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Evaluations of Structural Integrity for the KALIMER
Reactor Internals Subjecting the Transient Elevated

Temperature Cycles
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ABSTRACT

The main objective of this report is to evaluate the structural integrity accounting for creep
and stress-rupture effect for the KALIMER reactor internal structures subjecting the normal
reactor heat-up and cool-down transient operating cycles during 30 years of total life time.

From the results of the structural damage evaluations, most parts of the reactor internal
structures satisfy the limit rules of the structural integrity using ASME design code. However,
the reactor baffle parts at elevation of the hot pool free surface slightly exceed the limit value of
the total accumulated creep-ratcheting strain, then more detail structural analyses and

evaluations for this region should be carried out to meet the design rules.
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Table 1. Dimensions of conceptually designed KALIMER reactor structures

Table 2. Calculated stress intensity components for assumed heat-up and cool-down operating
conditions

Table 3. Calculated total creep-ratcheting strain for assumed heat-up and cool-down operating
conditions

Table 4. Calculated creep-fatigue damage for assumed heat-up and cool-down operating

conditions

Fig. 1 Conceptually designed KALIMER reactor structures

Fig. 2 Concept of KALIMER reactor internal structures

Fig. 3 Used heat transfer mechanism through PSDRS

Fig. 4 Thermal boundary conditions with moving annular sodium level

Fig. 5 Finite element model for transient thermal analysis

Fig. 6 Used transient thermal cycle for heat-up and cool-down operation

Fig. 7 Temperature distribution along SB inner surface during cool-down operation
Fig. 8 Temperature distribution along SB inner surface during refueling operation
Fig. 9 Temperature distribution along SB inner surface during heat-up operation
Fig. 10 Temperature distribution along SB inner surface after heat-up operation

Fig. 11 Temperature distribution along RB inner surface during steady state operation
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12 Temperature distribution along RB inner surface during cool-down operation
13 Temperature distribution along RB inner surface during refueling operation
14 Temperature distribution along RB inner surface during heat-up operation
15 Temperature distribution along RB inner surface after heat-up operation

16 Tresca stress intensity contour during steady state condition

17 Tresca stress intensity contour at time=2 hours during cool-down operation
18 Tresca stress intensity contour at time=11 hours during cool-down operation
19 Tresca stress intensity contour at time=14 hours during refueling operation
20 Tresca stress intensity contour at time=0 hour after heat-up operation

21 Tresca stress intensity contour at time=10 hours after heat-up operation

22 Tresca stress intensity contour at time=48 hours after heat-up operation

23 Location of sections for evaluating the structural damages

24 Creep-fatigue interaction curves

25 Composite stress-strain curve

26 Stress relaxation limit for creep damage evaluation

27 Accumulated creep damage curves for reactor baffle at hot pool free surface
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Fig. 1 Conceptually designed KALIMER reactor structures



Table 1. Dimensions of Conceptually Designed KALIMER Reactor Structures

Items

1. Containment Vessel

2. Reactor Vessel
3. Reactor Baffle
4. Support Barrel
5. Inlet Plenum

6. Baffle Plate

7. Separation Plate

8. Core Support

9. Core

10. Reactor Head
11. Flow Guide
12. Inlet Pipe

13. Core Shield
14. Former Ring

15. EMP Nozzle

Outer Dia. Thickness Material Remark
(Cm) (Cm) (Cm)
737.0 2.5 2(1/4)Cr-1Mo  Partial-spherical bottom
head
Gap between RV and CV
702.0 5.0 316SS =15.0
Gap between RB and RV
687.0 2.5 316SS =25
Gap between SB and IHX
374.0 5.0 316SS =16.925
Upper Grid Plate T=10.0
374.0 15.0 304SS Lower Grid Plate T=15.0
Lower Baftle Plate T=2.5
687.0 2.5 316SS Upper Baffle Plate T=2.5
687.0 10.0 316SS Circular Disk Type
374.0(t) 15.0 316SS Skirt Type, Height=60
454.0(b)
335.15 - - Gap between Core and SB
=14.425
737.0 30.0 304SS Circular Disk Type
660.0 2.5 304SS
45.08 2.54 316SS 4 EA
248.0 15x3 316SS 3-Cylinder Type, Gap=3
Height=370
358.0 10.0 316SS
125.0 2.5 316SS Height=80

* 0.D. of THX (4EA) = 120 cm

* 0.D. of EM-Pump (4EA) =120 cm

* T : Thickness

*1, b : top, bottom



Reactor Head

(RH)
Thermal
Insulation Plate
(TIP) Reactor Baffle
(RB)
Baffle Plate Reactcl){rVVessel
(BP) (RV)
Containment Vessel
Support Barrel V)
(SB)
Upper Internal
Separation Plate Structure (UIS)
(SP)
Inlet Pipe Flow Guide
(IPP) (FG)
Radiation Shield
(RS)

Inlet Plenum
(IP) Core Support

(CS)

Fig. 2 Concept of KALIMER reactor internal structures
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Fig. 5 Finite element model for transient thermal analysis
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Fig. 6 Used transient thermal cycle for heat-up and cool-down operation
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Fig. 7 Temperature distribution along SB inner surface during cool-down operation
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Fig. 8 Temperature distribution along SB inner surface during refueling operation
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Fig. 9 Temperature distribution along SB inner surface during heat-up operation
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Fig. 11 Temperature distribution along RB inner surface during steady state operation
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Fig. 12 Temperature distribution along RB inner surface during cool-down operation
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Fig. 13 Temperature distribution along RB inner surface during refueling operation
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Fig. 14 Temperature distribution along RB inner surface during heat-up operation
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Fig. 15 Temperature distribution along RB inner surface after heat-up operation
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Fig. 16 Tresca stress intensity contour during steady state condition
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Fig. 18 Tresca stress intensity contour at time=11 hours during cool-down operation
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Fig. 19 Tresca stress intensity contour at time=14 hours during refueling operation
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Fig. 20 Tresca stress intensity contour at time=0 hour after heat-up operation
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Fig. 21 Tresca stress intensity contour at time=10 hours after heat-up operation
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Table 2. Calculated Stress Intensity Components for Assumed Heat-up and Cool-down

Operating Conditions
Max Avg.
Section No. | Max (Pm) Max (Pb) Max. Range Max (Peak) Wall
A(Pm + Pb) T 0
emp., C

Inner 96.2 120.2 1.4

! Outer 273 96.7 94.9 2.3 408.0
Inner 114.5 145.2 1.9

2 Outer 4.1 112.4 112.8 1.6 408.0
Inner 433 138.3 6.1

3 Outer 995 432 61.7 7.9 4247
Inner 79.0 78.1 2.0

4 Outer 21 78.1 77.2 2.5 4773
Inner 22.1 27.2 1.7

> Outer 73 22.1 17.9 1.9 2272
Inner 85.1 87.0 52

6 Outer 66.3 87.0 83.9 5.2 382.9
Inner 10.6 6.8 04

7 Outer 8.2 9.8 17.0 0.8 4332
Inner 95.6 124.3 3.8

8 Outer 397 91.1 86.5 4.5 5251
Inner 1971 146.4 218.2 11.3 i1

0 Outer 7. 157.0 173.4 6.9 524,
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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 o Design Margin Temperature,
. Limit, % 0
Strain, % C
Inner 0.027 0.5 18.5
! 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 4.1 4247
Inner 0.003 1.0 333.3
4 Outer 0.003 1.0 333.3 4773
Inner 0.006 0.5 83.3
> Outer 0.006 0.5 83.3 3272
Inner 0.051 0.5 9.8
6 Outer 0.051 0.5 9.8 3829
Inner 0.011 1.0 90.9
7 Outer 0.011 1.0 90.9 4332
Inner 0.118 1.0 8.5
8 Outer 0.115 1.0 8.7 5251
Inner 1.323 1.0 0.8
? Outer 1.416 1.0 0.7 >24.1

* Total Hold Time = 236520 hours

* Number of Cycle = 30

* Average Cycle Time = 7884 hours
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ATF2EN APAAAES 5e7] fElAE 1) AE dR27)Es AAEAzA AA,
2) Al HEAF EAGES F8, 3) FRAA WA, 4) €9-5-H(Thermal membrane

stress) 4 GEFE 7L, 5) Al BRI &S Faste] 74 HEd HEE S

2Ae WEAZ & Qe AT FaEelef del,

AR EAGFE Bl 4% AASHAEA A, B 13a kel s T EE

FA AYAREFS e e £4 H7HAS wEeof @t

i (n A
Z{N—dl + ;(El <D (1)

o] Aol Folzl 7155 ejul g k.
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

(T,), = allowable time duration determined from the stress-to-rupture curves
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Table 4. Calculated Creep-Fatigue Damage for Assumed Heat-up and Cool-down

Operating Conditions
Section No. Creep Damage Fatigue Damage Hold Terglé)erature,
' o 0002 60 1080
2 [“oue 0003 60 080
* [ “oue 0.0 00 47
4 [“oue 000 60 73
: (I;llizrr 8:88% 8:8 527.2
¢ [“oue 0.00; 00 5529
" [“oue 000 00 2
' [“oue 0034 60 5251
Inner 0.846 0.0
? Outer 0.570 0.0 524.1

* Total Hold Time = 236520 hours

* Number of Cycle = 30

* Average Cycle Time = 7884 hours

43




0.030

L

0.025

1

—e— Inner surface
—v— Quter surface

L

1

0.020

L

0.015

1

L

0.010

1

Accumulated Creep Damage

L

1

0.005

b 111

0.000

4000 6000 8000

Time (hours)

Fig. 27 Accumulated creep damage curves for reactor baffle at hot pool free surface
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