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Abstract. One of the main problems in determining the investment in the construction of new nuclear facilities 

at the design stage is the cost estimation of non-standard equipment. Principles and essence of basic methods of 

BREST-OD-300 reactor equipment cost estimation are disclosed. Iterative approach to the assessment of the 

main BREST-OD-300 reactor equipment is presented. Some features of reactor equipment cost estimation are 
mentioned. 
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1. Introduction 

Calculations of investments in new build projects involve issues of value estimation for 

nonstandard equipment the share of which in the total capital investments may be substantial. 

Nuclear power facilities under design are characterized by novelty, lack of manufacturing 

experience and uncertainty of performance. As unique designs, they make it impossible to use 

estimated price books, while determination of value for such equipment requires other 

approaches. 

It is as early as at the initial design stages that it is important to have an idea of the end 

product’s competitiveness level. Initial design and development are the most critical stages 

because the decisions they involve account for up to 80% of the future product’s lifecycle 

value. 

Inaccurate estimation of values for non-standardized equipment, accounting for a major share 

in the total nuclear investments, may cause the end value of the project to deviate greatly from 

the initial estimate. 

Sustained development of large-scale nuclear power (NP) suggests the use of innovative 

reactor technologies and organization of a closed fuel cycle (CNFC). However, such large-

scale nuclear power will prove to be socially acceptable only if meeting high safety and cost 

effectiveness requirements. 

The establishment of a pilot demonstration energy complex (PDEC) with an onsite nuclear 

fuel cycle is the first step in building nuclear power of a new generation based on high-

technology and cost-effective power projects meeting the modern safety and reliability level. 

Pilot and demonstration energy complex facility is being designed for practical validation of 

feasibility of inherent (natural) safety concept of a lead-cooled fast reactor operating as a NPP 

based on the closed nuclear fuel cycle (CNFC). The Chief Designer of the pilot demonstration 

reactor BREST-OD-300 is the «N.A.Dollezhal Research and Development Institute of Power 

Engineering» (JSC «NIKIET»). 
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Combination of inherent characteristics of the lead coolant, uranium-plutonium nitride fuel, 

physical characteristics of the fast reactor and design solutions for the reactor core and coolant 

circuits takes BREST to a new quality level of safety, providing its nuclear safety without 

actuation of active safety systems. 

The BREST-OD-300’s power level is 700 MW(th). There is two-circuit configuration of the 

heat removal system with subcritrical water-steam used as the secondary circuit fluid. 

The BREST-OD-300 has an integral layout of the lead circuit components accommodated in 

the central and four peripheral steel-lined cavities of the concrete vessel (Fig. 1) [1]. 

 

 

Fig. 1. BREST-OD-300 reactor unit 

The central cavity accommodates the reactor core with a side reflector, the CPS rods, an in-

reactor SFA storage and a reactor core barrel that separates the hot and cold lead flows. The 

four peripheral cavities (one for each loop) accommodate steam generators and reactor 

coolant pumps, heat exchangers of the emergency and normal cooldown systems, filters and 

other components. The cavities are hydraulically interconnected. 

The pilot demonstration power unit with the BREST-OD-300 reactor facility is the prototype 

for building serial nuclear systems with the BREST-1200 reactor. Well-targeted analysis and 

management of the PDEC construction cost is the method to define major ways and 

techniques to optimize the design concepts and structural features of a large commercial NPP 

for achieving the cost effectiveness. 

 

2. Principles and basic methods of BREST-OD-300 equipment cost estimation 

For BREST-OD-300 reactor equipment cost estimation we have adopted the principles: 

• timeliness – cost estimation at each project stage; 

• reliability – continuous improvement of the cost estimation techniques, accuracy, taking 

into account the probabilistic nature of calculations; 

• continuity – logical integrity and consistency of cost estimates at different project stages; 

• objectivity – continuous expansion of the database of comparable facilities, tracking of 

innovations in equipment and technologies, multivariative analysis, tracking and review of 

the cost changes among stages. 
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In order to provide BREST-OD-300 reactor equipment cost estimation all applicable methods 

were divided into two main groups: 

• analogy-based methods; 

• resource-based (bottom-up) methods. 

A comparison of the above methods, depending on applicability conditions, is presented in 

Fig. 2. 

 

Fig. 2. Applicability factors for major cost estimation methods 

Auxiliary equipment value estimation methods include (Fig. 3): 

• parametric methods; 

• correction-based methods. 

 

Fig. 3. Auxiliary value estimation methods 

Parametric methods include economic and mathematical models (specific indicators methods, 

expert estimates (rating) method, aggregate method, technical level coefficient method, 

scaling method) and mathematical statistics methods (variance, regression, correlation and 

factorial analyses, etc.). 
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Correction-based methods are used to ensure comparability of all parameters and conditions 

taken into account in calculations of the developed equipment value: 

• adjustment to a comparable configuration; 

• conversion of price into a foreign currency based on the exchange rate; 

• adjustment of different estimates to one price level by price indexes. 

Additionally, correction coefficients may be introduced to take into account: 

• type of acceptance (quality inspection, special acceptance); 

• production type (series or non-series), learning curves; 

• results of earlier Rosatom Production System (RPS) projects, and so on. 

The price index is an important indicator that makes it possible to identify the major value 

change trends. For example, the highest value growth rates are recorded for turbine equipment 

and special-purpose electrical bridge cranes [2]. 

Implementation of the Rosatom Production System (RPS) projects is aimed at maximizing the 

productive actions per time unit at each workplace through excluding successively the losses 

in production and management processes. RPS projects change the existing equipment 

manufacturing practice.  

Our experience in iterative approach to the assessment of the main BREST-OD-300 reactor 

equipment has allowed to establish a hierarchical system of cost estimates depending on the 

stage of the project (Fig. 4).  

 

Fig. 4. Hierarchical system of cost estimates 

The value estimate is broad and can be obtained with no much time and resources consumed 

at the initial stage with limited information available on the future configuration and 

performance of the equipment under design. Expert reviews and the value of comparables 

with no special details are used as tools. This data includes the industry’s specific investment 

per the facility power unit and the share distribution in the total cost structure for any type of 

equipment. As applied to innovative facilities, such approach is characterized by a high level 

of uncertainty.  
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The value estimate certainty level can be increased by taking into account individual features 

of the facility being considered. Information on the reactor technology, the facility’s 

conceptual layout and such parameters as power, modularity, extent of commercialization and 

deployment region allow the estimate to be updated and broadened. This improves the level 

of accuracy but cannot be always regarded as satisfactory. 

To improve the accuracy, a functional cost analysis is conducted at the next stage for a more 

detailed calculation. The equipment performance can be analyzed and calculated through 

decomposing the general value indicators for the nuclear plant and its units into a number of 

interconnected subsystems based on different attributes (purpose, design features and others). 

It is possible to update the resultant estimates by taking into account the behavior 

characteristics of processes (fluid temperature and pressure), the equipment performance 

(head, capacity and others), weight and dimensions, and the structural materials used in a 

component. 

The construction of a resource model suggests that the process of the equipment value 

formation is modeled in conditions which are close to the actual factory environment, with 

regard for the current economic situation. The items modeled include the internal equipment 

structure, the equipment components, and the costs by calculation items: material costs, labor 

payment costs, overheads and profit. 

Resource-based estimation differs from the resource model in that it is carried out 

immediately by the manufacturer of the equipment under design.  

A special item is the actual equipment cost defined as the final cost formed after the 

manufacturing process is over and calculated based on the costs incurred. 

Some of the above methods used to estimate the value of non-standardized equipment at the 

design stage are described in State Atomic Energy Corporation Rosatom’s Unified industrial 

Procurement Standard[3]. 

The experience of estimating the value of equipment under design shows the need for using 

all of the available tools (Fig. 5). The correctness of the cost estimation for equipment under 

design is confirmed by the sufficient proximity of the estimates calculated by the entire set of 

methods, considering the design stage, the acceptability factors (completeness of initial data 

and availability of information), labor input and permissible error. 

 

Fig. 5. System of value estimation methods 
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3. Description of cost estimation methods 

3.1 Analogy-based estimation methods 

Analogy-based method for evaluation of equipment is versatile and can be used at all design 

stages. 

A simple method for estimation of equipment value at an early development stage is specific 

weight method (structural analogy method). The method operates on statistical data on the 

structure of the cost value of standard equipment (steelworks, vessels) similar to those under 

design. The value of the equipment under design is calculated by the formula: 
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desmC .

is the total cost of materials and accessories for the equipment under design; m

is the share of material costs in the cost value of standard equipment. 
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where 1comC , 2comC , 3comC  are the value of equipment in the selection, and 

... , , , 321 comcomcom РРР  are the values of the main parameters of the equipment in the selection. 
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where s is the standard deviation; 








icom

icom

P
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 is the specific indicator for the i
th 

comparable; 

n is the number of comparables in the selection (the selection amount); spС  is the average 

value of the specific indicator for the considered selection; and V is the variation coefficient. 

The value of the product under design is calculated as 

,desspdes PСC 
 

where desP  is the main technical parameter that defines the value of the product under design. 

A source of data on specific indicators of the product’s weight unit value may be the 

statistical database of the United Nations Organization available at http://data.un.org (UNdata. 

A world of information). 

Through a regressive analysis one can find the empiric formula for the dependence of cost on 

the product performance parameters (power, weight and others): 

 pdes хххfС ,...,, 21
, 

where pххх ,...,, 21  are the performance and economic parameters of products. 

In practice, linear dependences as following one are used to calculate the cost value of the 

product under design: 

ppdes хахахааС  ...22110 , 

where iа  is coefficients that reflect the extent of the i
th

 parameter effect on value. 

The coefficients are found by the least square method based on statistical information on 

comparable products. 

The nonlinear nature of the value dependence on the parameters under consideration may be 

described by a power function of the type: 

com

p

аа

des хххаС ...2

2

1

10 . 

The practice of price formation for nuclear installations at the stage of predesign studies 

involves an extensive use of the parametric dependence of value on the main parameter in 

which price slowdown factor (scaling factor) stands as the exponent. 

The value of equipment under design is determined by correction of the data on the value of a 

similar installation for the main parameter. The correction for the main parameter is expressed 

in the value of the similar installation being multiplied by the respective correction factor 

n
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where desР , comР  are the major parameter of the equipment under design and the comparable 

equipment respectively; and n is the price scaling coefficient. 

The value of the equipment under design is calculated using the scaling formula: 
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where desС , comС are the value of respectively the equipment under design and the comparable 
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The specific value per the equipment main parameter measurement unit is calculated using the 

formula: 
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Table I shows how the scaling factor influences the magnitude of the equipment unit specific 

value in construction of reactors with different power levels. In the table I one can see a 

mathematical dependence showing by how many times the unit cost decreases when the 

power is increased from 300 to 1200 MW. For example, the manufacturing of equipment for 

two reactors of 600 MW each will be 23 to 41 % as expensive as the production of one 

equipment set for a 1200 MW reactor with the scaling factor values being from 0.5 to 0.7. 

TABLE I: INFLUENCE OF SCALING LAW ON THE UNIT SPECIFIC VALUE MAGNITUDE 

Scaling factor 
NPP power, MW 

1200 600 300 

n = 0.5 1.00 1.41 2.00 

n = 0.6 1.00 1.32 1.74 

n = 0.7 1.00 1.23 1.52 

 

There are many other methods and their combinations for equipment estimation. It is required 

to consider carefully the pros and cons with regard for the applicability factors. 

3.2 Resource-based (bottom-up) estimation method 

As the detailed design stage is approached, a more justified estimate of the equipment value 

can be obtained using resource -based (bottom-up) method. The equipment cost estimation by 

calculation items requires data on the material content normally found in working drawings, 

as well as data on the labor input, proceeding from the time standards shown in flowcharts. 

The information required for the cost estimation is not enough at early design stages. 

Resource -based method makes it possible to estimate the equipment value when the number 

of existing analogues is greatly limited. The method is applicable to innovative equipment, 

individually manufactured equipment, equipment manufactured as per a unique technical 

assignment, and exclusive long lead items. 

When using the resource modeling method, one should take into account that economic 

conditions may vary greatly among manufacturers. Differences manifest themselves in the 

technical level of production which depends on availability of high-performance and 

automatically controlled machine tools, automation lines and systems, and in the site 

production organization and management level. 

The use of the cost-based method is limited by unavailability of production and economic 

information for the particular manufacturer selected for the fabrication of the equipment under 

design. Averaged industry data on manufacturing costs may be used. 
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3.3 Estimation of the value calculation accuracy 

The value estimate error can be assessed based on AACE International’s matrix for 

classifying the cost estimates for industrial facilities (Table II) [4]. 

TABLE II: COST ESTIMATE CLASSIFICATION MATRIX FOR PROCESS INDUSTRIES 

Estimate 

class 

Primary Characteristic Secondary Characteristic 

Maturity level of project 

definition deliverables 

Expressed as % of complete 

definition 

End usage 

Typical purpose of 

estimate 

Methodology 

Typical estimating method 

Expected accuracy 

range Typical 

variation in low and 

high ranges 

Class 5 0% to 2% Concept screening 

Capacity factored, 

parametric models, 

judgment, or analogy 

L:    -20% to -50% 

H:   +30% to +100% 

Class 4 1% to 15% Study or feasibility 
Equipment factored or 

parametric models 

L:    -15% to -30% 

H:   +20% to +50% 

Class 3 10% to 40% 

Budget 

authorization or 

control 

Semi-detailed unit costs 

with assembly level line 

items 

L:    -10% to -20% 

H:   +10% to +30% 

Class 2 30% to 75% 
Control or 

bid/tender 

Detailed unit cost with 

forced detailed take-off 

L:    -5% to -15% 

H:   +5% to +20% 

Class 1 65% to 100% 
Check estimate or 

bid/tender 

Detailed unit cost with 

detailed take-off 

L:    -3% to -10% 

H:   +3% to +15% 

 

4. BREST-OD-300 reactor equipment cost estimation features 

The feasibility of creating new generation fast neutron reactors with heavy liquid metal 

coolants is largely governed by the development of new structural materials. 

The design of the BREST-OD-300 reactor facility includes the use of the 10H15N9S3B1-Sh 

(EP302-Sh) steel grade and its welded joints as the structural material for the reactor internals 

and main components to operate at a temperature from 360 to 550 °C. 

One of the most complex components of a newly BREST-OD-300 reactor is the steam 

generator. Up until now, the materials suitable for application as reactor steam generator heat-

exchange tubes were non-existent. For that purpose the new steel EP302М-Sh 

(03H18N13S2AM2VFBR-Sh) with the improved properties was developed. The heat-

exchange tubes should have a big length (more than 30 m) and have dimensions Ø18×3 mm. 

So the challenge of equipment cost estimation is in absence of analogues with the same steel 

and the same working conditions. 

A solution of the problem can be found in the new steel chemical composition analyses and 

comparison with analogues. It is necessary to define price quotations of chemical elements: 

molybdenum, vanadium, tungsten, nickel, chromium. 

However just consideration of the chemical composition does not provide sufficient accuracy. 

It requires a deep study of steel smelting and tube manufacturing process to achieve a relevant 

estimate. 
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An integral layout is used in the BREST-OD-300 reactor facility. The reactor vessel material 

is multilayer metal concrete [5]. Such vessel type is novel for the nuclear power industry. 

Reactor pressure vessels of well known widely used nuclear power plants with the VVER 

reactors (PWR type) are thick-walled cylindrical vessels with spherical domes. So it is 

impossible to use such analogy. An estimation can be made by taking into account the cost of 

sheet metal and a large amount of welding instead of stamping and forging. 

The VVER reactor main coolant pump is of the GCNA-1391 type consists of spherical 

welded-forged casing, an electric motor and auxiliary systems. There is no spherical casing in 

BREST-OD-300 reactor main coolant pump. An approximate estimate can be made by 

analogy of removable part of the GCNA-1391. In fact it is more difficult task. For example, 

there are variations in manufacture – to use sheets or forgings. This greatly affects the cost. 

The practice of estimating the value of equipment under design shows the need for using all 

of the existing tools, with sufficiently close estimates obtained as the result used to confirm 

that the value calculation is correct, with regard for the design stage, the applicability factors 

(completeness of data and availability of information), labor input and permissible error. 
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