Fig. I11-4) will make it far easier for
investigators to obtain radon-222 in groundwater and surface water with out
the need for rapid transport and analysis and if desired without collection of
samples at all. The in situ measurement capability makes it possible to obtain
high resolution distribution information on the spatial variability of radon-222
in a surface water body and also to collect temporal data at a 30 minute or less
time resolution.

As a transboundary application example, the Agency supported the
International Commission for the Protection of the Danube River (ICPDR) to
help improve understanding of the basin surface water and groundwater
system through the application of isotope techniques. In the summer of 2007,
the ICPDR launched the second Joint Danube Survey (JDS-2) to collect
information regarding water quality and ecological sustainability of the
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FIG. IlI-4. Photo of the RAD-7 radon detector (small dark box with printer on top) and
RAD AQUA system (blue cylinder) in operation on board the Joint Danube Survey ship
Argus in 2007. River water is being pumped through the RAD AQUA where it releases
radon gas that is then pumped into the RAD-7 for detection of radon-222.

Danube. The survey entailed collection and analysis of samples for a wide
variety of water quality, hydrological, and other parameters. The survey began
in Regensburg, Germany, and finished 50 days later in the Black Sea. Samples
were collected by ship at over 90 points along 2375 km of the river covering ten
different countries. The radon-222 data were collected to identify potential
locations with significant groundwater inputs and also to examine mixing
between the Danube and its tributaries. The radon-222 profile along the
Danube has some interesting features as shown in Fig. IT1-5. Overall, the values
are low and the lowest values are effectively at the limit of detection as is
typical for surface water. However, there are significant differences between
some parts of the Danube and between the Danube and some of its tributaries.
The overall trend is for higher radon concentrations in the upper Danube
which suggests that this is the area where groundwater contributions to the
river are the largest. Some of the tributaries (e.g. the Sava, Velika Morava and
Siret) also have high radon-222, which suggests they have groundwater inputs
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FIG. III-5. Radon-222 in the Danube Basin. Uncertainties are better than 30 Bq/m’.

in the vicinity of the JDS2 sampling points. In terms of mixing, the Sava appears
to have the largest impact on the Danube radon-222 values although values
drop off quickly until the Velika Morava and then they decrease rapidly again.
Although the Siret has relatively high radon-222, its impact on the Danube
appears to be minor and is within the measurement error. This lack of impact is
probably related to the low discharge of the Siret relative to the Danube.

III-4. Final Discussion and Conclusions

There are other important areas and approaches where the use of
isotopes for solving transboundary water issues is expected to grow. One such
example involves nitrate, one of the most common transboundary contami-
nants. [sotope analyses of nitrate are now used to identify contaminant sources
and evaluate the extent of biodegradation which are key factors in the
prevention and mitigation of nitrate contamination. For example, nitrate
isotopes from a transboundary aquifer system in western part of Canada and
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the USA showed that much of the contamination was originally derived from
manure with an increasing contribution from inorganic fertilizers [III-11].

The use of isotope hydrology will continue to grow because of the
increasing need to properly assess and manage water resources. This is
especially true for transboundary water systems where a sound, scientific
understanding of the hydrology and geochemistry is essential for sustainable
resource management, but also to further peace and cooperation between
countries using shared water resources.
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Annex IV

ADVANCED CONSTRUCTION METHODS FOR NEW NUCLEAR
POWER PLANTS

IV-1. Introduction

Relative to coal fired and natural gas fired power plants, nuclear power
plants are more expensive to build but less expensive to run. This annex
describes advanced construction methods to reduce nuclear power’s
construction costs, mainly by shortening the time needed to build a plant.

Each of the methods described below has been used in one or more of the
projects listed in Table IV-1. None is unique to the nuclear industry, nor to any
specific nuclear power plant design. Most are also used for other large
construction projects such as fossil fuel power plants, large civil construction
projects and shipbuilding.

IV-2. Open top installation

Constraints on installing major components inside the reactor and
containment building can have a major impact on the construction schedule. In
the past, the walls of the reactor and containment building were constructed
with temporary openings to allow the entry of large equipment. In open top
installation (Figs IV-1 and IV-2), the reactor and containment building is built
with a temporary roof with an opening through which major pieces of
equipment, such as the reactor vessel and steam generators, can be lowered
into position using very heavy lift (VHL) cranes. Today’s VHL cranes can lift
equipment weighing more than 1000 tonnes, with very long reach. Once the
equipment is placed inside, piping and electrical systems can be installed at the
same time that construction of the reactor and containment building is being
finished, including the replacement of the temporary roof by a permanent
containment dome.

Open top installation has been used successfully with modularization (see
next section) to shorten construction schedules. VHL cranes add additional
costs, but these are more than compensated for by the shortened construction
time. VHL cranes also add to planning requirements as it is vital to ensure that
they are strategically placed to conduct multiple lifting activities including the
installation of heavy equipment in other buildings of the plant or to provide
lifting capabilities for two units being built concurrently next to each other.
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TABLE IV-1: REACTORS BUILT RECENTLY USING ADVANCED
CONSTRUCTION METHODS [IV-1-1V-5]

Construction Start of Type of reactor
Reactor Country period commercial (approx.MW(e))
(months)* operation ok
Kasiwazaki Japan 48 Nov. 1996 ABWR (1350)
Kariwa-6
Kasiwazaki Japan 48 Jul. 1997 ABWR (1350)
Kariwa-7
Lingao-1 China 60 May 2002 PWR (1000)
Lingao-2 China 62 Jan. 2003 PWR (1000)
Qinshan 3-1 China 54 Dec. 2002 PHWR (720)
Qinshan 3-2 China 58 Jul. 2003 PHWR (720)
Tarapur-3 India 75 Aug. 2006 PHWR (540)
Tarapur-4 India 66 Sep. 2005 PHWR (540)
Shin Kori-1 Republic of 54 (planned) Dec. 2010 PWR (1000)
Korea (planned)
Olkiluoto-3 Finland 70 (planned) Jun. 2012 EPR (1600)
(planned)
Kudankulam-1 India 84 (planned) Mar. 2009 PWR (917)
(planned)

*  The construction period is generally considered to be the time from the first major
pour of concrete for the main plant building to the commercial operation date.

**  ABWR=advanced boiling water reactor; EPR=European pressurized water
reactor; PHWR= pressurized heavy water reactor; PWR= pressurized water reactor

During the construction of Qinshan 3-1 and 3-2 in China, a VHL crane
was used to position about 70 pieces of equipment (Fig. IV-1), including steam
generators which weighed 220 tonnes each (Fig. IV-2), the pressurizer
(103 tonnes), the reactivity mechanisms deck (43 tonnes), feeder frames
(40 tonnes each), fuelling machine bridges (16 tonnes each) and major heat
exchangers. It took just two days to install each steam generator instead of the
two weeks required for traditional horizontal access installation.

Figure IV-3 shows a VHL crane lifting the 200 tonne containment liner
double rings into place at Olkiluoto-3 in Finland, and Fig IV-4 shows the
containment dome at Kudankulam-1, in India, being lifted into position.

During the construction of Tarapur-3 and 4 in India, open top installation
was used to position about 50 pieces of equipment, including the steam
generators (Fig. IV-5), moderator heat exchangers, several other heat
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FIG. IV-1. Very heavy lift crane at Qinshan, China.

exchangers, pressurizer, calandria (Fig. 1V-6), primary circuit headers and
fuelling machine. The lowering and positioning of each steam generator was
completed in less than a day, much less than the installation time of more than
one month required by other methods.

FIG. 1V-2. Installing a steam generator at Qinshan 3-1 in China
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FIG. IV-3. Lifting the containment liner double rings at Olkiluoto-3 in Finland.

FIG. 1V-4. Lifting the WWER-1000 containment dome into position at Kudankulam,
India (photo credit: NPCIL).
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FIG. IV-5. (a) and (b): Installing a steam generator at Tarapur-3, India.
IV-3. Modularization with pre-fabrication and pre-assembly
Prefabrication and pre-assembly of modules are construction techniques

used in many industries, including nuclear power plants. A module is an
assembly consisting of multiple components such as structural elements, piping,
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FIG. IV-6. Lifting the calandria at Tarapur-3 in India.
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valves, tubing, conduits, cable trays, reinforcing bar mats, instrument racks,
electrical panels, supports, ducting, access platforms, ladders and stairs.
Modules may be fabricated at a factory or at a workshop at the plant site, and
multiple modules can be fabricated while the civil engineering work is
progressing at the site in preparation for receiving the modules. This reduces
site congestion, improves accessibility for personnel and materials, and can
shorten the construction schedule. It can also significantly reduce on-site
workforce requirements.

Modularization also facilitates mass production of modules in the event
that several reactors are being built at the same time. Mass production reduces
production times and labour requirements. Modularization makes it easier to
ensure a controlled production environment, with associated improvements in
quality and efficiency. It makes it possible to manufacture modules before the
site itself is available, and, in the case of concrete, it facilitates the use of
accelerated curing techniques.

The decision to apply a modular approach should be made in the
conceptual design stage, and then it must be followed throughout the project,
for detailed design, engineering, procurement, fabrication, and installation,
through to the completion of commissioning. This allows equipment to be
designed to conveniently fit into a module, and for modules to be sized to
match the capacity of VHL cranes and transport routes to the site. A site
accessible by sea can accept larger modules. For less accessible sites, sub-
modules can be shipped to the site and then assembled into larger modules
before installation. Modularization also affects testing procedures as many
components can be initially tested at the fabrication facility to help eliminate
potential faults before formal post-installation tests at the construction site.

Other impacts of modularization are: the need to complete the total plant
design before fabricating modules; the need for factories or workshops to
fabricate modules; earlier expenditures on engineering, materials and
components for fabricating modules; the need for expensive heavy lift cranes;
and the costs of transporting modules.

Modularization with prefabrication and pre-assembly has been used in
combination with open top construction in recent construction projects for
evolutionary water cooled reactors [IV-1]. At Kashiwazaki Kariwa-7 in Japan,
the seven floors of the reactor building were divided into three modules and
fabricated in a pre-assembly yard before the pieces were successively lifted into
place by a VHL crane. The heaviest, most complicated module was the ‘upper
drywell super large scale module’ which consisted of a y shield wall, pipes,
valves, cable trays, air ducts and their support structures and weighed 650
tonnes (Fig. IV-7).
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FIG. 1V-7. Installing the upper drywell super large scale module at Kashiwazaki Kariwa-
7 in Japan.

At Lingao-4 in China, the containment dome was assembled on the
ground at the site and installed as a single module weighing 143 tonnes with a
diameter of 37 metres and height of 11 metres (Fig. IV-8). Previously, the dome
would have been assembled by moving sections into position — a process that
normally took about two months.

The Shin-Kori-1 and -2 projects in the Republic of Korea modularized the
fabrication and installation of the containment liner plate. This forms the inner
structure of the containment building for the Korean Optimized Power
Reactor. Normally, the installation process would have fifteen stages, each
involving the installation of one containment liner plate ring. At Shin-Kori-1
and -2, except for the first ring, all the other rings were modularized into two-
ring sections and installed with one lift for each section (Fig. IV-9). The number
of lifts is reduced, and the overall construction period is shortened. This
method also simplifies connections with auxiliary buildings since connecting
provisions, such as penetration sleeves for piping and electrical wire, are
attached to the ring modules before installation.

As a final example of modularization, at Tarapur-3 in India, the prefabri-
cation of piping was increased to 60-70%, compared with approximately 40%
for previous plants in India. This reduced field welding by 30-40%.

90



FIG. 1V-8. Lifting the dome module into place at Lingao-4 in China.

FIG. IV-9. Modularization of the containment liner plate assembly at Shin-Kori-1 in the
Republic of Korea.
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IV-4. Advanced welding techniques

Nuclear power plant construction involves numerous welds to connect
both components of structures and components of pressurized systems. It also
involves weld cladding, which refers to one metal being deposited onto the
surface of another to improve its performance characteristics. Quality welding
is both crucial and time consuming, and techniques to increase the rate at which
weld metal can be deposited while maintaining high quality can reduce
construction times. Recent advanced welding technologies that meet this
objective include gas metal arc welding, gas tungsten arc welding and
submerged arc welding.

In addition, automatic welding equipment that makes it easier to weld in
narrow spaces can further decrease construction times. Automatic welding
equipment has been used to weld titanium tubes to condenser tube sheets at
Tarapur-3 in India and to weld piping at Kashiwazaki Kariwa-7 in Japan
(Fig. IV-10).

IV-5. Steel plate reinforced concrete and slip-forming

Reinforced concrete is used in the foundations of nuclear power plants
and in structures such as reactor containments, auxiliary buildings, turbine
buildings and spent fuel storage areas. Conventionally reinforced concrete is
fabricated in place using reinforcing bars (‘rebar’) with external forms to frame
the structure prior to pouring the concrete. The time required to place the
reinforcing bars and to construct and remove the forms into which the concrete
is poured is considerable. It is a major part of the construction schedule.

FIG. IV-10. Automatic piping welding at Kashiwazaki Kariwa-7 in Japan.
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Steel plate reinforced concrete is an alternative to conventionally
reinforced concrete [IV-6] and can be used for most floors and walls. The
concrete is placed between permanent steel plate forms with welds to tie the
steel plates, rebar and tie-bars together. The forms can include any necessary
penetrations and piping runs. Because of structural credit for the steel plate—
concrete combination, the amount of rebar may be reduced, and because the
steel plate structure can be self-supporting, reinforced concrete sections can be
modularized and prefabricated off-site, followed by placement and welding on
site.

Figure IV-11(a) shows standard reinforced concrete, and Fig. 11-1V(b)
shows steel plate reinforced concrete.

Steel plate reinforced concrete has been used to significantly shorten
construction schedules at plants recently constructed in Japan.

Construction schedules can also be shortened by slip-forming with
modular floor design technology. Slip-forming is the continuous pouring of
concrete at a very specific, calculated and monitored rate that is achieved by
continuous hydraulic lifting and moving of a short section (preferably less than
two metres) of formwork while inserting steelwork and pouring concrete
through the top. Using slip-forming, vertical walls can be constructed at a rate
of about 2 metres per day compared to a typical value of 1.2-1.5 metres per day
without slip-forming. Slip-forming requires a heavy lift crane to lift the heavy
steelwork that is inserted while the concrete is being poured.

Modular floor design and installation are used in conjunction with slip-
forming for the walls. After the outer vertical walls of a building are installed by
slip-forming, the modular floors can be installed through the open top of the
building by means of a heavy lift crane. Modular floors consist of steel modules,
which include rebar but no concrete, that are placed on supports embedded in
the concrete walls during the slip-forming process. The modular floors, which
are designed to be transported from the site assembly shop and installed by
cranes, are welded to the supports embedded in the walls and then filled with
concrete.

IV-6. Rebar placement for reinforced concrete

Rebar installation by individual placement of bars is quite time
consuming. Large amounts of rebar are needed in the base mat, containment
walls, containment dome, and structural walls of the reactor and turbine
buildings. The use of prefabricated modular rebar assemblies for these areas
can shorten construction schedules.
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