
 

 

DEVELOPMENT OF VENDOR INDEPENDENT SAFETY 
ANALYSIS CAPBILITY FOR NUCLEAR POWER PLANTS IN 

TAIWAN 

Jan-Ru Tang 

Institute of Nuclear Energy Research 
P.O. Box 3-3, Lungtan, Taoyuan, Taiwan, Republic of China 

jrtang@iner.gov.tw 

ABSTRACT 
The Institute of Nuclear Energy Research (INER) and the Taiwan Power Company (TPC) have long-term 

cooperation to develop vendor independent safety analysis capability to provide support to nuclear power plants in 
Taiwan in many aspects. This paper presents some applications of this analysis capability, introduces the analysis 
methodology, and discusses the significance of vendor independent analysis capability now and future. The applications 
include a safety analysis of core shroud crack for Chinshan BWR/4 Unit 2, a parallel reload safety analysis of the first 
18-month extended fuel cycle for Kuosheng BWR/6 Unit 2 Cycle13, an analysis to support Technical Specification 
change for Maanshan three-loop PWR, and a design analysis to support the review of Preliminary Safety Analysis 
Report of Lungmen ABWR. In addition, some recent applications such as an analysis to support the review of BWR fuel 
bid for Chinshan and Kuosheng demonstrates the needs of further development of the analysis capability to support 
nuclear power plants in the 21st century. 

INTRODUCTION 
As a country lack of natural resource such as 

petroleum oil or coal, Taiwan started construction of 
nuclear power plant in 1973. The first and the second 
nuclear plants, Chinshan and Kuosheng were designed by 
the nuclear steam supply system (NSSS) vendor of 
General Electric (GE), each with two units of Boiling 
Water Reactors Type 4 (BWR/4) and Type 6 (BWR/6), 
respectively. The third one, Maanshan, has two units of 
Westinghouse designed three-loop Pressurized Water 
Reactors (PWRs). They started their commercial 
operation in a consecutive way of 1978, 1981, and 1984, 
which totally provide about one-third of electrical power 
of Taiwan. Due to ardent needs of electricity, the fourth 
nuclear power plant, Lungmen having two units of 
Advanced Boiling Water Reactors (ABWRs) designed by 
GE is now under construction. The commercial operation 
of unit 1 was scheduled in July 2004 and a year later for 
unit 2. 

During these twenty more years, the NSSS vendors 
and the fuel suppliers including GE, Westinghouse, and 
Siemens Power Company (SPC) play significant role to 
the safe and efficient operation of the nuclear plants in 
Taiwan. On the other hand, they provide help to train 
engineers in the nuclear industry of Taiwan. In the early 
years, vendors provide all the analyses; however, more 
and more needs have been raised from the plants for the 
vendor independent analysis capability. 

The analysis capability can be a wide variety 
including structural mechanics, instrumentation and 

control, water chemistry, radiation dose analysis, 
probabilistic risk analysis and many others. While all of 
these are important, reload related safety analysis is one of 
the key capabilities to the plant operation, especially plant 
transient analysis technology, including neutronics and 
thermal hydraulics.  

The Institute of Nuclear Energy Research (INER) and 
the Taiwan Power Company (TPC) have long-term 
cooperation to develop plant transient analysis capability 
to provide support to nuclear power plants in Taiwan for 
more than fifteen years. The analysis technology was 
developed through a step-by-step process and started to 
have many applications during the last five years. This 
paper presents five of them, where the first four examples 
are for the four plants, respectively, and the last 
application is a recent one to support the review of BWR 
fuel bid for Chinshan and Kuosheng. Based on these 
applications, one may find the significance of the vendor 
independent safety analysis capability. 

CORE SHROUD CRACK FOR CHINSHAN 
During the refueling outage 12 of Unit 2 of Chinshan 

on April 1994, a number of circumferential crack 
indications were observed in the core shroud based on 
both the visual and ultrasonic inspections. The cracks 
were identified in the H3 weld heat affected zone on the 
inside surface of the shroud. The plant was allowed to 
return to power after a justification of continued operation 
(JCO). During the next outage on February 1995, more 
extensive inspections were performed and cracks in H5 



 

 

and H6 welds were observed in addition to the cracks 
found in H3 weld. Figure 1 shows the relative positions of 
the welds for Chinshan core shroud. Due to the delay of 
repair design, another JCO was conducted and the repair 
was re-scheduled in later outage. 

Many thermal hydraulics related concerns for the core 
shroud cracks have been raised by the U.S. Nuclear 
Regulatory Commission (USNRC,1994) and the industries 
worldwide. Some of these concerns were evaluated based 
on this vendor independent analysis technology for 
Chinshan. Three categories of analyses by using Chinshan 
RETRAN model (Tang,1998) were performed and part of 
these analyses were used in the Safety Analysis Report in 
support of JCO of Unit 2 Cycle 14. 

Analysis to Identify the Detectability 
Based on the evaluation of a postulated 360° through-

wall circumferential separation of the shroud, the USNRC 
determined that the separation might not be identified 
under normal operating conditions, depending on the 
elevation of the cracking in the shroud. It is essential to 
clarify whether a separation could be detected or not 
because the result may significantly affect the results of 
probabilistic safety assessment (PSA). By evaluating 
lifting, which takes into account the deadweight and the 
resulting force from differential pressure across the 
corresponding parts of the shroud, separation of shroud 
with a through-wall crack in H6 weld was confirmed as a 
possibility. A RETRAN analysis was performed to 
observe the system behavior with leakage flow through 
H6 weld. From the results of power/flow mismatch, it was 
determined that this case would be detectable under 
normal rated condition. 

Analysis of MSLB Accident  
The second set of analyses sought to identify the 

differential pressures across the core shroud head and the 
core plate in the early stages of the main steam line break 
(MSLB) accident. The results can be provided as the load 
in the evaluation of structural integrity under emergency 
conditions. In addition, another MSLB analysis of the 
shroud with the postulated 360° through-wall crack in H3 
weld was conducted, which is essential to check the 
capability of control rod insertion. The results showed that 
in a postulated 360° circumferential separation of the 
shroud at the H3 weld, the lifting height would exceed the 
maximum allowable lift. The control rods movement in 
this event should be considered failed in the PSA analysis. 

Analysis of Limiting Transients  
The limiting transients with the existence of leakage 

through the cracks in H3, H5 and H6 welds were 
evaluated and the delta-critical power ratios (∆CPRs) 
were determined based on this vendor independent 
analysis methodology. The analysis methodology was 
developed for Chinshan, which could be used to calculate 

∆CPRs for limiting transients such as turbine trip without 
bypass (TTNB), feedwater controller failure (FWCF) and 
inadvertent startup of high pressure core inject system 
(HPCI). The operating limit minimum critical power ratio 
(OLMCPR) then can be evaluated. Since crack indications 
were observed in the shroud of Chinshan Unit 2 and the 
cracking may have the potential to cause leak even after 
the repair work is done, thermal limit should be evaluated 
while the leakage through different welds are taken into 
account. The TTNB analysis was performed. The event 
can be initiated by a sudden closure of turbine stop valves, 
which in turn will lead to system pressure and power 
increase. The reactor will be tripped by the signal of 90% 
of turbine stop valve position. The recirculation pumps 
are tripped to mitigate power ascension. The system 
response has the potential to challenge the OLMCPR. The 
analysis results showed that TTNB event would not set 
the limit for the maximum allowable leakage after core 
shroud repair. The results were useful to evaluate the 
performance of core shroud repair. 

 
FIGURE 1. Relative Positions of Core Shroud Welds  

for Cinshan 

FIRST 18-MONTH CYCLE FOR 
KUOSHENG 

A parallel analysis of reload safety analysis 
conducted by the fuel vendor was performed by the team 
of INER and TPC based on the analysis methodology for 
Kuosheng. The purpose of this work is to verify vendor’s 
analysis for the first extended fuel cycle of Kuosheng Unit 
2 to confirm the safety of the fuel. The parallel analysis 



 

 

covers the analysis of pressure and thermal limits. For 
pressure limit, the American Society Mechanical 
Engineers (ASME) over-pressurization transient was 
analyzed. For the thermal limit, the feedwater controller 
failure without bypass event (FWCFNB) and the load 
rejection without bypass event (LRNB) were analyzed. 

Analysis of Pressure Limit 
The maximum system pressure has to be evaluated 

for events with an adverse scenario specified in the ASME 
Pressure Code. According to the Code, the fuel vendor did 
a series of analyses based on the same assumptions for 
different pressurization events and found that rapid 
closure of all Main Steam Isolation Valves (MSIVs) to be 
the most limiting event. The fuel vendor also identified 
that the event at the initial conditions of 104.2% of rated 
power, 105% of rated core flow and at the end of cycle 
(EOC) under a licensing control rod pattern from the 
beginning of cycle (BOC) to EOC would lead to the most 
limiting results. These became the basis for each reload of 
Kuosheng. 

A parallel analysis of the ASME over-pressurization 
transient based on the independent analysis methodology 
for Kuosheng with RETRAN was done with the same 
initial conditions and assumptions. Several modeling 
items were significant to the results of this analysis. One 
of them was the MSIV closing curve, which was 
developed from benchmark analysis to startup test (Tang, 
1999). The results were compared with those from the fuel 
vendor and they agreed very well. Fig.2 shows the system 
pressure response. 
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FIGURE 2. Kuosheng Unit 2 Cycle 13 pressure limit 

analysis 

One of the major differences of system responses has 
been a lead-time between the results. A sensitivity study 
with a more conservative MSIV closure curve as shown in 
Fig.3 was performed. It was observed that the 
conservative closure curve eliminates the difference of 
timing for the previous results; however, the pressure 
responses are still very close to one another. The analysis 
demonstrated that the vendor independent analysis 

capability has the flexibility to understand detailed effects 
of different modeling techniques. 
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FIGURE 3. ASME over-pressurization transient 

analysis:MSIV 

Analysis of Thermal Limit 
The FWCFNB and LRNB were analyzed and ∆CPR 

were calculated. The ∆CPRs from the fuel vendor were a 
little higher than those from the parallel analysis which 
implied that vendor’s analysis had certain conservatism. 
The vendor independent analysis ensured the safe 
operation of Kuosheng Unit 2 Cycle 13. One thing has to 
be mentioned here that the fuel vendor proposed and 
adopted a re-licensing methodology with four shallow 
control rods in the reactor core at the end of cycle to 
preserve enough CPR margin. The major reason of this 
methodology is because that the CPR correlation was 
found to be not conservative for one the fuel types. The 
same assumptions with four shallow rods were modeled 
by the independent analysis methodology. 

MAANSHAN TECH. SPEC. CHANGE 
The maintenance problem of the Boron Injection 

Tank (BIT) has been a worldwide issue for the PWRs. In 
order to support the Technical Specification change of 
boron concentration reduction of BIT and its heat tracing 
elimination for the Maanshan plant, a vendor independent 
MSLB analysis was performed. The Maanshan RETRAN 
model (Kao,1998) with point kinetics split core model and 
boron transport model was benchmarked against the 
vendor’s MSLB analysis with good agreements as shown 
in Fig.4, where the transient normalized core heat flux is 
compared between the results from RETRAN and 
LOFTRAN, the vendor’s code. The initial rise in core 
heat flux during the first 10 seconds is generated due to 
the decreased moderator temperature. The core heat flux 
increases drastically after the core becomes critical and 
peaks at ~100 seconds. LOFTRAN predicts a rather 
drastic decrease in the core heat flux at ~350 seconds 
caused by the degradation of the primary-to-secondary 



 

 

heat transfer resulted from dryout in the faulted steam 
generator secondary side. For RETRAN, a rather smooth 
decrease of the core heat flux was observed since the heat 
transfer degradation is predicted at earlier time. The 
analysis based on the assumptions of reduction of boron 
concentration and elimination of heating trace showed 
acceptable results, which successfully supported the Tech. 
Spec. change. 

 
FIGURE 4. Mannshan MSLB analysis:Core Heat Flux 

DESIGN ANALYSIS OF LUNGMEN 
ABWR  

The ABWR design is similar to that of the traditional 
BWR design of GE. The reactor internal pumps (RIPs), 
fine motion control-rod-drive system (FMCRD), digital 
control systems, and safety systems are the significant 
design improvements. The Lungmen design is basically 
similar to the standard ABWR design; however, there are 
some specific features required by TPC for the 
improvement of operation flexibility. One of them is that 
Lungmen has the capability to withstand full-load 
rejection or turbine trip event without reactor scram. 
When such an event is occurred, for example electrical 
grid disturbances resulting in loss of electrical load on the 
generator, the turbine control valves (TCVs) will close 
rapidly to prevent excessive overspeed of the turbine-
generator (T-G) rotor. A reactor scram signal for power 
levels >40% NB rated together with a trip signal of four 
RIPs is initiated. 

However, these signals are purposely delayed to 
allow time for bypass valve operation verification. This 
specific design in Lungmen is that verification of fast 
opening of sufficient number of turbine bypass valves 
inhibits a reactor scram and four RIP trip. The steam 
bypass valves and condenser are designed to have the 
capability of 110% of rated steam flow to mitigate system 
pressure increase due to fast closure of TCVs. All RIPs 
will run back to bring the power down, and the selected 
control rods run in (SCRRI) system will react 
automatically to further decrease the power to a level that 
the plant conditions can be controlled at the house load. In 
the meantime, the bypass valves controlled by the steam 

bypass and pressure control system (SBPC) will be 
switched from fast acting mode to servo mode to regulate 
steam flow to the condenser.  

The purpose of this design is to improve the plant 
availability since the initial condition after the event could be 
a house load operation rather than a shutdown condition. The 
operators can restart the reactor through re-synchronizing T-G 
and increase the power as allowed by the plant operation. 
There are many reasons that can cause load rejection or 
turbine trip, such as electrical grid disturbances, T-G breaker 
open, loss of control fluid pressure, operator lockout, 
vibrations, and so on. This design may reduce scram 
frequency while still ensuring the safe operation of the plant. 
In case the bypass valves cannot function properly during 
these events, the reactor will still be scrammed in around 0.15 
second. After the initiation of turbine trip or TCVs fast 
closure, this 0.15-second accommodates the time interval for 
the bypass valve operation verification and the reactor 
protection system (RPS) logic delay. The time interval is 
determined from the safety analysis to assure that the fuel 
thermal limit parameter, ∆CPR can meet the licensing 
requirement with appropriate margin. 

Analysis of LRNB 
In order to support the review of Preliminary Safety 

Analysis Report (PSAR) of Lungmen ABWR, a Lungmen 
RETRAN model was developed (Tang,2000). An analysis 
of generator load rejection with failure of all bypass 
valves was performed against the analysis in the PSAR to 
benchmark the Lungmen RETRAN model. Good 
agreements were observed between the RETRAN and the 
PSAR results as shown in Fig. 5. 
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FIGURE 5. Lungmen LRNB Analysis: Core Power 

Analysis of LRWB 
An analysis of generator load rejection with all 

bypass valves was then done to evaluate this design. The 
analysis demonstrates that the Lumgmen plant would have 
the capability to withstand load rejection without scram at 
100/100 condition based on the assumptions in the 



 

 

analysis. The opening of bypass valves leading to all RIPs 
runback would take the reactor power to about 50% as 
shown in Fig.6 and the core flow to 40%. In reality, the 
SCRRI will continue to move automatically to decrease 
power and SBPC will regulate TCVs and bypass valves 
until the plant is at its house load. The sensitivity studies 
show that the design is still good for the initial conditions 
of 100/85. A conservative assumed TCV stroke time leads 
to higher peaked neutron flux and pressure, but the system 
can still withstand the LRWB without reactor scram; 
however, with less margin to reactor scram. Further 
applications can be conducted based on this work. 
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FIGURE 6. Lungmen LRWB Analysis: Core Power 

INTRODUCTION TO INER/TPC 
ANALYSIS METHODOLOGY 

The overall methodology includes three major parts, 
namely core physics, thermal hydraulics and fuel 
mechanics. The basic structure is similar to the general 
RASP (Sorensen,1986) code sequence developed by the 
U.S. Electric Power Research Institute (EPRI). For core 
physics, the Studsvik of America, Inc. (SOA) developed 
code packages, designated as Core Management System 
(CMS), including CASMO-3 and SIMULATE-3 were 
adopted. The RETRAN-02/MOD5 (McFadden, 1989) or 
its extended version RETRAN-3D/MOD3 
(Paulsen,1999) code has been used in system transient 
analysis, and the INER modified COBRAIIIC/INER code 
is for core thermal hydraulics calculation. The tools for 
fuel mechanics analysis basically follow those in the EPRI 
package. The resultant software package is designated as 
Core Design and Safety Analysis Package (CODSAP). 

The RETRAN-02 code has been one of the major 
tools in the development of vendor independent safety 
analysis techniques in Taiwan. In view of the future 
development and applications, INER and TPC started a 
cooperated program with EPRI to introduce RETRAN-3D 
to Taiwan in 1998, and intend to use RETRAN-3D to 
replace RETRAN-02 step-by-step in the future. 

The RETRAN-3D code was designed and integrated 
by the EPRI and Computer Simulation & Analysis (CSA) 
to provide analysis capabilities for both BWR and PWR 
operational transients, small break loss-of-coolant 
accidents, anticipated transient without scram, long-term 
transients, transients with thermodynamic nonequilibrium 
phenomena, mid-loop operation with noncondensable gas 
present, transients where three-dimensional power shapes 
and reactivity feedback effects are important, and BWR 
stability events. RETRAN-3D, which is now under review 
by the USNRC (Swindlehurst,1999), also maintains the 
complete analysis capabilities of RETRAN-02, which has 
Safety Evaluation Report (SER) from the NRC. 

BWR Transient Methodology 
The basic analysis methodology for BWRs in Taiwan 

is composed of a series of computer codes as shown in 
Fig.7 including three basic parts, namely neutronics, 
system thermal hydraulics, and core thermal hydraulics. 
The neutonics code package includes pin cell code 
MICBURN, assembly code CASMO-3, cross section 
processing code TABLES-3, and core simulation code 
SIMULATE-3. 

Neutronics Codes System Transient Codes Core T/H Codes

SIMULATE-3 Core
Simulation Code

Multiple Control State
Kinetics Data Files

SLICK Interface Code

Two Group 1D
Nuclear Constants
Point Kinetics Data

RETRAN-3D/RETRAN-02
System Transient Code

Core Nodal Power
Distribution

RECOB Interface
Code

Transient Forcing
Functions

COBRAIIIC/INER
Core T/H Code

Results for RWE,FML
and LFWH

Results of system
transient responses for

TTNB,LRNB,FWCF,
HPCI,MSIV

Transient DCPR
Results for

TTNB,LRNB,FWCF,
and HPCI

Steady State DCPR
Results for Flow
Runout Events

MICBURN-3
Pin Cell Code

Gadolinium Effective
Cross Section

CASMO-3
Assembly Code

TABLES-3
Processing Code

Cross Section Library

Two-Group
Cross Sections

 

FIGURE 7. CODSAP BWR Transient Methodology 

One-Dimensional Kinetics Model 

A consistent methodology using SIMULATE-3 and 
SLICK (SIMULATE-3 Linking for Core Kinetics) codes 
was developed by SOA to generate necessary inputs for 
RETRAN point or one-dimensional (1-D) kinetics 
calculation. This was adopted in Chinshan, Kuosheng, and 
Lungmen RETRAN models. The SIMULATE-3 code, an 
advanced nodal code to predict three-dimensional (3-D) 
neutron response of the core to global perturbations, is 
capable of performing a spatial homogenization of the 3-
D data to 1-D and core integral data required by 



 

 

RETRAN. SLICK is an interface code linking 
SIMULATE-3 to RETRAN. It produces feedback 
reactivity tables for point kinetics or polynomial 
coefficients as input of RETRAN multiple control state 
(MCS) model for 1-D kinetics. 

A series of core follow calculations were conducted 
using SIMULATE-3 for each unit of the plants from the 
first cycle to different exposure states with certain 
operating conditions. A system transient analysis using 
RETRAN can be performed for a specific state based on 
the kinetics file generated by SLICK. All neutronic input 
data needed for SLICK are produced by SIMULATE-3 on 
a compact card image data file readily to be transferred to 
the RETRAN input. Hence, the kinetics input in RETRAN 
is fuel cycle and operating state dependent. 

Three-Dimensional Kinetics Model 

In the EPRI code series (Agee,1998), the 
CORETRAN code is the neutronics code to provide 
parameters needed in RETRAN-3D for 3-D kinetics 
calculation. However, the CMS has been the code 
package used in INER and TPC for quite a period of time. 
We determined to use a consistent methodology for 3-D 
kinetics as for 1-D. Hence, we need to develop an 
interface code similar to SLICK to provide necessary 
information to RETRAN-3D. The SLICKER code was 
therefore developed by INER, which reads SIMULATE-3 
restart file to construct a 3-D nodal core model, and reads 
cross section data from the CASMO-3 card image (CAX) 
files to provide data for interpolation among depletion 
states for each fuel composition node. The final output of 
SLICKER is a huge binary unformatted cross section data 
file, TAPE68, which is the same as the file generated by 
the CORETRAN code. The Input and output (I/O) flow of 
SLICKER code is illustrated in Fig. 8, where one may 
find that three input files are needed for a 3-D kinetics 
RETRAN-3D analysis, including a TAPE68 file, a 
RETRAN-3D input file, and a CORETRAN Data 
Interface (CDI) file. This CDI file describes assembly 
geometric data, loss coefficients, flow fractions, material 
properties, and fuel assembly and control layout. A CDI 
generator and a Pre-processor were developed by CSA to 
provide the data file and a multi-channel core model in a 
user-friendly manner.  

Multi-Channel Core Model 

Based on the capability of RETRAN-3D, one may 
model a multi-channel core with either 1-D or 3-D 
kinetics. This gives advantages to model a core with more 
than one type of fuels, or even fuels from different fuel 
suppliers. A basic multi-channel core model for Kuosheng 
Unit 2 Cycle 13 was developed, which has three channels 
to model SPC 9x9-2 fuel, SPC ATRIUM-9 fuel, and fuels 
in the peripheral region. This model also modeled the four 
shallow rods based on their 3-D configurations. A 
FWCFNB transient analysis was performed, and the 
results of the transient core power response in Fig. 9 

showed that the 3-D kinetics RETRAN-3D multi-channel 
analysis simulated the phenomena better than the 1-D 
kinetics RETRAN-02 analysis. Further development is 
necessary to model the core. 

SLICKER

RETRAN-3D

CDI Generator

R3D Input CDI

TAPE 68

CASMO CAX files SIM-3 restart file

CASMO-3 SIMULATE-3

Fuel Geometry,
Fuel Composition

Fuel Loading, Burnup
History, Burnup Distribution

SLICKER
Input file

Pre-processor

 

FIGURE 8. I/O flow of RETRAN-3D 3-D kinetics 
analysis 
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FIGURE 9. Kuosheng2 C13 FWCFNB RETRAN-3D 

analysis 

Hot Channel RETRAN-3D Model 

In the basic methodology, the COBRAIIIC/INER 
code is employed as the code to calculate core thermal 
hydraulic response and ∆CPR. A RECOB interface code 
as shown in Fig.7 can be used to provide necessary data 
for COBRA calculation. However, there are some 
difficulties in this methodology. The COBRA code 
models constant flow area and heat transfer area in a flow 
channel. This gives no problem except a fuel assembly 
with part length fuel rods (PLRs). However, most 
advanced BWR fuels have PLRs. The RETRAN-3D code 
was then used to replace the COBRA code to model a hot 
channel and to provide data for CPR calculation. 

RETRAN-3D has steady-state flow split model and 
BWR leakage flow model (Paulsen,1998), which can be 
used to model a hot channel with leakage flow to the 
bypass channel. Time dependent volumes simulating 
lower and upper plenums provide the transient boundary 



 

 

conditions calculated from the RETRAN-3D system 
analysis. Different fuel gap conductance can be used in 
the system and the hot channel model. 

PWR Transient Methodology 
The analysis methodology for PWRs in Taiwan is 

basically the same as that of BWR but less coupling 
between neutronics and thermal hydraulics. Point kinetics 
is now the major model; however, 3-D kinetics analysis is 
under development based on SLICKER. 

ANALYSIS OF BWR FUEL BID 
One of the recent applications of the vendor 

independent safety analysis methodology during the late 
1999 to the early 2000 is an analysis to support the 
review of BWR fuel bid for Chinshan and Kuosheng. 
One of the major works was to evaluate the CPR results 
proposed by each of the fuel vendors. However, PLRs 
were used in their proposals. The RETRAN-3D hot 
channel model was developed and used to calculate 
transient ∆CPR. The model was not perfect yet, but the 
preliminary results and the modeling techniques 
provided evaluation of vendor’s analysis, which did 
support TPC in their review process.  

WHY VENDOR INDEPENDENT 
CAPABILITY 

One reason why a vendor independent analysis 
capability is necessary is because many vendor tools are 
limited by both reactor type and the physical phenomena 
they describe. In addition, cost and staff constrains limit 
vendors ability to effectively develop new tools. 
Westinghouse had their RETRAN Topical Report 
submitted to the USNRC (Risher,1999) in 1997 and got 
the SER in 1999. 

In terms of plant operation, many systems require 
design changes or modifications to at least keep or 
improve the plant efficiency with years of operation of the 
plants. This also requires vendor independent analysis 
capability to support the plant either to review vendor’s 
analysis or to perform the analysis directly. The 
applications to Chinshan core shroud crack and to 
Maanshan BIT boron concentration reduction presented in 
this paper demonstrate these needs. 

In recent years, one of the major factors of the 
continuation of nuclear power plants is their economic 
competitiveness, which will also be true for the next 
generation. While there have been many aspects including 
improving management to enhance competitiveness, the 
major development in the technology area is the high-
energy core design. This includes high burnup fuel, 
extended fuel cycle length, advanced fuel design, 
uprating, and operation with more flexible strategies such 
as under high peaking factors. All of these demand for 
much more complicated design and analysis.  

While most of these analyses were performed by the 
vendors, utilities and their supporting organizations are 
responsible to ensure safety and to gain efficiency of their 
plants based on these improvements. The applications for 
Kuosheng extended fuel cycle, Lungmen design analysis 
and the BWR fuel bid presented in this paper illustrate 
these needs. 

CONCLUSIONS 
In order to ensure operational safety, to improve plant 

efficiency and to review the new design as well, a heavy 
load of vendor independent safety analysis capability is on 
the nuclear society of Taiwan. TPC and INER play 
significant role on the development of this analysis 
capability. Given some of the examples in this paper, the 
capability has been applied to support the plants in many 
events and is under further development projects to 
enhance its applications. A vendor independent safety 
analysis capability is therefore significant to meet the 
needs for supporting current and future operation of the 
nuclear plants. As long as we continue to make advances 
in core design and plant efficiency, then additional 
analytical needs will always be present. 
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