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Abstract —Ihis research uses advanced thermal-hydraulic safety analysis code, TRACE (TRAC /
RELAF Advanced Computational Enging) developed by ULS. Nuclear Regulatory Commission, to
establish and to analyze TRACE model for Ulttmate Response Guidelines of Chinshan MNuclear
Power Flant. The results show that comparing with one-stage depressurizafion strategy, Two-
stage depressurization strategy of Uliimate Response Guidelings can effectively reduce the peak
fuel cladding temperanme in the accident, and needs much less minimmum alternative water

Injection mass rate.

I INTRODUCTION

Om March 11, 2011, on the northeastern Japan coast,
the fifth-largest ea.rthr[ua]:e of the world in the history
ocourred. The of the e was 9.0 on the
Richter scale. All wmits of Fukushima Dafichi muclear
power plant (NPP) in operation were automatic safety
shutdown, and structures and safety systems of the plant
were shghtly damaged by the earthquakes. However, the
elecmicity fransmussion system outside the plant was
destroyed so that it could not supply the power to the plant.
In addition the Imge earthquake mduced higher than 13
meters tumami striking Fukushima NEP. The tsunami not
only destroved the autdoor emergency cooling sea water
(ECSW) punps by the sea, but also caused floods
throughout the plam The emergency diese]l generators of
wmit 1* to 5% were flooded so that the generators could not
operate normally, and the power panels of 1% to 4" was
also damaged so that umit 1% to 4™ could not connect
emergency power from umit &

Because the ECSW pumps were destroyed and
Fukushima Datichn NPP did not mject enough altemative
water mto reactor pressure vessel (RPV) durng the crucial
period. The lack of water injection and the decay heat
causedtlueboﬂmgaﬂdlhedmrhameofthewatﬂmﬂr
reactor and the water level declining constantly, which
cansed miclear fel assemblies wneovered and resulted in
Teactor water temperature and pressure rising. Moreowver,
the Peak Cladding Temperature (PCT) was beyond 1.088K
{(1.500°F) which caused the rapid metal-water reacion and
produced lmge volume of hydrogen The rapid metal -water
reaction fimther accelerated the nse of PCT and finally the
accident evolved into core meltdown In addibom the
escaping  hiydrogen accummlated i the secondary
containment (not the primary containment) roof When the

87

concentration exceeded the lmit hydrogen explosion
happened [1].

After Fubushima accident, Taiwan Power r
(TPC) has developed a swite of methods, called "Ultimate
Response Guidelmes (URG)", to deal with Fukushima-like
accidents. In the URG, TPC proposed many guidelines and
added new equipment to ncrease the rescue capability of
NFP, which 15 used to cope with the Fukushima-like
accidents that are the compound disasters beyond design
basis. The concepts of the URG are two stages

essunzation, alternative water mjection and removing
decay heat through the ejection from contaimment [2]. The
two stages depressunizafion srategy includes controlled
depressurization and emergency depressurization to replace
traditional one stage depressunzation that only meludes

emergency depressunzation. Those ensure fuels not
umcovered and avoid the PCT beyond 1.088K to cause the
hydrogen explosion accident like Fukushima Daiichi NPP.

Chinshan Nuclear Power Plant (CSNFPP) is the first
Boiling Water Reactor (BWE) NPP in Tarwan It has two
wmits of BWE/4 reactor made by GE Company with Mark I
contamment. Each rated thermal power now is 1.840 MWt
after power uprate (1775 MWt before power uprate). Both
the reactors and both the containments are sinular to those
of unit 2, umit 3 and wnit 4 of Fukushima NPP. In each umit
of CSNPP, the reactor core consists of 408 fiel assembles
and can produce 990kg's (7,858 000Ib/hr) saturated steam
flow at dome pressure 6.96MPa (1010psia).

This research uses TRACE (TRACTEELAP Advanced
Computational Engine) to establish and to snalyze the
thermal hydraulic model for the URG of CSNFP. TRACE,
an advanced thermal hydraulic code, has been developed
by US NRC (Umted States Nuclear Regulatory
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Abstract —The object of this paper is fo realize the behavior in Kuosheng BWR (Boiling Water
Reactor] after the SPU (stretched power upgrate) dwring the decrease in reactor coolant
temperature fransients. In this research, fwo cases were wsed o simulate the transient affer SPUL
The first one was Loss of Feedwater Heating, and another case was Feedwater Controfler Failure
with No Bypavs. In the first case, the temperature of feedwater way avsumed to accidently
decreave by 100 F, which caused the core power to increase. Beoause of the core power increase,
the pressure of Reactor Pressure Fessel (RPV) would become much higher than the imitial
condition. The second case initiaed with the failure of the feedwater comtrofler causing the
Seedwater flow rate to mcrease to 130% raved f[Towe The increare of the flow caused the positive
Seedback of neutron moderation, which led an increave of power and RPV pressure. These cases
were analyvzed fo verify whether the RPV pressure would exceed the acceptance limit or not. The
output data from TRACE would be inputted into FRAPTRAN code as a fimction of time -dependent
Juel rod power and coolant boundary conditions to calculate the fuel damage.

The TRACE analysis for Kuosheng BWE way performed for ot -power (TIFP) condition.
Under this cond tion, the damage mechamisms of fuel rods are: (1) cladding ballooning and burst;
(2} embrittlement and foilure by high-temperature oxidation; (3] melting of cladding andior fuel
pellets. The relevant guantities for fuel performance are the macimum fuel enthalpy and the

melting temperatures of cladding and fuel pellet.
The results of the analvsis show that the pressure will not reach the designed value of RPF,
and the fuelicladding failure does not occur under HFP condition

L INTRODUCTION

The advanced thermal hydraulic code TRACE has
been developed by U8 NRC with the purpose of
conducting nuclear power reactor safety analysis. Al the
same time, SNAP, a graphic user interface program has
also been under developing o process the inputs and
outputs of TRACE. In the current study, we have also used
FRAPCON and FRAPTRAN, which are computer codes
developed by US. NRC. FRAPCON can calculate the
performance of a single fuel rod for steady-state under the
lomg4erm burnup. FRAPTRAN calculates the transient
performance of fusl rods during reactor transients and
hypothetical accidents. Since DNB ratio, ong of the main
properties to sustain the fusl cladding integrity, is not
directly available from TRACETFRAPCONTFRAPTRAN
tor assess the main safety conditions.

Two of the nuclear steam supply svstem (N555) of
Kuosheng NPP are BWR/6 reactors, which was designed

1532
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and built by General Electric, located on the north coast of
Taiwan. Each wmit offers the thermal mted power of
2R04MWL Unit | will start SPU from Cyele 24 and Unit 2
is poing to start SPU from Cyele 23, The operating power
will be 104.7% of the OLTP (Original Licensed Thermal
Power), which will be 3030 MWL

In order to estimate the safety of Kuosheng NPF, the
methodology of Kuosheng NFP SPU safety analvsis model
wis developed. There are thres main steps considered in
this methodology. The first step is the development of the
Kuosheng NPP SPU TRACE model. The steady state
results of FRAPCON were used to input the TRACE
maodel. The next step is the transient analvsis of Kusheng
WPP SPU TRACE model. In this paper, Loss of Feedwater
heating and Feedwater Controller failure with no bypass
are chosen in onler to confirm the maximum pressure of
viessel below the acceptance limit of 9. 584 MPa,. The final
step is the fuel mds integrity analysis of FRAPTRAN
under the above conditions.
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ABSTRACT

Euoshens Muclear Power Plant (PP} 15 located on the
northern coast of Tamwan. Its nuclear steans supply svstem 1=
a type of BWE/S designed and bwlt by General Elecine.
There were three main steps i this study. Fust, Enosheng
NFP TRACESMAP model was developed m this research.
The contamment was also simulated m this model. In order to
assess the system response of the Euosheng NPP
TRACE/SHAP modsl, this study used startup tests data (Joad
rejection and a feedwater punp tmp fransients) to compare
with the results of TRACE. Second. the fransient analysis of
Euosheng NFP TRACE/SHAP model under Fukushima-like
(SB0) or more severe (SBOSLOCA) conditions was
perfoomed Third i order to confirm the meechameal
property and integnity of fuel rods, FRAPTE AN analysis was
also performed 1o ths study.

In the companson of startup tests and TRACE data, the
results and sequences of TRACE were sinular to startup tests
data. By the above compared results, 1t mdicated that there

89

was a respectable acomacy 1n Euocheng NPP TEACE/SHNAP
model. In SBO transient (no water injection case) amalysis,
the PCT (peak cladding ternperature) was larper than 10887
E at 4730 sec which mdicated that the mrcomum-water
reaction was able to generate In SBO + LOCA transient (no
water injection case), PCT reached the criteria of 1088.7 K at
1900 sec and FRAPTREAN results implied that the fuel rod
burst at 2000 sec. However, if the fire water (flow rate 39
kgisec) mjected to the reactor at 300 sec mn this tramsient,
TEACE results depicted that PCT was lower than 1088.7 K
and FRAPTRAN results also mdicated that the miegnity of
fuel rod was kept. But one safety 1ssue generated m the
drywell dwing 14602570 sec due to the drywell temperature
larger than the hmit (43871 K). Fimally, TRACE'SNAP
anzlvsis results were presented by the ammation model of
Euosheng NFP.

1. INTRODUCTION
TRACE has been developed by U.S. NRC for NPP safety

Copyright © 2014-2015 by JSME
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Maanshan meclear power plant (NPP) Is a two-unit Westinghouse three-loop PWR NPP. This research
foruses onthe analysis and simulation of Maanshan NPP station blackowt (SBD) accident that happe ned
o T8th March, 2001, and thermal -hydrawlic phenomena of the plant duning SEO with and wit ot mit-
igation strategies. There are two main steps in this study. The first step was the establishment of
Maanshan NPP SNAFTRACE models. These models were tested and the results of TRACE were compared
with the stamup test and FSAR data Analysis results indicate that Maanshan NPP SNAPTRACE made &
predict not only the behaviors of important plant parameters consstently with the starup test and
FSAR data, but also their assoclated numerical valees with respectable accuracy. The next step was the
5B0 accident simulation and analysis of Maanshan NPP SMAPTRACE model. The results of TRACE show
good agreement with the plant data Several mitigation strategles wene smulated and stsdied by using
this madel in this reseanch,

i 2015 Ekevier Lrd. All nghts reserved.

1. Introducton

Tragedy in Fukushima Daiichi, Japan shows significant conse-
quences of the plant facing beyond design basis accident without
proper emergency equipment and mitigation strategies. Taiwan
is located at the intersection of two tectonic plates where earth-
quake frequently happen With the fact that all NFPs sit near the
shore, enhancing the capability of dealing with earthquake induced
tsunami or other beyond design basis accdent is a must.

Maanshan NPP is a two-unit Westinghouse three-loop PWR
operated by Taiwan Power Company since 1984 If an intense
earthgquake and tsunami hit the plant, the sea water pumps, switch
yard, onsite electric systems, emergency diesel generator or its fuel
supply may be damaged and hard to recover. With no AC (alternat-
ing current) power available, only turbine driven auxiliary feedwa-
ter sy stem { TOAFW ) can deliver cold water to steam generator (SG)
to maintain the water level inside 5G. If TDAPY trip for some rea-
sons, water in the 5G will boil offeventually, primary side will lose
the heat sink. Emergency core cooling system (ECCS) cannot

* Carmesponding authar.
E-mail addrees: htlind@iner_gov.tw (H-T. LinL

hitp: [ doiorg/ 101 016 fanuene201 511 015
130 6-4 549 e 2015 Elsevier Ltd. All rights reserved.
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operate without AC power so that there is no cooling water injec-
ton capahility in the reactor coolant system (RCS) except passive
accumulators (AMCC) action (when RCS pressure is lower than ACC
nitrogen gas pressure). Under such droumstance without using
any mitigaton equipment or strategies, core damage will happen
within a few hours.

Taiwan Power Company has enhanced the capability of coping
with extended 5BO situation by using mitigation strategies and
alternate injection systems. In addition to regular ECCS and auxil-
iary feedwater system, some alternate injection systemns such as
diesel engine auxiliary feed pump and fire engine pump can also
inject water into 5G or RCS, but the operating pressure of the alter-
nate systems is much lower than regular system, and onsite oper-
ators have to lineaup the injection piping manually. The water
sources of alternate injection systemns can be either condensate
storage tank (CST), mw water reservoir, or sea water. The mitiga-
ton strategies that were suggested by Taiwan Power Company
put emphasis on removing the decay heat rapidly by controlling
the 5G pressure while maintaining the 5G water level at the same
tme by using any kind of injection method. | decay heat can be
removed successfully via 5Gs, RCS pressure will not build up to
the opening set point of power operated relieve valves (PORV) of
the pressurizer. Therefore, the inventory of RCS can be kept. The
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Ultimate Response Guideline for Chinshan
BWR/4 Nuclear Power Plant

I B. Wang. HT. Lin. HC. Chen, C_ Shih, SW. Chen, 5.C. Chiang, C.C. Lin

Abstract—in this research, TRACE medel of Chinshan BWE4
muclear power plant (MPF) has been developed for the simmlation and
analysis of nltimate response guideline (UR/G). The main actions of
URG are the depressurization and low pressure water injection of
reactor and containment venting. This research focmses to venfy the
URG efficiency under Fukushima-like conditions. TRACE analysis
results show that the URAG can keep the PCT below the criteriz 1088.7
K under Fukushima-like conditions. It indicated that Chinshan NFP
was safe.

Eeywords—BWE, TRACE, safety analysis, URG.

I INTRODUCTION

There are more concems for the safety of the NFPs m
Tarwan after Fukushima NPP disaster. In general, there are
four categones for the NPP operating state, which imvolve
nomal operation, abnormal events‘ransients, accidents and
severe accidents. For each operating state, there are
comesponding procedures to follow to secure WEPs safety and
mtegnty. Fig. 1 shows the comespondent relationship between
NPP operating states and procedures. The first level is
operating procedures (OPs) which focus on the NPP operation
within an acceptable range. The second level is abmormal
operating procedures (AOPs) which aim at restoring the
fimction of NPP systems that could mupact the NPP operating
margins. The third level 1s emergency operating procedures
{EOPs) which focus on bringing the NPP to a safe and stable
state bry following a reactor tmp or safety injection signal. The
forth level is severs accident management procedures (SAMPs).
Uncertainties may exist in both NPP status and n the outcome
of actions for severe accidents. Therefore, SAMPS propose a
range of possible actions and should allow for additiomal
evaluation and altemative actions.

However, EOP o1 SAMP 15 generally based on events refers
plant status and parameters to mitigate the events consequence.
For the compound severe accidents, such as Fukushima nuclear
accident, its mpact to WPP 15 relatively spread rather than

IR Wang, H C. Chen, C. Shih and 5.W. Chen are with the Institate of
HMuclear Enzinsering and Scisnce, National Tsing-Huoa University, and Muclear
and Mew Energy Education and Ressarch Foundation, FLOWC., Taiwan (e-mail-
jongronswangi@email comy, km23B3Ezmail com, chenswidmrs ntho edu.tw,
ckshibjiiess ntho edu mw).

H.T. Lin is with the Institate of Muckear Ensrgy Fesearch, Atomic Energy
Council, B0.C_, Taiwan (e-mail: helingiimer pov. tw).

5.C. Chimng and C.C. Liu are with the Department of Nuclear Safery,
Taiwan Power Company, BL0.C., Taiwan.
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focus on ome system or one area influence. Therefore, with
regard to this fact Taiwan Power Company developed an
additenal nltmate measure category, URG, to prevent BWE,
PWE. and ABWE. from encountermg core damage for events
beyond desizn basis [1]. Fig. 2 shows the URG procedure.

The aim of this study 15 using the computer programs to
verify the URG efficiency of Chinshan NPP. Chinshan NPP is
the first NPP in Taiwan which is a BWR/4 plant and OLTP
{Original Licensed Thermal Power) for each umit is 1773 MWt.
Chinshan NPP finished SPU (Stretch Power Uprate) and the
operating power 1s 103.66% of OLTP, which is 1840 MWt
now.

The advanced thermal-hydraulic code named TEACE has
been developed by U. 5. NRC for NPP safety amalysis. The
development of TRACE is based on TRAC, combimng with
the capabiliies of REELAPS and other programs. One of the
features of TEACE 15 its capacity to model the reactor vessel
with 3-D geometry. It could support a more accurate and
detailed safety analysis for miclear power plants. In the fiture,
TEACE 15 expected to replace NEC's present four mam
systems codes (TRAC-P, TRAC-B, RELAPS and RAMONA)
a3 the mam code used m thermal hydraulic safety analysis [2].
Besides. a graphic user interface program. SNAP (Symbolic
Muclear Analysis Program), which processes inputs, outputs,
and the snimation model for TRACE, 15 also developed by UL 5.
NEC.

In our previous research [3]-[2], we established Maanshan
NFPP (PWE), Chinshan NFF (BWE/4), and Limgmen NFP
(ABWE) TRACESNAP models successfully by usmg
TRACE v 5.0 ~v 5.0 patch 3 and SNAP v 0.26. 7~v221.Ina
separate research work, a comesponding TRACE model of
Chinshan NPP has been established. where the transient data
from FSAR and RETRAN were used to venify the Chmshan
NPP TRACE model [9]-[11]. Analytical results indicate that
the Chinshan NFP TRACE model could predict not only the
behaviors of important plant parameters reflecting consistent
trends with FSAR and RETRAN data, but also their numenical
values with respectable accuracy.

In this study, TRACE model of Chinshan BWR/4 NPP has
been developed m order to venfy the URG efficiency. This
research focuses to estmate the URG efficiency under
Fokushima-hike condiions. Besides, the sensitivity study of
depressunzation and low pressure water myection was also

performed.
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Stick-Surface, CTMT base (Pt. 96cX)

CTMT Bldg. -40' SSE H (Fig. 3.7A-29)
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Stick-Surface, CTMT top (P. 68x)
CTMT Bidg. 170.58" SSE H (Fig. 3.7A-1)
sti T 1op (pt. B8x)

MT top(pt.3854x)
CTMT top(pt.2854x)
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