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RELAPS/MOD3 ASSESSMENT USING THE SEMISCALE
50 % FEED LINE BREAK TEST S-FS-11
Abstract

The RELAPS/MOD3 5m5 code was assessed using the 1/1705 volume scaled
Semiscale 50 % Feed Line Bresk (FLB) test S-FS-11. Test S-FS-11 was designed
in three different phases:(a) blowdown phase, (b) stabilization phase, and
(c) refill phase. The first objective was to assess the code applicebility
to 50 % FLB situation, the second was to ‘evaluate FSAR conservatisms
regarding SG heat transfer degradation, steam line check valve failure, break
flow state, and peak primary system pressure, and the third was to validate
the EOP effectiveness. The code was sble to simulate the major T/H
parameters except for the two-phase bresk flow and the secondary convective
heat transfer rate. The two-phase bresk flow had still deficiencies.
Correlations for the current boiling heat transfer coefficient were developed
from the data for flow inside a heated tube, not for flow around heated tubes
in a tube bundle. Results indicated that the assumption of 100 % heat
transfer wto the liquid inventory depletion was not conservative, the failed
affected steam generator main steam line check valve assumption was not
conservative. The measured break flow experienced all types of flow
conditions. The relative value to the 110 % design pressure limit was
conservative. The automatic sctions during the blowdown phase were effective
in mitigating the consequences. The stebilization operation performed by
operator actions was effective permiting natural circulation cooldown and
depressurization. The voided secondary refill operations also verified the
effectiveness of the operations while recovering the invenﬁory in a voided

steam generator.
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Executive Summary

This report presents RELAPS/MOD3 code assessment calculation using the
Semiscale 50 % feed line bresk (FLB) test S-FS-11 data. The Semiscale test
facility was scaled to be 1/1705 in volume and 1/1 in elevation scaled. The
code and the experiment data were released from INEL under the auspices of
USNRC. Test S-FS-11 was designed in three parts:(a) blowdown phase in which
only automatically functioning plant protection systems (0-600 s), followed
by (b) an operator controlled stabilization pericd including pressurizer
warm-up heater operation, and a controlled intact loop(IL) steam
generator (SG) feed operation (600-3000 s). Test S-FS-11 was concluded with
(c) refill phase including bresk isolation and affected loop(AL) steam
generator (SG) refill (4000-8000 s). The first objective was to provide the
data base and the code applicability to 50 % FLB, the second was to evaluate
thé conservatisms used in FSAR such as the assumption of 100 % heat transfer
reduction with liquid inventory depletion, the assumption of main steam line
check valve failure, the assumption of bresk flow saturation state untill the
inventory depletion, and 110 Z of the desing pesk primary pressure value.
The third was to validate the EOP effectiveness. The code was able to
simulate the major T/H parameters except for the secondary side convective
heat trensfer rate and presswe. The current convective boiling heat
transfer correlations were ‘developed from data for flow inside of a heated
tube, not for flew around heated tube in a tube bundle. The AL SG awxiliary
feedwater was injected earlier due to a repid depressurization rate of the
secondary pressure. The faster decrease in secondary pressure was
attributable to the excessive steam exhaust. The secondary side convective

heat transfer rate is a function of void and liquid inventory. The liquid

Xi



inventory and velocity affect the heat transfer rate significantly. The code
overestimated the blowdowmn peak heat transfer rate probably due to the
overestimated steam flowrate. AL SG heat transfer rate was underestimated
during the refill phase so that the pressure was mderestimated: Based on
results it was found that the assumption of the 100 % heat transfer upto the
liquid inventory depletion followed by a step change reduction in the heat
transfer to 0 7% was not conservative but it was estimated closely by the
experiment and the code. The failed AL SG main steam line check valve
assumption utilized for the C-E Systyem 80 FSAR Appendix 15 B bottom main
feed line break calculations was not conservative based on the results of the
experiment and the code. The intersecondary communication, due to the
failure, produces increased steem flow from the intact SG, which increases or
maintains its primary energy removal, thereby reducing the effect of losing
the AL SG heat sink. ‘The assumption regarding the bresk flow state(i.e.,
that saturated liquid was discharged until no liquid remained at which time
saturated steam was discharged) was not appropriate because the measured
break flow did not consist of only saturated liquid and saturated steam flow
but exhibited a transition through the full range of condition(i.e.,subcooled
liquid, to saturated liquid, to two-phase fluid, to saturated steam), and the
code underpredicted the maximm flowrate. The estimated peak primary
pressure represented a pressure near, but not quite at, 110 % of the design
pressure limit. The relative value of 110 % design pressure limit motivated
the need to perform best-estimate calculations with a thermal-hydraulic
~ computer code. The major concern with regard to the system recovery-from a
bottom main feedwater line break accident was the effectiveness of the
recovery operations specified in the plant Emergency Operating Procedures in

recovering and maintaining control of the plant. The automatic actions
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performed by the plant safety systems (SCRAM, SI initiation, MSIV
closure)w.ere effective in mitigating the consequence. The stabilization
operation performed by operator actions(PZR internal heater operation, normal
charging/letdown operation, and IL SG feed operation) was eff:ective in
stabilizing the system at conditions that would permit natural eirculation
cooldowmn and depressurization. The voided secondary refill operations
verified the effectiveness of the operations for maintaining stable condition
vhile recovering the inventory in a voided SG. The EOP-specified operation
was very effective in maintaining control of the Semiscale Mod-2C system

during these experiments.
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1. Introduction

The RELAPS/MOD3 code [1] has been developed by the Idaho National
Engineering Laboratory (INEL) under the sponsorship of US Nuclear:Regulatory
Commission (USNRC) and its frozen version 5mS was release at the end of 1990.
The code has been assessed against various experimental data to provide input
to code improvement end user guideline enhancement  [21[3].  However, no
assessment has been made against the steam generator (SG) bottom main feed
line break (FLB) due to the limited data base and the recent release of the
code.

One of the objectives from this assessment using the bottom main feed water
line break test is to provide data to assist the USNRC in addressing the
various concerns regarding this Kind of events. The major concerns are the
code epplicebility, conservatisms or assumptions used in FASR calculation,
and the effectiveness of Emergency Operating Procedure (EOP) specified for
recovering and cooling down the plant [4]. Specific objectives of this study
are:

- to provide data base and applicable range of RELAPS/MOD3 5m5 for simulating

Sd % feed line bottom break test, S-FS-11
- to evaluate the accuracy and the discrepancy of the code in predicting the

TH behavior of the PCS (Primary Coolnat System) and SCS (Secondary

Coolant System) during the test, especially focusing on

* Two phase breaK flow
* SG secondary pressure and heat transfer rate

* PCS pressurization/depressurization and cooldown




— to evaluate conservatisms used in the C-E System 80 FSAR App IS B FLB
calculations such as:
* SG 100 % heat transfer degradation with 100 % inventory depletion
* Failed main steam isolation valve(MSIV) check valve assmpti;)n
* Saturation state of the bresk flow '
* 110 % of design primary pressure
- to validate the effectiveness of EOP during
* blowdown phase (0-600 s)
' * stabilization phase (600-4000 s)

* refill phase (4000-8000 s)

This report was prepared to address the sbove questions. Descriptions of
the Semiscale Mod~2C system and test S-FS-11 are given in Chepter 2. The
code description, the input modelling and initial and boundary conditions are
given in Chapter 3. The results of calculation are discussed in Chapter 4
and the run statistics given in Chepter 5. The conclusions obtained from the

present assessment are summarized in Chepter 6.



2. Facility and Test Description
2.1 Facility Description

The Semiscale Mod-2C system configuration is illustrated in Fig. 1. The
system is scaled from a reference four-loop P¥R system based on the core
power ratio, 2 MW/3411 MW [4]. Component elevations, dynamic pressure heads,
‘end liquid distribution were maintained as similar as practical. The
two—loop test configuration consisted of the vessel with a 25-rod
electrically heated core with external downcomer, tube-and-shell steam
generators end associated loop piping with circulation pumps. The affected
loop (the loop in which the feed line bresk occurs) is scaled to represent
one loop of a four-loop PWR. The Semiscale feedwater and feed line break
Experiment Operating Specification contains more detailed information about
specific components.

The facility configuration required for the FS Test Series is the Semiscale
Mod-2C system. The Mod~2C system consists of the Mod-2B system with several
modifications. A new “Type III” AL SG, new main steam line and feedwater
line break assemblies, break effluent catch tenk, and refined SG control
systems have been incorporated into the system for this test series. A
letdown line has been added to provide better control of primary system
inventory. Scaling criteria specific to Test S-FS-11 are contained in the
EOS Appendix [6]. The Type III AL SG design incorporates a downcomer which
is external to the tube bundle end riser section (Fig. 2): |

The bottom feedwater' line bresk assembly for the AL SG consists of a break



flow nozzle and instrumentation to measure single—phase and two-phase break
mass flows as well as fluid density, pressure and temperature. The breaK
nozzle is interchangeat;Ie to allow simulation of a wide range of breaK sizes.
For S-FS-11 a nozzle size of 0.609 cm was used to simulate the 50 Z break
size. Simulation of the MSIV closure will be realized by closing a valve in
the connecting “crossoverline” between the SG's. Letdown simulation consists
of a valve line comect,ed to the AL cold leg..in wvhich the flow rate is
0.01081 kg/s. Heat loss makeup is accomplished by using external heaters
distributed fairly wniformly throughout the Semiscale system. Pressurizer
internal heater simulation for Test S-FS-11 consisted of the system warmup

heaters supplying 7.10 KW to maintain a primary system subcooling.
2.2 Test Description

Test S-FS-11 simulated a pressurized water reactor transient initiated by a
50 % bresX in a steem generator bottom feedwater line [é]. The accuracy of
the measured parameters was summarized in the Appendix S-FS-11 of the
experiment operating specification for the Seimscale Mod-2C feedwater and
steam line break experiment series [6]. With the exception of primary
pressure, the initial conditions represented those used for the C-E System 80
[7]1. The reactor and turbine trip signals (SCRAM) were assumed to be
generated by a high pressure signal. Lossof-offsite power (LOP) was
simulated to occur concurrently with SCRAM.  The safety injection (SIS) and
MSIV closure signals were assumed to be generated by a low steam generator

pressure signal. SIS initiated the high pressure injection sytem (HPIS) and



auxiliary feedwater injection signals. The test was designed in three
parts: (1)blowdown phase (0-600 s), (2) stabilization phase (600-4000 s), and
(3) refill phase (4000-8000 s).

The test was initiated at t=0 s by opening the valve in the break assembly
in the affected loop (AL) steam generator (SG). The simulated bottom
feedwater line bresk (FLB), in conjunction with the simulated AL SG main
steam line check valve failure, produced pressure drops and inventory losses
in both SG secondary sides. Table 3 contains a sequence of events listing
for S-FS-11. The first 600 s of the transient consisted of automatically
occurring events such as main feedwater termination, core power decay
initiation, normal steam flow control valve closure initiation, and HPIS flow
initiation. The main feedwater was terminated at breek initiation. The
initiating event for the core power decay, normal steam flow control valve
closure, and main coolant pump trip actions was & reactor and turbin trip
(SCRAM) signal, due to a high pressurizer pressure of 15.86 MPa (2300.00
psia), compounded by a simulated LOP concurrent with the SCRAM signal. The
initiating event for the MSIV closure action, and the auxiliary feedwater and
HPIS initiation (SIS) actions was a low AL SG steam done pressure of 4.47 MPa
(648 psia). The recovery procedures for Test S-FS-11 consisted of: a)
stabilization of the plent at the specified pressures, temperatures, and
levels, using normal charging/letdown operations, pressurizer heater
operation, and intact loop (IL) SG feed operation, and b) AL SG refill with
auxiliary fwdwatér. wvhile maintaining pressurizer level.

The plant stabilization pro&adm‘e started at 600 s, the simulated time

required for operator identification of the feed water line break event. The



AL SG auxiliary feedwater flow was terminated at 600 s. The pressurizer
warmup heaters, supplying 7.10 kw were cycled for 322 s st 120 s after the
AL SG suxiliary feedwater termination to reestai)lish and maintain the primary
system subcooling between 27.8 and 33.3 K. "Safety injection (P;PIS) flow
termination criteria were satisfied at sbout 900 s with the primary system
subcooled margin at 27.8 K and the pressurizer level at 250 em. Since the
primary system pressure remained above the 12.32 MPa HPIS shutoff head prior
to HPIS flow termination, no HPIS flow injection occurred during the test.
Charging flow was cycled, beginning at about 1062 s, to maintain the
pressurizer level at 245 om. Auxiliary feedwater flow was used to
re-establish and maintain the IL SG secondary level between 910 and 1000 ca.
The IL SG simulated atmospheric dump valve (ADV) was availeble to maintain
the secondary pressure at < 6.98 MPa but was not needed. The plant was
considered to be stabilized at 4055 s when the IL SG level reached 910 cm
with all other stabilization criteria satisfied. No primary system voiding
was produced during the stabilization phase of the test and all external
heaters remained at full power throughout this part of the transient.
Following plant stabilization (4055 s) the AL SG refill was initiated by
isolating the feedwater line bresk (4100 s} and commencing AL auxiliary
feedwater (4100 s). The AL primary coolent pump was run at minimum speed
starting at 4450 s to provide measurable primary tube flow rates for use in
evaluating primary-to-secondary heat trensfer during the refill phase. IL
auxiliary feedwater was terminated at 5038 s when the IL SG secondary level
had increased to 1000 cm. Normal charing flow was cycled throughout the

refill phase to maintain the pressurizer level. AL axiliary feedwater was



terminated upon meeting the refill criterion of 1036 cm at 7675 s. The test

was terminated at 7700 s.



3. Code and Modelling Description
3.1 Code Description

RELAPS/MOD3 Version 5wS [11, released by USNRC, was used in the present
assessment calculation with Test S-FS-11. The features changed from the

RELAPS/MOD2 were described in Reference [2].
3.2 Input Modelling

A standard input deck of Semiscale SBLOCA Test S-LH-1 for RELAPS/MOD2 was
received from INEL in January 1991. The deck was modified for RELAPS/MOD3 to
simulate the Semiscale SBLOCA Test S-NH-1 [8]. The conversion principle was
based on the philosophy epplied to model ROSA SBLOCA Test SB-CL-18 in
Jepen[9]. Some modifications were made as follows:

- Modeling options related to volume, junction, heat structure were properly

modified to work with RELAPS/MOD3 [1].

- For steady state run, the following set points were changed:
* JL feed/steam flowrate control to Keep the inventory (103 kg) constant
* BL feed/steam flowrate control to Keep the inventory ( 26 kg) constant
* PZR inlet/outlet flowrate control to Keep the level (484 cm) constant
* RCP speed control to Keep flowrate (9.4 kg/s for IL end 3.3 Kg/s for AL)
- For steady state run, the test specific trips were deleted out.
- A restart trensient input data was developed by deleting steady state

controllers and changing the test specific trips to be activated.



As in the nodalization diagram of Fig. 3, the Semiscale system was
nodalized by 181 volumes, 174 junctions and 256 heat structures after
implementing the items stated above. A steady state input deck and a

transient input deck were provided in Apperdice A and B of this report.
3.2.1 Primary Coolent System Modelling

The PCS composed of an intact loop and a broken loop, the former included a
hot leg, a loop seal, a pump suction tee, two PCPs and a cold leg. The
intact loop was modelled by 13 hydrodynamic volumes. All piping metal
structures exposed to environmental atmosphere were simulated by the heat
structure to consider the associated heat loss, The detailed information can
be found in Fig. 3. The volume and junction modelling options were set with

default options,
3.2.2 Reactor Vessel Modelling

The Semiscale vessel was modelled by a downcomer annulus, a lower plemm,
an active core, a core-bypass flow path, an upper plenum, an upper head. The
active core and the downcomer were modeled by 6 volumes and 10 volumes
stacked vertically, respectively. The rod bundle interphase friction model
option was selected for the active core volumes. The axial power shepe was
described according to the reference [8]. The ANS-79 model was used for a
decay heat simulation, which was changed from ANS-73 model in the posttest

calculation.



3.2.3 Pressurizer Modelling

The pressurizer system was modelled by a surgeline, a pressurizer vessel, a
spray line from the cold leg, a spray valve and an experiment PORV. Three
volures for the surge line, eight volumes for the vessel and one volume for
the spray line were used, respectively. The spray valve and the PORV were
simulated by the trip valves. The associated trip logics were prepared
according to the experimental specification [S]. To consider the
environmental heat loss from the pressurizer vessel wall, the vessel wall was

modelled by nine heat structures.

3.2,4 Steam Generator Modelling

The steam generator consisted of a SG inlet plenum, U-tubes, an outlet
plenun, a main feedwater tank and feed line, euxiliary feedwater tank and
feed line, a feedwater inlet amnulus, a-SG secondary side downcomer, a boiler
section, a separator inlet anmnulus, a separator, a steam dome, a steamline, a
MSIV, MSCV, a MSCV downstream piping and a air-cooled condenser. The mumber
of volumes used for each flow path is given in Fig. 3. The separator
section in SG was modelled by a branch component with dead end in outlet side
and a SEPARATOR component with inlet junction from the adjacent branch
component .

The heat transfer area of U-tube he{:t. structure in the intact loop SG
generally affects the initial conditions in the SG secondary side. According

to the previous Semiscale calculations using RELAPS/MOD2 [8], the predicted

10



pressure in SG secondary side were generally underpredicted by 0.4 MPa. This
discrepancy may be due to the underestimation of heat transfer area in the SG

U-tube.
3.2.5 Others

The emergency core cooling system (ECCS) in Semiscale was also modeled.
Fig 3 and Appendix A provide a detailed information of ECCS. The containment

was also modeled by a time—dependent volume with a constant pressure.
3.3 Initial and Boundary conditions

To obtain - all initial conditions of the whole system prior to the
transient, a steady state run was made with three steady state controllers as
stated above. The result obtained from the steady state run was compared
with t.he measured initial conditions in Table 1. The agreement between the

measured and the predicted values for initial conditions is fairly good.
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4. Calculation and Discussion

A transient calculation using the input modellings, initial conditi'ons and
boundary conditions stated in Chepter 3 was made with the; mm3 SmS
code. This chepter presents the results obtained from the transient
calculation and compare the results with the measured data to assess the code
applicability. Table 2 shows the predicted sequence of event along with the
measured values. The detailed discussion of the comparison is provided for

the following three phases:

1) blowdown phase (0~600 s)
2) stebilization phase (600-4000 s)

3) refill phase (4000-8000 s)
4.1 Blowdown Phase (0~600 s)

The blowdown phase is defined as the time interval between break initiation
to a time when all automatic actions are completed and operator action is
prepared. The measured end calculated break flow rates are compared in Fig.
4. The code underestimates the break flow rate for the first 20 s following
the break initiation and also underestimates the maximum break flow rate.
The code, however, overestimates the bresk flow rate from20s to 250 s
because of the overestimated AL SG liquid inventory. The subcooled break
flow rate i; quite underestimated but the two—phase break flow rate is

overestimated with this wodeling. Fig. 5 shows the transient of the density
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before break in the AL SG. The density decreases rapidly and increases again
as the auxiliary feeding flow is injected. The code predicts the trends of
the density properly so that the deficiency of the two—phase breaK flow model
is not related to the poor prediction of the density. The crass;wer line
valve is closed at 240 s, which simulates the failed MSIV failure allowing
the intersecondary communicating flow rates between the SG's. The closure of
the valve causes the AL SG steam dome pressure to decrease to zero (Fig. 9)
and the IL SG steam dome pressure to increase again to its initial value
(Fig. 19). The outgoing flow from the AL SG is increased by this flow in
the crossover line. Fig., 6 shows the AL SG feed flow rate, which .is
terminated at 30 s and the trend is predicted fairly well. Fig. 7 shows the
AL SG auxiliary feed flow rate, which is actuated by the AL SG secondary low
pressure (4.47 MPa). The code predicts an earlier initiation time due to an
overestimation of the AL SG steam flow rate (Fig. 8) and the repid decrease
of the AL SG secondary pressure (Fig. 9). Fig. 10 shows the AL SG
secondary liquid mass inventory. The code predicts it closely during the
- first 20 s but overpredicts afterwards because of the early injected
auxiliary feed flow rate and earlier closure of the steam valve. Fig. 1l
shows the trend of the AL SG downcommer liquid level and the code
underestimates the level as the pressure does. Fig. 12 shows that the AL SG
heat transfer rate predicted by the code is fairly good. Fig. 13 shows the
IL SG heat trensfer rate, vhich is overpredicted due to the overestimated
steam flow rate durfng the first 20 s. The AL SG secondary pressure
decreases more quickly due to the steam flow rate. The lower decay power

(Fig. 14) also caused not to repressurize and the crossoverline valve
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closure affects the AL SG pressure to approach zero. Fig. 18 shows the
trend of the IL SG secondary downcommer level. The code follows the trends
of the measured values except for the timing due to the auxiliary feed
initiation. Fig. 19 also shows the trend of the IL SG secondary pressure,
vhich is underestimated by 1 MPa due to the earlier injection of the IL
auxfeed flow (Fig. 16). The pressure ,however, becomes be stable after the
crossoverline valve is clqsed at 200 s. The code underestimates, during the
first 20 s, the IL SG secondary pressure probably due to the overestimated
steam flow (Fig. 17). The overestimated steam flow causes to increase the
IL SG heat transfer rate during the first 20 s. The failed main steam
control line <check valve assumption is not conservative since the
commnicating flow between the SG's increases the cooling cepability. Alos,
the assumption of saturated state in bresk flow is not sppropriate since the
actual bresk flow experiences all types of the conditions. The value of 110
% primary pressure is found to be quite overestimated resulted from the

improper assumptions. Fig. 21 shows the PZR liquid level and the level
rises during the first 40 s because the heat sink capebility is lost. Again,
the level decreases after SCRAM and stays at 235 cm when auxiliary feeding
starts. The normal charging set point of the PZR is 235 cm and the normal
letdown set point is 255 cm. Fig. 22 shows the PZR pressure and the code

predicts them fairly well except for the timing, which is related again to ‘
the repid depressurization of the secondary pressure. The code also
underpredicts the pressure due to the earlier injected auxiliary feed water
flov rate. The charging contributes to repressurize, around 700 s, and the

rate of the repressurization increases due to the internal heater operation
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(Fig. 23). Fig. 26 shows the PZR saturation temperature and the code
predicts fairly well. Fig. 27 shows the ILH liquid temperature and the
code md;zrpredicts due to the earlier injection of the auxiliary feeding flow
rate. The magnitude of the underestimation is sbout 20 K at aro;nd 100 s,
vhich influences the subcooled margin to diverge as shown in Fig. 28. Fig.
29 shows the trend of upper plemm pressure. The trend is almost same as the
one of the PZR pressure (Fig. 22). A SI signal is actuated by the SG low
pressure but no flow is introduced into the system because the HPIS pump
produces no flow at that pressure range. Fig. 30 and 31 show the trend of
the AL and IL flow rate and the code predicts the RCP coastdown fairly well
as can be seen in Fig. 32 and 33. The upper plenum temperature (Fig. 34)
and the lower plenum temperature (Fig. 35) are underestimated by 20 K at
around 600 s. Fig., 38 shows the trend of the IL SG secondary liquid void
fraction and the upper part still has some liquid which enhances the heat
transfer. However, Fig. 39 shows the trend of AL SG liquid void fraction,

vhich decreases repidly.
4.2 Stebilization Phase (600-4000 s)

The stabilization phase of Test S-FS-11 is defined to extend from 600 s to
when criteria for a pressurizer liquid level (235-255 cm), primary subcooling
(>27.8 K) and IL SG secondary pressure (<6.98 MPa) and liquid level (910-1000
cm) are met. These criteria are met at 4055 s in the test and predicted at
4000 s by the code.

Fig. 48 shows the PZR liquid level staying at 245 cm and the code predicts
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the depressurization and the cooldown as in the trend of the PZR pressure
(Fig. 49) and the ILHL liquid temperature (Fig 50). The calculated PZR
pressure from 1000 s to 2000 s is overpredicted due to the earlier injection
of the charging flow (Fig. 24 and 25). During the stabilization ~pha';e, the
AL SG suxfeed is not operated so that the AL liquid mass inventory and SG
downcommer level stays st zero level. Fig. 41 shows the AL SG secondary
pressure staying at 0.1 MPa prior to the following refill phase. Fig. 45
shows the trend of IL SG auxiliary feed water flow rate feeding until 4500 s,
Fig. 46 shows the IL SG secondary downcommer level. The level increases to
955 cm due to the feeding. Fig. 47 shows the IL SG secondary pressure
approaching 6.98 MPa. The trend of the IL SG secondary downcommer level and
the IL SG secondary pressure justifies the effectiveness of the EOP,
indicating a safe operation with depressuriztion and cooldown as in Fig. 49

and 50.
4.3 Refill Phase

The refill phase of Test S-FS-11 is defined as the time interval from 4000
s to the end of the test at 8000 s. The refill phase starts with the
initiation of the AL SG suxiliary feed water flow rate. This phase ends with
the increased AL SG secondary pressure and the liquid level. The liquid
level increases rapidly because the calculated aux feed is instated once but
not cycled as in the measured. The final primary system pressure (Fig. 49)
is underestimated because the secondary heat removal period is presumably

extended lcnger then the measured (Fig. 40). The overestimated heat sink
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contributed to the underestimation of the AL SG pressure. The IL SG
secondary pressure ,however, is overestimated because the calculated IL SG
aux feed is terminated earlier, the level is lower, and vapor is generated as
in Fig. A47.

The code underestimates the AL SG secondary pressure (Fig. 41) due to the
underestimated AL SG heat transfer rate (Fig. 42). The heat transfer rate
is generally function of liquid inventory and void fraction. The IL SG
secondary heat transfer rate is well predicted as the void varies (Fig. 57).
The code predicts the heat transfer rate to decrease as the void decreases
and the liquid inventory increases. This result is contrary to the ore in
the blowdown phase. The reason for this comes from the fact that the
convective heat transfer correlation was devel;ped for a flow inside tube not
for a flov around heated tubes in a tube bundle [4]. EOP with the AL SG
auxiliary feed water flow operation is validated with & voided SG refill
because primary coolant system' stebly depressurizes and cools dowmn. The
trend of primary subcooled margin is properly predicted considering the scale
of the plotting and the underestimation of the ILHL liquid temperature (Fig.

50).
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5. Run Statistics

The main frame computer used in the present calculation was a CRAY-2S in
System Engineering Research Institute (SERI), Korea under UNI;JOS as a
operating system. Fig. 36 and 37 present the plots of the time step size
and the (PU time for the transient time in the calculation from 0 to 1000 s.
And Fig. 55 and 56 show the time step size and the CPU time used from 1000 s

to 8000 s. The grind time can be calculated as follows:

1754+ 5059 = 6814

Computer time, crPu

12250+28307 = 40557

Number of time step, DT
Number of volume, C = 181

Transient real time, RT = 8000 (sec)

Grind time = CPUx 1000 / ( C* DT ) = 0.9080 CPU m sec/vol/step
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6. Conclusions

The RELAPS/MOD3 SmS code was assessed using the Semiscale test S-FS-11 for
simulating the S0 % FLB. The assessment was performed in three~ different
phases: (1)blowdown phase, (2)stabilization phase, and (3)refill phase. The
calculated results were compared with the measured data to address the

following questions:

~ Code applicability to Semiscale FLB Test S-FS-1{
- Code/Modeling deficiency
= FSAR conservatism evaluation

100 % SG heat transfer degradation

failed MSIV

saturation state of bresk flow

110 % of primary peeK pressure

- EOP effectiveness

Main conclusions obtained from this assessment are:

— RELAPS/MOD3 5mS can simulate Test S-FS-11 and the code can predict full
scale PHR plant system response.

- The code underestimated the subcooled breek flow rate and the maximum break
flow rate. The two-phase bresk flow rate model still has some deficiency

- The SG secondary pressure and heat transfer rate were underestimated due to

the fact that the initial phase steam flow was quite overestimated and
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the boiling heat transfer correlation was developed for a flow inside tube

not for a flow around heated tubes in a tube bundle.

- The modeling technique regarding the IL steam valve and recycled
charging/letdown should be improved to match the measured data mc;re closely.

- The assumptions and simplifications made for FSAR accident calculations
were evaluated.

First, the assumption made for the bottom main feed water line break
calculations regarding the reduction of heat transfer with liquid inventory
(i.e., 100 % heat transfer until the liquid inventory is depleted followed by
a step change reduction in the heat transfer to 0 %) is not conservative at
all for the Semiscale Type III SG FLB case. The assumed heat transfer
degradation actually closely simulated the heat trensfer rate according to
the inventory loss.

Second, the failed affected SG MSIV assumption utilized for the C-E System
80 FSAR was not a conservative assumption because the intersecondary
commnication, that occurs due to the failure, produces increased steam flow
from the IL SG, thereby increasing heat sink cepability.

Third, the assumptions regarding the bresk flow state (i.e., that saturated
liquid was discharged until no liquid remained at which time saturated steam
was discharged) was not eppropriate because the measured break flow did not
consist of only saturated liquid and saturated steam flow, but exhibited a
trensition through the full range of conditions(i.e., subcooled liquid, to
saturated liquid, to two—phase liquid, to saturated steam).

Four, the estimated peaK primary pressure represent pressures near, but not

quite at, 110 % of the design pressure limit. So the need for performing
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this best estimate calculation is justified.
~ The effectiveness of EOP-specified operation was validated in three phases:

First, the automatic action performed by the plent safety systems (i.e.,
SCRAM, SI termination, and MSIV closure) was effective in mitigating the
consequences.

Second, the stabilization operation performed following operator
identification of the transient(i.e., SI termination, PZR internal heater
operations, normal charging/letdown operations, and IL SG feed operation) was
effective in stabilizing the system at conditions that would permit a natural
circulation cooldown and depressurization.

‘ Third, the voided secondary refill operations performed following the
stabilization phase were verified to be the effectivenes of the operations
for maintaining stable conditions while recovering the inventory in a voided

SG with the AL SG asuxiliary feed water flow rate
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Table 1. Initial conditions for Test S-FS-il

Parameter

Pressurzer pressure (MPa)
Core power (MW)

Core DT (K)

PZR liquid level (cm)

CL loop temperature difference (K)
CL fluid temperature (K)

IL primary flow rate (L/s)

AL primary flow rate (L/s)

IL SG secondary pressure (MPa)
AL SG secondary pressure (MPa)
IL SG secondary inventory (Kg)
AL SG secondary inventory (Kg)
IL SG feed flow rate (Kg/s)
AL SG feed flow rate (kg/s)

IL SG feed temperature (K)

AL SG feed temperature (K)

Measured

15.03
2.18
36.7
484.0
4.5
568

RELAPS/MOD3

15.02
2.18
36.8
484.0
3.8
572
9.4
3.3
6.24
6.22
103
26.3
0.82
0.25

481.0

Teble 2.  Sequence of events for Test S-FS-11

Event

Transient initiation

PZR pressure = 15.8 MPa
RCP coastdown

Power decay

MSCV close

AL SG steam pressure = 4,47 MPa
Aux feed initiation

HPIS initiation

Crosover line valve close
PZR heater (on/off)

AL SG aux feed restart

AL RCP restart

IL aux feed termination
Test termination

Description

T=Tscram

T=Tsis

Measured Calculated

(sec)

0.0
23.0
25.0
26.5
26.5

209.0
211.0
211.0
214.0
(731/1053)
4100.0
4450.0
5038.0
7600.0

(sec)

0.0
24.0
26.0
24,0
24.0

165.0
165.0
165.0
214.0
(731/1053)
4100.0
4450.0
4500.0
7600.0
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0.000, 0.%0

020,050 0.0,0.30
090,410 L004.130

0.20, 0.3 0.0, 0.270
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.51, 0.7
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&L 0.000, 0,000
ST 0.800,-1.190
ol b
Z040 0.0, 0.110
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a1
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£ ¢ 00 00 2550 b
19692 0.0 10.010.0 6000 1.0 6

1100090 0 00 00 2.3 1
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£ 19003004 0 0f 00 209W 8
19994 0.0 100100 0000 108
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+ Beat s1ab..., pressurizer surge fine heat foss t
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o Jeft bombay = componest 97
+ right bomdary = anbieat volume (307)
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H

mitte g
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H

sttholy  bywl

19970501 997020000 [/ T
1597050 67000000 ¢ 1 1
1

wbely  bypwl e belt aoode
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197062 0701000 0 M 1
H

1500TCe e ismle  1dedt
om0 0 0

]

st ot By ia
19970801 0 00 00
1970801 0.0 20.630.0 0000 102
st dfbtr bydia  begdia
+J9T01 0 00 6.0

197501 6.0 10,0100 0000 10 2
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e bedt aeode cylesgth btstrm
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t tpe afly aflg
13161 stainless steel

20010 tht/feto 1 1
H

average two phase data

1000 th/fetn 1 1
1 .
thoroe pitride

000 th/feta 1 1
]

seonstantan

00 ik 1
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1inceee] 600

Q0050 $h/feh | 1
H

senafoil {grafoil 1 3 trade exee of @ enion carbide prodect)
060 Hfetn 1 1
H

scopper c3 J02 (oryen freen copper)
070 th/feta 1 1

4

scal-{emp nsulation (=0dified valies for vessel heat Joss)
R0 ke 1 1

%

almin  (alodme oxide)
000900 thlfcta 1 1
4

tingoeel T8
0100 thi/feta 1 1
1

thazeyeoeb - bexaganal matrix core
AUl /et l I
H

thopeyc) - squre mlrix core
A0 thl/fcte 1 1
H

soatact resistance properties {coofactivity of airs storege = 0.0)
2010 th/fets 1 )
H

sstean generator filler piece construction
20140 th/fctn 1 1
%

nater

oo ke 1 1
%

scal-tesp insulation (eodified values for piping beat Joss)
2060 th/fetn 1 1
]

scal-tesp fnsulation {eofified valves for steas geverator beat loss)
00 thY/fcta 11
4

athersal liner - joba's manville win-k 2000, 3-35 pef
080 Uik I 1
%
scal-temp fnsulation (aodified valees for presserizer beat loss)
000 thl/fete b1

%

salonioma (used in presserizer guard Beaters)
2000 tht/fets 1

]

mgmesim otide (e i presserizer beater ros)
00 thUfcts | |
H

syichroee v (ased i pressurizer beater rods)
2020  thyfeta 1 1
3

+ipenloy 800 {used i@ presswizer beater rods)
2030 thi/fcta 11
]

.74

scal-tep osulation (for pressurizer surge Hine beat loss)
QU040 th/fctn l 1
t

+ 0,350 carbon steel wsed for 53 tabe sheets
1050 et l [
]

seal-tem insulation (for inlet plenum best oss)
2060 Bifie 1 -l
t

4000 wsed in moglear core
20700 thifcte 1 1
%

nyircaloy wsed in mclear core
21020 thU/fctn 1 1
1

+gap osed in naclear core

30X et 1 1

k3

shesp-aat insalation (modified values for pressurizer beat Joss)
B0 /et ] 1

%

spressurizer enf cap and instruzent heat Joss - caleulated values
OB s 1 ]
i

scal-temy inulation (modified values for Bl stean generator beat los)
WA hfch 1 |

1

%

sthere] emfetivly  Mtwls £t £)
) "

b Ty ool tp oo o
1311 sailess st

ANE 20

ANR MW 05 N W5 00 0y
L AW 0w

1

nverge b0 phase data

)1 R VA )

200 200 J00E  SR.00 L0000 40000 000
]

+ boron nitride (nev curve from c.fineman, 1o /39 by dak)

1L ) S A
00 200 024 X000 0 00 -

IR 00 % AN NS Z0M QN

00 30000 000 0000 0000 000 0004
H

reenstantan .
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siscose] 60
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A O R 1 iy
DGR O G IS0 R 1000
DOEY A0 O N0 05 00 0
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acopper ¢a 102
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%

10al-temp fosul {increased by factor of 35.0 for vesse] beat Joss)
0000 0.00 32104 100.00 3244 20.00 34404
2100802 3000 35504 4000 40504 000 445304
I8 G000 436004 7000 5304 8000 S.87ed
%

siloisy  {alowinmm oride)

0001 0.00.,00034722 300,00 L6032

H

sinconel 718

a0 000 062067 2000 00T 4000 0%
01002 6000 0% X000 00 100000 O0056
QI 12000 008 4000 00055 16000 003

%
+honeycoeh - beragneal matrix core
QU001 00026105 T00.00 2,61110-5

%

shoneyconh - suare matrix core

Q011 0.002.27%0e5 0.0 2.27Me0e-5
£

soputact resistance (beaters to piping)  (comductivities of air)
Q000 000 35mkS .00 4205 1000 481%e5
0B X000 54005 3000 5905 4000 6.81e$
0D 0.0 6975 0.0 T.4%ed 71000 7909
OB  %0.00 800405 20.00 384%e5 B0.00 92750k S
.

steas generator filler pieces (conoctivities from test grd-14-&0)
2001 0.0 30804 B0 33X 4000 36504
040 60.00 40804 5000 435004

3

irater

O R0 .60 140 J00.8005 176.0 107,220
00102 28.0 10,0000 36.0 108,357t %640 1019406
20 900 B.0Hed 0 Hhkd T B.660D
H

scal-tesp insul (increased by factor of 7.0 for pipiog beat loss)
00 0.00 6.80e5 100.00 6.8Me5 2000 6.5830e
SO 3000 705 4000 &1 TN 3.9
0618 60.00 .75 0.0 10.6%0e-5  B00.00 11.7440e-5
]

scal-temp inse] (increased by factor of 2.5125 for ilsg beat Joss)
a0 000 2.41%%5 1000 24185 2000 2.5%%e5
J0M2 0.0 25065 4000 3055 0.0 33255
00 - 60000 36965 000 39Me5 0.0 4.3%7eS
H

athersal Titer - joba's meaville -k 200, 355 pef
20800 W0 LIGS 6000 L5 0.0 141k
]

scal-temp insel (increased by factor of 1.0 for pressurizer heat loss)

Q0% 000 .00t 1000 .06 AN.00 9.800e
00 0.0 LIS 2000 LI%eS 0.0 LIS

.75

00 G000 LRYeS .0 LS $0.00 LokS
209 100.00 158805

F

salinca (used in pressarizer guard beaters)

00 .00 e U200 330 F2M0 34Ue?
20200 5200 3.660%-2 TR0 3902 I0.00 4.2
%

smgesion oxide {used in presserizer beater rods)
00 10000 452%e-4 100.00 3.37%e4
4

anichrowe v {used in pressarizer beater rods)

202 R0 1983 2200 20%e3 B0 2503
0 ST 273 LD 28023 LIZM 36773
%

aincoloy 800 {used in pressurizer beater rods)

200 M0 185083 100,00 32073 10000 407783
1

acal-temp fnsul {increased by factor of L0 par surge Line beat Joss)
a4l 000 95006 10000 92005 2000 9.8k
a0 W0 LIS Q00 LIS 0.0 L7k
J040 G000 L3NeS 0.0 LS5 8000 Lo
E

+ 0.3 carbon steel wsed for sg tabe sheets

)1 SO A SN 1 AP
W X0 0B S0 N R0 08
TP R A

t

scal-tem insul (increased by factor of 1.0 for falet plenen beat Joss)
Q060 000 9.20ef 100.00 9.200ef 2000 9.8%%ed
Q0 2000 LIS 2000 LIRS 0.0 LS
QUA0 G000 L3S T LSeS 8000 16k
Z0EM C 100000 L9805

%

1502 esed in eoclear core

amm 2W R W0 0 00 00

a0 Mo 0N 00 00 00 0006

J0m 100 MM 00 Hm 200 0

)7 ' R T A 11

1

#zircaloy vsef i soclear core

)11V VA V) T 1 X 121

)T 0 R 1 T O e

a1 T (R O X Y 11
1IN 1

3 T L ¢ T
t

1pap wsed i muchear core

M R0 2205 Y 3%Mes W 4605
20207 19230 5.7%0e5 206.3 6.74%%5 MR LAMeS
3

stemraat s (increased by 2 factor of 1.0 for presserizer beat Iss)
Q000 000 497MeS 10000 57t 20.00 6.5Med
IR X000 7696 2000 S5 SN 10425
D008 6000 L2k 0.0 LAIZeS 0.0 165
QUM 100000 L.6oKeS

H

spressurizer end cap and nstrusent Beal loss - calculated values
Qe 000 LE%ded 000 L3%ed
%



aqal-texp dnsol (incressed by factor of 2,204 for blsg beat luss)
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sloeetric beat capacity data
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111112 S VAL |
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R e
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3

somstartan
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sgrafil
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a)-temp insulation
% 00 288
3

Qloin  (aloin oride)
s 0 %2

]

tiscone] 713

Qs 0 85w
0% 6000 61812
a0 e v

4
thoaeycoed - Beragoe
115 S K .
A VA LAY/
J0NS 00 190
%

shoneyeoed - square matrix core

wE w218

(bto/euft )

tem

0.0
1000.00

nm

a0
1600.00
0.0

nm
LAl
I

0.0

04
04
.9
e

.0
1000.00
J0.m

20.00
.0
140,00

al mirix core

2.0
0.0
0.0

0.0

W tm o

LY M bR
B35 a0 85

Lm0 M

8.3
.00
5.5

2.3
2.3
.0

&0.00
0.0
4.0

$.00
1.0
9.0

S0
LAl
am.u

6L00
R0
9.0

A

mny
4.9
ma

un
4%
5.0

288

%52

N0
1000.00
1.0

%43
8.3
&1

Q.7
.59
131

3%
3,610

0.0
1000.00
150.0

AN
3.5
3.8%3

LE 0 250

QUis 6000 27 N0 LT 100 3081
Q05 100 3N 100 340B 100 36%

H
scontact resistance (Beaters to piping)
a0 00 BN 00

H

ssteaa generator filler piece (calonlation from test grb-14-82)
B0

2101451 0 BO 000
H

sater (Saturated)
1315 R A |
oo B0
0% .0
%

ical-terp insalation
oo 00

5.0
258
7.5

M0
3.0
AL

3 In 2.8

scal-terp inselation
om0

]

8% 00N 288

sthorma] Diver - joha's manville min-k 200, 30-35 pef

45 We 85
8% 16006 8.7

)15 L
quse 200
]

sgal-tem ipsulation .
amest 00 28% 0o 28
1

nlwiem {wsed in pressurizer guard beaters)
1111 SCAL I 11K N
%

sgresium oxide (used it pressurizer Beater rods)
a0 NN 80 000 86

H

spickrome v (used i pressarizer heater rods)
117} S R 1 X
b

#incoloy 80 (used in pressarizer beater rods)
a0 6LW 100N 6.0
]

1ral-temp instlation
msr 0
%

+ .39 carbon steel
2 RO L0 X0
%

+cal-tewp insalation
a0 8B
1

23 000 258

3L

me 2%
2007 0sed 9 packear core
11743 R VA | O
DR G006 &0
R M 5Lem
o HN HM
3

5.5
.38
AN
60.0%
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%0.00
130.00
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zimaley used ie mclear core
A1) S A %)
(SR R
Xk AL
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%50
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Q.1
[42::

4.0
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.
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16870

% 150 0%
3/ HO 0
0% 0.0 6L

.49
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ag3p used 1o muclear core
0% R0 806k MBY 8.M5UeS
%

stepmat inselation
J0E 00 215 M 215
%

spressurizer end c2p and dnstrument beat Joss
JmEt 00 000 00 0.0
1

13l-tenp inselation
amsl 00 2% 100 288
b
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t

t fectititaretisazaess corem F132332803373033001244
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St tle  trip  tisecoef pover coef
JUI0 pwer 48 16 LG ¢w
2

t tie pover  (ans staedard decay curve)
om0 .

10
o 1% S
4| R 0
AR S R 11 /a
AR X Rir
Q06 1% 0
Q090 03 J8
kit K A
090 5.4 0
Q3 0
s mas Rl
I Wy 0280

2EbbtEi3b bbb bbbttt bt bbb bbibts

Rt R b R bR A A ARk k2R E AR EERREREE

1
t pwnnt pRCHTir beater o pover  ammnn
%
%

table  tp i coef poser coef
I pwer 10 040e] +w
H
t tim pover
e 00 0.000
k.S VA1 R 0.000
H

t oy speed tables (oormalized speed) t

¢ tdle  trip

QM et 4R+ intact loop gy
b

* tie  porm pump speed

o -1 1

. T

aNe 00 10

/ALY LI%% 1.9

/xS R 1K

/s A K1

/5 LD A I B KX

s 283 0

s BA 025

A X T A

/<) R VA 1 I B 14

ol MR 0B
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8 sml 00

V< ) 00
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00 react 43 broken loop pop
-0 10

A AL 10

o L% g

o 3% 06N

e T (1

e 23 0.4

31 /(X S T 174

LA S N 7 T K 1]
w0

man MER 0

o 6B 0

mwam Bys 00

G AS KR 11 1) 0.0

% ' S
1 ) systen beat Toss tables *

34 bbb b bi bbb bed

abeat Joss doe to intact loop pomp passive cooling, 2.0 v at full flov
+ L0 bta = 109,05 jooles (international table)

H thle  tnp i cxf
A5 bagte {2 10
1 - tie mobbnte
QIS0 -0 L0
810 0.0 100
11/ X 0.95
Q0 28 0.35
174) 1 A | 0.2
T 24 0.181
S0 84 0.1
I8 B 0.00
50 400 0.00

nate ¢oef
8831+ blo/fs)t2

Eo4
theat Toss due to dntact loop posp active conling, 4.3 v always

]

1 tble trp timoef ratecef
G510 btonte 412 Lo 1910 « bo/sft?
%

* i,  wnbinte



5 /41| R 100
) A 100

S8 4bt bbb bbbt bbbkt FETTTERTey

sheat loss due to braken loop pusp passive cooling, 14.7 ki at full flov
v from test so-Q0-3%, . s, crapo, -84, 3 feh 19
10 bte= 0.0 jooles (international table)

# thle  trip ‘tecef e coef
50 bnnte 4B 10 IR biesfi
i

# tiw  mmbirnte

) N | 100

KA 0.0 100

50 96 0.5

QI - B 0.8

Qm 28 04

Q5 04 0.3%5

Q0 80 0.35

QI8 M3 0.00

Q508 400 0.000

sheat luss due to broken loop puop active cooling, 4.3 bv aliays

+ fron test so-2-3, b. 5. crapn, Bsc-2-84, 3 feb 194

H

* fable  trip tiecoef rate coef

QW btonte 40 0 L6 + bh/sft2
S

% tie  mmb.t.nte
ATHI0L 6.0 1.00
I A0 109

H
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%

+ specified beat transfer coefficients on piping insulation surface
+ (values calcelated for free coovecton 8 air + rafiation)

H

' table

20000 Be-tew

]

' g hbeoef [(bo/sfi2)
o e 0.00%

e 50 0.0

Qe 200 00

om0 00

Qe we 0w

s o 0.0

]

+ specified Beat transfer coefficients ou ilsg insalation surface
t (vales calcalated for free convecton in air ¢ rediation)

H

' table

2200 Betew 010 00 3%

t

' tep  Bbesef (blws-ft2f)

wmm mWe o 000%
om0 6
o W o

oy e 000
s N0 0
e ™y 0y

+ specified beat trassfer coefficients on blsg stean done dnsulation
wsuface (valtes calontated for free convecton i air + radiation)
%

t table .
A Hetm 0 10 00 3%
H

1 e bbaoef (o/s-ft2)
1741 LR U I X1 3

1LV 1 N1 /)
71\ 11 S X7

1111 S || R 111/
G N o
AL R R

%

+ specified beat transfer cozfficients on blsg riser fosulation

+ surface {walees calcolated for free convecton in air + radiation)
H

t thle

AN Bt 0 10 00 3%

s

t tp Bl (Bo/s-f2f)
Jaml me 00

/A %

i 1R O Vi

54 S L R 14

om0 000

QA0 T0 0048

H

+ specified heat transfer coefficients on blsg dowacomer insalation
» suface (valees calenlated for free comvecton in air + rafiation)

%

' table

500 Metew 0 10 00 33
%

t top bhooef (Bto/s-fi2f)
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000 10 000K

00 Wo 0

0 e 00

a0 e 0o

e ™o 0008

1

t gaver tables for piping beaters

b

+ e pover bable for gpard beater pover bos L0 aome
+ e (poer fo intact and brokes Loog bot legs) aeeme
t
F

Wl tip tmed pwro
M e 8 10 38R ew

t tiz pover
o 600 10
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+ e pgyer bable for guard beater pover bos 1l #uam
v ot (pover to broken loop posp suckion)  aeeeeenn
t
t

tble  trp e coef  pover coef
Qe oper 4t L0 400} +w
4
2 tize poser
AN 0.0 100

nme 10

t
HREERARACR AR R AR R AR AR R AR AR IR RARR AR AR AR AR R AR AR AR AR AR X

t

¢ s prer table for gard heater pver bos 12 wame
e (per o intact and broken Joop cold legs) anees
' tble  trip  tisecoef  pover coef
U opwer R 10 31203 +w
t

t time pover

A1) S 10

LAl A 1.0
H

...............................................................

t
v o ey bl for g Rter e b 13 s
2 M (W,,g[ to 1mtact loopp@guﬁm) it
%

1 tble  trip tiecoef  pover coef
N opwer B 1t 803 +m
t

i tine poser

A 0.0 100

e .0 100
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+

v we pover table for guard beater pover bus 16 aeews

¢+ (pover to external Beaters on vessel and doscoeer) #

H

¢ tble  trp tinecoef power coef
AR per M6 L0 BSWD ew

t fine pover

o 00 10
06 000 10
1

ameee pover table for gnard beater pover bus 17 aaeme
sme (power o external Beaters on pressurizer) seemt

bile  trip

$

%

%

H

' tiee coef  power coef
o e 7 1B
]

130 +oi

t tiz i
aunmr - -0 1.6
AT 0.0 0.00

M [0 00
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2 ‘ eontrol variables t
Rtrkktreibiiktiseeasttretirtiteatiti ettt taatatsteasttirtnsitteiz
11 k%
| vesse] interface level (-1 -576) #
% ] core nterface leved (105 -501) H
a3 donconer interface level (329 -578) #
w4 mper pleamm interface Jevel (33 -13) #
#t 5 ypper bead interface level (421 4160) #
# 6 prossurizer inferface level H
7 intact Joop w-tabe ep side interface Tevel #
8 dntact loop o-tabe don side nterface lewel #
# 9 intact loop peap suction éown side interface Jevel #
w 0 intact fooy peep suction up side interface evel 1
ot 11 broken Lo -tube p side interface level t#
s 12 broken lonp v-tabe dwn side interface Tevel #
s 13 brokes loop poop suctive dowe side interface level #
) brolen loop posp suckioe ep side dnterface Jevel #
s 15 intact Joop steam geserator riser interface level #

# 15 intact loop steas generator dovncoeer interface Jeve] #

- #¢ 17 broken loop stezm generatr riser interface lewel #

13 brokes Joop stean gemerator dowacomer interface level #

s 19 intact loop steam generator secondary riser mess #
e  intack Joop stean geserator secondary dowacomer mass n
w01 intact loop stean penerator secondary tofal sass #
s {0 brokes Joop stean geserator secondary riser mass #

t {3 broken Joop stean geserator Secondary dovncoeer wass #
# 2 froken loop stean penerator secoudary total mess
#t 5 lotal stean geeerator secondary sass #
# & erergy reaoved From prixery to secodary by intact loop 5 2
s 71 eversy resoved from privery to secondary by brokes Joop 53 2
s 78 evergy resoveq fro core heater rods b primary coolnt
s 3 mximn core heater mod tesperatore #
¢ 15131 control systex for core beater rod pover i
#+ Q0221 coutrol systen bo redistribute pover oa vessel heaters
# 9H05] control system to obtain desired intact Loop mass flov raters
2t 350351 cootrol system o obtaia desired broken Toop mess flov ratees

-

40 floid mass in downcoeer #
1 Q01 fluid wess ia lower plean #
#t 400 fleid mass i core #
0 43 floid mss i wpper plenm "
4 Fluid mss in upper bead H
w405 fluid mss i bypass Jine, sopport colums, guide tabes  #¢
# 00 flaid mss ia pressurizer #
# 477 flaid sass in intact loop bot leg "
4R fluid mess i dutact Toop w-tobes #
# 40 flrid mass i intact Joop cold leg #
s 410 floid mass fa broken Joop ot leg 1
s 411 flid wess in brokes foop v-tabes "
412 floid mss it broken Joop cold feg #
413 total prisary coolant systes flaid mass #
# P wessel Geltap-Dbo-B #
u T vessel oz deltap -l o M a #



w0 vessel dowmconer delta p & bo -9 @ "
o 54 vessel opper plema delia p I b -Bea #
# 55 vessel epper bead deltap Ll b I ca #
# 58 pressurizer Gelta pER bo Y o #

+ 57 intact Toop stean generator o-tobe opside delta p 9% b -2 »e
w58 intact loop stean gonerator o-tobe dnside delta p 900 b S #
w5 intact Toop pum section dossside delta p 57x to ild #
w510 intact Joop prep section upside delta p 114 to i1 #
s 511 broken Joop steas geserator u-tabe opside delta p 909 b -te #
# 312 broken Joop stean generator a-tabe dusife delta p 925 b0 -STx
4§13 broken 1oop posp suction dowuside delta p -5 o 6D #
1 514 brolen oop powp suction apside delta p 63 to 073 #
w315 intact loop steam geverator riser deltap W B o
w016 intact loop steaa geserator dovncomer deltap W toSla
w517 broken Joop steam peverator riser delap W bo T »
s 518 broken Toop stean generator dosacoser deltap I b Bon
# 519 broken loop stean generator dowconer delta p betveen borizs #¢
# S0 vessel collapeed Jeve! <13 to -S%(ref) @ #
s 530 vessel core collapsed Jevel <103 to -Wl{ref) 3 it
2 50 vessel dovtcoser collapsed level 2 to -58{ref) #
s SH vessel upper oleoca collapsed level IS bo -Brefla =
# 35 vessel upper bead collapsed level 421 to 160{ref) ca #
2 R pressurizer eollapsed fevel 632 to M{ref) "
w §77 1lsg a-tobe upside colfapsed Tevel % to Stefref) @ »
# 58 lsg o-tobe dovaside collapsed Jevel % bo Shifref) @
# 59 intact loop poop suction dvaside collapsed Teve] ref il oot
# 30 istact Toop poop sectiom wpside collapsed level ref il6 @
s 541 blsg u-tobe mside collapsed level 95 b0 Telref) @ »
+ 50 blsg w-tobe downside collapsed leve] W b0 Shel) @ w
s 540 broken Joop pomp Suctioe dosaside collapsed level ref 063 cw 2
32 54 broken Joop pesp suction spside collapsed level e 35 @@ o
# 45 intact Joop steam geverator riser collapsed lewel ef M o2
1 55 istact Toop steam peserator downcoeer collapsed Jevel ref Slomet
s 47 broken Joop stean geserabor riser collapsed level rf Ty 1t
1 8 broken loop steam generator dowucoeer collapsed level ref owee
1 58 broken loop stean generator duoar bor collapsed level ref Bowes
s 51 vessel collapsed level -13 to 578 ref cold Jeg #
s 560 vessel core collapsed level <105 o %01 ref cald leg n
# 563 vessel dwncoeer collapsed level Bt -Mref ol leg  »
s 54 vessel opper plesma collapsed level 135 to <13 ref cold Jeg
1 59 vessel upper bead collapsed level L1 fo 10 ref cold log
s 55 presserizer collapsed level 632 to 3 ref 2 oo #
# 507 ilsg o-tobe epside collapsed level 9% to -Se ref tabe sheel
w5 ilsg o-tobe dowuside collapsed level 300 to -7x ref teb sht »
s X8 intact loop pump suction doveside collapsed level ref cold leges
# 50 ntact loop porp suction wpside collapsed level ref cold leg #
2§71 blsg u-tabe pside collapsed level 923 to -Ble ef tobe sheet #2
1 570 blsg a-tobe dowaside collapsed level 975 to ~57x ref fob sht o
513 broken Loop poop saction dowaside cotlapsed level ref cald Jeges
1 514 broken Joop pop suction wpside collapsed level ref colf Ieg #
2 513 fntact Joop stean geverator riser collapsed level ref tob it
1 515 istact Joop stean gemerator dovacomer collpsd Iol ref tob sht #¢
# 577 broken loop steaa geverator riser collapsed level ref tob sht 2
# 573 broken foop stez geverator dovncoeer collpsd Iv] ref tob it +¢
# 579 broken loop stean geserator dcar bor collpsd 1ol ref tob sht #¢
# (810 contro] systea to obtain desired mass in dofact lop sz #
60 istact loop stean geserabor recircalation ptio #
+ 603 intact loop stean geserator circulation ratio #

A.

80

s 631637 control systea b Bold i1 stean dose pressure vithin baxd 2t
¢ T06-T10 control systes £ obtadn desired mss in broken Iogp 53 #¢

2 T0) broten oop steas generator recircnlation ratio #
#T09 broken loop stean generator circalation ratio #
# T3 control systea to Bald b stean doee pressere within band
2§00 total beat loss monitorisg systes #

+ B85 control systea to obtain desired presserizer liguid level #¢
¢ 00000 control systea for pressurizer intemal beater mds »

i 13
+ control variables for comparison to equivalent semiscale data

t smesranie il lwels saemnnom

t e tpe coef initwl flg

%

00wkl sm B8 -BO0 1« vessel fewel (@)
1 % ('B to '578)
J001 198008 0.07381  woidf 163010000

o - BN wid 2000

0% LRSS voidf 161010000

2E001H4 20 woidf 150060000

500105 Al woidf 1500500

T01%6 0 woidf 150040000

0107 20 widf 150030000

Pl ] 20 widf 15020000

J0109 Al voidf 15001000

2010 L6ED  widf 14010000

Qa0 0280 woidf 130010000

T 0.46%67  woidf 120010000

JNN orett s DB 6002 1 2 core lewel ()
? £ (<105, bo L)
20201 -16.48% 01667  woidf 140010000

TH00 2000 woidf 15010000

3500 2000 voidf 15020000

204 20000 voidf 150000000

330205 L0000 voidf 150040000

0% L0 woidf 150050000

0 200000 voudf 150060000

TR0 0307 woidf 151010000

T ducrlsd s BB DB 1+ dwacower Il )
! + {3 to -578)
A50%01 -18.086% 2.0 woidf 101010000

T L.A088  woidf 10010000

3500 10BN  woidf 120020000

it 0 widf 110030000

TR0 20 voidf 110040000

JE0306 0 widf 110050000

200 0 widf 110060000

008 20 voidf 0070000

pis 1< LT woidf 110080000

J5010 LURGT  widf 11009000

1 0.650  woidf L0000

J6R 0.RB0  widf 130010000

2500 0.5067  woadf 120010000



J000 whisl s 0.8 DB 1 +gplaw bl (@

' +(HB b -1)
Q1 04559 1500 widf 10000
2002 LM widf 10000

*
L0 ol sm BB MBS 1 s besd Bl ()

t + (1471 1o +160)
L0001 5,10 LBEN widf 1040100

25050 108 wif 180000

TR0 LERB  widf 19010000

TR0 0.4me67  wotdf 303010000

3

D060 pubvl sm X8 6BTH 1 #prlev(a)
]

e 00 1R widf 90010000

250602 250 wiff %AW

25060 155 widf 5090300

TH00H 155 voidf 90004000

3060 %5 voidf 909050

TH060 L5 woidf 900600

3060 LB woidf 93070000

i1 L5 wodf 90080000

25068 00667 widd 9970100

3

3

T ilste sm 08 B 1 rilwetden

N t (o) - from

29071 LB LTS000  woidf 21010000 + 57 cn below
250 795900 woidf 22010000 # top of tube sheet
20 1910838 voidf 22002000 2 to top of mode]
J50m 1910834 woidf 20030000 + o-tabe

JE0Ms 6.0 widf 2004000

H

TR0 ibtd sm NE WBKM 1 eil-tabedm

t + () - from
00 -LB LT voidf ZS0I0000 « 57 con below
ita1 11 §.500%83  woidf 220050000 ¢ top of fube sbeet
JK0 TOI0833  voidf 220060000 # to fop of sodel
008 79834 woidf 2007000 + o-tabe

2500805 1.950500  woidf 220050000

£

I ilsd s DE LA 1 eilpsim{a)

* + (dpi-Seeld)
Q5091 9.2280167 0.80167  woidf 250010000
t

4
» N

# feat slab... brokes Joop, vessel pozzles (3 in. scb-10)
3 oote - beat slab coatains only voluse lengths shich
+ are not beated 1

...............................

»

2 Jeft bomdary = broken loop prisery coolast vessel sozzles (%01, 3)
+ right bomdary = abieat volmes (301,81} .
*

iyl b ow ipe sy lr
1004000 2 5 1 10,1003
t
msh wflg fmflg

A.

81

130 ¢l

wilv e nily ror

sty
]IS0, 2 0N

130
%

sberals @w dbw mn ibvm
130401 1 1 b 4

%
ssprce gis  source  itvmo

1304301 0.0 4
4

st ey flg
13040 1

%

temp distribation

1YL 6101 63 43 3624 125
B %9 M 19 388 148

hely bl dec beft acode cplength hEestrm
TR0 0101000 S S S 11111
0 2

o wme 0 11
H

%

iebdy  bywl e bedt atode cyleasth btstrmo
oogl Yo 0 4@ 1 oflR 1

Do oo 0 4@ 1 oA 2

t

1S001Ce tpe isalpr bt rdedt Btstrm
LN ¢ ¢ 0 0 l

H

bt dfftr byefia  begdin celegth  btstew
00 0 00 00 0.2156% 2

1300401 0.0 10.010.0 0000 10 2

]

bt dfbtr bydin begfin  chelemgth  Btsstrw
1300901 ¢ 00 00 0.218%6 l
13004901 0.0 100100 6000 L6 2

FiEtetibtaRaatead b btaaE L1RERR AR REERERERRRRRRERRRESRE

+ beat slab... intact loop peap "
+ note - beat slab sodels beat loss due to pomp seal conliog ¢

......

........................
-------------------

+ Jeft bondary = component 250
¢ right bowndary = specified in table %1
, _

+ pop beat oss is tabelated as a linear Function of poap angplar speed
]

4l data oy e sflg lar
12000 l 4 l 1 0085
b

wsh  ncfly fmflg

1250000 0 )

]

ety wilv  ror

0101 30150

%
mhenials g itvmo



1501 ] 3
%

ssource €15 steree ity
1250301 8.0 ]
3

inttep  flz

125040 0

]

* temp esh  tempmesh tempmesh tempmesh
A0 T 1 &6 2 WS 3 %04

ie bedt seode cplesgth bistrm

H
b s LB 1

Jriiie!) et 111 R I S
%

whly bpwl o e bt atole oplesgth Bstrwo
1250601 0 0 & 1 e 1

\ .

#S0TCe tpe ismple  Idrbt cdedt Mstew
125001 0 0 0 0 1

+

abhst chfbtr bydis begdin  oblegth  Mstrm
+50R01 ¢ 0b 11— 7] 1
12500801 0.0 10,0100 0000 10 1

]

st chfbtr bpdia  begfin  chlesth  Mestrm
1250901 0 00 00 2.5 1
1250901 6.0 00100 0000 101

]

# beat slab... broken foop pep t

+ mte - beat slab models beat loss due to pump seal cooling  #

%

¢ 1ft bomdary = copoest 3

¢ right bondary = specifed i tble 31
4

+ oy beat Joss i tabalated a5 a linear function of puop angular speed
H

sgl data o b sflg e
13500000 1 4 l 1 0004
]

msh lcfly fmflg

133010 0 1

1

weelty  soity  roor

1330001 I 0135

1

mberials apm ity

1350t 1 3

]

agaree dis  soarce ity 0o

1350301 0.0 3

]

iittey  flg

135040 ¢

H

t tepmesh tempmesh ltepresh tepmdh
D501 BLI 1 40 2 X8 3 md 4

A.

82

4

bl byl e bt awodke gplegh dtstew
IR R L) 0 1 1 1% 1
£

sehedy fpwl i bedt avode cplength Bbestrm
350601 0 YA S S X |
%

i tpe ismlr  bdrdt bt Bstem
10ml 0 0 0 0 1
4

st chfbtr bydia  begfia  chlength  Bbstew
13500801 0 00 00 1% 1
1350801 0.0 10.010.0 0000 10 1

H

srebst oftte bydis begfia  chlength  Bsshew
£ 13500001 ¢ 0s 0 1% l
1350201 0.0 10.0100 0060 1.0 1

b
AtkitiekRbartrRbiirakrRbreRR AR RRRRRRIRRRIRARERRARARRRIRRARARRFRRRIEY
+ beat slab.., pressunizer beat bransfer by pressurizer walls 1
i sithont finer - aleaisua sheath beated by beater fape +
; ..........

+ Jeft boundary = component 399

+ right bomdary = asbient volue (316)

1

gl data f p ot sflp lor
19930000 § i 2 1 B

%

wsh locflg foufle

w0 l

4

poety witv ror ity e wilt oo
100101 3 L5 { TRY 1 T
19990102 1 .7 {38 1 4B
4

mieridls ope0 ibvm opw ityw opw itvw
19090201 | I B 1T 2 §
1990 13 J § o ¥ B
4

woerce dis soorce dtvmo staree  itves  sorme  itvmo
109031 0.0 $ 0 n M B
t

dnit tesp  flg

165040 0

1

* esh  fempesh  besp mest

001 G20 2 600 12 10 i

H

by bywl mc beft acode clesgth bbestrm
19090501 909010000 ¢ .1 1w
00 Wm0 0w 1 1 %0 6
199050 4000 6 1 1 2Em 7
109054 S0U0B0000 0 1 1 2w B
t

by bywl i bedt xoode cplesth Bstrm
10990601 315010000 U1 N WA 11
10990602 815010060 ¢ 40 1 a0 6



19090503 816010000 (S N QA (R |
190006 816010060 0 40 1 e 8

]

£500Ce tpe ismlr  Fiedt et ftstew
1990701 715065 0 0 1
19m 1LY/ §i 0 0 b
199073 . 0 0 1
19 JL N1 0 0 §

t

st ot bydia  begdin  chleagth  bbstrm
10500301 0 3% A4 2,500 1
19090801 0,915 10.010.0 0000 1.0 1

1509502 038 S8 2540 §
19000302 0.307%%8 10.010.0 0000 1.0 6

+19000800 1 1 VR 1SV € 1
190980 0.3028 10,0100 0000 1.0 7

+ 10000304 0 s 5% LW §
19996304 0,282 106100 0000 10§

t

ibst  chfdlr bydis  begdin  chlengh  Bb-steem
+]000080] 0 00 00 25000 1

199901 0.0 0.01.0 0000 101

+1309007 0 00 00 %0 6
106002 0.0 10.010.0 6000 1.0 6
+0090R 000 (A |
100598 0.0 00100 0000 107
1 0 00 0 w8

1094 0.0 10.010.0 0000 108
%

s bbbt A2 bt Ri b Ak b Ak kbR R R A AR RERARRRERAAREREY

Hit bttt b E A bt R b b R e Rt bk kR A kA AR 1R

E

+ Jeft bomdary = afiabatic

+ right bomdary = compooent %99
2

il dita h ot sfle L
10992000 I3 2 100

w  Incflg fflg
1

1992100 0

£

weely ity rtor mity ror il oroor
1992001 ¢ LB%e? 1 L%l 0 289
1992102 1 3IMe2

]

mterials opn it opw ibvw opw dbvm
10821 [l /A |
1s2m a 1

H

wmree s Sowee  dtveo  soerce dtvme swme ibvm
1992301 00 2 W 1 00 1
t

ditbm  fl
mog 0
H

] WESE

A.

83

19291 6L 8
)

by bywl e bed atode opfesth Btstew
10507501 0 ¢t 0 0 0 1
%

ey bpwl e Beodt atede cplesgth Rbestem
10007601 998080000 ¢ 1 re 1

15001ce tpe ismle Ml redt dstew
om0 10 0 ¢ \

H

shhst  cbfbtr byfia  begdin  chlengh  bbestem
10007801 0 0D 00 20979 1

1909701 0.0 100100 0000 101

3

wrhst  fbtr bpdis  begdin  chlength  Bstrno
20001 0.5 0 .05 |

106201 0.10160 10.010.0 0000 10 1
t

FEiitiitisiieissiistsiteititisisiiseit] tittdttdetitet i it atnddtnddiritd

+ baat slab... presserizer beat transfer oat eod caps and instrovent ¢

B ports - thersal conductivity calcnlated to match test

...................................................................

H

+ Joft bowmdary = componeat 99

+ right bomdary = abient volme (86)
]

gl data o om tpe sfly e
19653000 § ] / R VY

H

mh - lecfly ol

10111 R | 1

4

oty mity  roor

19933101 145

£

mlerials oo itva

109321 4| 2

%

ssperte dis  soerce  itv oo

199330 00 2

it by flg

159340 0

? fempmsh topeesh fompaesh

21517174 O 1 X S A 1

13

Mhefy  bywl i bodt acode cplessth Btstrm
1000501 995010000 0 1 1 50 1
A1/ 111 LN 1 S W WA |
1000258 99370000 0t 1 1 is® 7
100535 909080000 0 1 1w 3
i

wiedy  bpwl e bodt amde cplesgth B-strw
10001 501000 0 40 1 2N !
100502 B00I0E0 0 40 ] 2%50 b
19060 &0p0l0000 0 4 1 2B 7



6y gEI® 0 40 1 o 8
s G dsmle Ml bt dstre
19955701 0 9 0 0 3
¥

slbst  ofbte bydia bepfia  cblagth  Mstem
10 (O U N 111 I
19903301 0.8145 10.010.0 0000 10 1

+J00%0 0 IS0 ISy 2% 6
10%0 0,028 100100 0000 10 6

000 0 E IS R 7
10003503 0.3028 100100 0000 10 7

1100035 0.5 B e 3
1990384 0.2512 10.01.0 0000 10 8

ahst dfbr b begdi dlagh st
19000001 (L 00 2500 1
19901 0.0 0.010.0 0000 101 ‘

190092 60 00 2% 6
10992 0.0 10.010.0 0000 10 6

19053 0 00 0 LB 7
10590 0.0 10.0100 0000 L0 7

900354 0 00 XA
I.‘HIHM 0.0 10,0100 0000 108

theat slab pnssmwsurgelme h,at loss *
‘ )
+ Jeft bomdary = componest 7

+ right bouofary = bient woltee (317)

%

2] data o onp e sfly b
193700 A T 1 (B

4

mst Il foflg

e 0 1

%

ety miby rtor mife  ror

167101 PR 2 1

mlerials opn ivw opw ibw

109t 1 1 4

3

asoaree is sommee v oo

L)) S 1 R

1

ittty flg

1970 0

E

t torg sk orp mesh

B 0 2 Mo S

H

ey pwl i bt 2ol oplegh Btstrm
1001 T) 11|V D G Q15N
i A1k AN D A QO 1< (A

H
adly . el B bt aede cplmgh bbstem

a.

84

19970601 001000 0 400 13X 1

1907060 a0 (1 RS W X 7L

H

1500rTe bpe ismlr Medt rdrbt Bestem
19570701 0 0 0 0 2

t

shbst  dfbte Bpdin  Begdin  ch-lesglh st

+J007T501 N X S 1 w2
10670801 0.0 10.010.0 0000 10 2

%

aedst  ofbtc bydin  begfin  chleghd Bisstrm
2J9970%1 ¢ 00 6w . w2
1997901 6.0 100100 0000 10 2

2

dhrtitiittia et bttt bkt bR kh bk kAR R R AR RRARRRERR AR I AR AR RRRRR

332333y 03023822132311 17

kittidikirirkitias

SRERERARRA heat smgtm ﬂ)om] pmm ﬂm TN

PI ot eeesiistizts

FRATHARRRRA LI AR RE AR AR A RRL IR RN IRERI2E MDA IRIRRER2AREY
H

* tpe ofle afl
311 stainless steel '
200100 thlfcha 1 1
%

saverage bwo phase data

20020 thl/fcta 1 1
E

shoron nitrige

1000 th/feka ] 1
3

soustatan

oo Wik 1 L
H

sipcone] 60
20050 hYfetn ! 1
%

sgrafoil (grafoil is a trade nawe of & wion carbide product)
06N /et 1 1
t

+copper €3 102 (oxyen Freen copper)
2000 thlick 1 1
4

scal-tesp dnsnlation {mdified vatees for vessel Beat doss)
21060 thi/fcta l |

Al (aloaiomm oride)
0090 thi/fcts 1 1
%

tinconel 718

2000 tbL/fcta 1 I .
t

shoneyood - beragmal mtrix core

000 B/t 1 1

%

honeyeond - square mtrix core

0020 et 1 1
%
seoatact resistasce properties (cooductivity of airs storage = 0.0)



050 thUfcta 1 1

sstear gonerator filler piece costruction

2040 thy/fetn 1 |

%

sitter

00 Byt | 1

H

sgal-terp insalation (modified values for pipiag beat duss)
QIR0 th/feta 1 l

H

scal-terp nsulation (sodified values for steam generator beat loss)
M0 R 1 1

]

sthermal Liner - jofa's maoville wia-k 2000, 30-35 pef
080 thifchn l 1

*

seal-tep inselation (nodified values for pressurizer beat loss)
00 thl/feta ] 1

siluioea fusef in pressurizer grard beaters)
Q000 Ukt I 1
o

mgesion oide {used ia presserizer bester rods)
2000 tfes 1
F

snichrose v {used i pressurizer beater rods)
020 thlifctn 1 |

*

sincoloy 80 {ssed in pressuizer Beater ruds)
U0ttt 1 |

]

scal-terp iasulation {for pressurizer surge Hine beat Joss)
a0m wike 1 1
b

+ 0,357 carbon steel used for g tabe sheets
Q050 thl/fcta 1 1
%

sa}-teop insolation {for inlet pleoes heat lnss)
2050 iblfcte 1 1

H

ol wsed ia muclear core

a0 i/t 1 1

sgircalay wsed i noclear core
070 thlifeta 1 1
]

agap tsed i guclear core
02 thlifeta | 1

%
sbomymt inculation (modified values for pressurizer beat Joss)
0 e ) l

syressurizer end cap and nstruest heat loss - calcalated valees
B0 B 1 1

H

scal-tenp insnlation (modified values for bl steas generator deat loss)
U0 et ! 1

A.

.......................................................................

*
sthermal condrctivity  Blwils £t )
%

t g coed  tem ool tep  ood
#3161 staintess steel

amer - Rw 008 .

a0 o0 M K000 06 16000 00
2000 AN 0y

aqverge tvo phase data

1)1 A 1) S

20002 2200 0N06 .00 OO 40000 .000OR
H

+ boron nitride (oev curve fron c.fineren, in 13079 by dk)
0 R0 0%

20002 200 WU %00 05 000 o
] T R V1 B 1 1
UM 00 W 3SN.00 0 40 o

wonstantan

a0 005 000 0 400 05
]

1ineoee] 600

)1131) A V143

a0 e M3 00 0 00 0
J06E M0 2 Wi MmN JER
I 40000 003

]

bl :

1111 A

IO X0 00 0.0 0 THH 06
JIO0EE 00000 005N 1000 00 1000 00
0064 2000 000463 X000 L0006 40000 00046
%

soopper ca 102

3

o R0 g2 R0 Ey W
200 WH n M0 65

+cal-temp insal (increased by factor of 35.0 for vessel Beat loss)
QU000 0.00 3.24Med NO.00 12 2000 3400
Q0BT 3000 38%e-d 40.00 4004 5000 495304
JURB 6000 436004 0.0 5% K0.00 5.8%ed
H

saloaina  (aloeioow oxide)
01 000,002 300,00 0008
X X

sneonel 718

oo 0.00 002067 0.0 M2 4000 L0030
0002 6000 0% 000 00 00000 0%
2000 1200.00 00X 140000 00056 160000 L0083
b

shooeycoeh - bexaspral watrix core
JON0T 0.0 2611105 700.00 2.61110e-5
%

shoveyuosd - square mirix core
20100 0002005 00,00 2.2730e -5



seuiack resistasce (beaters o pipise)  {conductivities of air)

Jom 000 35kt G000 42ed 1IN0 481%%eS
A0 00 406 0.0 5.9t 40.00 6.4810e5
QO 0.0 656 600 T.4%0d TI0 79305
D0 K000 300D K000 8.89%es 000 9.270eH

sstean generator filler pieces (conductivities from test gri-1-82)
A0 %000 30804 20.00 35604 40.00 35504
2042 6000 4004 000 4304

aater

L0 20 B.610D 104.0100.8%0%5 175.0 107225
o5 MO0 3%6.0 1083t 4.0 10194405
T H00 B0t 00 K600 0.0 8.60609

weai-terp fosel (iecrzased by factor of 7.0 for piping heat loss)

Q0B 000 64805 100.00 6.8M0e5 0.0 688305
Aol 000 7003 40.00 810805 S0.00 8.90%e-S

Q050 6000 0725 0.0 10,6505 S0.00 H7dLe-3
4

+ca]-teap instl {increased by Factor of 2.6129 for ilsg beat loss)

Jumt 000 245 0000 241805 20.00 .57
0 0.0 2545 4000 10%ed W00 335
208 6000 36865 T0.00 39S 000 43875

thermal Hiner - joba's maville win-k 2000, 30-36 et

QOIRT X000 LGS 60.00 127305 100000 148105
acal-temp fasel (increased by factor of 1.0 for presserizer beat loss)
0090 0.0 9.2800e5 10.00 9.2 20.00 9.8
20902 X000 LIGeSs 4000 LISkS 0.0 LZideS
Q088 6000 L3S M0.00 L5305 0.0 L6RkS
T00H 00000 1.9880e5

lmire {ased 18 pressurizer guard beaters)
Q0 R0 32 2200 3.30Med 22U 3402
a0 SO0 363002 W00 3.9%Red 000 42082

sxagpesioe ovide [used ia presserizer beater rods)
D0 10.00 46064 100000 33764
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t coateol block for stean geseratirs '

bbb bbid 4

%
+ obtain specified and maintain constant wess in the steam generators
t

JERN WD tpeit 10 00 ]
L i

£

DM e sm L0 00
JEmL | 19 atrlvar

000 ilsor mlt 10 00
D atiler 85 atiler

[+ inet e g
2+ ligifwss i g

D cormect wass 10
607 # ilsg mtil B

A.

93

%

DO ilsgls s L0 00 0 mss flov oot ilsg
g9 00 10 f I G35000000

0500 10 & lov] G37000000

%

IO ilsgfv sm 10 00 0 »intactloy

e 00 L0 otrlar 68 feed flow mate
otdar 68

2010 10
]

0 drerer div 10 00 1+ recinmtio
6000 offos) GOL0I0N00  fLow] 601020000

H

P60 deer div L0 00 1+ cirlatioomtio
0 ol S0I010000 el B0L030000

*

* -

U060 9 topmit 16 00 I

TR0l i

t

o0 bleerr s B0 00 1 s dnpet desined blsg

oo 50 -l atilar A ¢ ligidmss in kg

3
0 Bleor mit L0 G0 0 xcomectessio

IR otdar T abar 707 # blsg mhil B30
%

70 bsgls s L0 00 0 #mass flov oot bl
om0 L of Lovj 35000000

2057902 1 elov] 737000000

%

00 blsgfv osm 10 00 0« broken foop
a0 - 1 atrlar - T8 + feed flow mate
)1/ 10 obdar T8

k]

W boer diy L0 00 1 #recicrtio
T oflov] TOAOIO0O0 el TERC30000

%

T ber dfiv L0 00 1 circolatio i
00 ofly TOI00 wflov] TOL010000

+ conteol ntact Toop stean valve to bold stean dome pressure do
+ band gives by trips 462 and 463 - opem and close stean walve ot
+ rates given in trips 464 and 463 - open or close depending on

+ trips 662 and 663

*

60 g osm L0 00 1 desired pressur
46 6.7 -1 p  GLIOIO0D ¢ pascals - xid band
4

TEW  dperr diffred L0 00 ]
IR0 atar &0

H
QB pstpit tripmit 10 00 )
23! &2

TR0 seghpdt tripmit 10 00 ]
plaati} &

t
60 e omlt L0 00 1



253

25630
251
st
5
050
H

isngi
25301
%

H

atrlr - 63

chose mlt 10
atrbr 63

eatebvar

1]
trtrlar

nte s led 00

0w
I

atrlvr
entrfrar

K2
]
ity
0

&
(13

ps irtegal 10 0848 0

otrlar 6%

+ control broken foop stean valve to bold steas dose pressare in
+ band given by trips 472 and 473 - open and close stean walse at
+ rates given i trips 474 acd 475 - open or close depending oo

+ trips 672 ad 63

L0 pr osm L0 00 1 desired pressere
L0 6.0 L0 p THOI0 + pascals - wid band
H

B0 der diffred 10 00 1
W0 atdwr T

TR0 postpdt tripmit 10 00 ]
X570 7

%

D0 seghdt tripmit 10 00 1
2o 6

%

RN g mit 10 00 ]
Bl aldere T abder T
4

W clmse mit 10 00
W obder ™ ablr 78
]

B0 ntt osm 4ded 00 0
o 00 10 atchr
kil 10 atier T8
]

W0 s integl 10 00067420
0 obder T

%

HRERRERARRARERA AR AR EREERM AR RAR AR

¢ vessel, dowucorer, ad wpper bead

external beaters

H

25200
2501

£
50
252101
]
25000
25001
H
25030
i)

pbase fction 1.0
tise 0

wipr mit L0
abler 20

thirip tripmit 10
3

wtrp tripmit 10
&l

0.0
11§

A.100

M0 wirip tripit 10 0.6
2501 62

%
AW imwdt sm 10 L0
W 18 -1 eatelvar
3

Wl it osm 10 L0
%, S X eatrlvar
%

B0 it sm 10 L0
i T Y DN aatrlvar
]

R opr mit OB 10
B obdar B abrdar

00 opm mlt 00697 10
B atder W

%
G000 wprd sdt 001003 10
B0 atrlar A1 cotrbar

3

B0 opt s L0 L0
e et 10 catelrar
521102 10 atrlar

3
M opr mit 1010
W otber A etrlar

B wpm omlt LI L0
s atdar 21

3
W0 etk mlt 0080 10
W0 atder A1 obrdar

3
200 e omlt 00067 Lo
0 atrdar A obrler

060 wpt sm LD L0
o 00 10 eotelvar
50602 10 eatrhver
U0 10 etrlvar
%

WM wpr mlt 10 L0
WM atder A abdwer

3

I wpn mit 0652 L6
W e N1

$

000 wprb mlt 00507 LO
W alder 8 obler
b 4

20 wpre wlt 0050 19
W ol 0 abler

4
20 wped wmit 02998 L0
B abder A atrder
%

1

| =
=

88— HF— 8

Sl

82—

83—

N
iy

gn—a

g»—-—



20 wpr os2 L0 L0 ]
/) S I N | aitlar 28
5000 10 ateler 20
N 1.0 atller 2
AL Lo oty &
1

%

L0 steip teipoit 10 00
B 63

%

w2 ot o 0D 1
/|| K N aitlr 23

t
O wr mlt 10 10 )
W abder 2 obdwr W
H

REkkAkrbthEdRaRARERIARIRIAARRAARARIRRRARRRRRIRRIRASRRRARRRRRRRRARRARARY

* beat lass monitoring block t

ARARRRRRERRARARREARARRRARRARRERRERRRRRRRARXRARRAR R RRRRERR SRR R RAR RS A

*
LR bHos sm 10 00 ]

111 Y ¢ 80000000
20002 10 g 000000
2000 10 g 30200000
250004 10 1111
TR0 10 U )11
206 10 ¢ HI000
28000 10 ¢ S60000
208 10 ¢ S
68008 10 g S0R0I0000
30010 10 ¢ SN0
a0l 10 g Sl
R0 10 g S0
2803 L0 ¢ S0
4004 10 g Sl
20015 . ¢ 30
A0 10 g 0000
]

+ inf brk

]

IS0 dnthrk ntegral 10 0.0 0
05001 flov] 725000000

1

+ rm statistics

JHITR00 oldtine s 10 00 0
TR 00 10 atler D

200 pestine s 10 0.0 0
230 0.0 1.0 tine 0.0

]

LEBID tstep sm 10 0.0 0
TR0 0.0 10 atrlar B
R L0 atler B
H

+ iner efit

&
OO000L o] 72500060 2 mbek (kes)  {dobebreak)

A.101

e p 1060
(000303 cntrlvar 6
00 p S0
0000 catelvar 19
(000306 fdowj 520100
000307 f Lo 6200000
00038 of 0w 35000000
00 wflow] TBSO0
00RI0 p  GOI00N0
W0REL p 700000
M0 airlsar 15
Q0013 eatelvar 17
000031 oflow 34000000
0005 1w 0000
0000315 T 430010000
000317 wflow) S0H00
(00318 cntrlvar 510
00BY cotrivar 54
o0 e 0000
{0032 o] 11001000
032 abrlar |
0000323 bitesp 150000612
0000324 ¢t €
(000 cotrlvar 8
0000325 cpatise
00008 catrlvar 51
0000377 T 620000000
Q002 xflov 72200000
0000329 o fowj B1S000000
(00030 wfdowj 25000000
0000331 woidf 220010000
0B widf 220020000
0000333 woidf 220030000
00003 woidf 220040000
{00035 woidf 320010000
0035 woidf 320020000
0005 waidf 320030000
U038 voidf 30040000
000338 voidf 240630000
0000340 woidf 240000000
0000341 woidf 340080000
0003482 woidf 20090000
D38 wmadf 150010000
000034 woidf 150020000
(00035 wordf 150030000
00006 voidf 15000000
0000347 woidf 150050000
00038 woidf 15006000
008 pegel 250
0000350 pagrel 350
0000351 btbemp 15000013
00052 Bttesp 1001213
00333 tempf 162010000
00354 tespf 140010000
0000355 bittesp 150000613
(003%  bttenp ESXCCTIR
(00357 Bttemp 250000813
0000358 biterp 150000013

vpp () (D)
v foel  (Tpreprocess)
s pressere (pepratEl)
+ doacy pover (deypover)
+ ilkl flwrate {giel)
+ bib) flwmte  [gh79)
il steanate (adobeilsha)
+ bl st mate  {iobeblsta)
+ il sg pressare (pistIT)
+ bl sg pressure. (ghetL1%6)
vilsg level  (Tip91-57e)
bl sglevel  (Ihplh%53-57e)
+il sgafvnate (aoteileali)
1}l sg afv rate {adotebleady)
rilaccrte  {adobeileacmn)
tblacrte  (wdobebleac)
vilpopopdp (Gpieldel6)
shlpmpuplp (Epbb3:T0a)
o easity el {rividh)
+ downcoever rate (gedc-400)
seore Jevel  {Iv-Ba5iB)
vpet (Hheepea)
+ Hiae step
+ tim step
+ ki
1t brk sass

til sgli

+ b sgli

tilsgm

thl sl am
2 il sgl

+ bl g2l

vil pop
+ ] pesp o

+ ¢ore void

il pog vel
+ b parp el
+ core bl temp
+ core top temp
1oyl te
vcore o ] temp



(05 tiewp 1500013
(000360 Bitep 15000LLIR
000361 woidf 1010000
(0062 eatrlvar 21 2 11 sg totad rass
00003 eotelvar 24+ B

. e ed of relagh modd dnpat dek as

A.102



= relap§ méel for the semiscale £5-11 posttest - transient run
ynbla type  opline

000030 restart  transat

%

: inpckk or o

(00010t mw

*

i ipot  ootpet (s or british)
ool beitish sl

6(11!103 382 + sfsh.oat & sfh.rst

: ted minst mrststel waj w
E\M)ZDI 1000.0 107 103 1020 80 ¢ bloown phase
: isolate the break valve at 4100 sec

OO0 time 0 le oodt 0 41000 o -10
00062 44 anf B4 & -l

3

TE0 bekvly valve

TEI0E 720000000 790000000 0.0003141 0.00.0 0100 # gjt
TS0 090 0.8 ejl

T 1 0.0 00 09

5030 bl

T 6

H

£ £0s5 walve

H

K000 iloj suglm

630101 611010000 647000006 6.003005 0.0 0.0 00
g3t 0 0.0 0.0 00

%

11 steas doee cross coasection pipe to bl stean doee
E

00 ilp pipe

f4moo1 3

B0 0008008 3
HRLBE 1
HIRHL 2
60 19.T8H187 3
bR 30 )

M 00 2
wes 900 3

Gl B0 |
w00 2
B 1978167 3
bl 6675 0.03
it 0 3
Ml 0 2

3
+ close the cross valve at 20 sec

H

0000435 time O 1t mell 0 200 2 -10
006 &0 and 5 0 -+l B
000062 624 or 64 n -1,

H
6T lble wabve

600101 6700000 746010000 0.00661 0.0 0.6 100

601 1 0.0 0.0 0.0
G700 atrvly

670301 64 65 1.0 0.0 6
t

T00 bleoj sgljn

TI0I0 TO01000 7500000 0.003003 0.0 0.0 100

T30 0 0.0 0.0 0.0
%
4000 blerp pipe

1

740001

000 0.00303
w0l

W00 1

L1

T 65675 0.0 1

8l 0 I

W 2 6m800 0000 01
+ phase |

+ open bredk walve

002 ti 0 ge mll 0001 <L

t ST
000044 p 00010000 ge mol] 0 28715 1 -1
+ iy close

(00410 tiee O go timof 4 40 1 -L
0041L time O ge timeof 44 401 -1
+ 1o coastdosn

0012 tiee O g timeof 44 201 -1
0013 time 0 g timeof &M 20 1 -L
* power decay

0040 tize 0 go tieof M 321 -1,
tsis

(0040 p 0010000 fe wll O 6355 @ -l
+ Iyis

0000450 tine O ge timeof A7 550 1 -1,
0000451 eatrlvar 6 Je el 0 5.0 2 -1,
000068 40 or Hla -l 2 gl

v win feediater styp

00004H tiee 0 go tineof 407 0.0 1 -1
0000414 tiee 0 g2 mll 0 10 1-1,
00405 tiee 0 g2 tiweof 407 0.0 1 -1,
0015 tie 0 g2 mil 0 10 1-1

+ qu feefater initiated

0I5 tine O ge tineof 407 4.0 1 L.
(00KI5 tise 0 ge timeof 47 5.0 1 -10
0D tiee O g tiseof 47 401 -1

00048 atrlvac 16 1t el 0 95,2 -]+ afeed oo

00045 time O gemall 0 600.0 2 -10



(06l 45 wddd o -1
(6 45 awddls o -1

(051 407 wd 4 2 -l
(060 47 and 47 0 -L
4

2 phase 2
H
+ gped letdows walve

00043 eotrlvar 3 g2 mld 0 330 1 -L
00005 atrlvar 6 ge ol 0 250 0 <L+ open Il wES
0005 cotrlvar 6 e mll 0 250 & <L 2openchgw

H
000! Had &6 0 -l
(00657 4B B0 -1

{1000 ilchy tdpjun

4150001 425000000 400000000 0,008
4150 1 6l

oS00 00 0.4 0.0 0.0
1022 100 0.64 0.0 0.0
1023 2000 0,051 0.0 0.0
{14 2900 0.0 0.0 0.0
{15t -10 0.0 0.0 0.0
{33 0.6 0.0 0.0 0.0
4158 10000 0.0 0.0 0.0
4502 100 0.0 0.0 0.0
JI5025 200 0.0 0.0 0.0

1

25000 ilchey tadgvol

2500 100 0.0 0.0 0.0 0.0 0.0
2500 00 00 0

290 3

501 00 200 8.0

SIS0 blche tadpjen

SIS0I00 SCB000000 0000000 0.00:685
SIS0 1651 p 0000
SIS0 0.0 0.007% 0.9 0.0
S0 1300 0.007% 0.0 0.0
S0 2000 0.007% 0.0 0.0
SIS 2300 0.007% 0.0 0.0
0 1 6t

SI0201 -10 0.0 0.0 0.0
S 0.0 0.0 0.0 0.0
S K00 0.007% 0.0 0.0
S l0i0 00 0.0 00
S5 200 00 00 00
H

S0 blchey tadol

S0 0.0 100 0.0 00 0.0 00
% 00 00 6

S0 3

L 0.0 20 0.0

%

+ stboooled margi cootrol

3

L0 sibea s L0 00 0
L5001 0.0 10 sabterp SOEOKED
200 -L0 teyf 201010000

U letdosn Eodpjin

L0001 261000000 246000060 0.0049%
400 16 .
4 -1.0 0.0 00 0.0

w2 00 0.04 00 00

U8 1000 0.04 0.0 0.0
U4 1WL0 0.0 0.0 00

%

U000 Jetdusk tadpval

2450101 1.0 10 00 0.0 00 00
4500 4045 00 ®

245070 3

24001 0.0 B0 0.0

+ 3y control

(0032 p GROOIECOD g2 el 0 JOOO0 n <L
006 eatelvar 5 ¢z mall 0 950 0 -L

(006! 430 od &4 0 L
Q0T 42 od &40 L
1

+ phased efill
]

H

# change bys perforsance data 431, eos
%

410000 ilbpi_sj tfpjua

3 L.

' fm b jmim
4100101 420000000 400000000 - (04052

t diflp  top  tdle  wolme
410020 I 0B p 20100

31

* presipsia)  flowf  flowg
0 L0 0 00
I 00 0% 00
S0 90 0 00
S0 100 00 00
05 100 00T 00
S0 200 0B 00
400 W0 00 00
S0 050 008 00
S0 R4 M 00
o0 W60 005 00
LAV v/ T K /A )
02 MO0 00m% 00
0B B0 00U 60
04 U0 00EN 00
J05 Ime 06 0.0
4100mt -10 6.0 0.0 0.0

e 00 0.0 0000

08 1.0 0.08 0.0 0.0
Q0 RS 0055 0.0 00
005 RS 0.00 0.0 00

wlj

00
04
0.0
0.4
0.
00
0.
0.
0.0
0
00
0.0
0.0
0.0
04



f0%6 L0 0,08 00 00
a0 gL 0.024000.0 0.0

4008 SN 0.038 0.0 0.

0

1009 580 0.0 0.6 0.0

4l %L 0055 0.0 0.

0

o s 0.0 00 00
e 139 0.0%56 00 00
R g 0.0038 00 00

1Ry 808 001813 0.0 0.0
40015 11235 06,0180 0.0 0.0
400 1RO 00148 0.0 00
4002 1m0 0.0 0.0 0.0
dims 180 0.008 0.0 00
40018 Wm0 00071 6.0 0.0
400 4%0 00050 0.0 0.0
001 100 0.0 0.0 00

4102 106 00 8.0 00

S0 blbpisj  txcpjm

H

* fm b jmae
5100101 520000000 500000000 0.00%6%
*

' lfly  trp table wlme
S10020 1 6 p 00000
%

t pesipsia)  flwf  flwg  wl)
SI001 10 0.0 00 00
S10 00 00 00 00
10023 XX 1 1
11 S A A1 X R
S ®LY 00w 00 00
swxe e oo 00 00
ow ™o o 00 0d
R g0 00m 00 00
11 T 1 v 11 S X
e 4o 0w 00 0l
swel use emm 00 0l
s 80 oSt 00 00
B s 0 00 00
s M0 0 00 00
s ue0 0om 00 00
S 10 000 00 . 00
om0 00 0 00
6010000 isgict separatr

gt 30

B0I0I01 0.0 07816067 0.45%I 0.0 9.0 0.7I6GT

R0 666575 0.0 0
f0l020 2 885 03

QOLLI0] GIN000 622000000 046057 0.0 0.0 002 0.3
G0L2100 S0I000 0200000 0. 468072 100.0 100 (082 0.15
013101 60010000 OI000000 .5358713 0.0 0.0 000

oum .9 LR 00
QL 10 0.0 0.0
s 16 160 0.0
H

« sfl1 trip changes

(001 time 0 g2 nell 0 800 1-10
(00006 tiee 0 ge ool 0 0.0 1-10 » ¢jl

GT6U0 dotbek dntegral 10 0.6 0
0T sfloyj  TESON0
%

+ 3] purp trassient controller

]

W50 ilpmspd fuoctioe BHT7 0.0 1
25501 tiee 0 )

X500 Dlpepspd fezction 192,32 0.0 1
255001 tie 0 30

E

+ restart pp
Ed
(003 i 0 geomll 0 40000 1 -10

L5500 ilpegrs function 5.0 0.0 1
501 tie 0 20

Q0 rect 48
Qs <10 10
2 08 10
7 1o L0
s 400 10
Qs 410 0.0
qusIe 1.0 00
Q70 00 1
2058 A0 10
Qs Ao 10

x

00049 tiee 0 ge mll 0 001 -1
2050 varpmer fuction 6.9 0.0 1
2001 tiee 0 %9

2000 purpoer sm 10 0.0 1
20001 0.0 L0 cabeliar %5
200 poer 49 10 L3
a1 09 10

s -1 00

Q2 00 10

2200 0.0 10

200 1.0 0.0

H

 delete par level controller
¥

B0 WY delete 0.00.00.00.0000.0
10 parerr delete 0.00.00.00.00.00,0
200 pureorr delete 0.00.00.00.00000
200 purfy delete 0.00.00.00.00.000
# elete par cocponent

Q1000 purspry delete

Q000 parspre delete

E
(018 p SR00000 ge call O 2500 2 -1
9100000 perspry - tadpjm



Si000] 9Py G .02
a0 1 43

gt -1.0 0.0 0.0 0.0

gz 0.0 0.0 0.0 20
9003 0.0 0.008 0.0 0.0
90 3010 0.0 0.0 0.0

Q0000 parsw tadpol

il 0.022 1.0 0.0 00 0.0 0.
0 0.0 00 0

e 3

Q01 0.0 2400 &.0

H

BN prsrv elete

Y00 prsdv delete

S0 purlly delete

B0 parlvlj delete

G0 Y delete

LU0 tadprz delete

# delete s/g level controller

TN W delete 0.00.000000000
T ileerr delete 0.00.0000.00000
2500 ilacorr delete 0.00.00.0000000
TR0 ilsgls delete 0.00.00.00.00.000
2010 ilsgfe delete 0.00.00.00.00.00.0
OB ircrer delete 0.00.0000.00000
B0 dcr  delete 0.00.00.0000000
J5T60 419 delete 0.00.00.0000.00.0
J50T0 leerr delete 0.00.00.00.00.000
Z5TR0 blacorr delete 0.00.00.00.00.000
J6780 bisgls delete 0.00.00.0000.000
Z6T00 blsgfv delete 0.00.0000.00.000
JET00 brerer delete 0.00,00.00.00000
JETN berer  delete 0.00.00.00.00000
T30 perr  delete 000000000000
IR0 dperr  delete 0.00.00.00.00000
T30 posipdt delete 0.00.00.00.00.000
U0 neghpit delete 0.0000.0000000
T340 open  delete 000000000000
JE30 close  delete 0.00.000000000
50 nte  delete 000000000000
Q%3N0 posn  delete 0.00.00.00.00.000
00 perr  delete 0.00.0000.00000
BB dperr  delete 0.00.0600000,000
257320 posdpdt delete 0.00.00.00.00.000
T6TI00 negtpit delete 0.00.00.00.00.000
R0 oper  delete 0.0000.00.00.000
TE0 close  gelete 0.00.00.00.00.00.0
TR0 mte  delete 0.00.00.0000.000
50 posa delete 0.00.0000.00.000
%

+ e statistics

t

IS0 oldtise s 1.0 0.0 0
B0 00 10 otrlar ®
50 setine sm 10 0.0 0
250 0.0 10 tie 00

JABI0 tstep 5w 10 0.0 0
L8101 0.0 -1 otelvar
ORI 10 ot ®

B0 dsgafij tadpjmm

BIE0I0L G200 601000 0.012
fLE0 1 6% .
b1 10 0.0 0.0 0.0

602 0.0 0.0510 00 0.0
60 4000 0.061.0.0 0.0
bl 4010 0.0 0.0 0.0

. .
U0 isgrv valwe + Simlated adv

G010 BLIOIONND G400000(H 0.00%%2 0.0 0.0 100

6001 1 0.0 0.0 0.0
B0 bl
8451 6l

TR0 bscafj tadpja

TE00) 728000000 725000000 0.004
000 1617

TR0 -10 0.0 8.0 0.0
00 0.0 000 0.0 00
T80 200000 60 60
T 30 0.0 0.0 00
26205 200 0.0 0.8 0.0
TR06 4010000 0.0 0.0
TI0007 6%00.00.0%0 0.0 0.0

P 1i4] vilre * simlated b afv

THOIOL TODIO000 74000000 0.0 0.0 6.6 100

Tl 1000000
TH0 by -
[£: 1))

250 Bnrte 42 10 3.5%01
174)) R RN
/) /A N
m 04 056
M By 0%
s 0
Q206 24 08
i 64 019
/a) Y N
508 000 0.0

250 btorte 43 10 K
) R U N
w00 1
;36 0W
m ns s
0 A8 0
6 B4 03
Q60 03
QIR 63 0
QI8 400 000
H



s Ipis set poist tise
Mn p SO0 It mll 02001 -L
*

+ ai{ sg min f comorent

60000 isgfij Eadpiun

6100101 620000000 E030I00CD  0.012
Bl000 144

6100201 -1.0 180 0.0 0.0 + 9L05.G8 ejl
b0 0.0 18078 0.0 00

H0020 240 130% 0.0 00

G004 2.0 00 0.0 0.0

b 4

TN beofi tedpim

20D 24000000 72000000 0.0
T 1 4B

T -0 0% 0.0 00
7 0.0 0.5 0.0 0.0
T8 U0 0518 0.0 09
T %0 00 0000

g

S0 isglj tapjm

AGI0101 6LI010000 60000000 0.007
£35000 1 40

B30 -1.0 0.0 0.0 0.0
£ 0.0 00 13 00
S0 D000 18 0.0
83504 510 0.0 05 0.0
S5 0.0 0.0 05 0.0
1535006 2310 0.0 0.0 0.0

[

R isgdj valve

G301 GLI01000 650000000 0.007 20467 24.67 10
8351 100 1.7 0.0
R0 atrvle

6350301 403410 01 0.2067 0

H

T bsgdj walve

TS0 700000 750000000 0.007 102.% 02.% 10
701 1 0.0 0.51% 0.0

TS0 atrvly

TS0 M 2 0.0 0

1

1 trigs — trip cancellation card 410 variable trip cards 401-359 4+
#  ~ rip stop card 60 logical trip cards G014 »
000042 discard

000463 discard

00004 discard

005 discard

0000652 48 discard

0000653 48 discard

b3

072 discard

003 discard

0004 discard

0000473 discard

0000672 48 discard

(000673 409 giscard
1

]

+ mnor edif varighles
3

%

0000301 effovj 725000000
0oe p  TOHI000
000303 p  GOI0IO00
000004 eflow] 670000000
f0035 atrlar 3l
W06 cotelvar 21
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