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ABSTRACT assessed and licensed at YAEC and is independent
with NSSS/fuel vendor, Taipower decided to ac-

One lesson learned from the Three Mile Island quire this code package as a base code for LOCA
(TMI) accident was the analysis methods used by analysis.
Nuclear Steam Supply System(NSSS) vendors and/or
nuclear fuel suppliers for small break Loss Of TRANSFER PROGRAM
Coolant Accident(LOCA) analysis for compliance
with appendix K to 10CFR50 should be revisedi, The LOCA computer code package for this
so, a technology transfer program and a training transfer program includes RELAP5YA,4 FROSSTEY-25
program of a new LOCA analysis methodology for and FIBWR, they were converted from Yankee's CDC
Taipower's engineers is briefly described in this version to IBM version so that they could be
paper. Also, an other lesson learned from the TMI executed on a host IBM computer and operating
accident was the plant-specific calculations system that is compatible with the Taipower IBM
using NRC-approved models for small-break LOCA to 3090 computer and MVS operating system. They were
show compliance with 10CFR50.46 should be submit- also converted into UNIX versions latter for
ted for NRC approval,' so, a study by Taiwan Taipower future purpose. Taipower installed and
Power Company(TPC) under the guidance of Yankee tested those LOCA computer codes successfully in
Atomic Electric Company(YAEC) has been undertaken 1991.
to perform this analysis for Maanshan nuclear
power plant.2 The results of the 4 inch line RELAP5YA Version 18V has been developed from
break LOCA analysis is described in this paper. the RELAP5 Modl Cycle 18 code that was originally

developed by EG&G Idaho, Inc., under USNRC spon-
INTRODUCTION sorship, and publicly released. Substantial

modifications have been made to RELAP5 MD in
Since 1979, Taipower has performed our own order to:

safety analysis to effectively support plant
operation, reload application, design change, a. Extend and improve upon the code simulation
technical specification amendments and to build capabilities.
up our in-house licensing capability. We intro- b. Provide options that conform to 10CFR50,
duced the transient analysis code package, small Appendix K requirements.
break LOCA fast calculation code and the reload c. Correct certain errors identified by YAEC and
licensing code package including core perfor- by G&G Idaho, Inc., in their updates for
mance, transient and accident analysis computer Cycle 19 to Cycle 29.
codes from different facilities. All of our
management and engineering people are enthusias- The improvements include the new hydrodyna-
tic supporters and promoters of a competent in- mic models(e.g. New interphase drag routines for
house analytical staff. The advantages to those the vertical flow regime map, the Moody two-phase
plant we have supported have been numerous.3 critical flow model for ECCS evaluation model

analyses, a new jet pump model for BWR analyses,
In 1990, Taipower embarked upon a new LOCA and a new accumulator model for PWR analyses),

methods transfer program. Our objective was to the new heat transfer models and options(e.g A
remove extra conservatism inherent in older codes modification of the forced convective boiling
and methods to provide additional operational algorithm, a new critical heat flux option, a new
flexibility for our existing plants and also we rewet and quench model for reflooding and spray
needed a code which could be used to satisfy the cooling periods, a new multiple surface radiation
requirements of the action plan of TMI accident. heat transfer model and new heat transfer logic
Since RELAP5YA computer code was developed, options for ECCS evaluation model analyses), and

30-A-1



the new fuel rod behavior models(e.g. Fuel rod eters for the initial steady state operating
fission gas model, fuel rod deformation and conditions are summarized in table 1. The initial
rupture models, gap conductance model and zirea- conditions and accident assumptions used in this
loy-water reaction model). small break LOCA model are conservative as those

reported for the FSAR LOCA analysis.7 The major
RELAP5YA also has an extensive assessment of accident assumptions are that a small break(4

the calculations compared to many separate effect inches diameter), located at the cold leg ECCS
and integral test results(include FRIGG Loop injection location, occurs at 1E-5 seconds with
Test, GE Level Swell Test, Marviken Critical Flow a coincident loss of offsite power. The reactor
Test, TLTA, Semiscale Test and LOFT Test etc.), had been operating at 102 percent of the licensed
this assessment establishes the viability of the power level((2785-10(pump heat)) 1.02=2830.5
RELAP5YA code to predict complex thermal-hydrau- Mwt). Table 2 summarizes the timing of signifi-
lic phenomena encountered in LWR system analyses cant events. The small break LOCA case was run
of LOCA events and other transients. from to 1440 seconds of accident time.

Figure 2 presents the total reactor power
Classroom training program on Yankee's during the first 100 seconds of the accident.

RELAP5YA-based LOCA analysis methods started at During the first 23.06 seconds, the loss of
the end of 1991. On-the-job training for applica- forced flow and reactor coolant pump coast down
tion of the analysis methods to Taipower's three (due to loss of offsite power) causes coolant and
nuclear power plants started after the classroom fuel heatup leading to a small negative reactivi-
training completed. The training programs fin- ty insertion from their negative moderator and
ished as scheduled at the end of June 1992. doppler reactivity coefficients. This causes the

initial core power to decline. A reactor scram
APPLICATION PROGRAM signal, from low pressurizer pressure, occurs at

23.06 seconds that initiates control rod inser-
After the transfer program completed, Tai- tion. The control rods are fully inserted by

power began to perform the LOCA analysis for the 27-56 seconds. This action causes the core power
three nuclear power plants Two Taipower en- to decline more rapidly and remain at decay power
gineers worked full time on a base case model levels thereafter during the accident.
for each plant. Taipower engineers use their best
effort to setup and run the base case model. YAEC Figure 3 presents the pressurizer pressure
help Taipower in reviewing base case models and history that characterizes the primary system
supporting documentation prepared by Taipower en- pressure response. The primary system depressuri-
gineers, recommending changes that may be neces- zation is determined by the net fluid mass and
sary for Taipower to achieve model, and assisting energy leaving the reactor coolant system. The
Taipower staff with error diagnostics from unsuc- dominant effects are the mass flowrate and void
cessful computations. fraction exiting the break. During the first 47

seconds, the primary system pressure rapidly de-
Yankee also provided LOCA methods and li- clines due to subcooled critical flow of liquid

censing consultation to Taipower staff in re- out the break. The pressure falls to the satura-
sponse to written requests from Taipower. This tion pressure 1250 psia) that corresponds to the
consultation allows Yankees to help Taipower core outlet and the hot leg fluid temperature
response questions about the LOCA technology and that evolve as the core power and flow decay due
its application to Taipower nuclear power plants, to the reactor scram and loss of offsite power.
or for meeting with ROCAEC concerning the LOCA The primary system pressure declines gradually
computer codes, code assessment information, between 47 seconds and 360 seconds due to low
and/or code application to Taipower's nuclear quality fluid that exits the break. Subsequently,
power plants. the primary system pressure reaches a minimum

value of 200 psia late in the accident at 1440
The LOCA analysis of the base case model for seconds.

Kuosheng and Maanshan nuclear power plant com-
pleted at the end of June 1993, the final reports Figure 4 present the break flowrate his-
will submit to ROCAEC for approval. The results tory. This figure shows three distinct character-
of the 4 inches line break LOCA analysis for istics. Subcooled critical flow of liquid occurs
Maanshan nuclear power plant is briefly described from to 47 seconds. This is followed by low
in the next section. quality (and void fraction) two-phase critical

flow from 47 to about 360 seconds, using the
EXAMPLE OF APPLICATIONS Moody Two-Phase Critical Flow odel required by

Appendix K to FR50.46. Finally, the critical
Maanshan nuclear power plant is a Westing- flow rate rapidly decreases to high quality (and

house typical 3 loop-2785 Mwt PWR A detailed void fraction) two-phase and single-phase (vapor)
model of the Maanshan nuclear power plant is critical flow beyond 360 seconds when the break
shown in figure 1. This model consists of 159 location uncovers due to primary system inventory
control volumes, 175 flow junctions, 18 active depletion. During this latter period, occasional
and 129 passive heat structures. Principal param- slugs of low quality fluid flow toward the break
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location as the primary system inventory is Figure 7 presents the void fraction histo-
replenished by ECC injection. This causes the ries for the upper plenum, the 139 and 85 inch
occasional increases in break flowrate and the elevations in the core. The solid curve for the
corresponding decreases in break void fraction. 139 inch elevation shows periods of complete

voiding between 300 and 450 seconds.
Figure presents the loop seal void frac-

tions for the broken and intact loops. The void Figure presents the outer cladding surface
fraction for the broken loop never substantially temperatures calculated for the hot fuel rod in
clears before 1050.0 seconds during this accident the upper half of the core. Initially, all clad
case. This results from two effects. First, the temperatures cooldown as the core flow and power
vapor flows out the break are not sufficiently decay after the accident initiated. Thereafter,
high to clear out the residual liquid fraction at the cladding remain well cooled by single and
that location. Second, some of the ECC injected two-phase natural circulation within the first
into the broken loop backflows into the broken 220 seconds. A rapid heatup occurs as the bundles
loop seal after it tries to clear by flashing and dry out. The maximum clad temperature during this
boil off during the depressurization process. The event is 1118.9 degree F. All elevations rewet by
void fraction for the intact loop seal shows a 500 seconds. Thereafter, all hot rod cladding
rapid increase at 360 seconds, and remains steam elevations remain-well-cooled. During this accid-
filled until late in the accident. This allows ent, the cladding temperatures calculated for the
high quality steam and enthalpy to stick around hot rod were greater than any of the core average
that location, and allows the secondary side of fuel rod temperatures at corresponding times and
the intact loop to vaporize slowly. This, in elevations. The calculated Peak Cladding Tempera-
turn, allows the safety injection systems to ture was 1118.9 degree F which is well below the
restore coolant to the primary system more readi- 2200 degree F limit in 10CFR50.46.
ly.

Figure 9 presents the intact and broken loop
Figure 6 presents the history of the col- steam generator wide range water level histories

lapsed liquid level inside the core barrel during in each downcomer. These two parameters show very
the accident. This parameter represents the similar behavior throughout the accident except
equivalent height of liquid from the bottom of the time periods when the secondary side of the
the lower plenum (at 0.0 inches), through the intact loop vaporize slowly(see discussion of
core, and extending up to the top of the upper Figure 5). The wide range levels initially de-
plenum (at 361.36 inches) if the vapor were cline from 500 inches to minimum levels of about
separated from it. The active fuel region extends 10 inches at 35 seconds. This rapid decline is
from 114.16 inches to 258.16 inches on this primarily caused by the main feedwater coastdown
scale. The actual "two-phase mixture level" can during the first seconds while main steam flow
be substantially above the collapsed liquid level continues until the MSIVs isolate at 34-07 sec-
due to the presence of vapor which tends to swell onds. The decline is arrested at 48 seconds while
the elevation at which liquid can reside. This the Auxiliary Feedwater System is starting up.
distinction is important since the collapsed The wide range levels generally increase to about
liquid level can drop below the top of the fuel 350 inches by 800 seconds, and increase again at
when the two-phase mixture level is still above 900 seconds thereafter, and finally reach values
the top of the fuel. The fuel remains well-cooled of about 470 inches by 1440 seconds.
for this condition. The dip area on this Figure
indicate the time periods when the core is not CONCLUSIONS
well-cooled.

The 4 inches line break analysis results of
The collapsed liquid level (CLL) generally the Maanshan plant specific small break LOCA

declines early in the accident as primary system licensing analysis, by using the new small break
mass is lost out the break, and remains below the LOCA analysis methodology, has been described.
top of the fuel beyond 158 seconds. The CLL The input model uses licensing assumptions and
undergoes a deep depressions between about 316 computational options within the RELAP5YA code
and 378 seconds. These are caused by excess that comply with 10CFR50.46 and Appendix K re-
liquid fractions in the upside compared to the quirements, the calculated results meet the
downside of the steam generator tubes. The CLL requirement of 10CFR50.46. Alsobased on the
then increases when the combined safety injection results of this analysis, it can be concluded
from the ECC pumps and the accumulators have that the LOCA PCT margin to the 2200 degree F
established sufficient flow to the core-barrel (1205 degree C) limit of 10CFR50.46 is more than
region to restore the CLL at 500 seconds. After that produced during the FSAR stage, the maximum
the steam generator tubes and the broken loop PCT for Maanshan plant specific small break LOCA
seal clear at 1050 seconds (see discussion of analysis calculated by Westinghouse during FSAR
Figure 5), the CLL oscillates about the 180 inch stage is 1967.0 degree F. It appeared to be
level until 1300 seconds when the inventory conservatively high, and this is due to extra
increases. conservatism inherent in Westinghouse older codes

which are WLASH and LOCTA codes.
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After the introduction of RELAP5YA, Taipow- Licensing Capability," Proceeding of the 2nd
er's attitude in development of in-house licens- International Topical Meeting on Nuclear Power
ing analysis capability will extend to the LOCA Plant Thermal Hydraulics and Operations,
licensing analysis in supporting operation of our TokyoJapan(1986).
nuclear power plant. In addition, we will in
large part involve in plant design and safety 4. R. T. FERNANDEZ etc., "RELAP5YA-A Computer
analysis of our new nuclear power project in Program for Light Water Reactor System Ther-
the next few years. mal-Hydraulic Analysis," YAEC-1300P, Yankee

Atomic Electric Company, October 1982.
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Taipower's Approach in Development of In-House

Table 
Initial Steady State Operating Conditions

RELAP5YA FSAR
Reactor Power(Mwt) 2830.5 2830.5
Pressurizer Pressure(psia) 2280. 2280.
Total Loop Flow, 3 Loops(lbm/sec) 29402.5 29478.
Cold Leg Temperature(F) 557.0 554.1
Hot Leg Temperature(F) 622.7 620.3
Steam Generator Pressure(psia) 951.5 943.
Feedwater Temperature(F) 440. NA
Total Feedwater Flowrate(lbm/sec) 3495.4 NA
Total Steamline Flowrate(lbm/sec) 3495.4 NA
Steam Generator Level(7) 50� NA
Steam Generator Tubes Plugged(%) 1.0% 0.0%
Accumulator Gas Pressure(psia) 600 615
ECC Injection Temperature(F) 200 NA

Table 2
Summary of Maanshan SBLOCA(4" break) Sequence of Events

Event Time(sec) Setpoints
Break opens. and loss of offsite power occurs 1.OE-5
Maximum break flowrate of 2020.5 lbm/sec occurs 2.OE-4
Main feedwater coasts down to 0.0 lbm/sec 5.0
Reactor scram on low pressurizer pressure occurs 23.06 1960psig
SI signal on low-low pressurizer pressure occurs 24.82 1860psig
All control rods are fully inserted 27-56 4.5sec delay
MSIVs start closing due to reactor trip 29-07
All MSIVs are fully closed 34-07 5sec closure
Pumped ECC injection begins for intact loops 37.0 -
Aux. Feedwater pumps start 48.0 -
Minimum water level occurs in all SGs 60.0 -
Aux. feedwater reaches design flow 6o.o -
Two-phase flow begins at the break 129.0 -
First core uncovery/heatup period 260 to 270 -
Second core uncovery/heatup period 290 to 500 -
Broken loop seal clears; break void fraction395% 371.0 -
Peak clad temperature of 1118.9 degrees F 410.0 -
Accumulator injection begins 491.0 -
Long term cooling begins as primary system stabilizes 1075.0 -
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Figure 1: Maanshan RELAP5YA Small Break LOCA NSSS Nodalization Diagram
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