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Implementation of NPP-1200 Nuclear
Megaprojects Abroad Using Preferential
Rules of Flow Construction

The construction of an individual project or a complex is characterized by a number of interrelated factors, which
are determined by the technological, volumetric and design characteristics of the construction process, as well
as by planning, financial, organizational and technical conditions.

The optimal construction of objects and complexes is based on the organization of all processes in optimal terms,
taking into account perfect technology and mechanization with a rational combination of construction, installation
and commissioning works, ensuring minimum cost of construction. The optimal variant of construction of nucle-
ar power facilities is selected by comparing a number of variants that differ in the means of mechanization and
technology used for certain types of works, duration of construction and assembly works, start and end dates of
works, method of construction of facilities, technological sequence of works, degree of combination of construc-
tion and assembly and commissioning works, and applied methods of works production.

The experience of design and construction of start-up complexes shows that in the construction of industrial fa-
cilities, on-site preparatory and main construction and installation works are performed sequentially. According
to the requirements of the norms for the preparatory works, the capital investments are mainly planned to be dis-
tributed evenly, which is irrational, as it leads to a decrease in their efficiency and delays the construction period.
In the course of preparatory works at the site, the character of the distribution of capital investments by time pe-
riods can be different.

As the practice of NPP construction shows, in case of combined sequential execution of preparatory and main
construction and installation works at the site, the following options are possible: 1) less intensive accumulation
of volumes at the beginning of the preparation; 2) equal distribution of capital investments over the whole prep-
aration (if preparatory and main works are performed sequentially); 3) accelerated accumulation in the middle
part and deceleration of this process at the end of the preparation, or more intensive accumulation of volumes at
the beginning and deceleration of this process in the middle and at the end of the preparation (if preparatory and
main works are combined).

When considering the possible combinations of preparatory and main construction and installation works, it is
necessary to take into account the reduction of the total construction period of the nuclear power complex both
due to the combination of the preparatory works among themselves and due to their combination with the main
works.
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PART 1. DETERMINATION
OF THE DURATION OF THE MAIN
CONSTRUCTION FLOW

on the j-th facility; N; denotes the resources of
the i-th work on the j-th facility; S; — shows the front
usage of the i-th work on the j-th facility; K; is the co-
efficient of work overlap on the j-th facility.

Since the absolute values of these quantities
vary within sufficiently large limits, in order to estab-
lish a general pattern we considered the change in
B with respect to AT? (B shows the ratio of current
costs to the estimated cost of the preparatory work

carried out on site).
) Processing the data of B in relation to AT allows
to obtain the dependence B = f(AT? ):

The experience of the construction of the NPP—
1200 shows that, as a rule, the preparatory, construc-
tion and installation works are carried out sequentially
at the site. In this case, the critical path of construction
of such nuclear power complexes is determined by
the sum of the duration of these stages' (1, 2]:

T=T+T°

where T¢ is the (d) duration of the preparatory works
at the site;

T° is the duration of the main construction, in-
stallation and special works.

Technologically, the possible duration of on-site
preparatory works is determined by the following
formula:

B =1.4907 —0.0193AT" + 0.00002(AT™, 3)

where AT? is the duration of construction and installa-
tion works within the time interval from the maximum
technologically possible duration of work perfor-
mance to the minimum one (AT = T2 -T2 y[3].
Determination of the optimal duration of in-situ
preparation works by the graphical-analytical meth-
od is labour-intensive, so we use the analytical meth-
od to solve this problem. The optimal duration of site

preparation works includes the construction of

7%= f(t,, AN, S, K), ()

g e T

where t; is the duration of the /-th critical path work
on the j-th facility; A; is the turnover of the i-th work

1 Rosatom Group Capital Construction Project Management System. URL: https://atomsro.ru/wp-content/uploads/file/OPORTAL/
AtomStroyStandart-2014/Vasilev_SUP_conf.pdf
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temporary infrastructure according to the construction plan (site
structures, dewatering, dams, etc.), which can be determined using
the first derivative B of the possible duration of works AT equal to
zero:

dp
dAT*

+0.0004AT~0.0193 =0. (4)

Having carried out the necessary transformations, we obtain
the formulas for determining the optimum duration of the prepara-
tory works on site:

To=Tg,+0.482(T0, ~T4); (5)

min

T =0.482% +0.518% . (6)

The established dependency (3) allows, given the estimated
cost of preparatory works on site S¢, to determine the reduced cost
for each option of their performance in the interval of possible dura-
tion according to the formula:

3= sd[1.4907 —0.0193A T+ 0.00002(AT¢) Z]. (7)

The maximum and minimum possible duration of on-site pre-
paratory works is determined on the basis of a typical organiza-
tional and technological model. When determining T¢ ., of sequen-
tial execution of on-site preparatory works, the minimum number of
resources to be provided for the scope of the works and the mini-
mum number of shifts of their performance shall be assumed, and
when determining T¢,;,, the maximum number of resources to be
provided for the scope of the works and the maximum number of
shifts of their performance shall be assumed.

The final duration of the preparatory works at the site is deter-
mined after the creation of a specific model of their performance,
taking into account the resources used according to the chosen
option and all the technological and organizational links established
by the typical organizational and technological model [4].

For a nuclear megaproject it is important to determine the most
expedient solutions for the construction of the NPP as a whole
rather than for separate sets of works or facilities during the con-
struction of power stations. Therefore, it is necessary to take into
account the influence of changes in the duration of on-site prepara-
tory works on the duration and cost of construction of the nuclear
power complex as a whole?.

The change in the duration of the preparatory works leads to
a change in the total duration of the cost of construction of the nu-
clear power plant. The total effect (loss) depending on the change
in the duration of the construction of the nuclear power plant as
a whole is determined by the following formula:

E=ACT+AS  +AF + AR + L +1,, (8)

where ACY AS® AF% AFSshows the (ch) changes in costs depend-

ing on the period of construction of the nuclear power plant, the (d)
duration of the period of capital investment diversion of the active
part of the fixed assets, and the period of fixed assets utilization;
L’; is the effect (loss) due to the (p) production of additional prod-
ucts, determined by the formula:

oo EKT-T,) (©)

P T,
121+ Enp)

where E,, is the discount factor, which is determined taking into ac-
count risk factors (using the example of Akkuyu NPP-1200, risk-free
rate (8.25 %), legal risks (2 %), background risks 2.2 %, economic
risks 2.2 %, technical risks 3.2 %, total 17.65); K is the capital in-
vestment in the construction of the nuclear power megaproject; T,
T, is the critical path of the construction of the (n) nuclear power
megaproject according to the reference and comparable options,
respectively; T, is the duration of the capacity development of
the project; L, is the economic effect of shortening the construction
period of the nuclear megaproject due to the change in the sum of
moral wear and tear during the design and construction period,
which can be determined as follows:

L =C(T

m o

-T"), (10)

o

where c is the coefficient of initial wear (management, m) of the de-
sign solutions; T,, T are the planned and actual construction times
of the power plant respectively; t is the indicator of the degree of
increasing obsolescence.

The construction density coefficient of the nuclear power
megaproject is determined by the ratio of the total area of the plant,
the areas occupied by common facilities, auxiliary structures, work-
shops and utilities to the total area allocated to the nuclear power
center. The area occupied by utilities is determined by their length
and the standard width of the right of way using the formula:

T, +T

K = = com T T

g = <0.57 (according to the Code of Rules),  (11)

npp

where K, is the area utilization coefficient; T, is the area of the plant
(p); Tom is the area of common structures, auxiliary facilities, work-
shops and waste areas; T, is the area of communications; N, is
the total area of the nuclear power station determined by the master
plan.

The beginning of the main works on the construction of the first
of the considered facilities of the nuclear power megaproject is de-
termined by the formula:

ti=tl+t!, (12)
where tf is the total duration of the first group of the preparatory
works; t,‘f_l is the duration of the second group of preparatory
works at the first unit of the complex.

The time of the combination of preparatory and main construc-
tion works of the NPP is determined by the formula:

At =T —t!=T"—t{-t7 . (13)

The coefficient of the combination of preparatory and main
works during the construction of the nuclear power station can be
determined by the formula [5]:

K ===, (14)

PART 2. DETERMINATION OF THE EFFECTIVE DURATION
OF PREPARATORY WORKS

On the basis of the data on the scope of preparatory works at
the site, peculiarities of the construction site, resources available in
the power generating enterprise, volumetric, design and structural
solutions of the nuclear power complex, as well as a typical model

2 Kulapin A.l. Energy strategy of Russia until 2035 (Ministry of Energy of Russia). Scientific and practical conference “Project direction «Breakthrough»” : materials. 2016. Pp. 1-10.
URL: http://www.innov-rosatom.ruffiles/articles/c4bcf5b1329916e8f5b2b339cd2db098.pdf (Last accessed December 1, 2016).
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of the organization of work production, an extended organizational
and technological model of their performance has been developed.

In order to choose an effective duration of preparatory works at
the site, it is recommended to use the method of subdivision into
subtasks. The process of determination includes the following
steps:

® determination of initial data;

e determination of the search area for the optimal option in
terms of duration;

e calculation of options within the search area and selection of
the optimal option of performance of on-site preparatory
WOrks;

e calculation of a rational combination of site preparation, main
construction and installation works;

e calculation of the duration and cost of construction of the nu-
clear power plant taking into account the selected option.

The search area for the optimum duration of field preparation is
determined as follows. The time interval from T2, to T4 .. is divided
into smaller intervals and then for each of them the costs are calcu-
lated taking into account the time factor.

Based on the data obtained at this stage of calculation,
the search area (interval) for the most effective duration is deter-
mined'.

In addition to the proposed methodology, it is recommended to
use the established dependency (6), which makes it possible to
obtain an unambiguous solution for determining the optimal option
in terms of duration.

The next step is to specify the duration and discounted cost for
each of the options within the established range. The options that
fall within the range of the most effective in terms of duration will be
considered in more detail, since the duration of the scope of pre-
paratory works on site depends on the resources allocated, the in-
tensity and sequence of individual works, the degree of their com-
bination, and technological and organizational constraints.

For each of the considered options we consider a set of various
construction machinery for performance of preparatory works on
the site; on the basis of specific reduced costs of performance of
a unit of works by one or another machine we establish types and
makes of equipment providing performance of works in each inter-
val of the search area.

In the first case, when choosing the type of mechanization op-
tions for each type of work, the equipment with the lowest specific
costs per unit volume are used. The formation of sets of machines
is made from the existing fleet, and the selection is made on the ba-
sis of actual (minimum) costs.

On the basis of the calculations, the specific duration and mini-
mum costs for each of the options in the search area are deter-
mined. The option with the lowest cost is assumed to be the most
effective in terms of duration [6].

In order to determine the value of the overlapping works,
the preparatory works on site are divided into groups, and the works
of the second group are performed in the order of the construction
of the facilities. The works of the second group are carried out first
in order to start the main construction and installation works as
soon as possible and to maximize their overlap with the preparatory
works. It will allow combining the critical path of preparatory works
on site, main construction and installation works without attracting
additional resources in order to reduce the overall construction pe-
riod of the NPP complex.

The on-site preparatory works according to the most effective
variant in terms of duration, taking into account the combination of

works, will reduce the total construction period by the value AT,
which is determined by the formula [7]:

AT = At, + At,, (15)

where Al is the reduction in construction time on the critical path
due to the combination of preparatory, construction and installation
works at the site; At is the reduction in the duration of on-site pre-
paratory works under the calculated option compared to the given
option:

At,=T{-T3. (16)

The order of construction of NPP facilities and groups of struc-
tures is determined according to the (pr) preference rules, which
determine the order of execution of on-site preparatory works.

Due to the fact that for the economy of the country it is impor-
tant to determine efficient solutions not only for individual work
packages and facilities, but for the construction of power stations
as a whole, it is necessary to take into account the impact of the se-
lected efficient option for the performance of the site preparation
works on the total duration and cost of the construction of the nu-
clear power complex.

The most effective option determined in this way will ensure
reduction of the total duration and cost of construction of
the NPP [8].

The experience of development and implementation of effective
options shows that the proposed methodology makes it possible to
select the most effective variant of performance of on-site prepara-
tory works in each specific case, providing the optimal duration of
their performance, as well as combined implementation with
the main construction and installation works, which allows to reduce
the cost of their performance up to 3 % (according to the actual
data of Akkuyu NPP-1200, Turkey) [9, 10].

PART 3. MODELLING THE PROCESS
OF FLOW CONSTRUCTION

At present, deterministic organizational and technological mod-
els do not take into account the probabilistic nature of production.
In these models, none of the activities of the nuclear power plant
depends on other activities, and there is a set of unrelated activi-
ties, for each of which start and end dates are set.

Flow charts (cyclograms, or multiple activity charts) are con-
structed on a plane in a two-dimensional “work — time” coordinate
system. The cyclogram describes the interrelationship of works, but
in case of deviation from the planned duration of construction of
large-scale complex investment and construction megaprojects,
the chart should be recalculated and updated, as in these cases
the assumed flow of works changes. The multiple activity chart is
used when planning the construction of relatively simple standard
buildings and complexes (mainly in housing construction) and lin-
early extended structures.

Matrix organizational-technological models of NPP-1200 in-line
construction allow to present in a relatively simple analytical form
the complex of operations performed by the in-line method.

When modelling construction processes, network models de-
scribing the relationships between works are widely used. However,
only one type of relationship between dependent works is used, re-
flecting their complete priority, whereas in real processes there are
much more complex relationships between dependent works. This
leads to a distortion of the real work organization and technology
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when describing processes. To avoid distortion, special constraints
need to be imposed to account for these relationships. Network mod-
els cannot reflect the requirement of continuity of one or more activi-
ties because they reflect the simultaneous organization and execu-
tion of activities and require revisions of the network configuration for
minor changes. These drawbacks have led to the improvement of
network models through the development of various modifications,
including aggregated organizational and technological models.

PART 4. SELECTION OF THE OPTIMALITY CRITERION
VARIANTS

The choice of the optimality criterion for each particular prob-
lem should meet the requirements of the applied analytical appara-
tus and satisfy the practical needs. When solving the needs of con-
struction planning and implementation, the following factors are
considered as optimality criterion or given duration: minimum or
given duration of construction, minimum labour intensity and cost of
works; minimum costs taking into account the time factor, i.e. taking
into account the effect (loss) resulting from changes in the duration
of construction; maximum profit and planned profit; minimum cur-
rent costs and the difference between the current costs and reve-
nues received from the operation of the commissioned facilities by
the time of full completion of the construction works, etc.

The choice of one or another criterion depends on the level of
the task under consideration, its nature and the construction condi-
tions. The most general criterion, which allows to determine
the economic efficiency of the decisions taken, is “the minimum
labour intensity taking into account the time factor”, as it takes into
account the influence of the time factor in the sphere of construc-
tion and operation of the NPP-1200.

The criterion of minimum labour intensity is preferable for
a number of specific tasks of construction (distribution of the exist-
ing fleet of machines, selection of techniques and options for mech-
anization of construction processes, etc.), but its application caus-
es certain difficulties connected with taking into account the transfer
of past labour (contained in machines, materials, products, etc.),
the possibility of comparing the tasks of labour, workers of different
qualification, etc. The most flexible criterion is the minimum cost of
production. However, its application for workers of different qualifi-
cations is controversial. It can be applied provided that the duration
of construction is respected in the conditions of comparability of
variants, and the duration itself (T) is reflected in the value of pro-
duction costs. The criterion of the minimum actual cost, which takes
into account the construction base, is a more general indicator,
which, together with the construction cost and the efficiency of
the use of the means of production, is a more general indicator that
can be applied in solving higher-level problems that also have
the duration of construction as a constraint. In this case, as in
the previous one, there is no need to take into account the effect of
the time factor, which greatly simplifies the task of finding the opti-
mal variant. The optimality criteria of maximum planned profit and
minimum costs make it possible to take into account the value of
fixed assets and investments. Calculations according to the criteri-
on of maximum planned profit allow us to determine not only
the maximum production of construction products, but also
the maximum volume of construction products obtained by apply-
ing the most economically favorable production solutions, taking
into account capital investments in production [10].

In addition to the above optimality indicators, the general profit-
ability of an energy generating company is applied, which allows
maximizing profit while minimizing the cost of obtaining it. Three

variants of the optimality criterion have been established: the ratio
of profit to construction costs, profit to the fixed assets and profit to
all production assets (fixed and current assets). Experimental cal-
culations on all three variants have shown that the greatest effi-
ciency in optimizing the operation of power generating companies
is achieved by the criterion of profitability, i.e. the ratio of profit to all
production assets.

When solving small specific economic and mathematical prob-
lems and in many economic calculations, various optimality criteria
are used mainly in natural form.

The objective of the problem should be a function of the set
constraints and levels of active actions.

PART 5. SELECTION OF RATIONAL METHODS
OF INSTALLATION OF NUCLEAR POWER PLANTS

Availability of aggregate resources, limits of technical expedi-
ency of saturation of the work front with resources, organizational
feasibility of concentration of construction machines, workers, etc.
should be taken into account. Limitations ensure the fulfillment of
works in a given volume or determine the limits of fulfillment of any
conditions.

Closed, open, integrated and combined methods of installation
are used in the construction of industrial nuclear power facilities.

The closed method is used in the construction of facilities
equipped with technological equipment, the installation of which
must be carried out in closed spaces due to technical requirements.
This method provides for the installation of process equipment and
pipelines after the completion of the building frame of the whole as-
set or in some of its sections. It allows the installation of technological
equipment with operational overhead travelling cranes.

The open method involves the installation of the main process
equipment and pipework in open areas. After completing the instal-
lation of process equipment on a separate section of the structure
or on the entire building as a whole, the installation of building en-
velopes is carried out. Application of this method allows increasing
the number of free accesses to the place of equipment installation,
to increase the degree of convenience of installation, as well as to
use various devices (winches, masts, etc.) instead of heavy cranes.

The integrated method provides for the execution of work on
the arrangement and installation of equipment support structures,
installation of at least one of the sections of process equipment and
piping to be carried out in parallel with work on the construction of
the building.

The combined method is used for projects where some of
the equipment is to be installed outdoors and some cannot, due to
technical specifications, be installed until after the main construc-
tion of the plant has been completed. Equipment to be installed in-
doors includes compressors, pumps, air separation units, etc. This
method can also be used if it is practical to install some of the pro-
cess equipment using operational overhead travelling cranes.
The options available for each of the four methods of building and
plant construction can be characterized. Projects with pavilion-type
buildings can be constructed using any of the four methods listed.
For projects with structures of conventional type, the methods of
construction and variants of technological sequence of works exe-
cution are basically the same as for pavilion-type facilities [11].

Technological equipment in these buildings is usually installed
on monolithic foundations or plinths. The necessity to observe
the process pause for the concrete to gain strength does not allow
to vary the technological sequence, when the equipment
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installation and the construction of foundations and plinths are car-
ried out simultaneously.

When designing NPP facilities, an attempt is made to locate
most of the heavy and high equipment on open sites, which signifi-
cantly reduces the cost of the project. Maintenance of this equip-
ment during operation is carried out from platforms (mainly made of
metal) attached to the structures of the process equipment. In order
to increase the ease of installation during the construction of the fa-
cilities, the installation of the heavy and high equipment should be
carried out first, followed by the installation of the racking structures
and the rest of the technological equipment.

Methods of construction of multi-storey buildings and mixed-type
buildings have their own peculiarities, which are determined by
the number of floors, location of equipment on the intercommunica-
tion floors, height levels, etc. In the case of single-storey buildings,
the work is carried out in horizontal direction, and in the case of mul-
ti-storey buildings in the horizontal, vertical and diagonal directions.

When assessing the different duration options for building
the project, the value of economic effect is determined from the ex-
pression:

E=E, +E,,+E,+E, 17)

where E, . indicates the economic effect of reducing the relatively
constant part of (oc) overhead costs; E;,, is the economic effect of
reducing the period of operation of (fca) fixed and current assets;
E, is the effect (loss) of changing the amount of (d) diverted capital
investments in the construction of the project; £, is the economic
effect of early (¢) commissioning of the nuclear power complex.

PART 6. SELECTION OF THE MOST RATIONAL
OPTION FOR TECHNOLOGY AND ORGANIZATION OF
CONSTRUCTION WORKS

During the development of the statement of the construction
method a special role is given to the selection of the most rational
options of technology and organization of construction works.

The main documents reflecting the planned technology and
organization of construction works of linear or power grid facilities
and energy-efficient complexes are flowcharts and cyclogram-
based models of the construction process.

Existing methods of flow chart development require time-con-
suming and labour-intensive calculations and consider the works
in a disjointed manner; moreover, they do not allow to choose
a single optimal solution taking into account the totality of influenc-
ing factors. In order to select a solution with the help of available
software, it is necessary to formalize the process of developing
time schedules for the construction of an industrial nuclear com-
plex in the following way: a certain industrial complex is given,
consisting of j (j = 1, 2, n) facilities to be built in the planned period,
each of which requires m (x = 1, 2, m) types of work. The task is to
provide a schedule of work execution and to determine the techno-
logically justified and economically feasible duration of construction
of the nuclear power complex, while ensuring the most uniform
alignment of resource consumption by construction companies en-
gaged in NPP construction. To solve this problem, methods of lin-
ear and dynamic programming were used, as well as a number of
exact methods based on Johnson’s algorithm.

The analysis of the applied methods showed the usefulness of
using the modelling method based on preference rules, which is
the most commonly used in the development of construction
schedules, as well as the random object selection rule and

the combination of several preference rules for solving such prob-
lems. The choice of preference rules is complicated by insufficient
and uncertain information on resources at the stage of construction
statement development. Therefore, when evaluating the variant of
the schedule developed according to this preference rule, it is nec-
essary to take into account both the reduction of the construction
period of the nuclear power plant and the uniform distribution of
resources. For this purpose, a dimensionless criterion is used,
which is determined by the formula:

c=al+pP, (18)
T n

s

where T is the duration of construction of the nuclear complex accord-
ing to the accepted sequence of construction, taking into account
the critical path; Ty is the statutory duration of the NPP construction;
P is the number of parallel flows, in which simultaneous types of work
are performed continuously at T; n is the total number of facilities in
the project; a, B are coefficients taking into account the influence of
the NPP construction period and the level of resource consumption.

Since the calculation method for determining the numerical values
of a and B coefficients is unknown, the method of expert judgment
was used for their estimation during the construction of Akkuyu
NPP-1200. As a result, the numerical values of a = 1.63and 8 = 1.0
were determined. Accordingly, after the necessary transformations,
the expression for determining the criterion took the following form:

c=163L 42 (19)
T, n

In order to select the best preference rules according to this cri-
terion, we have developed an algorithm that repeatedly simulates
the process of developing a flow chart. The initial data for it are dis-
tribution functions of the duration of work types identified on the ba-
sis of statistical data taken from the construction method statement.

The developed algorithm provides the following modelling se-
quence (Fig. 1):

o for each preference rule, a number of facilities in the complex

and types of works on them are defined,

e the duration of the types of works on the facilities is calculated
by distribution functions using a pseudo-random number
generator;

e groups of facilities built in parallel facility sequences are or-
ganized according to the analyzed preference rule, taking
into account the constraints;

e the total duration of the NPP construction is determined by se-
lecting the longest duration of one of the parallel facility flows;

* the criterion is calculated;

e after a given number of realizations, the distribution of the cri-
terion is determined and its statistical characteristics are cal-
culated;

e selecting the best preference rules by comparing the mathe-
matical expectations.

The best preference rules are: minimum duration of separate
types of work, construction of the facility without the first type of
work; combination of the equal probability sampling rules and min-
imum duration of construction of the facility.

Subsequently, each of the four selected preference rules is
used to compute and build four variants of the flow chart.

A special algorithm has been developed to solve the task of
building a schedule, the computational sequence of which is shown
in Fig. 2.
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Fig. 1. Algorithm of preference rule selection [12]

After entering initial data for each of the facilities, they are sort-
ed according to the given preferency rule. The facilities are includ-
ed in the groups of facilities built according to continuous parallel
flows, taking into account the following constraints:

e work on separate specialized and individual flows in the facil-

ity stream must be continuous;

e a subsequent individual flow cannot start before the previous
one on the same facility is completed;

e the period of implementation of each facility flow, determined
by the date of completion of the last individual flow on the last
installation, shall not exceed the given prescribed period;

e technological constraints;

e the duration of the construction of facilities should be linked to
the terms of delivery of equipment.

The development of an integrated flow is considered complete

when each of the installations not covered by it violates the given
restrictions when attempting to include it in this flow.

(1 | Input of initial data )

Y
| 2 | Ordering objects |

| 3 | Selecting an object to include in the stream |<—

Does
the object
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the specified
constraints?

No
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| 8 | Improvement of the plan |

v
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1]

| 10| Resource alignment |

]

| 1 | Calculation of the economic effect |

1]
62| Output of results )

Fig. 2. Algorithm of flow chart calculation

After checking that all the facilities of the given group are cov-
ered by the facility flows, the heuristic procedure of plan improve-
ment is applied, which consists in rearranging the installations in
parallel facility flows in order to reduce the previously calculated con-
struction time of the group of installations. If there is no reduction,
the original plan is adopted. The total duration of construction of
the NPP is determined by the maximum duration of implementation
of one facility flow out of the number of parallel streams considered.

The best plan with the minimum duration is selected from the plans
obtained by applying different preference rules. The resource align-
ment order for the types of works on the facility is assigned (priority of
works). Based on the experience of solving the resource alignment
tasks, technically feasible types of works are assigned.

Depending on the priority for each variant of the construction
duration, chosen in increments of one week (month) from the inter-
val between the calculated and prescribed construction duration,
the earlier start and later finish of all types of works are determined
for all facility flows included in the integrated flow that is on the crit-
ical path.
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In the next step, the installation-specific flows are shifted within
their time reserves, with the first installation flow with the maximum
construction time being shifted to the rightmost position, followed
by the next one with the maximum to the left. The individual instal-
lation flows are shifted, taking into account the distribution of re-
sources, so that the smallest sum of squares of the deviations from
the average level has the minimum of its maximum consumption.

If the order of alignment of work types is not specified, the dia-
gram of resource consumption is smoothed for each of the resourc-
es and ends with the compilation of the overall schedule of resource
distribution for each duration option, taking into account the priori-
ties, after which the best option is selected.

PART 7. CONCLUSION

Resource alignment ends with a summary schedule of re-
source allocation for each duration option from the interval

between the estimated and prescribed durations, after which
the best option is selected on the basis of economic evaluation
(minimum labour intensity). The above methodology has been to
calculate the construction schedule of the nuclear power com-
plex of Akkuyu NPP-1200, Turkey. The estimated cost of con-
struction and installation works on buildings and structures of
this complex was X millio.rubles, with the prescribed construc-
tion period of 60 months (actual not less than 39 months), includ-
ing the preparatory period and works on testing and adjustment
of equipment up to 12 months, but not less than three months.
This industrial nuclear power complex consists of 33 facilities
(buildings of the main production, storage, auxiliary, administra-
tive, and utility facilities).

As a result of the calculations performed in the software pack-
age, an option of the schedule was selected, characterized by
the indicators given in Table.

Determination of the intensity of work of the construction system taking into account the operational readiness factor

Phases of the investment | Stages of the investment ) . . ) Planned intensity Actual intensity
Planning period Loss of time Readiness factor
cycle cycle (man - days) (man - days)
Pre-investment Conclusion of an inter- 4 25 0.62 2,747.00 2,747.00
governmental agreement
Design and estimate doc- 7 25 0.74 2,747.00 2,024.11
umentation
tructi instal-
Construction and insta 6.25 28 0.69 3,652.00 2,522.1
Investment lation work
Technological work 5.6 3 0.65 1,422.00 925.95
Commissioning works 1.5 0.2 0.88 562.00 495.88
Exploitation Operating permit 1 0.2 0.83 563.00 469.17
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Peanusauus aHeproaTomMHbIX
meranpoekToB AQC-1200 3a py6exom

C UCNOJIb30BaHMEM MpaBu NpegnoYTeHus
NPy NOTOYHOM CTPOUTENLCTBE

CTpOoMTENLCTBO OTAENbHOrO 06BEKTa UM KOMMIIEKCA XapaKTe-
pu3yeTcsi MHOXECTBOM B3aMMOCBS3aHHbIX (DaKTOPOB, KOTOPbIE
OnpegensoTcs KOHCTPYKTUBHO-TEXHONIOFMYECKUMU U 06 BEMHO-
MNaHNPOBOYHBIMU XapakTepucTMKaMu, a Takxe nnaHoBo-u-
HaHCOBbLIMW W OPraHN3aLMOHHO-TEXHUHECKUMM YCNOBUSIMU.

OnTnmanbHoe BO3BEAEHNE 0OBLEKTOB M KOMMIIEKCOB — 3TO Op-
raHu3aums UX CTPOUTENbCTBA B ONTMMalbHble CPOKU C Yy4EeTOM
COBEPLLUEHHOW TEXHONIOMMN 1 MexaHu3aumu npu Hambonee pa-
LI,I/IOHaJ'IbHOIZ CTeneHn coBMeLLeHUsa CTPOUTESIbHbIX, MOHTaXXHbIX
N NyCKOHanago4HbIX paboT, 06ecnevmBatoLLMX MUHUMASIbHbIE 13-
OEep>XKu no cTponTenbeTey. ONTUManbHbIA BapUaHT CTPOUTENBCT-
Ba 06LEKTOB MYyCKOBOrO 3HEProaTOMHOI0 KOMMJeKca BblGMpaeTcst
nyTeM COMOCTaB/IEHNS MHOXXECTBA BApWaHTOB, KOTOPbIE pasnuya-
HOTCA: MPUMEHSEMbIMU CPEACTBAMU MEXaHN3aLUN N TEXHONOrewn
NPOV3BOACTBA OTAENbHBIX BUAOB PadoT; NPOAOSIKUTENBHOCTbLIO
BbIMOSIHEHWNSI CTPOUTESNIBHO-MOHTaXHbIX paboT; CpokamMu Havana
N OKOHYaHWsi paboT; METOAOM BO3BEAEHWNS OOLEKTOB; TEXHOJO-
rmyeckon nocnenoBaTesibHOCTbIO BbIMONHEHUA pa60T; cTeneHbo
COBMELLIEHNA CTPOUTENbHbLIX, MOHTaXHbIX U NyCKOHaNaao4HbIX
paboT; NPUMEHsiEMbIMU METOAaMM NPOM3BOACTBA PaboT.

OnbIT MPOEKTUPOBAHWS 11 CTPOUTENBCTBA MYCKOBLIX KOMIIEKCOB
NnoKa3blBaAET, YTO NMpPUN CTPOUTENLCTBE NPOMbILLIEHHbIX o6beK-
TOB BHYTPUMIIOLLAA04HBIE NMOArOTOBUTENbHbIE 1 OCHOBHbIE CTPO-
UTENbHO-MOHTaXHbIE Pa6OThl BbIMOHAOTCS MOC/IEA0BATENLHO.
CornacHo Tpe6oBaHUsM HOPM Ha BbIMOSIHEHWE MOArOTOBUTESb-
HbIX Pa6OT MIAHMPYETCS B OCHOBHOM PaBHOMEPHOE pacripege-
neHne KanutalbHbIX BﬂO)KeHMVI, YTO HepauWnoHasIbHO, NOCKOJ1b-
Ky MPUBOAWNT K CHIKEHWIO UX 3DAEKTUBHOCTY U 3aTArMBaHMIO
CPOKOB CTPOMTESLCTBA.

B npouiecce BbIMOMHEHWS BHY TPMNIIOLLAA04HbIX NOArOTOBUTENb-
HbIX paboT xapakTep pacrnpefeneHns KanutanbHbIX BIIOXEHWUA
no nepuoaamM BpeMeHV MOXET 6bITb Pa3nnyHbIM.

Kak nokasbiBaeT npakTuka ctpoutensctsa ASC, npu coBme-
LLlEHHOM MOCNeAoBaTeNlbHOM BbIMONHEHNWN BHYTPUMNOLLA[04-
HbIX MOAroTOBUTEJIbHbIX N OCHOBHbIX CTPOUTEJIbHO-MOHTaXHbIX
paboT MOryT 6bITb BapuaHTbl: 1) MeHee NHTEHCKBHOE HapacTa-
HMe 06bEMOB B Ha4ase NoAroToBKW; 2) paBHOMEPHOE pacnpe-
OeneHne KanuTasnbHbIX BIIOXEHW Ha NPOTSXXEHUN BCEl NoAro-
TOBKM (MpY NOCNeAoBaTeNIbHOM BbINOSIHEHUW MOArOTOBUTESbHbIX
1N OCHOBHbIX paboT); 3) yCKOpeHHOe HapacTaHve B cpefHen ya-
CTV 1 3aMefsieHne 3TOro nNpoLlecca B OKOHYaHWN MOArOTOBKM
nnu 6ornee MHTEHCMBHOE HapacTaHne 06LEMOB B Ha4ane u 3a-
MepAnieHve 3Toro npoLecca B CepeanHe 1 B KOHLE NMOAroTOBKM
(Mpu coBMeLLEHUN MOArOTOBUTENbHBIX U OCHOBHbIX padoT).

Mpy paccMoOTpeHUN BO3MOXHbLIX COBMELLEHWUIA NMOArOTOBUTESb-
HbIX N OCHOBHbIX CTPOUTEJIbHO-MOHTaXHbIX pa60T cnenyeT y4un-
TbIBaTb COKpaLLeHNe 06LLEN MPOAOIHKUTENILHOCTU CTPOUTENLCTBA
NyCKOBOro 3HEproaTtoMHOro KOMMJIEKCa Kak 3a CHET COBMeELLe-
HWUSI BHYTPUMJIOLLIA04HbIX NOArOTOBUTENBHBLIX paboT MeXAy Co-
60M, TaK 1 3a CHET COBMELLEHUS C UX OCHOBHbIMU padoTamu.

Knro4veBsbie cnoBa: notoku ctpoutensctsa ASC—-1200, BHyTpu-
rnoLyafo4Hble Mo[roTOBUTENIbHbIE PA60Tbl, KDUTUHECKMU MYThb,
rnpaBuna npeano4YTeHusi, MeToAbl MOHTaxa, pasinyHble BapuaH-
Thl OpraHu3auum CTpoUTENbCTBA
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