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SUMMARY

I. Project Title

OO0 Construction of Sodium Thermal-Hydraulic Experimental Facility and Integral
Effect Test

II. Objectives and Necessity of the Study

O Performance Test of PDRC(Passive Decay Heat Removal Circuit) through the
Sodium Thermal-Hydraulic Experimental Facility STELLA-1

- Gen IV SFR adopts a passive residual heat removal system as one of the Generation
IV design targets "Enhanced Safety and its Verification", and all the Gen IV SFR
concepts such as KALIMER-600, JSFR-1500, SMFR have incorporated the passive
residual heat removal system.

- Licensing requirement for the Gen IV standard design approval should be satisfied:
Experimental demonstration is essentially required for adopting an innovative PDRC
design concept.

O Key R&D Facility for the Design Approval of Specific Prototype Reactor by 2010
and its Construction by 2028

- Since the prototype reactor, of which the specific design goal is to be approved by
2020 and the construction goal is to be completed by 2028, incorporates an innovative
PDRC concept as one of the safety system, the followings are essentially required; the
performance demonstration of the safety system, the assessment of the reciprocal effect
between the safety system and the PHTS(Primary Heat Transport System) and the
suitability of the safety system. These should be verified through the construction of
a large scale separate effect test facility for demonstrating the thermal-hydraulic
performance of major components, and through the construction of sodium integral
effect test facility for testing the integral effect.

O Importance of the Intermediate Achievements during the SFR Development

- It is possible to realize the comprehensive demonstration of the research results of the
design technology, computing system and sodium technology achieved until now.

- The construction of the experimental facility contributes directly to the realization of
national goal of securing competitive SFR technology through the production of the
experimental data required for the design approval of a prototype reactor and through
the expanding the SFR design technology from software oriented design to
hardware—demonstration design.

II. Contents and Scope of the Study

< Advanced Technology Development: Fundamental Facility Construction for the Safety
Demonstration >

O Construction of Component Performance Test Sodium Loop, STELLA-1 and
Separate Performance Test of Major Components

—Vii —



- Construction of component performance test sodium loop
- Separate performance test of major components

0 Development of Sodium Measurement Methodology

- Construction of test facility for sodium measurement instruments
- Design, manufacture and performance tests of sodium measurement instruments

[0 Basic Design of Sodium Thermal-Hydraulic Experimental Facility STELLA-2

- Scope evaluations of the sodium thermal-hydraulic test and the integral effect test
- Basic design of sodium thermal-hydraulic experimental facility

< Verification of Fundamental Technology: Sodium Technology Development >

[0 Steam Generator Reliability Improvement Technology Development

- Experiment on the double wall tube characteristics

- Design and manufacture of a prototype Sodium-W ater Reaction(SWR) early detection
equipment

- Measurement of background noises in a real steam generator

- Experiment on the wastage characteristics of a heat transfer tube and development of
SWR analysis model

[ Sodium Handling Safety Technology Development

- Design and performance test of sodium fire propagation prevention structures

- Acquisition of measuring data of sodium impurity and estimation of impurity properties
of sodium

- Test on the static and dynamic corrosion behaviors of metals in a heavy metal coolant

[0 In—-core Instrumentation and Monitoring Technology Development

- Development of the mockup specification of core and fuel surveillance
- In-core wide area/delayed neutron flux monitoring concept and measurement sensitivity
analysis

1 Development of Impurity Measurement and Control Technology

- Development of an improved impurity purification apparatus
- Performance test of the improved impurity purification apparatus

[0 Development of SWR Protection Technology

- Multi-target wastage test
- Development of a SWR leak propagation model

O Development of Sodium Treatment Process Technology

- Water mockup test for a sodium feed nozzle
- Design and manufacture of sodium treatment apparatus
- Preliminary test of a sodium treatment

IV. Results of the Research and Development

< Advanced Technology Development: Fundamental Facility Construction for the Safety
Demonstration >

[0 Construction of Component Performance Test Sodium Loop and the Separate
Performance Test of Major Components

— Viii —



- As the first step of the sodium thermal-hydraulic test program at KAERI, the detailed
design of STELLA-1 facility for demonstrating the thermal-hydraulic performances of
the major components has been completed. The manufacturing and installation process
for heat exchangers, mechanical sodium pump, pressure vessels and related pipe lines
were successfully completed in 2011, and the performance tests will be started in next
fiscal year.

O Development of Sodium Measurement Methodology

- Sodium measurement instruments were designed and manufactured. The performance
tests of these instruments were successfully performed. Measurement uncertainties of
the protype were as follows; for the flow rate transducer within £1.9%FS, for the local
velocity transducer within #2.5%FS, for level transducer within #3.7%FS, and the
response time of pressure transducer was 0.7 sec.

[] Basic Design of Sodium Thermal-Hydraulic Experimental Facility

- Based on the three-level scaling law for the similarity preservation, basic design of the
integral effect test loop called STELLA-2 was completed in 2011 to investigate plant
dynamic response after reactor shutdown and to demonstrate overall safety features.
The results of STELLA-2 experiment will support the design approval for the
prototype SFR.

< Verification of Fundamental Technology: Sodium Technology Development >

[0 Steam Generator Reliability Improvement Technology Development

- New concept of a double wall tube has been developed and fabricated to reduce SWR
probability in a SFR steam generator. And an experiment has been carried out to verify
the on-line leak detection method in DWTSG. Also the prototype of an early leak
detection system for SWR was fabricated and an experimental correlation was
developed for the wastage rate of the modified 9Cr—-1Mo steel by small leaks.

0 Sodium Handling Safety Technology Development

- Optimum conditions of sodium cover tray for the prevention of sodium fire propagation
were established through the experiment. We confirmed the possibility of continuous
measurement of oxygen content in sodium by use of the plugging meter and cold trap.
T91's(Mod. 9Cr-1Mo coated with Al) compatibility with lead-bismuth eutectic was
tested and confirmed.

O In-core Instrumentation and Monitoring Technology Development

- Failed fuel detecting method was developed with detecting the fission gas gamma-ray
and the delayed neutron for monitering the fuel integrity. In addition, failed fuel
location method was developed by detecting and sorting the leak gases from each fuel
rod. These two detecting methods were combined to configure the concept of the fuel
surveillance system. And also following concepts were established for the ex-core
neutron flux monitoring; detector specifications, operating conditions, detecting signal
processing method, surveillance system configuration and interface conditions with other
systems.



O Development of Impurity Measurement and Control Technology

- Analysis of the up-to—date technology for the improved impurity purification apparatus
was performed. Cold traps with a different shapes of the mesh packing which is a
major factor for the performance of the cold traps, were developed. An experimental
facility including these cold traps was designed and installed, and the performance test
of cold traps is carried out. With this test results, an evaluation of the improved cold
trap has been performed. In addition, a large cold trap was designed and the
performance test and an evaluation are carried out in a same loop.

O Development of SWR Protection Technology

- Experimental study on the multi-target wastage and consequential surface degradation
effect was carried out for the reference SG tube bundle model. The test conditions are
totally based on the prototype SFR SG with an intermediate steam leak rate. The
event propagation model, which can predict preliminarily the process of stepwise leak
propagation from micro leak to large leak, was developed.

[1 Development of Sodium Treatment Process Technology

- New improved concept of sodium treatment process technology was developed by
reviewing the current state—of-the—art. With water mockup test, a sodium atomizing
feed nozzle was developed to maintain a uniform reaction. Design requirements such as
optimum flowing conditions were obtained for the design and manufacture of test
facility. A test facility for the sodium treatment process technology was installed and
the feasibility test for the nozzle and this new process is being performed with sodium.

V. Future Application of the Study

- To satisfy the specific design licensing requirements of the prototype SFR by 2020 through
the performance verification of the innovative PDRC with this key research facility.

- To produce the data for the establishment of safety analysis methodology and the verification
of computing system through the construction, the separate effect test and the integral effect
test of the experimental facility.

- To enhance the various bilateral or multilateral cooperation including Gen IV international
cooperation by supplying the reliable data of multidimensional phenomena in the reactor
vessel for verifying the computer code of the pool-type reactor analysis through this sodium
thermal-hydraulic experimental facility.

- To have the high potential use of this experimental facility for the international cooperation
on the SFR safety study since the importance of this sodium experimental facility achieved
11 points( full marks 12 points) reflecting the importance and usefulness of the facility in a
viewpoint of the Gen IV SFR safety study at the 3rd TAREF (Task on Advanced Reactor
Experimental Facilities) international conference held in Paris, France in September, 2009.

- Some technologies such as a technology of the purification efficient improvement of sodium
impurity control apparatuses and technologies of the waste treatment process and disposal
process of the waste sodium during this study can be directly applied to the construction of
the sodium experimental facility and the medium/large scale sodium test facility.
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Code Pipe Code % of Code Pipe Code % of Code Pipe Code % of
Node Node Node Stress :Allowables : Allowables

Equation Stress: Allowables: Allowables| |Equation Stress :Allowables:Allowables| |Equation
1 A0B | 1488 @ 11436 12.0 1 B15 2319 : 11436 20.3 11 A07 : 3709 : 10788 34.4
12 | A06 | 1488 | 13723 10.8 12 B15 | 2319 . 13723 16.9 12 AO7 3709 | 12946 28.6
13 | A0S :14802; 38048 38.9 13 | A09 :13340: 37830 35.3 13 | AO7 19355; 34776 55.7

Code '\ 4e Pipe  Code % of Code \oge [FPipe Code % of Code '\ 4e Pipe  Code % of
Equation Stress | Allowables: Allowables| |Equation Stress | Allowables: Allowables| |Equation Stress :Allowables : Allowables
1 A18 : 3811 10788 35.3 1 101 | 4255 . 10788 39.2 11 A75 2820 . 10788 26.1
12 A18 | 3811 12948 29.4 12 101 | 4255 12946 32.6 12 A75 2820 | 12946 21.8
13 A14 119128 36359 52.6 13 Q14 28723 37635 76.4 13 A53 22518 37016 60.8

<J8 1.1-13 HH&0l Tt 22 JIA=2x HE4 EIotZE>

-7-19 -




STELLA-1¢] FAdAF A 2

m

il
WE A7)Y, QREs, S5 D LRSS setstel AuwAd ne dAxEne 7E 4

AzAg EZHT.

S, Mises
(Avg: 75%)

NT11

350.00
349.88
349.75
- 349.63
—1- 349.51
349.38
349.2¢6
| 345114
b 349.01
- 348.89
348.77
348.64
348.52
348.40
348.27
348.15
348.03
347.90
347.78
347.66
347.53

< EMP 2 8|A Hif>

<J8 1.1-14 &XD| HZE>

T 11-150] urepbd mpel go] HE U R-fRoM TAsE AV HW GA AdE el 9

Ao A7z Y dEdRF 2 A= 67Dl diste] 28™ A9 A9 68d AdRd &
Ao w2 veteth o2 R E 284d AXMo] g aSH0RE AArwE FAE TEste HAY
24 FeHdE =&
500 8
) ~
= GX=+ 2 7
g 40 & 6 BI=%- 0
£ r (=
§ 300 |R*=0.9999 o e ; z
5 200 y ; Es2ed
m 5 R? = 0.9969
8 ish | w2
5 5 /o R=0.9944 é RZ=0.9996
E -
0 50 100 150 200 0 50 100 150 200
Current (A) Current (A)
<38 1.1-15 &EXI| BT S48 Z1>
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() Az 2 AA

STELLA-1 AgAA o] AX&= ‘119 3E€5H HF2E AAE AlFste] '12d 29 &53)
dom nE FA7|7] W Ak ¥l dudr] W gafE Az W A7 gded A
€ dugy) 9 Fe ®wad AF/EA 25 19 11-16 9 19

olt}). STELLA-1 A&
1.1-172 2t}

(a) DHX (b) AHX

<18 1.1-16 STELLA-1 DHX & AHX2| MZ= AHE>

< Sodium Storage Tank >

<3 1.1-17 STELLA-1 =2 H3IAF HF AED>
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(3 AL 28 dudy AF L HX
(b) STELLA-1 9a37) A4 2 AF

STELLA-1 238 dudr]E 600MWe A2 FJ5XAAAATS HFoE T2 =
g4 o] REHES F43lo] AASAL. F424A g dudre 2F-42F g
ol DHX S 2F-&7] @udr|Ql AHXolH, 7|EA o7 Hdd A7 %)

FAst] AEAARZRE A dudre] ddd Hedsol

dughy] A d8F> 99 /97 F4skol DHX 9 AHX 22 LOMWte] 48

o, fFZFH A 197 Faste] dud] o - E7 2EAHE A8t 59, 4

=o]B](Height scale)®} @ E=EXE A3y 1112 FATFOEZH Full scale Ado] old 4
AN ddE= ddg W dHEA § Fo BN dGS HaslsteE AASAT

= B
aFe AeHAR st 2F-4F duy] DHX+ A9 g o xS 994

N

GENERAL NOTES

1. HE AP R S8 AP ML 216
2 FUM A B DPFHS IR U6 40250n/m 448 WL
3 MUK AT AR R AR A
4 MM B lae mh A
5 RANE 43 HHE G 8 PN 70T 44 ¥ A

- £ A SR ® Whne Kde W TR

| i ?T ? po TEmmmmmmmm—
i1/ ]

== 0D DT Eo., Ltd.

WS NS M ORI RN O GO, £
S Y IO B USED R DIECLOSED ptae: =
T0 bR DT R o m o) [0,
L
- o e

f &
ﬁ%r\ﬁ g o
w
| | b il e
g X 1 4 | T
! Rl ! g
1 4= | g ] [
IHER -
=TT 7
S HAD S
2 3
igpsppemnn || | g \
515 oos et 5. B E 3 5
i e mram | ‘ J ; % Wg/ i
] - i
CEMTER CF EFTECTME HEAT TwailER TEE il g §
I & =
VIEW "A"—"A" SECTION "B"-"B" o -m:""q'
A g NoZUE ORENTATION NOZZLE omIENTaTION —
| B
=
H = I E: o e, e
& SERE IR e ==
| ! + FOR PO SN
] ﬁ | T = ﬁ | 2 =T L.
a s % ! [ STELLA-1 .
i e . ”; oFE B X[ I
i 270" ——4-—-)790' % MAX, MOZZLE LOADS =
| ozl - | : = AWGAXIUNE |
ipion / \ e

<38 1.1-18(a) STELLA-1 DHX A X=2>
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=W ReIpN; Ha & 2
No. of tubes 42
Tube O.D (mm) 21.7
Tube 1.D (mm) 18.4
Tube thickness (mm) 1.65
Active tube length (m) 1.73
Tube material Mod.9Cr-1Mo
Shroud I.D (m) 0.298
Shroud length (m) 2.456
Tube total mass (kg) 58.6
Tube inside sodium (kg) 17.5
Downcommer pipe (T91; kg) 54.3
Shroud (T91; kg) 100.6
Grid structure (P91; kg) 0.6
Co-axial pipe structure(T91; kg) 43.6
DHX total mass (kg) ~275
A Ad AGAS AMEstE AF-37] 3] AHXE 55237 dudhy)o] o
EA H7HAAE EdE fFEAdEd dojv] 4 A iE9] =olv 5 d4¥
AEE AT AHXE A3 UF AFCZHE shelld 37|29 BE

<38 1.1-18(b) STELLA-1 DHX 28T 2 XM= A&>

<H 1.1-2 STELLA-1 DHX #ANY X E2>
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oA 715 AGAFo] AHA| et H]&o] oF 97%OIBE, ¥7)5 AGATS AH3] nogd A
27} itk
T T T T T T T
webA 18 1.1-199F o] ALA b (b) AHX design paraneters
s Ao FE dFe nHAE=E =24 I
Q1 & (control factor)] L& L (row) Q \ !
2 oWsEA A9 magwe S 0p. o
BA gREd, FRAAAS B9 7 L i
2 AuEy] oA dgoE W § |
3 Z2 @sgit. P A A9 S 3
B 53 A9, sRadAs w200/
A -9 aF 2 ) e B |
2 EXN Zo] 93 iy 714 2 BA N, =3 —— D —— A
Bt Row BAE. I . A
) 5 10 B5 20 25 30
mekA] & 39E s 494 Nurrber of AHX tube bunde rons (EA)
At 7S Ay wxEAol & <2 1.1-19 AHX HSEHOIX H2E FIH>
Al AT, deld Adw 5
A, 74 -9 A, 4 F(accumulated tube layer) SAe st JAAEE F3 Qg7
AAAe B7keklth. STELLA-1 AHXS AAI=Hy Fo AAAdL I7 11-20 2 %
1.1-3% Zth
<HE 1.1-3 STELLA-1 AHX &M YL &>
& eI Xt He L S
No. of tubes / tube row 36 /3
Tube O.D (mm) 34.0
Tube I.D (mm) 30.7
Thickness (mm) 1.65
Length (m) 23.76
Material STS316
Shroud I.D (m) 1.53
Shroud length (m) 5.66
Tube total mass (kg) 1137.4
Center pipe mass (316SS; kg) 812.5
Tube inside sodium (kg) 572.2
Downcommer pipe (T91; kg) 54.3
Shroud (304SS; kg) 577.4
Tube sheet mass (316SS; kg) 82
Grid structure mass (316SS; kg) 247.4
AHX total mass (kg) ~3483
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1600 (r1g)
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2000 {112)
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w4
o | |8
N
g
g
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.
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SENERAL NOQTES
L HE AT el SE AbE mmi DA

L 400 A4 B AOHAS B4 WP 0T/ A4 WL

3 VUK IR STVR ARR AR 2.
4 AN BE WILE B4R W4 ¥ A,

5 BANE 82 THE WE ¥ TS T 41 T AL
6 AW N #3E F WRE RAE 90T AT E A

WATERAL_SPECIHCATON
SHELL S0E

AND_PERFORVANCE
ASNE SECT, W O, 1 2007 G
'+ 200 A0EIEA + Dk
vy / @
1 tore)
I
SO VLD + PRI
e i FE T
Ty ol
WAL WA Jia Tery
w0 [} 3
[ [ i
VR L T
25 = 7]
[y [y
00 00 3
0 o e
ENE] 50 o
Wk 77} )
ENCE) ENC)
[ 7] /3
) 35 /s
FE) ] [
o7 s [
= <
D W
LT}
W
WEGHT
[ - wloew ] W
[ - W [ ceowwc | T [
[ - el ] W

O S
[T A6
[TAC) = 36
3 PG FEECT
T 24030 5
R g FETy FTIE o
=3 AT AEFIE
ST I0 ]
SE B /A (TP GAA]
EATH LU AZt-304
HALE PLATE Aet30t
TUBE SHET AO-318
=) 21-ite
TE /SR =
LT ‘CERonit. FEER

o

WA, WOZZIE LOADS

e

[
v

(]

]

[ [ ]

A HYUNDAI

= 0D bk

Fuurs

KT Co., Ltd.

A AMK(SIOIN-AR: HEAT EXCHARER)
-

r, o

7
7
7
7

<3& 1.1-20(b) STELLA-1
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olg} & $3S %3l DHX W AHXY Ad4% 2 48&d 542 Frkebs] 9 49
& 23 dudrle) G927 WA YA, 717 AT 2 dHED Bk BPAR AL
N&tAN A, 717 A AEE 44e gustglon, @Al STELLA-1 3o 4% ¢
gtk B AT 158 4¥A4RE 3T 4¥2 Gudsle AASY 2 ARy ),
AYFBAL BEAE 1Y A L AN ANnse] B3y A% 489 eIgelth

Feox dEE STELLA-1 Al@F32 U DHX 9 AHXe| tfs] A 71&72
n]=9] ASME-NH[1.1-5]¢} Z&~9] RCC-MRI[1.1-6]% we} ByFog A AA 43
T 3t Stelld a2 A FIHE Fersit. STELLA-1 A% 9] AA+HES 25, 4w
A +9 4 HH%%% FArE 208)/9, 2F AF2E200°0)8F a1 A 25(510°0) Aol
ﬂ 7tg 9 W7 4 e ZOﬂ/LﬂOE BEH o AAuo] vt STELLA-1 dmslr]9]

T DHXY A% 4 B Mod.9Cr-1MoZo] 1, AHXS] ZA-¢ FHE 316SS, &
3048801‘3}.

% m
4
|z
_}l_{

<Jd 1.1-21 DHXS 3D #etiAZE> <3J8 1.1-22 DHX W &€X & 0IX #2>

DHX® 324 (FE) a4 =4S 13 1.1-213% o] 3D Edolw, 225511 3D linear
solid 249} 290,790 AH¥ o= FAHo Qv ot AAZe DHX+= 4 25 Y4A7)
DHX?] A Z}-stell 7tad F(window)s &3l 9 2 FEHAT A"t AJFF LA b
HFEZ ARG B4 27 11-2204 8 Zo] mj#s 3 7Y 2 FEHES AASSIT.

Temp.‘ Temp.‘
72hr 72hr 72hr 72hr

510°C 510°C

100°C/hr 100°C/hr

100°C/h 100°C/h

200°C 200°C

3.1hr 3.1hr 3.1hr 3.1hr

time (hr) time (hr)

<J8 1.1-23 DHX W £X&{ A8 A UE> <8 1.1-24 DHX W OIXME A& & UE>
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AgFzZelN 2Fe] 2 29 L12lelM e o] daF &gl 4 o=, o3 &F
Er Z0® fEdth AFol FAAER] 510°C oA 410°CE ¥ ZH(cool-down)©]
F1AzEe] A A9 25k sl 410°ColA 510°CE 7HE (heat-up) ¥l § 14]7ke] A
ARl e 2 Bas 4 9 11-25 W L1-26014 8 22 S Bl

<3d8 1.1-25 410°C—510°C Heatup Al DHX2 2& ZXZ>

MT11

431.08
476.53
451,97
447,42
- 432,87
- 418.31
- 403.76
- 389.20
- 37465
- 360,10
345.54
330.99
- 316.43
- 301.88
- 287.32
27277
258.22
243.66
229,11
214,55
200,00

<3J8 1.1-26 510°C—410°C Cooldown Al DHXS 2% 2i>

flo] s Ay gl A4 wjeke] A AE sk aelste] duwer]e] deEHAlS
T, & @?Jr% ojgstol AF-v2 EFF7IE FHsAH. 410°CelA 510°CE 74D
(heat- up)H Aol At Al FefAe] &8 s 1% 1.1-273 Zgon ojxkgE dheA
ol 361.25MPa® Mises 5-8©¢] DHXS] AME 5 Hojofa dAyst 71 o2 e

S dugr)o M= B (tubesheet) o FH. 9 I o] Hol= FololA Huf-3 o
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Bk Jlow
2 77 1.1-259
1.1-28°] N4A =

s

(A

a4 AW, STELLA-1 7
A Bz vkl el 3D %iﬁf~ﬂﬁ%
10 Z

Z 2glel ma e A

<3d¥ 1.1-27 410°C—510°C Heatup Al DHX2 &%

, Mises

Wi 75%0)

1o oh N4A Nozzle
110,36
104.73
99.10
93.47
87.84
52.21

.02 Max

Top Tube Sheet

<J8 1.1-28 410°C—510°C Heatup Al DHX2 L=

AAN}E =7
=597 7

sl A 1% 1.1-289] oAl TE] 1

FHopst Zow uehnith

S e ] Wﬂ

ASME-NHS$} Z#x9] RCC-MRE wet ag-mz &4 J71s 4

A AT FHA

Hde ASME-NH 2

RCC-MR A
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Max

( Top SupportRing)

5, Mises
(Avg: 75%)
43.09

ﬁ
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Table 1°l4 Hi= utg}l o] DHXE Y Eshe 797 5
A FASeE Ze®E HUbE a8AW % A Hi= wisl o] RCC-MRO]
ASME-NHET 9 B Ans F= Aow vehyth o= Mod.9Cr-1IMo%d %o o
3t ol AFAT[1.1-8]9F LS AFS RojFa Qi)

7F SeF a9 W yz &Abe fis] A
1-4

DHX?2 A& HFHel As x3+s RE H 27 Mod.9Cr-1MoZol 1, AH-u7 &4
kX (envelope) ol 4] RCC-MR<9] 1A (intersection point)e] (0.3, 0.3)¢1 wWFHd ASME-NH9]
FSE

(0.1, 0.0DE =¥ £AFo] ASME-NHE &8 ¢9olo] RCC-MRQ 1/30¢! A& 7her

-

rx
el

2R

]_
.

ol

Mod.9Cr-1Mo7 7-2=°f tfall ASME-NH+= RCC-MRel vlgl] 24 o HFA9E &

s
32

Mod.9Cr-1Mo%2] ®H4AE A7A1717] 918l ASME Section I 23 §-$] €3] <]
A R4S WEsta = ASME-NHE &4 H7HEzaE =23, 5 35 U A
(isochronous) Hl°]EE &8 7% Mod.9Cr-IMoZel thal w3 (0.3, 0.3)2 AH&3le=
Astal ?l+= ASME Code Case N-812(Code Case N-812, Alternative C-F Damage Envelope
for Gr.9D)E 2011 A st v} St}

4

o>

3 oo

o|

<E 1.1-4 o121 HIw(DHX)>

Design code NS (cycles) 7. (hours) Wall Temp.
ASME-NH 10,753,904 1,463

509.8(°C)
RCC-MR > 1x10’ 130,539

Nd(*) . Number of design allowable cycles
Td(**):AIIowable time duration to stress—to-rupture

At‘u
Ta

1.0

0.8

06 RCC-MR (Mod.9Cr-1Mo)

316 SS (ASME-NH, RCC-MR)
04

0.2

(0.1,0.01)

DHX ] A#E AHQIEAZ v Ade Ferb i, AR 9 S50 "ojA=
]_

Mod.9Cr-1MoZolol A A= z7]d] 2 =g AP S AL 2] H 9]
€71 9 gy GgrE Eysbda] AR oz Ao o]Foj k. STELLA-1 DHX A2k



i Add i, Add 34 FAE A% Aol M 1E =(spacer grid) B ] G4
a9 1.1-30% #Ztt

e

tubsheet

<% 1.1-30 STELLA-1 DHX HZ &>

gt STELLA-1 AHX9] 42 7% 11-31% Zow, AHXel: 36719 FH7E dA9
th. AHX® 3D FE =92 9 11-319 Zon, 3|4 Rde|= 8031994483 52375471 9]
3D linear solid 247} AFEHTH 120 =E5= AHX FHO AAS YIHE7t S35
2HAZY AT 316 (31659)2 AHE3sIlaL, A9 99 olstellA] 7HeHw A FES dudos
AA A 304SSE AFE-EF T

<38 1.1-31 AHXS 3D &4 ¥ [REA2E>
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Primary Inlet (Na)

<

Primary outlet (Na)

AHX veld Q4% & AFS 719 L1-3249 o] A4 T) wZ= 499
HERE 367 49 FUE 498 Foaw s B9 B0 5ol F 3
& B3 WALk, o3 Y2k %71—5— TYAA i kel o] selA grw
g A4S 0 o445 Yzl

o gt dx5 Hi 2%
350°C/20°CE A7 = it}

A
Temp.
72 hr 72 hr

500°C

100°C/hr

100°C/h

200°C

3hr 3hr

time (hr)

<3J8 1.1-33 AHX Ul &€X&5 A8 € 4>

AHXS dAdda)a Ay 719 (heatup) &
Al &x By 79 1.1-35004 9 o] A
e Werbds FH 227t dojAl= A & 5 3

500°C, e°lxt= #Hal/3H A

Secondary outlet (air)

Secondary inlet (air)

<J8 1.1-32 AHX W X & 0IXt H2AT [2>

27 ¥ DHXelM ok Bt Je®, 27 1.1-33¢14
= L5 O¥ 1L1-3elA sl

=

-9 Ty &=
=

].

2o

e

=
=
=2
R
Z

—

|

Temp.
72 hr 72 hr
350°C
100°C/hr
100°C/h
20°C
3.3 hr 3.3 hr
time (hr)

<J8 1.1-34 AHX U OIXt=H

B3I €A 2#=>

AZA 400°Col A 500°C2 7hdo] FaE
du BRI e BEZ Holm, da of

ok 500°ColA] 400°CE WY7zto] 855 & AlFAe &% +X& 1% 1.1-36949F 2



=
5
=

T
VA
o]
w
™
=

MNT11

399.48
381.19
362,90
344,61
326,32
r 308.03
289,74
r 271,45
- 25316
234.87
216.58
195.29
180.00
r161.71
143,42
125.13
106.84
58.55
70,26
51.96
33.67

A& A th 400°CelA 500°CE 7ol FREE Al &9
o} o] Hul Mises S84 %7 279.88MPaz At Itk Ho &8 oA H9)
Y32 d(inner shel)3 #dto] el RE 0w AL oo &3t 39 £4bo)
& FYelA ] Ao SHALE H F9= I 11-37elA 9k 2ol HAH T =
ow, A ST 170.56MPaz e

>
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5, Mises
(Avg: 75%)

T1 Nozzle 17058

154,00
145.71

S, Mises

(Avg: 75%)
279.88
285.88
2E1.89
237.90
- 223,90
209,91
195.92
181.92
167.92
153,94
139.94
125.95
111.95
97.96
83.97
£9.97
Eg5.98
41.99
27.99
14,00
0.01

Tube Sheet

<38 1.1-37 410°C—510°C Heatup Al AHX 2, =& % 4&-6lF 2T

I BEA S ST LR guR A9 299 YA By 79 11-389 =
shpoll A Hi= whel o] Wi SHAETF W o2 UERT:

Inner
Shell

Outer S — k.
S50 _Shell f|—‘

_'_—i.

|

Tubesheet

<J® 1.1-38 AHX U 2-IIZ &I}t B 290>

L2HUolE AERIZ AT AL AHX A o]/<] "é%?—a‘;ﬂﬂ A5 01%
A xR AA-ANA 7HE Fast FrF g5l AY-vE E4EME St
AA 717152 DHXOA 9 mixb7bA = HAl W8] ASME-NHS} RCC—MRO]D%, 5 1
Te e AH-YE &4 BUhE a3 Ay 3 L1504 B vksgk 2ol £ 7|3t
e AHX+= I 7& 1A E FASH:E Ao 2 YErsth

A

1o

Sk
1_4

|

5

ol
Olt

= HHY OFO
N

[¢5
(o4

A AA 71E71E vagh ke 3165S AAe T k= F-919 Ad-vE &4t
A3E AlwaiEd 3 1.1-59F o] AHXel disiA %= ASME-NH7}F RCC-MRE.th o HF7%
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ol Ao=w Vetwrt 718y} ASME-NHS$ RCC-MRES W& Hr7ld3s= 2% STELLA-1
AHXZ7F AA #xof s 14 717F <k a9-92 &4 g F53] AdgS HojFa
STt

<H 1.1-5 TIIZEW HIW(AHX)>

Design code NS (cycles) 7. (hours) Wall Temp.
ASME-NH 2,993 > 3x10°

498°C
RCC-MR 92,593 > 3x10°

/\/d(*) : Number of design allowable cycles
7.5  Allowable time duration to stress—to-rupture

AHXS Az gste] 39, 3679 FEZ 749 uF 2Y 29 2§ 1.1-399
ok 914 34mm, F7 1.65mm, do] 23.76mo FEE 39® HE H A= AL w2 A4
s o ske Aol AW FV-2d QuEVI(AHX)Ol uig AA A=

=21-=

STELLA-1914 *& o2 A|E3 Zlo|t},

£ A Aok omdl AE e Foslel A, A4 9 44 elde
melstel o AY Bml AL-AAE A A 2 §AE swu} FAE A
2 Aol

1 ARAE EHE A2 A0 Dadt DA 2EAARY AHX A
84 T S8 Aase] 98 AAA 9 Wk A% el @

<J8 1.1-39 #2Z FE-4 ZEeHS STELLA-1 AHX HIE L X8 ALED>
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(W4) STELLA-1 €287 CFD 34

STELLA-19] Adg dwslr]:= A3 (Prototype) w72 &%
S A HEHe & F4se] St oy, A 98 duwstr] o
3}

}\4 ]
= =
4 5 dEAE Frhsel H2 Aua] A

4

o] Fa& dustroAx A

T

[18{_'4

St vk W Eel de A8Ha 9

b B AFoM = BEE 781 Adel A wA
T2 gg3te], DHX 9 AHXe| ﬂJ‘SH 49 ¢

+= CFD (Computational Fluid Dynamics) XA+ oz T
3719 A4 FH4A Adustr] 79 CFD Aatd e gist vl - AEE F8ste] 4 st
71 AA A Hrbsla, A SE F4 dudy] AANA 2 A Ao E8-813 T

el 1800 A s thdow 5<}°

CAD ®d 4 4 329 CFD Mg A48 &3l AAx Wstel & 33 AASH =
A= WpHo R FaETt. AdAda AHX S AgA JAHdAS ez 3600 A

Aoz CAD A4S ¢83ta, 339 CFD dijand 74 2 5339 %
of tjst AArS 3 Fo|th

STELLA-19] 4 DHXel t3t df5 542 1% 1.1-40% o] F 64577 AAE AF
fato] FPst on, CFD A4 235 dwgry] AAo AMEEHE 139 7= ﬁwéﬂri} H]
w3t Shell53 QA5 FE5AAEAAE vwst A3 493 ¥ 52 149 =

O_u

CED a4 dst Atololl zpo]7h Qlo] 2 dAlsh= daE UEllo, Shell 9] Afoles 2
o] Fgwst W 9dd FEE EdZ AXEE 13k dabaA] 23] B3 Go] Rk o
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Description Unit Prch;;yppe '\Fﬁlgr?% (’T\f/t:;?)
Impeller Type Francis Francis
Capacity kg/sec 4183 122.6 3 %
Head m 62.888 50.31 80 %
NPSH available m 14.702 11.76
Synchronous speed rom 450 2235 497%
Impeller O.D. mm 1685 305.0 18 %
Pump speed rom 433 2140
Specific speed 330.3 330.3
WHP kW 2572.7 60.3
Pump efficiency % 80.0% 71.8%
Motor output kW 4000.0 110.0
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