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Optimization of Reliability Target for Main Safety Systems
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ABSTRACT
Reliability allocation is an optimization process of minimizing the total plant costs
subject to the overall plant safety goal constraints. Reliability allocation has been
applied to determine the reliability characteristics of reactor systems, subsystems, major
components and plant procedures that are consistent with a set of top-level performance
goals: the core melt frequency, acute fatalities and latent fatalities. Reliability
allocation is a kind of a difficult multi-objective optimization problem as well as a
global optimization problem. The gnetic algorithm, known as one of the most powerful
tools for most optimization problems, is applied to the reliability allocation problem of
a typical Pressurized Water Reactor in this paper. One of the main problems of reliability
allocation is defining realistic objective functions. We used techniques derived from the

Value Impact Analysis to define the realistic objective function in this paper.
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1.

Plant Damage State Health Risk Investment Risk Total Risk

1 Severe core damage or 5.0E+4 person- $1,162~ 3,136 million | $1,167~ 3,186 million
core melt; significant | rem/event median: $2,149 million | median: $2,176.5
radioisotope release (=$5~ 50 million/event) million
to containment

2 | Small LOCA leading to 3.8E+4 person- $329~ 924 million $332.8~ 962 millions
containment cleanup, rem/event median: $626.5 median: $647.4 million
valve and vessel (=$3.8~ 38 millions
repair to containment million/event)

3 | Possible damage to $32 ~ 243 millions $32 ~ 243 millions
steam generator; minor median: $137.5 million | median: $137.5 million
containment cleanup
and equipment checkout

4 | Possible primary $1~ 6 millions $1~ 6 millions
system water loss; median: $3.5 million median: $3.5 million
little or no spill
into containment; no
core or equipment
damage

2.
System Tank Pump Valves Base Cost | Redundanc |f Capital Cost
($270,000 | ($80,000~ | ($5,000) | ($300,000 |y (x $1,000)
) 110,000) )
Lower Base Upper
Limit Case Limit

RS* 1 4 1,488 [ 1,860 | 2,232

AFW* 3 4 49 1 4 1,543 1,928 2,314

MFW 4 52 1 4 2,016 2,520 3,024

SR 55 1 2 372 465 558

BD* 8 1 2 263 328.8 | 395

HPSI1* 0.5 2 52 1 2 711 889 1,067

LP1/SDC* 0.5 2 32 1 2 654 817 981

SIT* 4 0 2 1 4 1,283 | 1,603 | 1,924

EPS 1 1 1,040 1,300 1,560

DG 1 2 4,000 | 5,000 6,000

SWS 2 4 62 1 4 1,141 1,426 1,711

1A 2 2 30 2 2 880 1,100 1,320

The systems marked by * are classified as the safety class, hence, the weighting factor 1.2 is multiplied to the

summed cost to derive capital costs.
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