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14:00-14:20 | 43. THERMAL ANALYSES FOR THE SPENT FUEL POOL OF TAIWAN
BWR PLANTS DURING THE LOSS OF COOLING ACCIDENT
C. Bo-Yan, Y. Chia-Lin, W. Wei-Che, and C. Yen-Shu (Institute of Nuclear
Energy Research, Taiwan)

14:20-14:40 | 83. LOSS OF COOLING ACCIDENT SIMULATION OF NUCLEAR POWER
STATION SPENT-FUEL POOL
M. Lee and K. S. Liang (National Tsing Hua University), K. Y. Lin (Taiwan
Power Company)

14:40-15:00 | 197. FINITE ELEMENT ANALYSIS OF HEAT TRANSFER BETWEEN
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14:00-14:20 | 23. IMPROVEMENTS OF INTERFACIAL DRAG MODEL FOR THE
RECTANGULAR NARROW CHANNEL REFLOODING SIMULATION
BASED ON THE RELAP5/MOD3
S. Liu (Nuclear Power Institute of China), W. Zeng (Nuclear Power Institute of
China)

14:20-14:40 | . A PROBABILISTICS SAFETY ASSESSMENT OF ULTIMATE RESPONSE
GUIDELINES OF MAANSHAN NUCLEAR POWER PLANT
P. Y. Wang (National Tsing Hua University), M. Lee ( National Tsing Hua
University), C. C. Chao (Institute of Nuclear Energy Research)

14:40-15:00 | 413. BRUCE NGS A LOSS OF FLOW ANALYSIS FOR EFFECTIVENESS OF
LEVEL 2 DEFENCE-IN-DEPTH PROVISIONS
W. Won (AMEC NSS), Y. Jiang (Bruce Power), M. Kwee (Bruce Power), J.
Xue (Bruce Power)

15:00-15:20 | 409. COMPARISON OF FUZZY SET DEFINITION FOR HYDROGEN

FLAMMABILITY DURING A SEVERE ACCIDENT

S. H. Park (Korea Atomic Energy Research Institute), K. I. Ahn (Korea Atomic
Energy Research Institute), Y. H. Jin (Korea Atomic Energy Research Institute),
E. H. Suh (Mokwon University)
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16:00-16:20 | 58. IT TAKES A COMMUNITY TO ENGAGE A COMMUNITY: A MODEL
FOR PUBLIC ENGAGEMENT ABOUT THE IMPACTS OF NUCLEAR
RESEARCH AND DEVELOPMENT
M. Dalzell, M. Main and J. Root (Sylvia Fedoruk Canadian Centre for Nuclear
Innovation)

16:20-16:40 | 59. NUCLEAR 101, A COURSE ON THE NUCLEAR SECTOR FOR
WORKERS IN THE NUCLEAR SECTOR
J. M. K. C. Donev (University of Calgary), D. Boreham, S. Day (McMaster
University), R. Dranga (Atomic Energy of Canada Limited), J. Krasznai, R.
Matthews (retired), J. Whitlock (Atomic Energy of Canada Limited)

16:40-17:00 | 155. THE UNIQUE ROLE OF A PUBLIC POWER AGENCY IN NUCLEAR
COMMUNICATIONS
L. Scheele and J. Dobken (Energy Northwest)

17:00-17:20 | 6. NUCLEAR KNOWLEDGE, TRUST, AND PUBLIC ACCEPTANCE OF
NUCLEAR DEVELOPMENTS
L. Berdahl, S. Bell, M. Bourassa, and J. Fried (University of Saskatchewan)

17:20-17:40 | 10. SMALL MODULAR REACTORS (SMRS) -THE KEY TO INCREASED

SOCIAL ACCEPTANCE OF NUCLEAR POWER?
H. Sam-Aggrey (Atomic Energy of Canada Limited)
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10:20-10:40 | 70. MAAP4-CANDU SIMULATION RESULTS FOR CANDU 6 ACCIDENT

MANAGEMENT MEASURE: STEAM GENERATOR SECONDARY SIDE
WATER MAKE-UP FROM DOUSING TANK FOR THE STATION
BLACKOUT SCENARIO

S. Petoukhov (Atomic Energy of Canada Limited)

10:40-11:00 | 72. ANALYSIS METHOD FOR THE DESIGN OF A HYDROGEN

MITIGATION SYSTEM WITH PASSIVE AUTOCATALYTIC
RECOMBINERS IN OPR-1000

C. H. KIM (Korea Hydro and Nuclear Power Co, Ltd.), J. J. Sung (Korea Hydro
and Nuclear Power Co, Ltd.), S. J. Ha (Korea Hydro and Nuclear Power Co, Ltd.),
I. S. Yeo (KEPCO Engineering and Construction Co. Ltd.)

11:00-11:20 | 78. MINIMUM STEAM COOLING WATER LEVEL OF BOILING WATER

REACTORS
M. T. Huang (National Tsing Hua University), M. Lee (National Tsing Hua
University)

11:20-11:40 | 82. EXPERIMENTAL RESULTS OF IN-VESSEL MELT POOL BEVAVIOUR

WITH SURFACE INSULATION AND SURFACE COOLING CONDITION
FROM LIVE-3D AND LIVE-2D FACILITIES

X. Gaus-Liu (Karlsruhe Institute of Technology), A. Miassoedov (Karlsruhe
Institute of Techmology), B. Fluhrer (Karlsruhe Institute of Technology), T.
Cron (Karlsruhe Institute of Technology)
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14:00-14:20

130. VERIFICATION OF HIPER16(TM) FUEL DESIGN FOR 16X16 CE-NSSS
TYPE NUCLEAR POWER PLANTS
S. Y. Jeon, J. M. Suh, J. I. Kim, and K. L. Jeon (KEPCO Nuclear Fuel)

14:20-14:40

176. THE EFFECT OF ACTINIDE COMPOSITION ON TRANSURANIC
MIXED OXIDE FUEL LATTICE PHYSICS PARAMETERS IN CANDU

A. C. Morreale (Atomic Energy of Canada Limited), J. C. Luxat (McMaster
University)
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169. THERMAL ANALYSES FOR THE RACK DESIGN WITH SPENT FUEL
POOL DURING THE LOSS OF COOLING ACCIDENT

C. L. Yeh, Y. S. Chen, B. Y. Chen, Y. S. Tseng, and W. C. Wei (Institute of
Nuclear Energy Research)

15:00-15:20

144. THE AQUEOUS SYNTHESIS OF UMOO6 AND ITS SIGNIFICANCE TO
NUCLEAR FUEL

R. A. Barry, J. Scott (Royal Military College of Canada), I. Korobkov (University
of Ottawa), J. Deveau, and E. C. Corcoran (Royal Military College of Canada)
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Thermal Analyses for the Spend Fuel Pool of Taiwan
BWR Plants during the Loss of Cooling Accident
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Nuclear Engineering Division, Institute of Nuclear Energy Research, Taiwan
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= Introduction

+ After the Fukushima accident, the safety of the spent
fuel pool (SFP) has become an important concern.

+ Thermal analysis of the SFP under a loss of cooling
accident is performed.

* The BWR spent fuel pools in Taiwan are investigated
— Chinshan plant
— Kuosheng plant
— Lungmen plant

+ The transient pool temperature and level behaviors are
calculated based on lumped energy balance.

* The peak cladding temperature is predicted by the
Computational Fluid Dynamics (CFD) analyms

Institute of Mucloar
%J‘f P'B-:-.qﬂcng 14 _.\__ : 9 Enn r‘,|:,I FI:ET ¢.'|rc1|. 5

-

== Loss of cooling accident for SFP

* The cooling systems of the SFP are assumed inoperable
during a full-core discharge.

* The pool water temperature starts to rise because of the
decay heat generated by the spent fuels.

» While the pooltemperature reaches the boiling point, the
pool water level begins to drop.

+ If the poollevel drops below the spent fuels, the fuel
temperature increases dramatically because they are
uncovered by liquid water.
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== Loss of cooling accident for SFP

* At 7 days after shutdown, a full core discharge to the
SEFP occurs.

* In this study, the pool temperature and water level are
calculated by lumped energy balance.
» After the fuels are uncovered by water, a detailed model

to calculate the fuel temperature is developed using
ANSYS FLUENT.
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== Nuclear Power Plants in Taiwan

* Chinshan: 2 BWR/4 units
« Kuosheng: 2 BWR/6 units
+ Maanshan: 2 PWE units

+ Lungmen: 2 ABWR units
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- n-n Analysis Model

* Decay heat calculation: ASB 9-2 (NUREG-0800,
chapter 9.2.5, Rev. 2, 1981)

» The transient pooltemperature is obtained by energy

balance: AT
P{t)y=pCFV —
t)=pC, g
* After the boiling temperature is reached, the pool level
can be obtained by:
P(t) dh
ki S (s
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e Analysis Model

+ After the fuel is uncovered by liquid water, the peak
cladding temperature is solved by CFD

* Only the parts above the water is considered.
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Analysis Model

* One of eight sections is included in the CFD domain

* Checkerboard arrangement (alternatively arrange the
latest fuels with the old fuels) is investigated.
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* The calculated SFP temperature and water level:
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- ,..n Results

* Temperature calculated by CFD:
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P Conclusions

* Thermal analysis of the SFPsin Taiwan during the loss
cooling accident are performed.

* The pool temperature and water level are evaluated by
the lumped energy balance.

» After the fuels are uncovered by water, the peak
cladding temperature is calculated using CFD method.

* For the Chinshan, Kuosheng, and Lungmen plants, the
boiling time is no sooner than 0.38 day and the fuel
uncover time is no sconer than 3.33 days.
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== Conclusions

After the fuels are not covered by liquid water, the
peak temperature reaches 600°C at 7 hours.

The checkerboard arrangement for the fuels can
enhance lateral heat transfer. However, the influence
the peak temperature is minor for the conditions of this
study.
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Thank You!

Comments are welcome.
Yen-Shu Chen: vschen(@iner. gov.tw
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;...n Introduction

* After the Fukushima accident, safety of the spent fuel
pool has become an important issue.
+ If the spent fuels are not covered by liquid water, the

natural convection is the most important heat removal
mechanism.

» More space between the racks can enhance the natural
circulation effect.

* The cooling improvement by separating the racks is
nvestigated by using Computational Fluid Dynamics

(CFD).
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- Nuclear Power Plants in Taiwan

* The reference plant of this study is the Chinshan
plant in Taiwan, which is a BWR4/Mark I plant.
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' ,..,. Analysis models

* Overall pooldimensions :14.5 mx9.5mx 123 m
* The fuel region is modeled by the porous media.

* 100 racks are lumped into one block. There are total 35
blocksin the pool.
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' u..,. Analysis models

» Distance between the rack blocksis 10 cmin one case
and 30 cm for the other case.

+ Topview of the domain:
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* Steady-state solutions with air in the domain (all water

is lost).
* The metal-water reaction is not considered.
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== Analysis models

* Decay heat generated by the spent fuels is determined
by ASB 9-2 (NUREG-0800, chapter 9.2.5, Rev. 2,
1981).

* Axial power distribution:
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* Assuming the SFPis filled with the spent fuels with
the shut-down time of 2 years. The total decay heat is
1.57 MWt.
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== Results

* The main heat transfer mechanism is the natural convection.

* Air cannot enter the central fuel region easily. The
concentrated heat source results in a maximum temperature
of 848°C.

* The maximum temperature then occurs in the assembly
located in the middle of the fuel region.
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== Results

» With the gap of 10 cm, air can enter the gaps between
the racks and the maximum temperature is then
reduced to 647 C.
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+ If the gap is further increased to 30 cm, the fuel
temperature can be further reduced to 596 C.
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== Results
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+ Top view:

== Results

» Maximum temperature

848

647 237
596 291
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== Conclusions

» The thermal effect of separating the racks in the SFPis
investigated.

Separating the racks creates gaps that allow the natural air
circulation between the fuel assemblies.

+ The maximum temperature can be reduced by 23.7% with
a splitting distance of 10 cm. With an extended distance
of 30 cm, the fuel temperature can be further reduced by
29.7%.

Since the SFP has been significantly concerned after the
Fukushima accident, the future design of the racks may
take the enhanced heat transfer effect into account.
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Thank You!

Comments are welcome.
Yen-Shu Chen: vschen(@iner. gov.tw
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A Study of RPV depressurization and Containment Vent
Strategy in Fukushima Like Accident of Chinshan NPP by
Using MAAPS
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Sheng Yuan, Fan
August 27, 2014

L
%%- FTERR FHE B AR5 AT

X%
[ OUTLINE

* Fukushima accident
* Ultimate Response Guideline (URG, DIVing plan)
*  Chinshan NPP Description

- MAAPS Modeling of ChinShan NPP and assumptions
Results and Analysis

» Conclusion
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“fjm Fukushima Daiichi NPP Accident

* M 9.0 Earthquake
» Tsunami

» SBO

* Loss of Heat Sink

AT ROk 4E N frnE R e ﬁm ﬂk
o
REN T Ultimate Response Guideline
* DIVing plan

— RPV Depressurization,

— Water Injection

— Containment Venting
 Controlled Depressurization to goal 1.45 MPa
* Preparing an Alternative Water Supply <1 hr
* Open ADS after Loss RCIC
* Injecting Fresh or Sea Water
* Venting Containment
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%
%m Chinshan Plant

BWR 4 RPV
Mark-I containment
1,775 MW
hardened vent pipe

an untreated fresh
(Raw) water reservoirs
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[ MAAP modeling and assumption

. T=0, Fam
SCRAM(earthquake) — ween J L

- T=10 min, Controlled e e ‘

(43 Tonas

Reactor Depressurization P I
N

T=20 min, Tsunami

(SBO)

[
Il, (1}
4. T=1 hr, Loss RCIC [f% e ﬁ\
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T Results and Analysis

* After 10 min . controlled reactor depressurization
to 35 kg/cm?

* 20 min, (SBO) controlled reactor depressurization
to 15 kg/cm?

* Loss RCIC, opening all ADS valves, in order to
inject raw or sea water into the reactor.
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[ The response of reactor pressure.
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ﬁ%m The response of drywell pressure.
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[ Maximum core temperature

maximum core temperatun: (K
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‘ws Total mass of water injected into the RPV
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e Conclusion

* Inthis study MAAPS was used to simulated the
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features are worthy of note:

— performing a controlled depressurization could
maintain the RCIC operation. And after
emergency depressurization it could reduce the
amount of reactor water inventory dumped into
the torus pool.

— performing direct containment venting could
increase the water injection rate into the RPV .
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