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What Are The Critical Gaps That
Must Be Addressed? (1)

* EBW must be demonstrated
— 4.375-inch (110mm) thick (RPV)
— currently demonstrated at 4-inches (100mm)

=» ATLAS HIP facility must be built
— to increase HIP size capabilities
— up to 3.1m diameter x 5m length
— Can manufacture 2/3rds scale coupons today.

30mm, 130mm, and 200mm EB welds

= EBW of SA508 RPV sections

— Does a vessel that has been EB welded, solution annealed, and quenched and tempered require
subsequent in-service inspections?

- Is EB really a weld after solution annealing? No filler metal.
— Need to demonstrate fracture toughness following solution anneal

C ELECTRIC POWER
© 2016 Bectric Power Ressarch institute. inc. Al rights reserved _PEI RESEARCH INSTITUTE

Source: David Gandy, Craig Stover, ‘Advanced Manufacturing to Enable the Next Generation of Nuclear Plants’,
DOE AMM Meeting October 17-18, 2016

S RaREen

KAERI Korea Atomic Energy Research Institute




2 =2 A7 &L

What Are The Critical Gaps That Must Be Addressed? (2)

» Diode Laser Cladding must be demonstrated
— Vessels, nozzles, etc.
— Robotic cladding up to 90mm wide, but <Gmm thick

» Understand lrradiation Effects on PM-HIP Components -
— NEUP project for PM-HIP samples are underway

—304L, 316L, SA508, Grade 91, Alloys 625 and 690

» Additional development around SA508.

— We have demonstrated good fracture toughness and other properties, but we need to develop
more understanding here.
— Utility Requirements Document modification

* ASME Code Case Development
— PM-HIP of SA508
— Elimination of DMWs

— EB welding of RPV sections

CPEI ELECTRIC POWER
RESEARCH INSTITUTE

Source: David Gandy, Craig Stover, ‘Advanced Manufacturing to Enable the Next Generation of Nuclear Plants’,
DOE AMM Meeting October 17-18, 2016
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Ref. Small Modular Reactor Vessel Manufacture and Fabrication_ Phase
N u Sca Ie Rea Ctor 1 Progress Year 2

Upper Assembly 2020
Ref. EPRI-3002019335

Upper head The SA508 Grade 3, Class 1 low alloy steel,
PM-HIP, EBW

PZR shell SAS08 _
Grade 3, Class 2 low alloy steel, forging

i 9&4 l-&—,li feedwater line

steam line

coptathment vessel

@ integral steam  The SA508 Grade 3, Class 1 low alloy steel,
{ plenum PM-HIP, forging, EBW

pressurizer

) HXIsLx| ore Ho

sieam header Middle Reactor Vessel ; ; °H_| 52 77
orging

reactor vessel Assembly But, M| &H7| 2t TH=

e Upper RPV Steam Generator (SG) Shell

2 2o x
o -
Pisa genarior e Lower RPV SG Shell = -|=-'| i PM-HIP H
hot riser tube = E7|'-U-|
feedwater header
Upper RPV SA508 Grade 3, Class 1 low alloy steel
transition shell Powder PM-HIP, EBW
Forged flange ring section
reactor core
Module support skirt -

lower RPV flange shell ~ SA508 Grade 3, Class 2 low alloy steel
, forging, EBW

© MuScale Power, LLC, Al Rights Reserved

7 lower head SA508 Grade 3, Class 1 low alloy steel
= powder PM-HIP, EBW, and BAM

SR Lower Assembly
N SR XA R

Korea Atomic Energy Research Institute 8




4 NuScale Reactor

main steam isolation
valves

main feedwater isolation
valves
decay heat removal
{’ *:} 7 actuation valves

< containment vessel

control rod drives 1l reactor pool

reactor vent valves ==y ALK g% safety relief valves

reactor pressure vessel

pressurizer

steam header il L upper plenum

SA508 Grade 3, Class 1 low alloy steel
powder for PM-HIP

Upper RPV
transition shell

SA508 Grade 3, Class 2 low alloy steel
, forging, EBW

lower RPV flange shell

SA508 Grade 3, Class 1 low alloy steel
powder PM-HIP, EBW, and BAM

lower head

Lower Assembly

Table 3-1  Lower reactor pressure vessel geometry
Ref. EPRI-3002019335 S
2020 RPV ID of cladding surface 96" 2.43m
RPV Base Metal Thickness 4.25"
RPV ID Cladding Thickness 0.25"
RPV OD Cladding Thickness 0.125”

3.2 Materials

decay heat removal >
passive condenser Table 3-2  Reactor pressure vessel beltline material chemistry
steam generators
Maximum Limit, wt%
| Material
feedwater header M Lower e shel Cu Ni P S Co
I hot leg riser | SA-508 Grada 3 Lower RPV Shell | SA508 Grade 3Class1 | 006 | 085 | 0010 | 0010 0.05
control rods ty l
 ACtorTocietilation / L Lower RPV Weld | Low Alloy Steel Weld 006 085 0012 0015 005
valves downcomer RPV Botiom Head | SA-508 Grade 3 Class 1 |  0.08 08s | 0010 | 0010 005
reactor core Lower RPV Weld
o lower plenum \,
~— o Table 4-2  Reactor pressure vessel beltline material properties
NOT TO SCALE [
Bottom Head Location Material Initial RTupr
SA-508 Grade 3 Class 1
Figure 3-1 Lower reactor pressura vessl Lower RPV Shell SA-508 Grade 3 Class 1 -10°F max
Lower RPV Weld Low Alloy Steel Weld -20°F max
Ref ML18298A304 RPV Bottom Head | SA-508 Grade 3 Class 1 -10°F max
3 2018
e PN L Bt

N KAERI

Korea Atomic Energy Research Institute



4 NuScale Reactor

= NuScale Final Safety Analysis Report

Table 5.3-1: Reactor Vessel Parameters

Table 5.3-2: Chemical Composition of Reactor Pressure Vessel Beltline Materials

Design Parameter Value
Design pressure (psia) 2100 Material Element Maximum concentration (wt%)
Design temperature (degrees F) 650 RPV beltline forging material Sulfur 0.010
Overall height, bottom of alignment feature to top of CRDM latch housing section (inches) 778 Phosphorus 0010
Inside diameter of lower RPV section, cylindrical region, without clad (inches) 96.5 (Copper 0.06
Outside diameter of lower RPV section, cylindrical region, without clad (inches) 105 C9I:(a||t 0.05
Inside diameter of upper RPV section, cylindrical region, without clad (inches) 1045 . . Nicke 0.85
Outside diameter of upper RPV section, cylindrical region, without clad (inches) 1125 As-deposited weld m_eta\ usedinthe RV jSulfur 015
' - : beltline Phosphaorus 012
Inside diameter of pressurizer, cylindrical region, without clad (inches) 106.5 Copper 3
|Outside diameter of pressurizer, cylindrical region, without clad (inches) 115.5 Cobalt 105
|Ins|de diameter of upper head without clad (inches) 1045 Manganese 180
|Outside diameter of upper head without clad (inches) 1125 Nickel 0.85
|Inner clad thickness (inches) 0.25
|Outer clad thickness (inches) 0.125
Table 5.3-3: 1/4-T Adjusted Reference Temperature Result at 57 Effective Full-Power
Years Fluence
Peak 1;4—T Fluence, Maximum FJ:::LL::t::e
n/em®, E>1MeV | njtjal RT, ARTyqr (°F -
Location ! RTnor nor (CF) | Margin(F) | o0 berature
P CF)
Tower RPV shell, beltline 1.37E+19 -10 68.2 340 02.2
Lower RPV weld 3.21E+18 -20 844 56.0 1204
RPV bottom head 3.21E+18 -10 534 340 774
Table 5.3-8: Pressurized Thermal Shock Screening Result
Screening
0-T Fluence
Max Initial RTypy (°F) | ARTypy (°F) |Margin (°F) | RTpys (°F) | Criterion
n/em?, E > 1 MeV NDT NDT g PTS oF)
(32-EFPY Fluence)
Lower RPV shell, beltline 004E+18 -10 64.9 340 880 270 max
Lower RPV weld 2.32E+18 -20 776 56.0 1136 300 max
RPV bottom head 2.32E+18 -10 504 34.0 74.4 270 max
(57-EFPY Fluence)
Lower RPV shell, beltline 1.77E+19 -10 70.8 34.0 04.8 270 max
Lower RPV weld 414E+18 -20 89.9 56.0 1259 300 max
RPV bottom head 414E+18 -10 55.9 340 79.9 270 max
R
7. SrEgIX|RIoig
/ KAER' Korea Atomi< Energy Research Institute
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5 SA508

ASME Code Section Il, SA-508:
Specification for Quenched and Tempered Vacuum-Treated Carbon and Alloy
Steel Forgings for Pressure Vessels

SA508 Low Alloy Steel:
Account for 80% in Reactor Pressure Boundary
Components(RPV, SG, PRZ, Pipe...)

SA-508, Gr.3 Cl.1 (345 MPa) Mn-Mo-Ni steel }

Grade 1 Class 1
Grade 1A Class 1A
Grade 2 Class 1 & 2 Class 2 & 2A
Grade 3 Class 1 & 2 Class 3 & 3A

Grade 4N Class 1,2 &3 Class 4, 4A & 4B

3 IR QIX}2101 1)
( r/KAER' ;u% h[ﬂut,::s::m?\m: 12




5 SA508 : ASME code Section Il Materials Part A Mat. Spec.

= Chemical requirements of SA508 low alloy steels in ASME code

C Mn Ni Cr Mo Si P S \' Cb
Gr.l 0.35max | 0.40-1.05 | 0.40 max | 0.25max | 0.10 max | 0.40 max | 0.025 max | 0.025 max | 0.05 max 0.01 max
Gr.la 0.30 max | 0.70-1.35 | 0.40 max | 0.25max | 0.10 max | 0.40 max | 0.025 max | 0.025 max | 0.05 max 0.01 max
Gr.2 0.27 max | 0.50-1.00 | 0.50-1.00 | 0.25-0.45 | 0.55-0.70 | 0.40 max | 0.025 max | 0.025 max | 0.05 max 0.01 max
Gr.3 0.25 max | 1.20-1.50 | 0.40-1.00 | 0.25 max | 0.45-0.60 | 0.15-0.40 | 0.025 max | 0.025 max | 0.05 max | 0.01 max
Gr4N 0.23 max | 0.20-0.40 | 2.80-3.90 | 1.50-2.00 | 0.40-0.60 | 0.15-0.40 | 0.020 max | 0.020 max | 0.03 max | 0.01 max
Gr.5 0.23 max | 0.20-0.40 2.8-3.9 1.50-2.00 | 0.40-0.60 | 0.30 max | 0.020 max | 0.020 max | 0.08 max 0.01 max
Gr.22 0.11-0.15 | 0.30-0.60 | 0.25 max | 2.00-2.20 | 0.90-1.10 | 0.35 max | 0.015 max | 0.015 max | 0.02 max 0.01 max
Gr.3V 0.10-0.15 | 0.30-0.60 2.8-3.3 0.90-1.10 | 0.10 max | 0.020 max | 0.020 max | 0.20-0.30 | 0.01 max
Gr.3VCb | 0.10-0.15 | 0.30-0.60 | 0.25 max 2.7-3.3 0.90-1.10 | 0.10 max | 0.020 max | 0.010 max | 0.20-0.30 | 0.015-0.070
Gr.6 0.28-0.33 | 0.75-1.15 | 0.75-0.95 | 0.70-1.00 | 0.30-0.45 | 0.35max | 0.025 max | 0.025 max | 0.05 max 0.01 max

SA508 Gr.3 steel : Mn-Mo-Ni low alloy steel, SA508 Gr.4N steel : Ni-Cr-Mo low alloy steel

N

S
' KAERI

SHRQIX}Z01 P

Korea Atomi< Energy Research Institute

13



X < 10CFRS0, App. A, App. G to CFR 50, R.G. 1.9 rev.2
SA508 * ASME CO o ¢ ASME Sec. II, ASME Sec. Ill, NB-2000, 2300, App. G, Sec. XI App. G

= Tensile requirements of SA508 low alloy steels in ASME code

Tensile strength, Yield strength, El.in 2 in.or Reduction of

ksi [MPa] min, ksi [MPa] 50 mm, min, % area, min, %
Gr3Cl.1 80-105 [550-725] 50 [345] 18 38
Gr.3 Cl.2 90-115 [620-795] 65 [450] 16 35
Gr.4N Cl.1 105-130 [725-895] 85 [585] 18 45
Gr.4N Cl.2 115-140 [795-965] 100 [690] 16 45
Gr.4N CIL.3 90-115 [620-795] 70 [485] 20 48

= Charpy impact requirements of SA508 low alloy steels in ASME code

Min. ave. value of set of thr Minimum value of one speci
ee specimens, ft*Ibf (J) men, ft*Ibf (J)
Cl. 1

30 [41] 25 [34]

SA508 Gr3 |2t +42;F [;'4001
at +70°F [21°C] ol 30 [41]

(all classes)

SA508 Gr.4N at -20°F [-29°C] 35 [48] 30 [41]

ASME Boiler and Pressure Vessel Code Development

Powder metallurgy-HIP of 508 low alloy steel. Currently ASME Section II is moving forward to accept over 30 alloys that can be produced by PM-
HIP. These include ferritics, austenitics, and nickel-based alloys. SA508 materials are not included. Considerable research will have to be performed
to understand 508 materials before these will be allowed in Section I1I for manufacturing of RPVs. This includes: production of multiple heats, lots
_~of fracture toughness characterization, and irradiation testing. = Acceptance of 508 using PM-HIP as Code Case for production of vessel materials
T BERAKIEeIT N

/ KAER' Korea Atomi< Energy Research Insti




5 SA508 : ASME code Section Il Materials Part D Properties

® Design Stress Intensity Value, S,
- Sec. lll Div. 1, Class 1 M-8 O£} 20| [ 2A S H 4k M Al
- SA-508 Gr.3 Cl.1 & 2, SA-508 Gr.4N Cl.1 & 3 AFE 7ts
(ZICH APt == Gr.3 & 371°C, Gr.4N Z 343°C)

= Table 2A Section Ill, Division 1, Classes 1 and MC; Section lll, Division 3, Classes TC
and SC; and Section VIIl, Division 2, Class 1 Design Stress Intensity Values, S, for
Ferrous Materials

Alloy
Desig./ Class/ Size/

Line Nominal Type/ UNS Condition/ Thickness, Group
No. Composition Product Form Spec. No. Grade No. Temper min P-No. No.
38 | %uNi-YaMo-5Cr-v Forgings SA-508 2 K12766 1 3 3
39 | 3Ni-'LMo-Y5Cr-V Forgings SA-541 2 K12765 1 3 3
40 | ¥Ni-%LMo-Y4Cr-v Forgings SA-508 2 K12766 2 3 3
41 | ¥Ni-Y%Mo-Y4Cr-v Forgings SA-541 2 K12765 2 3 3
42 3/4Ni—1/2M0—Cr—V Forgings SA-508 3 K12042 1 3 3
43 3/4Ni—1/2M0—Cr—V Forgings SA-508 3 K12042 2 3 3
39 |3%Ni-1%,Cr-"%,Mo-V  Forgings SA-508 4N K22375 3 3 3
40 |3'%Ni-1%,Cr-"%5Mo-V _ Forgings SA-508 4N K22375 1 11A 5
41 |3Y%Ni-1%,Cr-%,Mo-V  Forgings SA-508 4N K22375 2 11B 10

e
—f SIRAUXIRA7
/kner oot T 15



5 SA508 : ASME code Section Il Materials Part D Properties

Applicability and Max.
Temperature Limits

Min. Min. .
Tensile Yield (NP = Not Permitted) External

Line Strength, Strength, (SPT = Supports Only) Pressure

No. MPa MPa 111 VIII-2 Chart No. Notes
38 550 345 371 371 CS-5

39 550 345 371 371 CS-5

40 620 450 371 371 CS-5

41 620 450 371 371 CS-5

42 550 345 371 371 CS-5

43 620 450 371 371 CS-5

39 620 485 343 371 CS-5

40 725 585 343 371 CS-5 H3, S4, W3
41 795 690 NP 343 HT-1

Line Design Stress Intensity, MPa (Multiply by 1000 to Obtain kPa), for Metal Temperature, °C, Not Exceeding
No. 40 65 100 125 150 200 250 300 325 350 375 400 425 450 475 500
38 | 184 184 184 184 184 184 184 184 184 184 184

39 1184 184 184 184 184 184 184 184 184 184 184

40 | 207 207 207 207 207 207 207 207 207 207 207

41 | 207 207 207 207 207 207 207 207 207 207 207

42 | 184 184 184 184 184 184 184 184 184 184 184

43 | 207 207 207 207 207 207 207 207 207 207 207

39 207 207 207 207 207 205 204 202 200 197 194

40 1241 241 241 241 241 239 237 236 233 230 226

41 | 264 264 264 264 264 262 260 257 255 252

WS
- SHERRIX| IR 16
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6 ASME code Sec. XI App. G-2100 VESSELS

€ G-2110 Reference Critical Stress Intensity Factor
- Fig. G-2210-1: K, vs T 2t 2 NB-23312 ZH &l RT 52t HZHX|0f KAl
Kic = 33.2 + 20.734 exp[0.02(T-RT\p7)]
- SA-533 Grade B Class 1, and SA-508-1, SA-508-2, and SA-508-3 steel 8 &
(min. YS at RT of 50 ksi (350 MPa) or less, or for materials in Table G-2110-1 that
meet the requirements of NB-2331.)

Figure G-2210-1
Reference Critical Stress Intensity Factor for Material
220/
i - | Table G-2110-1
h: / | | Materials With Specified Minimum Yield Strength Greater
. «|/ - | Than 50 ksi (350 MPa) But Not Exceeding 90 ksi (620 MPa)
140
2 1| Permitted to Use Figure G-2210-1 (Figure G-2210-1M)
é 100 | / SA-508 Grade 2 Class 2 (former designation SA-508 Class 2A)
t " i pd ] SA-508 Grade 3 Class 2 (former designation SA-508 Class 3A)
) 1
a0 — 1| SA-533 Type A Class 2 (former designation SA-533 Grade A Class 2)
“h ! ] SA-533 Type B Class 2 (former designation SA-533 Grade B Class 2)
9100‘ I ‘-80‘ I ‘-EO‘ I ‘-40‘ I ‘-20‘ - 0‘ I ‘20‘ I ‘40‘ I ‘60‘ I ‘80‘ I “\00‘ I ‘120‘ I ‘140‘ I “\6()‘ I ‘180‘ I ‘200
(T-RTnp7, °F
GENERAL NOTE: 1ksivin. = 1.1MPaJm

/ 17
/ KAER' Korea Atomi< Energy Research Institute
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6 ASME code Sec. XI App. G-2100 VESSELS

€ G-2110 Reference Critical Stress Intensity Factor
- Min. YS at RT > 50 ksi (350 MPa) but < 90 ksi (620 MPa)
- B, S, QPO TS 2|23 370 heato] Tk 1Y LR HAI(CHA 2
)
« Figure G-2210-1 51t SSotAL A O] S S Y
« ZALGEO| = ROl AHEStE{ H(Table G-2110-1 M & Zgh) ZAE 3t ek
H7hE| O OF 2.

- Reference Temperature T, (ASTM E1921) &% & &

RT,E O|&% Fig. G-2210-12 ASTM E19212| YS == Tt&ESt= H|2t0| EHA|
MZ O AHE 7+s(275~825MPa)

RTq, = T, + 35°F

Stk 18
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= Materials

(SA580 Gr. 3 Cl. 1, 2 and 4N)

C Mn Ni Cr Mo
Spec. in SA508 Gr.3 0.25 max | 1.20-1.50 | 0.40-1.00 | 0.25 max | 0.45-0.60
ASME code SA508 Gr.4N 0.23 max | 0.20-0.40 | 2.80-3.90 | 1.50-2.00 | 0.40-0.60
SA508 Gr.3 Cl.1 0.21 1.36 0.92 0.21 0.49
Tested
. SA508 Gr.3 Cl.2 0.24 1.39 0.86 0.22 0.53
materials
SA508 Gr.4N model alloy 0.20 0.23 3.41 1.83 0.51
= Tensile Prop., USE, T,,, o MGG A
YS TS USE T @ SA508 Gr.3 Cl.1
o ® SA508 Gr.3Cl.2
(MPa) | (MPa) | (J) (°C) . A_SA508 GraN modelalioy | e
Gr3ClL1| 436 | 586 | 302 -53 =2 3001 SSENNRN\\
> B A
Gr.3Cl.2 547 695 196 -49 o AA T T T IaAN
D 200 AN b o, F I N
Gr.4N 541 669 240 -132 ch K o -
> & g
— QIZEM :Gr.4N=Gr.3CL. 2> Gr.3 Cl. 1 © 1001 1, 7 dfe
— Z=ZXO0|EM :Gr.4N>>Gr.3Cl.1>Gr.3Cl. 2 Tay ‘;’ﬁ;’g‘
(NN 0 ___-*/___ - T T T
= MO|2C = Gr.3Cl. 12} Gr. 3 ClL. 27} §A} 2300 -200  -100 0 100 200 300
— Gr. 3 Cl.2= MRS 20| X| 7} &S Temperature (°C)
SHREUXI2II TR
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7 M =244 H|1m (SA580 Gr. 3 Cl. 1, 2 and 4N)

» Fracture Toughness

B @
c

300

300

Lo SrEBXRI010

KAER' Korea Atomic Energy Research Institute

0 "
-200 -150

O "
-250 -200

T,=-83.4°C
Median

- 5,95%
Tolerance bound

SA508 Gr.3 Cl.1

1 " 1

-100

-50 0

Temperature (°C)

50

T,= -144.9°C
Median
5, 95%
Tolerance bound

SA508 Gr.4N model alloy(KM4)

-150

-100 -50

Temperature (°C)

0

FMCG, KAERI
300
L | T, =-95.9°C : Baseline
250 k Median,

----5,95%

N
o
o

K,c1r (MPa-m®?)

100
50
"""" SA508 Gr.3 Cl.2 1/4T-ATL
0 " 1 " 1 " 1 "
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- Fracture toughness in the transition region
according to ASTM E1921 mater curve
method

= SA508 Gr.4N model alloy shows the
improved fracture toughness
(T, =-145°C)

= T, of SA508 Gr.3 ClI.1 steel was slightly
higher than that of SA508 Gr.3 CI.2
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D Fluence Irr. temp. To.un-irr. Torr. AT,
(n/cm?2, E>1MeV) (°C) (°C) (°C) (°C)
SA508 Gr.3 Cl.1 7.08 x101° 295 -83 -59 24
SA508 Gr.3 Cl.2 6.66 x101° 287 -96 12 108
g Gr 4N model 11.1 x10%° 290 -151 77 68
alloy
e SA508 Gr.4N RATIF 2 =2 F/AX| ZAFFOA = 5| L0t ufn|Qld S Bl ZAMH T,240|

02 SOFA|, 11.1x10"° nlem?2 573X} Z=AL 20| M = SA508 Gr. 3AXH2| =AM IF GAFSH ZF2 LIEFA,
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8 RPV ETC(embrittlement trend correlation)

@ Fluence Limit ZE

-R.G. 1.99 Rev. 1 (1977) : < 6X10"° n/cm?(E>1 MeV)

- R.G. 1.99 Rev. 2 (1988) : < 1X102° n/cm?(E>1 MeV) in figure (data points: 177)

ASTM Subcommittee €10.02, R.G. 1.99 Rev. 3 /&=

F2 SALEOAM 2| H[ 248

rE

AKXl databaself H| WSt &
_I

A L 20 TS R BE

100

2 2| e Rrev I E0|A 2 £
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g2hd

=Ll
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USA Data
USA & International Data
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N i

-50
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-100

AT4 1) P red .-M eas. ["C]

RG1.99 +20 bounds
(6=9.4+C)

1E+17 1E+18 1E+19
Fluence [n/cm?], E > 1MeV

Figure 1. Estimates of the residual (RG 1.99, Revision 2 predicted minus measured values) of

ARTwpt using the current US and international database for (a) welds and (b) base metal.
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8 RPV ETC(embrittlement trend correlation)

& Fluence Limit ZE
- ASTM E900-15 e2

h/\

(" KAERI

: DA E(T) 284, 11017 ~ 2x102° n/cm?
Pad

1.1.1.5 TIrradiation temperarureyﬁl the range from 255 to
300°C (491 to 572°F).
1.1.1.6_Neutron fluence within the range from 1 x 10>! n/m”

to 2 x 10** n/m? (E> | MeV).

[.I.1.7 A categorical variable describing the product form
(that is, weld, plate, forging).

1.1.2 The range of material and irradiation conditions in
the database for variables not included in the embriftlement
correlation:

1.1.2.1 A533 Type B Class 1 and 2, A302 Grade B, A302
Grade B (modified), and A508 Class 2 and 3. Also, European
and Japanese steel grades that are equivalent to these ASTM
Grades.

1.1.2.2 Submerged arc welds. shielded arc welds, and elec-
troslag welds having compositions consistent with those of the
welds used to join the base materials described in 1.1.2.1.

1.1.2.3 Neutron fluence rate within the range from 3 x 10'?
n/m%/s to 5 x 10" n/m%s (E > 1 MeV).

1.1.2.4 Neutron energy spectra within the range expected at
the reactor vessel region adjacent to the core of commercial
PWRs and BWRs (greater than approximately S00MW elec-
tric).

1.1.2.5 Irradiation exposure times of|up to PS5 years in
boiling water reactors and 31 years in pressurized water

reactors.

IR

TTS = TTS,+TTS, (1)
where: PN
5 b eoses| 18 ( :t:u*- 547
TTS,= A -5 - 18943X 10712 @O ( S50
P Y 0216 NI‘S.S-‘l Y 039 ¢ Mﬂ Y 03
009+ 0.012_..) ( 166 + 0563 ) ( 136 )
1.011 for forgings
1.080 for plates and SRM plates
A= (3)
0.919 for welds
and:
5
TTS,=5 - max[min (Cu, 0.28) - 0.053,0] - M (4)

M =B - ma{min[113.87 (In (®)— In(45 X 10%)), 612.6],0}

(1.8 T+32)\ 54/
(T) (0.1 +

Y —0.098 ¢

0—012) (0‘]68 n

[0.58% 073

0e) O

0.738 for forgings
0.819 for plates and SRM plates

0.968 for welds

Korea Atomic Energy Research Institute
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8 RPV ETC(embrittlement trend correlation)

& Fluence Limit 4E Z1} @9
-S| RPV A3 HILE Q8= R.G. 1.99 EE = 10CFR50.61aE& AtE3|{0f &
- R.G. 1.99 Rev. 2= AREEl HO[HL| YO| 11, 6X10" n/cm2 O MFEE ALHE
trend2| X7} LM 1X102° n/cm2(E>1 MeV) TTHX| Bt ALE THs &
-R.G. 1.99 Rev. 2°| 02| Z™=Z 21510, ASTM SubcommitteeOf| A XY 7tE 5t
H|O[E{ (190071 O|&})E Z[CHot &&¢ Rev. 35 TH|S1 US.
- 10CFR50.61a0l| A| = Fluence limitE X| 835t UYX| AU
- ASTM E900-15 20| A= 2x102° n/cm?27tX| MA|StD US.

7 24
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8 RPV ETC(embrittlement trend correlation)
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8 RPV ETC(embrittlement trend correlation)

¢ I-SMRZ#HETC HE

- NuScale FSARO|| A= 57 EFPY beltline L ¥ ZAFZFO| 1.77X10"° n/cm?(E>1 MeV)

ol

- I-SMR2| 4% NuScale| H|d =3 0] AH(170/60MWe), LH &1}

ZtO0| 7Pkl O &2 ZAME S 22 ALz of|&E. §9(, 80H 0|4

2 8% ZAE2 O AHE.

- ¥ I-SMR X2 EHO| 45mZ AAE D YOLt O HS A

2 o= EA =H).

- AIf el RPV 2 A FH(250mm)7t FX| = ENO[AM 2 B0| HO{E 8% RPV &

= O S7tg.

- RPV 57 & £0|H, RPV OD2} containment vessel2| ZALF|3IEF WItE ZQ

7oz HQl

A= AO| &
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EEER:

|0 J&

Loy Ao

o
o
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Table 5.3-3: 1/4-T Adjusted Reference Temperature Result at 57 Effective Full-Power Table 5.3-8: Pressurized Thermal Shock Screening Result
Years Fluence

0-T Fluence Screening

= Manx Initial RT, (°F) | ART, (°F) |Margin (°F) | RTpyg(°F) Criterion
Peak 1;2'4 TFluence, [ oo um RAc:justed nfcm? E > 1 MeV NDT NDT gin (°F) PTS p
n/emZ, E =1 MeV o o eference

Location Inlt\aiFRTNm ARTypy (°F) Margn (F) | romperature (32-EFPY Fluence)
_ CF) (°F) Lower RPV shell, beltline 994E+18 -10 64.9 34.0 88.0 270 max
Lower RPV shell, beltline 137E+19 -10 68.2 340 02.2 Lower RPV weld 232E+18 20 776 56.0 1136 300 max
Lower RPV weld 321E+18 -20 844 56.0 1204 RPV bottom head 232E+18 10 504 340 744 270 max

RPV bottom head 321E+18 10 534 320 774 (57-EFPY Fluence)
Lower RPV shell, beltline 1.77E+19 -10 708 340 94.8 270 max
Lower RPV weld 4.14E+18 -20 89.9 56.0 1259 300 max
RPV bottom head 4.14E+18 -10 55.9 340 79.9 270 max
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