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Abstract 

The construction of FWS'a Is an enterprise vlth hlah lnvestaent coats, In 
total up to three billion USi and with lone construction periods of five years 
and aore. Besides of the results reached by the Intensive standardization, a 
further reduction of the construction periods la possible by optimization of 
detailed sequence planning and Interfaces of work units. 

During, the execution f the three German Convoy plants ISA* 2, EMSUkHD 
and RBCKAJtMBSIRSIN 2, the contractus! construction periods vere shortened 
between 4 and 8 months. These reductions were reached after Individual 
Investigations by measures like 

advanced finishing work activities 
erection of an Increased aaount of prefabricated pipings 
rearrangement of erection sequences 
overlapping of piping erection and electrical installation 
reduction of plant coaalasioning period 

All these measures support directly the reduction of the total Investment 
cost of a plant, as already demonstrated by the Convoy plants. 
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1. Introduction 

PWR are construction projects with high total investment 
costs of approximately USS 3 billion and a construction time 
of 5 years and more, rost overruns can be avoided only if the 
costs are carefully calculated and directly monitored during 
construction and, in addition, if the construction period 
remains within schedule. The development of construction 
periods of German nuclear power plants during the past 15 
years runs practically in parallel to the effort* of 
engineering man-hours (Pig. 1). In the project engineering of 
Brokdorf and the three Convoy plants, ISAR 2, EMSLAMD and 
NECXARWESTHEIM 2 , this consolidation phase was reached in 
the construction time as well as in the cost sector; that is, 
extensive changes during erection work could be kept to a 
minimum. This consolidation was reached by features like 

- extensive preplanning 
- integrated engineering and management systems 
- unifying licensing procedures 
- use of qualified and tested components 
- reduced number of pipe welds 
- application of experience gained in earlier plants. 

In the following, reduction of construction time for future 
Siemens plants will be explained on hand of examples 
experienced during construction of the Convoy plants. 

2. Background 

The contractual milestones of the Convoy plants were planned 
on the baris of a site - independent erection period of 65.5 
months (Fig. 2). This period is defined by the milestones 
"start placement of formwork and reinforcement for reactor 
building base plate" and "end of trial operation". The plant-
specific work of a minimum of 4.5 months for excavation and 
lowering of grounc water level is not included. 
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Fig. 1 Development of Construction Periods 
and Manhours. PWR 1300 MW 

Due to the detailed preplanning of the engineering, a 
continous development of fully matured plant- and 3afety 
concepts, a constructive and close co-operation of all 
companies and institutions involved, the three plants could 
be completed within 4 and 8 months prior to the contractual 
date of handover. This corresponds to an actual construction 
time of 59 to 62 months. 
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Fig. 2 t.rvelopment of Construction Periods 
of Coii/oy Plants 

3. Optimization of Construction Time 

One measure of assuring the proven technique and experience, 
is the collection of all improvement means and a systematic 
evaluation thereof. Part of this also is an optimization of 
the site-independent overall time schedule due to experience 
gained, and as a basis for future plants. 

Intensive detailed analysis of all activities on the critical 
path, as well as all sub-critical paths (those with a buffer 
of less than 4 weeks) and in close co-operation with the 
engineering departments involved in planning and execution, 
the construction time could further be reduced to 55 months 
(pig. 2). The saving of 10,5 months in comparison to the 
former planning ca;i be broken down as follows: 

2.7 5 months for civil work 
0.75 months for erection of the containment 
4.75 months for erection of the primary system, 

including the respective system commissioning 
2.25 incnths for plant commissioning 
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(55 Months Seqc ice) 

The critical time path, which is the determining factor for 
the construction period of the overall plant, is divided into 
the following three steps (Fig. 3): 

Carcassing of the reactor building annulus, erection of 
containment zones 1 - 3 , carcassing of interior (to 
upper edge of crane rails), erection of crane bridge, 
erection of containment zones 9-11, including pressure 
test and leak rate test (Fig. 4). 
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The second step includes the final installation work on 
the reactor building crane, lift-in and mounting of the 
primary system components and performance of the primary 
system pressure test. 
Another critical path, running parallel to the second 
step, covers erection of remaining piping in the reactor 

building and of the installation of the pertaining 
electrical and IsC equipment up to the systems 
commissioning (Fig. 3). 

The plant commissioning step begins with testing of the 
residual heat removal systems, flooding and preservice 
tests of the primary circuit, first hot test run, core 
loading, second hot test run, first criticality, tests 
under load up to 100% and trial operation. 
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Fig. 4 Reactor Building Cross Section, 
PWR 



2Q 4. Examples of Optimization 

Representative for the many individual examinations which 
were taken into account, a few examples shall be explained in 
more detail in the following. 

One important example during the civil works is advancing the 
start of finishing work, i.e. while the upper levels are 
still being concreted, finishing work is already going on « 
few floors below. In the reactor building annulus, this has 
the result that the +9.00m and +-12.00TI levels are temporarily 
sealed to allow early installation of components ( C in 
Fig. 4.). 

In order to achieve the greatest possible savings in erection 
time through advanced finishing work, binding milestones are 
laid down in the civil construction schedules fcr each of the 
levels in order to fix the interface points "earliest start 
of the erection activities" (Fig- 5). These earliest 
deadlines for erection will also form the basis for ordering, 
manufacture and transport of the hardware to be procured. 

The concept of lift-in of building structure dependent 
components has been expanded with building structure 
independent components. Whereas the components depending on 
building work definitely have to be lifted into the building 
while carcassing work is still in prepress, the building 
structure independent components can also be brought-in 
later. The early lifting-in, however, of these components 
(mainly smaller tanks and vessels) by cranes existing at 
site, notably eases the later finishing work of the 
buildings. This finishing work consists of many 
interdependent works which run in parallel and affect each 
other to a great degree. The building structure independent 
components which are orought-in advance, are selected 
according to technical-, schedule-, and transportation 
aspects. 
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Fig. S c action Milestone* in the Civil 
Construction Time Schedule 

The building structure dependent erection of the feedwater 
and main steam line penetrations in the containment, may alao 
be subject for improvement. So far, only the first valve 
casing was welded to the containment penetration before lift-
in. In future plants, all valve casings will be welded 
together and connected to the containment penetrations in the 
workshops and lifted-in in total into the main steair valve 
compartment ( H in Fig. 4). 

Just as the advanced installation of building structure 
independent components achieve optimum results, so axe 
improvements in the concepts for the access of the buildinga, 
which are also transferable to smaller and conventional 
plants. Optimal material transport and personnel access in 
the main buildings are achieved by additional temporary 
elevators and enlargement of temporary construction openings. 

The results are additional short transport routes achieved 
within the buildings, and thus waiting periods are eliminated 
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Fig. 6 Material Transport and Personnel Access 
into the Reactor Buildings, PWR 1000 MW 

(Pig. 6). At the time of starting erection, access roads have 
to be already built. 

Another major objective is the reduction in volume and number 
of components to be assembled at site, inside the buildings. 
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With the change from the former procedure of erection of 
individual parts, to use prefabricated reactor coolant pipes, 
the installation time could be cut to half. The fact that the 
remaining piping systems could therefore be connected to the 

primary system earlier than it was previously possible, 
simplifies significantly the piping erection work in the 
containment and shortens the critical time path. 

In the spool fabrication of primary piping, the single forged 
piping pieces between the reactor pressure vessel, steam 
generators and reactor coolant pumps are totally welded 
together at the manufacturer's workshop. The field welds are 
reduced from 60 welds to 4 x 6 = 24 in case of a 4 loop plant 
for instance (Fig. 7). Due to extensive preparations, such as 
erection-studies on the model, development of innovative 
erection aids and dummies, as well as exact building- and 
component dimensions, this concept can be realized and 
applied at the site without the need for field fitting. 

Fig. 7 Erection of Prefabricated Reactor Coolant 
Pipes 



A special installation method can be used which reduces the 
time required for mounting the steel platforms for the steam 
generators, an activity which is on the critical path of 
primary system erection ( 8 in Fig. 4 ). This method replaces 
the time-consuming traditional sequence of erecting the 
platforms after the steam generator has been brought into its 
position. In this case the platforms are prefitted in the 
bulldino, dismantled, in order to allow the steam generator 
to be brought into its position, and refitted finally. By 
this procedure activities on a sub-critical path can be 
shortened by about 8 weeks. 

The detail analysis of the installation of the electrical and 
instrumentation and control equipment leads to the definition 
of an experience-related milestone in the logical sequence. 
This enables a defined overlapping with the piping erection 
after 80% of piping scope has been erected . 

Overall commissioning of the plant takes place in five 
phases: 

- preservice tests 
- first hot test run 
- core loading and second hot test run 
- criticality and load tests 
- trial operation of the entire plant 

Due to thorough utilisation of experience and knowledge from 
previous plants with uniform technique, the commissioning 
time could be further reduced (Pig. 8). The reductions up to 
criticality are mainly substantiated by the high execution 
degree of mechanical and electrical systems. The reduction 
during criticality and load tests is based on the application 
of an optimized commissioning programme for approximately 200 
individual tests for the entire plant, which was agreed in 
detail with independent authorities . 
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Fig. 8 Reduction ol Commissioning Sequence 

5. Qut;qoK 

With the optimized construction time of 55 months and the 
pertaining details, we have a good planning basis for future 
PWR plants. Experience, however, has shown that there are 
further possibilities of improvements. To comply with 
international trends the following investigations should be 
taken into consideration: 

- Increased utilization of precast slabs, e.g. 
advancing the earth-embedded piping and ducts 

- Additional increase of the prefabrication degree of 
piping and bigger component modules in order to reduce 
erection work. For exeunple: assembling of larger 
containment segments by use of a heavy-lifting-
equipment . 

The degree of transferability of the optimized measures and 
the detail sequences have to be examined according to each 



project. It is important that, if possible, from the 
beginning all technical prerequisites are met and that all 
demands which are subject to authorization are known and are 
adhered to consistently. 

The direct costs for one-month delay during construction 
(against the time schedule) amount to approximately US $ 6 
Mio additionally and more. Not included herein are the costs 
of the client (interest during construction and loss of 
energy production). Therefore, the proposed way to reduce the 
construction time by shortening and optimizing individual 
construction sequences is a very economic way for saving 
costs. This was already realized and demonstrated during the 
construction of the Convoy plants, and will be a primary task 
for future projects. 
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Abstract 

The present paper discusses briefly the many factors, Including capital 
coat, which have to be taken Into account In determining whether a series of 
power station* based on a ssiall nuclei- plant can be competitive with a scries 
\>ased on traditional large unit sizes giving the saae gu»t-antced level of 
supply. The 320 HWe UK/US Safe Integral Xeactor la described as a food 
example of how the factors discussed can be beneficially incorporated Into a 
design usin* proven technology. Finally it goes on to illustrate how the 
overall costs of a generating aystea can Indeed be reduced by use of che 320 
Mrfe Safe integral Reactor rather than conventional units of around 1200 MWe. 

IWrHODUCTIOW 
1. In considering the economics of any power station the essential data 
which determine the generating cost of a particular plant may be broadly 
subdivided into: 

capital cost, which for nuclear stations tends to dominate the 
generating cost 
fuel cycle cost 
operating and maintenance costs 

the availability of the power station (the fraction of time for 
which the plant is available to take up load)) 


