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Evaluation of Structural Integrity of KALIMER Reactor Internal Structures for
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ABSTRACT

The main objective of this paper is to evaluate the structural integrity of KALIMER reactor
internal structures for the transient operating loads. To do this the enveloped transient operating cycle
is prepared and the transient thermal analyses and stress analyses are carried out for this loading
condition. In transient thermal analyses, the moving thermal boundary conditions for the annular
sodium between the reactor baffle and the reactor vessel are considered in the analysis model. The
limits of the stress, the accumulated inelastic strain, and the creep-fatigue are checked using the
CHECK-ASME code containing the design roles of the ASME Code CaseN-201. In evaluations,
significant strain and creep damage are occurred in the reactor baffle at hot pool free surface region,
therefore it is concluded that more detail analyses and damage evaluations are required for this region.
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Table 2. Calculated Stress Intensity Components for Assumed

Heat-up and Cool-down Operating Conditions

Section Max Max | Max. Range | Max Ma\&;\(/ﬁlv g

No. (Pm) (Pb) | A(Pm+Pb) | (Peak) Temp., °C

Inner 96.2 120.2 1.4

Outer 273 96.7 94.9 2.3 408.0

Inner 1145 145.2 1.9

Outer 45.1 112.4 112.8 1.6 408.0
Inner 43.3 138.3 6.1

Outer 995 43.2 61.7 7.9 a24.1
Inner 79.0 78.1 2.0

Outer 2.1 78.1 77.2 2.5 4775
Inner 22.1 27.2 1.7

Outer 7.5 22.1 17.9 1.9 521.2
Inner 85.1 87.0 5.2

Outer 66.3 87.0 83.9 5.2 382.9
Inner 10.6 6.8 04

Outer 8.2 9.8 17.0 0.8 4332
Inner 95.6 124.3 3.8

Outer 597 91.1 86.5 45 525.1
Inner 146.4 218.2 11.3

Outer 127.1 157.0 173.4 6.9 524.1
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Table 3. Calculated total creep-ratcheting strain for assumed heat-up and cool-down
operating conditions

Total Creep Allowable Hold
Section No. Ratcheting - Design Margin Temperature,

. Limit, % 0

Strain, % C
Inner 0.027 0.5 18.5

1 Outer 0.027 0.5 18.5 408.0
Inner 0.041 0.5 12.2

2 Outer 0.041 0.5 12.2 408.0
Inner 0.123 0.5 4.1

3 Outer 0.123 0.5 41 a24.1
Inner 0.003 1.0 333.3

4 Outer 0.003 1.0 333.3 ATTS
Inner 0.006 0.5 83.3

5 Outer 0.006 0.5 83.3 521.2
Inner 0.051 0.5 9.8

6 Outer 0.051 0.5 9.8 382.9
Inner 0.011 1.0 90.9

! Outer 0.011 1.0 90.9 4332
Inner 0.118 1.0 8.5

8 Outer 0.115 1.0 8.7 525.1
Inner 1.323 1.0 0.8

9 Outer 1.416 1.0 0.7 524.1

* Total Hold Time = 236520 hours
* Number of Cycle = 30
* Average Cycle Time = 7884 hours
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D = total creep-fatigue damage

P = number of different cycle types

(n); = number of applied repetitions of cycle type, j

(Ng); = number of design allowable cycles for cycle type, j

g = number of time intervals for the creep damage calculation

(Ta)k = allowable time duration determined from the stress-to-rupture curves
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Table 4. Calculated Creep-Fatigue Damages
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