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Question CS430.89

(10.3) As explalned In Issue No. 1 of “UREG-0133, credit It taken for all
val ves downstream of the Maln 5Steam Isolation Yalve (MSIV) to |imit
bl owdown of & second steam generator In the event of a steam |Ine
break upstream of the MSIV. In order to confirm satisfactory
performance following such a steam |Ine break provide a tabulation and
descriptive text (as appropriate) In the PSAR of all flow paths that
branch off the main steam | Ines between the MSI!V's and the turbine
stop valves. For each flow path originating at the main steam | Ines,
provide the fol!owing Information:

a) System ldentification

b) MaxImum steam flow In pounds per hour

c) Type of shut-off valve(s)

“ size of valve(s)
Qual Ity of the valve(s)

f) Deslign code of the vaive(s)

Closure time of the valve(s)

h) Actuation mecharlism of the valve(s) (i.e., Solenold operated
motor operated, alr operated diagram valve, etc.)

1) Motive or power source for the valve actuating mechan!sm

In the event of the postulated acclident, termination of steam flow
from al| systems ldentifled above, except those that can be used for
mitigation of the accident, Is required to bring the reactor to a safe
cold shutdown., For these systems descr!be what design features have
been Incorporated to assure closure of the steam shut=-off valvel(s).
Describe what operator actlons (If any) are required.

If the systems that can be used for mitigation of the accldent are not
avaliable or declslon |s made to use other means to shut cown the
reactor describe how these systems are secured to assure positive
steam shut-off. Describe what operator actions (If any) are required.

If any of the requested Information Is presently Included In the PSAR
text, provide only the references where the Information may be found.

Response

Sectlon 15.3.3 of the PSAR addresses steam or feed |Ine pipe break event
(updated and attached). Section 5.5 of the PSAR describes the design of the
steam generator system. An updated | Ist of steam generator system valves data
In provided In the revised Section 5.5.3.4 and fligure 5.1-4,

QCS430.89-1

Amend. 69
July 198




Page - 1 [8,22] #47

Power operators shall be sized to operate successful ly under the maximum
differential pressure determined In the design spsciflication,

The ma!n steam Isolation valves (superheater outlet Isolation vaives) are
capable of belng closed to stop the venting of steam Into the steam generator
or turbine bulidings In case of a steam |Ine plpe break downstream of the
Isolation valves., The maximum steam flow rate Is expected from a steam |Ine
break Immediately downstream of the Isolation valve., The disc and stem will
be designed tc withstand the forces produced when closing the valve under
choke flow condltions,

Figure 5.5-2A shows a main steam Isolation valve. It Is a conventional gate
val ve to provide a minimum resistance flow path when the valve Is wide open.

A closed system hydraullc-pneumatic operator, shown In Figure 5.5-28B, Is

~=~ t4nd for opening and closing the valve during normal operation or durling
val ve exercising. Upon loss of electrical power, the pneumatic and hydraullic
solenolds are opened by springs, which causes pneumatic pressure to shuttie
the valve operating cylinder. The oll below the valve operating cylinder
returns to the reservolr through the pllot check valves, which are p!.oted
open by pressure acting through the hydraclic soisnold valves. The gate valve
Is accelerated during the Inltial perlod of the blowdown and |s decelerated at
the end of the closing stroke by a hydraullc damper which enables soft seating
of the gate while providing fast closing of the valve. A pressure compensated
flow regulator ensures unlform closing times over varlations In ioad.

Position switches are provided to Indlcate gate position remotely. The valve
Is repositioned by energlzing the motor and solenolds.

A superheater bypass valve Is Installied In parallel with the maln superheater
outlet Isolation valve and check valve for use during p!ant startup for
preheating the BOP steam |ines and fol lowing plant shutdown to malintain the
BOP pressurized. This Is an active valve, designed to fail closed.

Each valve used In the SGS will be evaluated as to Its performance relative to
plant safety and mode of operation In the event of fallure (fall open, fall
closed, etc.). As part of these evaluations, the need for a pneumatic
accumulator adjacent to a valve and solenold requirements for emergency
operation wil| be determlned.

Jests and Inspections

Line valves wil| be shop tested by the manufacturer for performance according
to the design speclfications for |eakage past seating surfaces and for
Integrity of the pressure retalining parts. Selected |ine valves will be
manual |y operated during loop shutdown perliods to assure operabl|lty,

5.5.2.3.2 Reclrculation Pumps

The reclirculation pump will be 2 single stage, centrifugal type, driven by &
constant speed, 4.0 Kv, 1000 HP motor, It will take suction from the steam

drum, and provide 2.22 x 106 pounds of water per hour to the evaporators.

The pump and Its support wil| be designed and fabricated per ASME Section II1,
Class 3 as shown In Tabie 5.,5-6.

505-7
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Safety/power rellef valves are Installed on the outlet |Ine of the evaporator
unlts, on the steam drum and on the outlet |ine from the superheater., These
velves al | meet the requlirements of Section Il of the ASME Boller and
Pressure Yessel Code for protection agalnst overpressure, Table 5.5-8
Indlcated design pressures and valve settings for the steam generator
safety/rellef valves. Additional valve data Is providec In Table 5.5-8a.

©.5.3.5 Steam Generator Module Characteristics

Each evaporator module wil| produce 1,11 x 106 Ib/hr of 50% quallty steam from
subcooled water. Each superheater module wil| produce i.11 x 106 Ib/hr of
superheated steam from saturated steam. The thermal hydraul Ic normal design
operating condltions are glven In Table 5,59,

The steam generator modules wil| suppiy *he turbine with steam at design
conditions over & 40% to 1008 thermal power operating range for both clean and
fouled conditions., The steam generator modules are alsc capable of removing
reactor decay heat wlth the natural convection In both the Intermediate sod!um
loop and the reclirculaton water |oop.

This hockey stick unit Is of the same basic design as that of the Atomics
Internat!onal=Modul ar Steam Generator (AI=MSG) unit which was tested In a test
program carried out at the Sodlum Component Test Installation. The Al=MSG
employed a 158-tube module with an overall length of 66 feet, as compared to
the 757-tube CRBRP Steam Generator which has an overal| length of 65 feet,

The Al-MSG heat exchanger was operated for a total of 4,000 hours Including

operation both as an evaporator (slightly superheated steam out) and as a once
through evaporator-superheater (from sub-cooled liqulid to completely
superheated steam).

The Al=-MSG served as a proof test of the Al prototype hockey-stick steam
generator design. The unit was operated for 4,000 hours under steaming
condltions; all of these 4,000 hours, the unit was at the same +emper ature
level at which the prototype wil| operate, with & steam pressure equal to or
greater than prototype conditlions, Table 5.5-9A compares varlous design
operating conditions for the CRBR® Units to the AlI-MSG, and | Ists the number
of hours which the Al=MSG operated under respective conditions, The Al=-MSG
operated at steam pressures equal to or greater *han the CRBRP Units for
essentlal ly the who!e 4,000 hrs., and at CRBRP superheater Inlet temperature
for 750 hrs.

Since the Al=MSG unit was operated In the once-through mod, simultaneous
simulation of both Inlet and outlet CR3RP conditions for the separate CRBRP
evaporator and superheater units was not achleved, but operation over the
CREBRP temperature and pressure range was achleved on both the sodlum and steam
conditions for signlficant portions of the test,

Amend, 69
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TABLE 5.5-8A
YALYE DATA SUMMARY
(a) (b) (c) (d) (e.f) (g) (h) o
VALVE IDENTIFICATION MAX "SME
STEAM GENERATN® FLOW SIZE SECTION 111 CLOSURE TIME ACTUATOR POWER
SYSTEM Ib/hr TYPE INCHES DIVISION SEC MECHAN ISM SQURCE
Superheater Gate 16 Class 3 3 max., Electro-Hydraulic 1E Electric ®
Outlet (53SGV012) 1.11x106
Superheater Flow * Class 3 3 max. Electro-Hydraul lc 1E Electric *
Bypass (53SGV016) 3.41x104 Control
Superheater Gate 12 Class 3 3 max, Electro-Hydraul ic 1E Electric *
Inlet (535GV011) 1.11x106
Evapor ator Gate 10 Class 3 3 max. Electro~Hydraul lc 1E Electric
Inlet (535GV008) 1.11x106
Steam Generator Bldg. Gate 10 Class 3 3 Electro-Hydraulic 1E Electric®
Feedwater Inlet
Isolation (535GV001) 1.22x106
Main Feed Water Flow 10 Class 3 5 Alr Diaphram Instrument Alr
Inlet (52SGY002) 1.22x106 Control
Start-up Feedwater Hlow 4 Class 3 5 Alr Dlaphram Instrument Alr
Inlet (535G6v003) 2.44x105 Control
Steam Drum Drain Gate 6 Class 3 3 Electro~Hydraul lc 1E Electric®
Valves (535GV014, 15) 1.1x103
*Active Function (Safe Position) Is 1E Electric
5.5-50a el

July 1982



rage = & LB,22) 147

Flgure 5.5-2A. Malin Steam|ine isolation Valve (Superheater Isolation Valve

Outiet)
See Figure 5.5-2B for valve
operator schematic
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Figure 5.5-2B Operator Hydraullc~Schematic (Shown In Blowdown Model)
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effecting the three steam supply systems and Is provided If needed on a per
loop basls, By definition, this zone of protection wiil Include the high
pressure steam supply system downstream from the Individual |oop check val ves.

7.4.2.1.2 Equipment Design

A high steam flow-to-feedwater flow ratio Is Indicative of a maln steam supply
leak down stream from the flow meter or Insufficlent feedwater flow. The
superheater steam outlet valves shall be closed with the appropriate signal
suppl led by the heat transport Instrumentation system (Section 7.5). This
actlon wii| assure the Isolat!ion of any steam system |eak common to all three
loops and also provide protection against a major steam condenser leak during
a steam bypass heat removal operation.

7.4.2.1.3 Ipltlating Clrcults

The 0S1S Is 'nitiated by the SGAHRS Initiation signal described In 7.4.1.1.3.
This Initiation signal closes the superheater outlet Isolation valves In all 3
loops when a High Steam-to-Feedwater Flow Ratio or a Low Steam Drum Water
level occurs In any loop. In each Steam Generator System loop, the trip
signals for High Steam-to-Feedwater Fiow Ratio and the Low Steam Drum Water
level are Input to a two of three loglc network. |f two of three frip signals
occur In any of the 3 loops, SGAHRS Is Inltiated, and all 3 loops are Isolated
from the maln superheated steam system by closure of the superheater outlet
Isolation val ves.

7.4.2.1.4 PBypasses and Interlocks

Control Interlocks and operator overrldes assoclated with the operation of the
superheater outlet Isolation valves have not been compleiely def Ined.

Bypass of 0SIS may be required to allow use of the main steam bypass and
condenser for reactor heat removal. In case the 0SIS Is Initiated by a |eak
In the feedwater supply system, the operator may decide to override the
closure of certaln superheater outlet Isolation valves.

7.4.2.1.5 Redundancy and Diversity

Redundancy !s provided within the Inltiating circults of 0SIS. The pr Imary
trip function takes place when a high steam-to-feedwater flow ratio Is sensed
by two of three redundant subsystems on any one |evel sensed by two of three

7.4-7
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redundant channels In any one |oop provides a backup trip function,

Addl tional redundance Is provided by three Independnt SGS steam supply loops
serving one common turbine header. Any major break In the high pressure steam
system external from the Individual !oop check valves will be sensed as a
steam feedwater flow ratio trip signal In all three |oops.

7.4.2.1.6 Actuated Device

The superheater outlet Isolation and superheater bypass valves utilize a high
rel labl| Ity electro-hydrau! ic actuator. These valves are designed to fal
closed vpon loss of electrical supply to the control scolenold.

7.4.2.1.7 Separation

The 0S1S Instrumentation and Control System, as part of the Decay Heat Removal

€ ~+em |s designed to malintain required Isolation and separation between
redundant channels (see Section 7.1.2).

7.4.2.1.8 Qperator Information

Indlcation of the superhecter outiet Isolation valve position Is supplled to

the control room. Indicator |lamps are used for open-close position Indication
to the plant operator.

7.4.2.2 Design Analysis

To provide a high degree of assurance that the OSIS wiil operate when
necessary, and In time to provide adequate Isolation, the power for the system
Is taken from energy sources of high rellabllity which are read!/ly avallatle.
As a safety related system, the Instrumentation and controls critical to 0SIS
operation are subject to the safety criteria Identiflied Iin Section 7.1.2.

Redundant monl toring and control equipment will| be provided to ensure that a
single fallure will not Impalr the capabllity of the 0SIS Instrumentation and
Control System to perform its Intended safety function. The system wiii be
designed for fall safe operation and control equipment, where practical, will
assure a falled position consistent with its Intended safety function.

7.4.3 Remote Shutdown System

A Remote Shutdown System Is provided. |t consists of the following
provisions:

Amend. 69
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10.3 MAIN STEAM SUPPLY SYSTEM
The Maln Steam Supply System Is shown In Figure 10.3.1.

10.3.1 Design Bases

The Maln Steam Supply System Includes steam piping and components downstream
of the steam plplng anchor at the steam generator bullding penetration and
conveys superheated steam from each of the three steam generator loops to the
high pressure turbine. Each steam generator loop Is doslgud to furnlsh
approximately 1,110,000 pounds per hour of 1535 psig, 906°F steam at the
superheater outlei nozzle.

The portion of the Maln Steam Supply System downstream of the plping anchor at
the steam generator bullding penetration up to the turbine stop val ves and
Including the turblne by-pass plping Is designed to ANSI B31.1. The plping
and component upstream of that point are safety related and designed In
accordance wlth ASME Code Sectlion Il| as dlscussed In Section 5.5. Piping
downstream of the turbine by-pass valves and the Isolation valve for the steam
seal regulator are designed In accordance with ANS| B31.1, or manufacturer's
standard. This portion of the system has no safety function, accordingly, no
speclal precautions have been taken for protection fram environmental effects.

A turbine by-pass system bypasses up to 80 percent of the rated steam flow
(975 MWt) directly from the maln steam header to the condenser and the
deaerator.

No safety-related equipment Is located In the turbline bullding. Therefore, 2
maln steam |ine break cannot Jeopardize any safety-related equlpment. The
ventl|ation system for the turbine generator building Is not safety-related
and effluent resul ting from a main steam |Ine break will not affect the HVAC
system for any vital area.

10.3.2 QDescription

Three separ:te |ines convey the superheated steam from the three steam
generator lowps to the maln steam header. Following temperature and pressure
equal Ization In the main steam header, the steam Is carried to the turbline by
four parallel plpes. Each of these pipes contalns a stop valve and a turbine
governor control valve.

The turbine bypass Is connected to the main steam header |ocai:d before the
turbine stop valves. Figure 10.3-1 shows a dlagrammatic arrangement of the
Main Steam Piping Systam.

10.3-1
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15.3.3 Extremely Unlikely Events
15.3.3.1 Steam or Feed Line Plpe Break
15.3.3.1.1 ldentiflcation of Causes and Accldent Description

The breakage of a steam or feed pipe In the steam generator system Is
considered an extremely unllkely event. |f such a break should occur, the
resul ting accldent might have one of several forms, depending on where the
break Is located In the system, Its size and whether or not It Is Insolatable.
It should be noted that a reactor frip by the Plant Protection System will
shut down the reactor before any of the steam system temperature changes have
been transported back to the reactor core (at pony motor speed approximately
150 seconds) hence no problem results with immediate reactor safety. The
event Instead Is considered In the plant deslgn for Its effect on plant

~* service |lfe through therzi! ‘rl.sicni-induced stress.

The plant has Incorporated design features to protect agalnst the steam |lne
break. For Instance the Superheater Outlet Isolation Valve and Superheater
Bypass Valve In each |loop are active valves and wlll close within 3 seconds
following a steam |Ine break. Closing of these valves In the falled loop will
prevent blowdown of more than one loop through the postulated plpe break.

The valves In the falled loop will close by elther a Low Superheater Outlet
Pressure (< 1100 psig) or a High Steam/Feedwater Flow Mismatch. When a high
steam/feedwater flow ratio occurs, the Superheater Outlet Isolatlon Val ves and
Superheater Bypass Valves In the other two ioops will close. A detalled
description of the Outliet Steam Isolation Subsystem (0SIS) Is presented In
Section 7.4.2. The superheater Outlet Check Valve provides additional back-up
to prevent blowdown but Is not relled upon In any analysis. The Superheater
Bypass Valve Is normally closed durlng operation,

In the event of fallure of an active valve to close, the Superheater Outlet
and Bypass Valves In the other two loops preclude thelr blowdown.

Breaks at the following locatlions have been Investigated:

a. Malr steam |lne rupture.

b. Steam |ine from a superheater to the main steam header

c. Saturated steam |Ine between the steam drum and the superheater.

d. Feedl Ine break

e. Reclirculation |Ire break
The saturated steam |Ine break has been selected as the most severe thermal
transients of the events presented above. Analysis results for this event are

presented In Figure 15.3.3.1-1., All of the above cases are summarized as
follows:

Amend. 69
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Maln steam |ine rupture:

A steam break at the maln steam header would, If not isoiated, produce 2
severe cold |eg temperature transient In all three |oops consisting of a
down transient due to Inltlal excess cool ing followed by an up-transient
after dryout. It Is not plausible, however, to assume that Isolation
would fall to occur In all three loops, hence for case (a) autamatic
Isol atlon was assumed at three seconds with Isolation Inltiated by the
Pl ant Protection System (PPS).

15.3-38a
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Once the superheater outliet Isolation valves close, the plant achieves a
new operating polnt based on steam load through the safety valves and
hence no other excessive plant temperatures are produced. As noted below,
a reactor shutdown Is Initiated by the PPS based on el ther the primary
shutdown system {steam/feed flow mismatch) or secondary system (Low Drum
Level), terminating high power operation before excesslive |oss of (ater
Inventory. Elither the high steam-to-feedwater flow ratic or the Lo Steam
Drum Water Level Trip also activates the steam generator aux!|'ary heat
removal system (SGAHRS) as noted below and discussed In Sectlior 5.6. Al!
three loops would provide heat removal from the core. With the superheat
steam |ine Isolated, pressure In the steam system wl!l| bulld up to the

rel lef setpolnt. The drum water level wiil drop due to steam venting and
the low steam drum water level frip will then activate SGAHRS 1f It has
not been activated earller In the fransient by the High Steam to Feedwater
Flow Ratlo.

Rupture In a Steam LIne Between a Superheater and the Maln Steam Header:

This event results from a break occurring In the superheater exit steam
| Tne upstream of the Isclation valve. A similar event follows from a
break downstream of the Isolation valve (Including a break In the maln
steam |Ine) If the Isolation valve falls to close. For these cases,
Isolatlon can stil| be effectively accomplished by the superheater Inlet
Isolation valve, elther by manual ini*lation or autamatically when steam
drum pressure falls below 500 psig. Consequently, a break In the
superheater-to-header |ine has an effect simllar to the preceding main
steam |ine break case, but Its effects are |Iimited to a single loop.

Saturated Steam Line Break:

In the saturated steam |Ine break, case (c) above, the break may be
|located such that |oss of water In the affected steam drum cannot be
prevented. Isolation valves on the modules could still be closed, but

safety valve outflow will still lead to module dryout. Consequently, no
credit Is taken for Isolation In these cases.

As steam |s removed from the system by the break, Increased flashing of
water Into steam within the steam generator occurs, removing additionai
heat and causing the sodium temperature Inltlally to decrease at the
evaporator exlt., A plant shutdown, when Initiated by low steam feed flow,
wil|l cause coastdown of the Intermediate sodium pump, and hence wl!l|
anplify the Inltial decrease In evaporator exit temperature.

Subsequently, when most of the molsture has been discharged fram the steam
generator, both evaporators and superheater wlll dry out, and the
evaporator ex!t sodium temperature wiil Increase to approach the
Intermedlate hot |eg temperature. The cold leg temperature Increase will
eventually be transported back to the reactor Inlet, after belng conducted
through the IHX of the affected loop. Due to extended transport delays at
pony motor flowrates, the temperature Increase

15.3-39
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An al ternate location for this break Is at th: exit of one evaporator
module. Closure of the other Isolation valves, Including the Inlet valve
on the affected module, would lead to a dryout of the generator similar to
previous cases. |f the Inlet Isolation vaive on the modul e does not
close, the contents of the drum would be dumped through the affected
modul e, producing a severe temperature down-transient on that module. The
remalning module will dry out and Its resul ting Increase In sodium ex|t
temperature will mix with that from the faul ted module to attenuate the
net Intermediate coid |eg temperature transient,

For the steam and feed break cases, the following conditions have been applied
+o assure a conservative analysls:

a. The largest possible break size Is assumed, corresponding to the full
gulllotine severance of the pipe Involved.

b. The ear!lest PPS trip Is used to predict the |argest span for the
sodlum temperature transient for cases In which the Intermediate cold
leg temperature Is considered.

c. The transients were run from a starting point at the 1121 MWt reactor
power design condition (stretch power).

d. Credit has not been taken for heat storage In shell and structurai
metal In active or unheated parts of the modules In mitigating the
thermal transients. Credlt was taken only for 758 of the tube metal
In the heated part of the modules.

e. No lsolation was performed on the affected unlt during the drum to
superheater break, feed break and recirculation | Ine break cases ard
the steam generator was allowed to go to full dryout.

The action of the Plant Protection System (PPS) In the above cases Is the
following:

Primary Shutdown System
a. Reactor and plant trip - steam-feedwater flow ratio
Secondary Shutdown System

a. Reactor and plant trip - high evaporator outlet temperature

15.3-41
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Question C5490,24

The W-2 test Is a slow, overpowered test (about 5 cents/s ramp rate) conducted
on full length FFTF geametry fuel pins In the Sodium Loop Safety Facllity
(SLSF) by the Hanford Englneering Devel opment Laboratory (HEDL). |t has not
been fully examined or analyzed; nevertheless, the test has several Important
Impl Ications for the CRER.

First, there Is the puzzle of very early cladding breaches, possibly as early
as ten seconds Into the transient, and w!th a breach definitely conflrmed at
about 15 seconds Into the transient. These early fal!ures were unexpected
because of the low fluence that had been accumulated by the cladding.

Second, gross fuel expulslon cccured about as predicted by all of the
prediction methods (as to time) at about 22 seconds Into the transient.
However, the site of the expul sion was apparently at axial midplane, which was
unexpected.

Third, 1t Is specul ated that the site of expul sion may have been Influenced by
the early fallure, which Is presumed to have occured at midplane.

The appl Icant Is requested to comment on: 1) the Implications of the early
cladding breaches with respect to the adequacy of performance evaluation
models In cladding fallure criteria being used for the CRBR, and 2) the

impl Ications of the midplane site of the fuel expulsion and of the Influence
the early fallure may have had on the location of the site, for beyond-design
energetics.

Response

1) Evaluation of the W-2 Sodium Loop Safety Facllity (SLSF) test was not
intended to be used by the CRBRP as a primary requlsite to test the
val Idity of the CRBRP methodology In pred!cting Inciplent fallure
threshold (time). Since the completion of the test, considerable effort
has been expended by the safety community reviewing the test results,
however, complete test examination and Interpretation of test instru-
mentation has not been reported In the open |Iterature, although a
prel Iminary data report is avallabie. Once the W-2 test has been fully
examined and |t can be determined that the test will provide a useful
benchmark relative to predicting cladding breach initliation, the Incipient
fallure threshold time can be evaluated using the CRBRP methodology. A
schedule for the release of the avallable testing Information will be
provided to NRC by July 31, 1982.

2) The TOP event with fuel expulsion at the core midplane has been znalyzed
extensively, and the results are documented In Reference QCS490.24-1. The
analyses have shown that the midplane fuel expulsion would not result In a
sustalned superprompt critical excursion, whether fisslon gas or fuel

QCS490.24-1
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vapor pressure causes the fuel expulsion. Reference QCS490.24~1 also
contalns the results of an alternative SAS/FCI analysis to provide Insite
Into the margin avallable. This less rigorous analysis assumed the
superprompt critical excursion based on SAS/FC| calculations at near
prompt crit!cal, despite the fact the SAS/FCI calculations at such
conditions were consldered unrsallstically conservative (Reference
QCS490.24-2). The resulting work energy was calculated to be 33 MJ at
sodlum Impact with the reactor head, which Is well below the SMBDB value
at 101 MJ.

The NRC question speculated that the site of fuel expulsion In the W-2
test may have been Influenced by the early cladding breach which was not
predicted by current analytical models. This implies that the fuel
expulsion site may not be determined accurately within the current
models. To address the Implication, PLUTOZ calculations have been
performed to confirm that the midplane fuel expulsion, which has been
analyzed as mentioned above, Is the most energetic case. The results of
these PLUTO2 calculations are plotted In Figure QCS490.24-1. Examination
of Flgure QCS490.24-1 shows that the midplane fuel expulsion ylelds
essentlal ly the highest peak positive reactivity feedback from fuel
motlon. Therefore, It can be sald that an early cladding breach may
cause at worst fuel expulsion at the midplane, which has been analyzed
from the standpoint of the whole core response (Reference QCS490.24-1).
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Figure QCS490.74~1
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