TV ENES W
A L

107 & #5338 % 2 %‘ H2 % 2RFRIPMG A 22 -CAMP & ivit)
TRIBRARI2AFEY BN E2AR%E
Establishment of Nuclear Safety Regulation and Probabilistic Risk
Assessment Capabilities- Code Applications and Maintenance
Research (CAMP): Development and Verification of Advanced
TRACE Analysis Model for Nuclear Power Plants

TE
LA PMOE) W2 f 5 8
FEASFAL G AR
BT 1 03-5715131#42858
E-mail address : bspei@hotmail.com
Pl il (B CMFE  YRE
Py P 3 F1I07&#5% 3 107 & 127
FLRERAMERTIAER
PAEBR A R o5 AR

2 p@H:107&E 119 19 p



ST N
=4 }é,lﬁz“,{ﬂv{.ﬂz,‘,};ﬂ
TR
¥ BLEE > AR
Z\'j\igf“ﬁ/
l%'% VR Y
*ZFTR B R
kiR A



T AE R ettt ettt en e, 4
BN 2EE AT B H ettt 5
RN FT T B I BB AR e 8
T T I O 11
- ~2018CAMP 5 & ¢ R E FEF L F LR i 11
(—)ZMBCAMPiﬁégﬁiaﬁH ............................................... 11
(C)LRETHFBEEEHITRL oo 16

- ﬂmf*%f1PACEﬁ*7#$@ ............................................ 22
2R P RREEARD F AT E DA AT s 26
() FF B e K e 26

(2 )ELAP F 1 22 B2 R 30 oo 28

(Z) 1= B ELAP F # 2 455 % oo 31

() FLEX S8 H 35 35 B % s 42

L4 ] g7 FLEX SR 675 B % 42

2.8 ] FFit 7 FLEX .q‘:f(#%;#ﬁ WHIEE E S 49

3.24 | it 7 FLEX T4 8 % 75 B % e 56

(T ) 3 T2 BP 20 BATRE A FT e 63

1. % = is 13 » 48 dhitim iR S 5 21gpm/pump ..., 67

2. % s fs 13 2 w3t S R S 5 76gpm/pump ..., 71

3. ¥ s fs 13 ~ w3t s ik S 5 182gpm/pump............... 75

4, F s 13 » & dhit ™A S 5 480gpm/pump............... 79

(3) A AT T 282 e, 84

2 s NUREG/IAZR 2 IF T F B oo, 86
RN LR F SR L 88
(7)) D2 BT N B s 88

G IR &2 Y 90

D-1



(Z2) FMHGRAZ D T o
R
s AR R NUREG/IA FEHFER 2 F 2 e
B A e

D-2



L
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ERES

The U.S. NRC (United States Nuclear Regulatory Commission) is
developing an advanced thermal hydraulic code named TRACE
( TRAC/RELAP Advanced Computational Engine ) for nuclear power
plant safety analysis. NRC has determined that in the future, TRACE
will be the main code used in thermal hydraulic safety analysis. One of
the features of TRACE is its capacity to model the reactor vessel with 3-
D geometry. It can support a more accurate and detailed safety analysis
of nuclear power plants. Taiwan and the United States have signed an
agreement on CAMP (Code Applications and Maintenance Program)
which includes the development and maintenance of TRACE code. This
research focuses on the analysis of Station Blackout (SBO) accident in
Maanshan nuclear power station and the mitigation capability of SBO

response strategy by using TRACE code.

Keywords: Thermal-Hydraulic safety analysis, TRACE, CAMP.
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B2 SR 2 P 0 P % US.NRC 379 41 57 TRACE 425V 4% #

52017 # 7" 0 enV5.0Patch5 > &= ¢ 3k WP & R & A7

L) T EPRAERE ST ;A SNAPEFTRA L 2615 > H

3TN F 4o S

SNAP 2.6.1 - Released 2/18/2018

1.

The Job Stream Sequence validation logic was updated to ensure
that the files referenced by External Files and File Sets that are set
"Bundle With Stream" are specified and available.

An issue was resolved that prevented Unknown string variables
from being properly assigned values by Tabular Parametric stream
types during Job Stream submission.

The conversion factor used to convert "Specific Volume™ values to
cm**3/kg in the Steam Tables dialog used in the Model Editor
was changed from the incorrect 1E3 to 1E6.

The SETVAR batch command was updated to include support for
string variables.

The graphical editing of restart cases has been updated to wait
until the restart case is fully applied before opening the views.
This speeds up the graphical editing process and prevents the
views from flickering.

The CAFEAN core logic used to read large double arrays from
XDR compliant file formats was optimized to more efficiently
handle large files.

The editor used to change the "Value" property of SNAP variables
was updated to more efficiently handle multi-edit with more than
10 variables selected.

The SNAP jEdit support has been updated to be compatible with
JEdit version 5.4.0. This includes updates to automatically install
the SNAP plug-in for jEdit.

An issue was resolved that could cause parametric Job Streams in
an Engineering Template to report multiple failures to the Model
Editor screen when loading the model from MED.
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Prudocting Praple aval the Exsievsenent

TRACE Roadmap

+ We follow a system of releasing major versions
followed by periodic numbered patch releases
V5.0 Patch Release 02

— Released 06/02/2010

V5.0 Patch Release 03

— Released 05/11/2012

V5.0 Patch Release 04

— Released 04/11/2014

V5.0 Patch Release 05
— Released 07/07/2017

~® USNRC

§  Prsiraing Propls sed shy Ferirsam

More on TRACE Development

« TRACE Version 5, Palch 5
Released on 7/7/17
- Status of CANDU modeling update
Available in Patch 5
Available for Testing
+ Filing bug repaorts
Use Bugzilla to file a trouble report at www.nrecodes com
Send email to trace. bugs@nrc.gov
« TRACE training
Taking feedback on the desire for training

TRACE %% 4 { #7200
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BUNRC

Protecting Fesple and the Envirenment

SNAP Development Overview

+ SNAP Status
— V 2.6.1Released 2/18/2018
- |Edit Plug-in Support
= General Code Updates

« SNAP Plug-in Updates
— TRAC
— FAST/FRAPTRAN
— PARCS
- uQ

= On-going Development Work

BUNRC

Protecting Fesple and the Envirenment

SNAP Updates

* Sub-system menu updates.
— Prevent circular references

— Fixed removing components from a nested sub-system.
— Performing a sub-system integration now preserves the

model selection.

+ Job stream sequences validation has been updated
to verify the existence of external files.

* Restart Cases open views after importing the case

data.

— Faster graphical editing with less flickering.

SNAP = & { AT

D-15



() ERFLEREGRIIES

1.  Implementation of TRACE in SALOME Platform for Coupling with Open-

Source CFD codes

(CAMP_2018_Spring_Kanglong Zhang_KIT-INR)
G E A € 1 B qg;t SALOME £ 4 % 8 &%ﬁi%] »EGHE
HLEJE i 4 0 % TRACE &2 CFD i {7 % & i3

Introduction of SALOME A\‘(IT

Ve e f vt
Key point: SALOME can deal with COUPLING problems.

e e cu ; - - J
cllalmall&]?]
e e s e e e )

7
Fre ang Fost Frocassing

For Coupling ang ather exten0sg functions
MED: -

Provide a standard for storing and recovering computer data associated to
numerical meshes and fields.

= Facilitate the exchange between codes and solvers.

Mapping Is Impossibie batwesn the two meshes”

Y ranstr develop *
I:"'} MED MED (:
mesh mesh | ™
L J
T
CFD coge. Mesh fle avalladle
Vadous mesh format Flne resolution

£

in SALOME SYSTEM cooe

No explickt mesh flle, Coarse solution

Zpang 201 CAW Masteg
Moy 29 - 20, 2008

Summary S’(IT

i et o ebveegs
Goal of this praseniavon

Imp tation of TRACE Jin SALOME] Platform for Coupling with Open-source CFD codes
'

r
User-defined, MED, YACS, GEOM, MESH, PARAAS

=

Fre and Fog Focesang

1
= TRACE-SALOAE

cauphy g exenaed Lnctns
Ny mesh TPy, 3! for P
s

& uses ;D oetne b

har own QCason

Zpang 213 CAWF Mesteg
Mgy 20 - 20, 200
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2. Review on the tube bank drag model of TRACE Ver. 5 Patch 4 code
(CAMP_Spring_2018 A.SHIN_South Korea v1)

R P HFPN P A E o B IR CAMP 425% chig * 35 o

(=)

! Status of Nuclear Industry in KOREA (2/4) ==

* Research Reactors

— HANARO in KAERI
* Enforcement of seismic performance (May 2016~ April 2017)
* Pool surface radiation level increase due to the reduced High-Temp. iayer of
reactor pooi top (Dec. 2017)

* Re-operation is approved by NSSC (May 15, 2018)

— GUANG Research Reactor by KAERI
* Construction Permit Review is on the final stage (Nov. 2014 ~2018)
* Piate type fuel (U-Mo)

! Applications of CAMP Codes (13/19) @

* (3) R&D for development of TRACE-based safety analysis tech.

— CFD analysis for DC/LP mixing during MSLB case
* Support analysis for TRACE 3D Vessel model improvement

« ol 3 0 - B
S S, - T
ety 3 "
: ::;"" : ' . i
e Y e
pe- o et et e s .
v . - -
1 '

CFD model of APR1400 vessel
for DC mixing

D-17



Codes Activities in Canada — Update.
(CNSC_E-DOCS-_5535871-v2-RR_Presentation_CAMP_May 2018)

4r £+ CSNCH#R# 1 & § & { #7 SBO 7 RD-14M £ 5 1 1£3§
B o

RD-14M test facility

e
C
odocs § 5535871 A 102 4
CAMP activities in Canada - Update
* New initigive at Carleton University:
~ Design of 3 test loop forevaluation of heat exchangers concepts
& ~ Explore option of using CAMP codesin the testdesign work
P,
*  Update:
~ Limited designscoping calculations performed so far—moreto come
# The students prepared some bench scale models and performed some proof
of concept testing. The planfor next year isto find a suitable location and
start toconstruct SMARTS (Small Modular Advanced Reactor
Thermalhydraulic Simulator)
odocs ¥ 5535871 [ 1BHERE R

D-18



4. CVR Activities in Simulating Nuclear Technologies using USNRC code.
(G.Mazzini-Spring-CAMP2018-v3)

AR S vyzkumu rez Sro Ay ¢ s 0 B S S R RIS X 2 F A

By el (538 B o

Introduction @

= CVR is doing several activities in R&D and in supporting
the State Office of Nuclear Safety (SONS):

=VVVER 1000 technology simulation using PARCS, TRACE and
their coupling.

= VVVER 440 technology simulation using TRACE and PARCS
e | VR-15 reactor simulation using TRACE and PARCS

= Simulation of the High Temperature Helium Loop using TRACE
and RELAPS.

== e Research in FLiBe thermohydraulic using TRACE codes

Trace Simple Model @

6 x Pumps

Heat
Exchanger

Downcomer Upper
Support

Plate

|

Reactor 1
Core i % Bypass

|

|

|

Lower Head
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5. Status of CAMP Activities in Slovenia.

(Spring 2018 CAMP (Prosek_Kokalj Slovenia)

.7 )
[

#r;%2 R 17 R-4 Reactor Engineering Division zi.p? 2 @ 22 CAMP & %38 p eh

BRI A TR A 2010 11 K % o
zf: Jodet Stefan Insthte R4 Reactor Engineering Division

6.1 BETHSY 6.2 TC simulation (cont‘d)

Shown isthe loop 1 BETHSY facility mask
at 92 s, at whichthe core inthe
experiment firstuncovered. It can be seen
that much of primary circuit is filled with
liquid, except pressurizer and upper head.
s ' ' By this the statement inthe experiment

t~= | description is confirmed: “The hot parts of
| the primary circuit (upper head, upper
plenum, SG U-tubes) started to boil. The
formation of loop seal causes the core
level depression.” The steam generator is
inthe saturation condition, inthe lower
part of downcomer and riser is saturated
liquid and inthe upper part of steam
generator is saturated steam.

.

Loop? Facility View

;\1 —z Time: 923

)

spring 2018 CAMP Mssting rdijss

:.0 Jozef Stefan Institule R4 Reactor Engineering Division

6.3 LOFTL9-1/L3-3test simulation (cont‘d)

|.g:_=_..__| SNAP Animation Model for LOFT Experiment L9133 = Figure shows
- — thatwhenthe
PORVis
Iatched open
after 3075
seconds, the
SG secondary
vesselisfullof
superheated
steamandthe
pressurizer has
filled with
subcooled
liquid.
Animation
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6.  Status Report of CAMP Activities in Spain.
(Status_Report_Spanish_CAMP_activities@Otawa2018)

FFLT BT E G 2000 & AT A% 0 F ¢ 2455 B TRACE
# RELAPS i¢ (7 cf0 3 s o ¥ szt A 45 » 4 353t 2 & NUREG 4% 2
gy ix

CONSEJO DE

b SEGURIDAD NUCLEAR
Www.csn.es

ICAP (USNRC) | R ! (i I
|cAMP (USNRC) CAMP (USNRC) H H H CAMP (USNRC)
[TH Codes Coonsolidation (USNRC] 1 1 i 1
1 I | |
[SETH (NEA) : { : :
PKLL (NEA) 1 | 1 |
1PKL2 (NEA) i
1 PKL3 (NEA) 1 1
[ROSAT (NEA) 1 PKLA (NEA)
{ROSAZ (NEA 1 [ATLASI (NEA) H
1 1 [ |ATLAS2(NEA) |
1 ] 1 |
1984[(_...)] 1990] 1991[(....) | 1996] 1997] 1998] 1999] 2000] 2001] 2002] 2003] 2004] 2005] 2006] 2007] 2008! 2009] 2010] 2011] 2012! 2013] 2014] 2015! 2016] 2017] 2018] 2019! 2020] 2021] 2022] 2023
1 1 1 L
] 1 1 |CAMP-Espaiia
I 1 CAMP-Espafia
ICAMP-Espara |
CAMP-Espania

[caMe-Espana |

_
[CTC Espana
[CAMP-Espafia ———— —
N STRATEGIC [CSN STRATEGIC STRATEGIC N ESTRATEGIC [{CSN STRATEGIC
] e

R&D PLAN 2000-2003 _[IR&D PLAN 2004-2007 &0 PLAN 20082011 &D PLAN 2012-2015 1

Spring 2018 CAMP meeting; Otawa (Canada) May 28-30, 2018
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MsIv TSVITCV,
— .5 : P - \ Turbine
SRV ;MSIV
P ,ga ‘ SN N - TSVITCV, S Turbine
SRV msiv TSVITCV
i . » e - &g; Turbine
4 4 & &
ISRV a MSIV _ TSVITCV, .
le ]' T -3 2 e e S e e e P ¢ ‘@ Turbine
SRV = 2 j Condenser
Bypass valve
Reactor Containment
RCIC Yooy

Feedwater |
-

Vent header

j' 100 4 —ple——

Wetwell

—

Recirculation pump Recirculation pump

B 2.1 +% - B2z~ TRACE/SNAP #t -k i > & 47 50
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Reactor building

Recirculation pump

_g!

Wetwell and suppression pool

B 2.2 ¥% = Bz TRACE/SNAP #t -k > & 47050

D-24

Steam line MSIV TSVTCV
. T;. >4 » id <+ Turbine
42 SRV MSIV VIOV
e o - 3 %8 2 Turbine
=% 1 —_———
-5 E‘i‘ o TSV TCV
e s - - re 3850 Turbine
on % e
g': ;gsav I &
2] TSV TCV
L MSIV o T
e ;,) » - + 77 Turbine
‘{) SRV s
45 Upper pool -3
——— Bypass valve
Vessel _____‘Drywell
/’7 R ’ : PR
Feedwater - Feedwater "
\.-o-{-1 +~ou :

Horizontal vent

»~> Condenser



¥

B 2.3 % = Fi12- TRACE/SNAP # -k i > & 47 50
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