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ABSTRACT

In this paper, the seismic analysis model for selsmically isolated KAUMER reactor structures is developed and the
modal analysis and the seismmic time history andlysis are carried out for seismic isolation and nonvisclation cases. To
check the seismic stress limit according to the ASME Code, the equivalent seismic siress andlyses are performed using
the 3D finite element model. From the seismic stress analysis, the seismic margins are cdlculated for sfructural
members. The limit of seismic load is defined fo show that the maximum input acceleration ensures the structurdl safety
for seismic load. In comparison of seismic responses between seismic isolation and nonrisolation cases, the seismic
isolation design gives significantly reduced acceleration responses and relative displocerments between sfructures. The
seismric margin of KAUMER reactor structure is high enough to produce the limit seismic load 0.8g.
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Table 1 Data for conceptually designed KALIMER reactor structures

Structures Outer Dia.{Cm) | Thickness(Cm) Material Remark(Cm)

1. Containment Vessel 737.0 2.5 2(1/4)Cr-1Mo | Hemi-spherical bottom head

2. Reactor Vessel 7020 5.0 316SS Gap between RV and CV=15.0

3. RV Liner 687.0 25 316SS Gap between RVL and RV=2.5

4. Support Barrel 3743 50 316SS Gap between SB and IHX=16.925
Upper Grid Plate T=15.0

5. Inlet Plenum 3743 150 316SS Lower Grid Plate T=25.0
Lower Baffle Plate T=2.5

6. Baffle Plate 687.0 25 316SS Ubper Baffle Plate T=25

7. Separation Plate 687.0 10.0 3165S Circular Disk Type

374.3(1) 8.0 )

8. Core Support 454.3(b) 80 316SS Skirt Type

9. Core 344.3 - - Gap between Core and SB=10.0

10. Closure Head 7370 30.0 304SS Circular Disk Type

11. Flow Guide 630.0 25 304SS

12. Inlet Pipe 40.0 1.0 304SS 4 EA

13. UIS 140.0 2.5 316SS

+ QO.D. of IHX (4EA)=120cm, = O.D. of IHX Riser=60cm,  O.D. of EM-Pump(4EA)=120cm

* T @ Thickness, * 1, b : top, bottom
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Fig. 2 Elevations of KALIMER reactor structures
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Table 2 Nodal locations and mass distributions for horizontal model

Node Number Locations(m) Mass(kg) Rernark
1 00 4724.6+13727+83000 CVHRVHHX+EMP)+CH
2 2.1 6074.5 Ccv
3 2.7 76494 Cv
4 -55 128239 cv
5 -84 13048.9 cv
6 -11.3 13048.9 CVv
7 -14.2 128239 cv
8 -17.0 6299.5+105%4.3 Cv+CVBH
9 2.1 11528.7 RV
10 27 14517.6 RV
11 55 243384 RV
12 -84 247654 RV
13 -11.3 24765.4+11150.0 RV+V12/2
14 -14.2 24338.4+38380.0 24338.4+38380.0
15 -17.0 11955.7+29898+56993.2 RV+RVBH+CS)+(V3/2+V1)
16 2.1 26005 IHX
17 27 48948 IHX
18 -55 8205.9+6266.7 IHX+V8/3
19 -84 8349.9+6266.7 IHX+V8/3
20 -11.3 4174.9+6266.7 IHX+V8/3
21 2.1 3887.0 EMP
2 27 48948 EMP
23 -55 8205.9+5686.7 EMP+V13/3
24 -84 8349.9+5686.7 EMP+V13/3
25 -11.3 4174.9+5686.7 EMP+V13/3
26 2.1 5661.0 RVL
27 27 7128.6+31530.0 RVL+V11
28 -55 11951.0+1607.5+59224.3 RVL+BP/2+{V7/3+V10}
29 -84 12160.6+27046.7 RVL+V7/3
30 -11.3 6080.3+8077.0+27049.7 RVL+(SP/2+EMPN/2)+V7/3
31 -55 6560.9+1607.5+11332.5 SB+BP/2+V9/4
3» -84 13121.8+11335.0 SB+v9/4
33 -11.3 8597.0+3968.2+11336.8 SB+SP/2+V9/4
A -12.2 6589.2+2940.7+19238 8 SB+FR+(V/4+V5+/3)
35 -142 9106.0+7904.5 SB+V5+/3
36 -16.3 4553.0+73710.4+7908.6 SB+(IP/2+NS+NSS+P)+V5+/3
37 -17.3 15766.6+2134.5 IP/2+0.3V2
38 -12.2 6623.6+17009.7 FG/3+V4/3
3 -14.2 6623.6+17009.7 FG/3+V4/3
40 -16.5 6623.6+17009.7 FG/3+v4/3
4 0.0 11793 uis
42 28 23580 uls
43 -5.6 23850 uis
4 -84 2385.0 uis
45 -11.2 1179.3 uis
46 -11.7 54979.3+1500.0 Coret+V*5/3
47 -14.0 54979.3+1500.0 Corgt+V*5/3
48 -16.3 54979.3+1500.0 Core+V*5/3
49 -17.3 10000.0 Nose piece
Total Mass 1228044.0

V# : Primary Sodium Mss of Volume # in Table4 EMPN : EM Pump Nozzle

V+5 1 Duct Assembly Outer Sodium Mass (23713 kg) NS  : Neutronic Shield

V=51 Duct Assembly Inner Sodium Mass (4500 kg} NSS : Neutoric Shield

Pt Inlet Pipe FR : Former Ring
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Table 3 Nodal locations and mass distributions for vertical model

Node Number Locations(m) Masstkg) Remark
1 0.0 4724 6+13727.0+83000 CVHRV+HHX+EMP)+CH
2 2.1 60745 cVv
3 27 76494 CcV
4 -55 128239 cv
5 -84 130489 Cv
6 -11.3 130489 CVv
7 -142 128239 cv
8 -17.0 6299.5+10594.3 Cv+CVBH
9 2.1 115287 RV
10 27 145176 RV
11 -55 243384 24338.4
12 -84 247654 RV
13 -11.3 247654 RV
14 -14.2 243384 RV
15 -17.0 11955.7+29898+157550 RV+(RVBH+CS)+HV1+V3+V4+V12)
16 2.1 26005 IHX
17 27 48948 [HX
18 =55 8205.9+9395.0 [HX+V8/2
19 -84 83499 HX
20 -11.3 4174.9+9395.0 IHX+V8/2
21 2.1 3887.0 EMP
2 27 48948 EMP
23 55 8205.9+8530.0 EMP+V13/2
24 -84 83499 EMP
25 -11.3 4174.9+8530.0 EMP+V13/2
26 -2.1 5661.0 RVL
27 27 71286 RVL
28 55 11951.0+1607.5+40081.3 RVL+BP/2+(V30/2+V7/4)
29 -84 12160.6 RVL
30 -11.3 6080.3+8077.0+20285.0 RVL+HSP/2+EMPN/2)+V7/4
31 -55 6560.9+1607.5+40081.3 SB+BP/2+(V30/2+V7/4)
32 -84 13121.8 SB
33 -11.3 8597.0+3968.2+20285.0 SB+SP/2+V7/4
A -122 6589.2+2940.7 SB+FR
35 -14.2 9106.0 SB
K] -16.3 4553.0+73710.4+93170.4 SBHIP/2+NS+NSS+P)+Va+V5++V20
37 -17.3 15766.6+4564.5 IP/2+0.3V2+V6
3B -12.2 6623.6 FG/3
39 -14.2 66236 FG/3
40 -165 6623.6 FG/3
41 0.0 1179.3 uIS
42 28 23580 uls
43 56 23580 uls
4 -84 23580 uis
45 -11.2 1179.3 uls
46 -11.7 54979.3 Core
47 -14.0 54979.3 Core
48 -16.3 54979.3 Core
49 -17.3 10000.0+4500.0 Nose piece+V+5
Total Mass 1228044.0

V# : Primary Sodium Mass of Volume # in Table 4 P : Inlet Pipe

V20 = (314 Dse/d ) (826.77)(2.8)=24117.4 EMPN : EM Pump Nozzle

V30 = VIO+V11 V20 = 39592.6 NS  : Neutronic Shield

V+5 & Duct Assembly Outer Sodium Mass (23713 kg) NSS : Neutoric Shield Suppo

Vx5 1 Duct Assembly Inner Sodium Mass (4500 kg) FR : Former Ring
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Table 4 Calculated volume and weight of primary sodium

Volume Regions Volume (m?) Weight (tons) Remark
Volume 1 (RV Bottom Head) 4R 20.76 Cold
Volume 2 (inlet Plenum) 8230 7.12 Cold
Volume 3 (Outside of Flow Guide) 62.964 54.46 Cold
Volume 4 (Inside of Flow Guide) 58.991 58991 Cold
Volume 5 (Core) 34.000 28.00 Hot VotV *x 0.3
Volume 6 (Inlet Pipe x 4) 2809 243 Cold
Volume 7 (Baffle Zone) %5211 81.14 Medium
Volume 8 (IHX x 4) 2727 1879 Medium Vigincer X 0.8
Volume 9 (From Above Core to SB Top) 54.843 4534 Hot
Volume 10 (From SB top to IHX Cylinder Top) 3B9%6 218 Hot
Volume 11 (gg;n St:f);@(;\/lmder Top to Hot 8814 3153 Hot
Volume 12 (From Flow Guide Top to Cold 05780 2% Cold

Free Surface)
Volume 13 (EM-Pump x 4) 19720 17.06 Cold Vnozzle +Vaytiner X 0.8
Volume 14 (From RV Liner Slot Top to Hot

Free Surface-Gas) 17.608 B
Volume 15 (Inert Gas) 55.036 -
Total 570.056 2114

« Vo Qutside volume of duct assemblies in core region

* Hot Sodium Density

*x Vd

Inside volume of duct assemblies in core region

= 826.77 kg/m’

+ Medium Sodium Density = 85225 kg/m®

+ Cold Sodium Density

Table 5 Beam properties of reactor structures and components

= 864.98 kg/m®

Structures Outer Dia. {m) Thickness (cm) | Sectional Area (nf) | Area Moment of Inertia(m’)

1. Containment Vessel 7.37 25 0576875 3890275

2. Reactor Vessel 7.02 50 1.004845 6.648912

3. RV Liner 6.87 25 0.537605 3.148662

4. Support Barrel 3.743 50 0.580095 0.989116

5. Inlet Plenum Cylinder 3743 15.0 1.693161 2737027

6. Core 3443 - 0.803480 26151x10°
7. Flow Guide Cylinder 335 « 25 0261145 0.360910

8. UIS 14 25 0.107932 0.025530

9. IHX (x4) 1.2 25 0.369137 26379383
10. IHX Duct (x4) 06 25 0.1806416 1.2672

1. EM-Pump (x4) 12 25 0.369137 26379383
12. Reactor Support Wall 120 1200 - -

13. Nosepiece - - 0457074 527.568x10°°
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Table 6 Calculated spring constants of KALIMER reactor structures

Nodes |Horizontal Stiffness (N/m)| Vertical Stiffness (N/m) | Torsional Stiffness (N.m/rad)

Separation Plate 30 -33 0.2728x10" 0.2338x10° 0.4888x107
Baffle Plate 28 - 31 0.6820x10" 0.3653x10’ 0.7637x10°
Inlet Plenum{Lower Grid Plate)| 37 - 49 oo 0.1625x10° 0.4183x10°
Core Supports 15 - 37 0.6935x10" 0.1464x10" 0.1608x10°
Flow Guide(Upper Plate) 4 -3 0.1178x10" 0.5732x10’ 0.1119x10°
EMP Nozzle 30 - 38 0.6222x10" 0.6173x10" -

Closure Head 1 - 41 0.4764x10" 0.11891x10" 0.3859x10°
Isolation Device 1 - 50 11.8246x10° 21.3714x10° )
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Table 7 Relative displacerment responses of KALIVER

. Seismic UIS/Core
Design Loads Device Closure/Core
Conditions Horizontal | Vertical| Horizontal | Vertical

fmm) | (om) | (mom) | {mm)

Seismic
isolation | OBE | 71706 | 0143 | 0143 | 0740
SSE | 132705 | 0250 | 21.713 1276
Non- ~ B
isolation | OPF 53676 | 0687

SSE - - 77919 | 1.110
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Table 8 Results of equivalent seismic stress analyses of KALIMER reactor structures

Horizontal (Ss, S)) Vertical (S2) 2Tota| 28 tre832 ®
Reactor (MPa) (MPa) &+8°+S)
Structures (MPa)
OBE (0.075g) | SSE (0.14g) | OBE (1.55g) | SSE (1.93g) OBE SSE

Containment Vessel 0.6t 1.14 380 4.73 390 500
Reactor Vessel 11.50 2147 4210 5242 4513 60.58
RV Liner 0.47 0.88 290 2851 2291 2854
Support Barrel 1.07 200 874 10.88 8.87 1124
Inlet Plenum 0.66 1.23 359 447 371 480
Separation Plate 0.73 1.36 3090 38.48 3092 3853
Baffle Plate 0.61 1.14 1210 15.07 12.13 15.16
EM Pump Nozzle 597 11.14 96.70 12041 97.07 121.44
Flow Guide 748 13.96 120.00 149.42 12047 150.72
Core Supports 8.81 16.45 3200 39.85 34.34 46.14
Aujee] ARl APs fakHlE st Min [24S,, 075]> Py

Jep o,

KALIMER Hx212&9 X732 3|
A#2RY 7 FREFHY WAARE
A7) skd et ge WAE A
stk

o{:o T4

Margin=[(P, +F,}/ 04, 1-1.0 (1

—

Qo] Aojx P, Py ASME Code, Section
I, Appendix F, Rules for Evaluation of
Service Loadings with Level D Service
Limits™o] 749 =3 Y2282 75 (Local
primary membrane stress intensity)e} Uxb
3]-3-# 7} = (Primary bending stress intensity)
£ 7z Jehlin} S3side 59 AN o8t
o FaZITk 183 ose © ASME AR =0
A FAsHe F-8-2#(Allowable Stress)S UE}
ok PR ARE AAslE: BRAeE &
Az Dl #ges ol W sHsqdx
£ ASME Code, Section III, Appendix F¢] A
Aol bt SEd eds AES 4 3tk

2 (Dol AH8E 3E3H osed AT}
st Aeddd we ded 22 $ET
AL HEFT

for austenitic and high alloy steels,  (2)

0.75,=Py for ferritic materials @)

A} HollA Py, Su 28T S= 42 7FEEQ
A Ax 3= (General primary membrane
stress intensity), 7%= (Design stress
intensity) 2231 1A%+ =(Tensile strength)&
UehaI

(PrtPp)e ofehe] 8313 o] dvh dxpe
SEAE Pooll g SAGY 150%E Z3743)
A& <Heth

15P,(P+Py) 4

1(B0°0) L ALEEO) WA Hake
FZEo AASHAE 5.2 247 106.20MPa,
111.65MPao|®] JAZE Sus Z42z 3820
MPa, 4220 MPao|t}. 0|2 m#sdte] 9jo] A
@9 B)ozRE WARLEd 4 SR
a7e thest 2o A,

- eWzhA 27(530°C) :
P.<Min[24S,, 0.75,]=2.4S,=254.9MPa
(PL+Py) <1.5P,=1.5 X 254.9=382.4MPa
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A&y ztay 27(387°C) -
P, <Min[2.4S,, 0.75,]=2.4S,=268 0MPa
(P+Py) <1.5P,=1.5 X 268.0=401.9MPa
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722 7 399 WAdRE
o, ZAAs 2ol

fl
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Ba35= =2

w7244 9 KALIMER A2 7280
A dEANiERe] AVE A=
Azl g TIPS FRE 5 9
el Af7F 2 Utk B AFlA
e AR Z F9Y WIAQFEE o83
o 343 22 AAZEF(Limit seismic

load)& A ¢J&}sich

o

A
=3
=
=
L

2 IR ro %

A A 75}5=(Min [seismic stress margins]
1.0 )XSSE Load )

Table 9 Seismic margins of KALIMER reactor struc—
tures

Stresses| (P, + Po)*| Osse | Seismic
Part Name (MPa) (MPa) | Margins’
Containment Vessel 500 4019 79.38
Reactor Vessel 60.58 4019 563
RV Liner 2854 401.9 13.08
Support Barrel 11.24 3824 3302
Inlet Plenum 48 4019 82.73
Separation Plate 38.53 4019 943
Baffle Plate 15.16 3824 24.22
EM Pump Nozzle 121.44 4019 231
Flow Guide 150.72 4019 1.67
Core Supports 46.14 4019 7.7

P+ Py = (SF + S/ + SA™ : Calculated Stress
* Oge = 15Mn (24 Sn, 07 S, 1 - Allowable Stress
* Margin = [(P. + Py )/ sse 1 1.0
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