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Question CS760.7

Are there any |tems that should be addressed or have been Included In the CREBR
design resulting from the lessons learned from the TM| accldent?

Response

The lessons learned from TMI have been careful ly reviewed and appropriate
actions have been Initlated. Lessons |earned from the TMI accldent bcing

addressed for the CP, and thelr Inclusion In the CRBRP design, are dlscussed
In Appendix H to the PSAR,

QCS760,7~1
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Question CS760.9

Table 15.1.3-1, page 15.1=94 In the PSAR, |lIsts PPS trip levels and/or
equations. Several of the terms are not deflined, and no Indication of uiilts
Is glven for those that are defined. Please supply definitions for all terms
Including units. Please also Indicate the level for each that |eads to the
|etest trip., Provide the Impact of the new settings on the frequency of
occurrence of eveats., Do these changes Impact the duty cycles used for plant
design?

Response

The varlables of Table 15,1.3=1, page 15.1-84, eare def Ined on page 15.1-95,
The term "S" represents the Laplace Operator, 4 variable expressed as a2
function of S Is written In the frequency domain,

The unlts on single trip level subsystems are defIned In the Table. For
multiple trip level subsystems whose performance |s glven by & trip equation,
+he variables are normallized (l,e., 1.0 = 100%).

For single trip level subsystems, the Table Indlcates the |atest trip value.
For multipte trip level subsystems, the iatest trip varies as deflned by the
trip equations, Each accldent analyzed In the Section 15 Safety Analysls
ldentifles the |atest trip level assumed In the analysls.,

The various trip functions with thelr respective trip settings are prov!ded
primarily for the PPS diverslty and redundancy such that dlfferent types of
fault events are adequately protected against. They are not considered to
have any Impact on the frequency of occurrence of the events speclfled.

The Plant Duty Cycle Is a set of conservative transients which provide an
envelope for plant operating condltions. Trip settings assumed In the Duty
Cycle accldent scenarlos account for worst case PPS performance.

In general, trip settings are determined such that changes to the duty cycle
are not required. In a few Instances, redef Inltion of duty cycle events may
be necessary to accommodate |Imitations In the PPS trip subsystem such as
sensor accuracy or response time.

QCS760.9-1
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TABLE 15.1.,3-1

PPS SUBSYSTEM TRIP LEVELS OR TRIP EQUATIONS

Brimary Shutdown System
High Flux Trip at 1158 power
Flux=Rate Posltive:
I 9 101 -0.99 (+) + 0,1706Np + 0.0364 <C
14285

Negative:

Flux to Pressure

Primary to
Intermed| ate
Speed Ratlo

HTS Pump Frequency

Reactor Vessel
Leve!

Steam to Feedwater
Flow Ratio

IHX Primary Outlet
Temperature

Flux to Total Flow

Startup Flux

Primary to
Intermed! ate
Flow Ratlio

Steam Drum Level

I.OI¢(1’)-I" z¢ (s) | L0l 0.1969Np} +0.0416<0
1428s

1.318f/F = P + 0.0425 <0
Np (0.147 + 0.0022) + 0.0595 + 0.0007 = AbsVal
[Np (1 £ 0.015) = N; (1 4 0.015) + 0.0075 £ 0.01] <0

Trip at 57 Hertz

Trip when level drops 18" from normal operating level

Trip at 308 mismatch
Trip at 8300F

Secondary Shutdown System
1.25Fp = 0.99 P 40,087 <0
Trip before 108 power
Fp (0.147 % 0.0022) + 0.050 + 0.0007 - abs Val
[Fp (1 £ 0.015) = F, (1 4 0.015) + 0.0075 $0.011<0

Trip at 8" drop from full power steady state |evel

15.1-94
Amend, 69
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TABLE 15.1.3-1 (Continued)

High Evaporator Outlet

Temperature Trip at 750°F
Sodlum Water Reaction Trip Initiated within 3.0 seconds
HTS Pump Yo! tage Trip at 75% of rated voltage
Definition of Yariables
J[T‘ = Laplace Operator P = Reactor Inlet Plenum Pressure
0 = Reactor Flux F_ = Total Primary Pump Flow
Np = Average Primary Pump Spead P o= Primary Pump Flow
Np = Primary Pump Speed F1 = |ntermed!ate Pump Flow
N, = Intermed!ate Pump Speed

1

The above varlables are normallzed such that thelr value at 100% conditions =
‘.0.

15.1-95
Amend. 69
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Question CS760.38

Provide the rationale for referring to the DHRS as a safety grade system when
It also states that it must be "adjusted manually."

Response

DNRS Is a safety grade system providing a fourth decay heat removal loop for
CREBRP, DMRS Is specified as a Safety Class System (see PSAR Section 3.2) with
electrical equipment class|fled as 1E, Manually Inltiating the DHRS does not
degrade |ts safety grade status.

Manual Inltiation of the Direct Heat Removal Service (DHRS) |s appropriate
based on the time perlod avallable and the number of operator actions
requlred,

In the worst case transient analysis performed for the DHRS (extremely
unlikely event of DMRS Inltiation Fol lowing Reactor Shutdown from 100% Power
with Loss of All Heat Transfer through the IHXs at time of reactor trip), It
Is assumed that no heat |s transferred to the DHRS for one-half hour after
shutdown, The heat capaclty of the primary system Is used as the principle
heat sink during this period with no operator action required tc assure this
heat sink.. As shown In Section 5.6.2 of the PSAR, the temperatures assoclated
with this event are acceptable.

Furthermore, the manual Inltiation referred to actual ly cons!sts of turning
sIx switches In the Control Room on the DHRS panel from the normal to the DHRS
position, This !s an on=of f control rather than an adjustment. These control
transfer swltches and automatic sequences have been provided to automatically
pos!tion DHRS valves and control the pumps and ABHXs In order to reduce the
operator actions required. A conservative estimate of the time perlod
required for the control transfer switches and the autamatic sequences to
operate |s twelve minutes; therefore, the operator has an adequate time perlod
to determine the need for DHRS use and Inltlate DHRS.

Based on the time perlods noted above and the number of operator actions
required, It Is Judged acceptable for DHRS Initiation to be performed remote-
manual ly by the operator In the Control Room.

QCS760.38~1
Amend., 69
July 1982
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Quostlon CS760.57

In Sectlons 15.7.3.1, Leak In a Core Component Pot (CCP), the T across the
wal ! |s shown to be about 15000F, Simple hand calculations show that the
stalnless steel wall cs» fall T's 25000F,

Demonstrate the wall structural Integrity for a!l cases consldered.

Provided thls fallure occurs, how does this alter the design and
operationa’ procedure?

With at least 1 hour per assemtly for refueling, how long does It take to
refuel (In light of the new core design)?

Demonstrate numerical and mode! accuracies of TAP-4F and DEAP computer
codes,

Why do clad temperatures keep Increasing after reaching the melting
temperature? Does a phase change occur and how Is It consldered?

If the clad temperature stays at the melting polnt during the change of
phase (In the case of stacked fuel pellets), there should be signl ficantly
less CCP temperature rise as compared to what Is calculated. A simllar

sl tuation applles to the packed bed case, except in this case there Is
signlflcantly more thermal Interaction as compared to the stacked pel let
case, and thus, due to contact conduction, CCP temperature must be higher

than the previous one. Demonstrate as In |tem o above for the condltions
cons|ldered hereln.,

Response

The 15000F temperature difference to which the question Is addressed Is the

dl fference between the CCP and EVTM cold wal | temperatures, It Is not the
temperature gradient across the CCP wall. The question |s apparent|y the
result of & lack of clarity In PSAR Figure 15,7.3.1=5, In which the
Identiflcation of the dlfferent regions In the thermal calculation Is such
that "cold wal I" was Interpreted as the cold side of the CCP wall rather than
as the EVTM cold wall. The approximately 1500°F temperature difference would
be across the approximately 7=Inch argon gas space between the CCP outer wall
end the FYTM cold wall., It Is the driving force for radioactive heat transfer
of core assembly decay heat to the cold wall |imiting the fuel temperature

rise. The temper=ture dlfference across the CCP wall Itself would be onrly
about 10°F,

QCS760.57~-1
Amend, 69
July 1982
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The fol lowing sections of the response dlscuss the corresponding parts of the
question,

There Is no question of structural Integrity with the gradient of 100F,
the maximum radlal thermal gradlents across the CCP wall occur during Its
Insertion Into the EVST sod!um pool at the maximum rate of 24 ft/min after
trensfer from the reactor vessel, This case was analyzed with the CCP
assumed to contaln a maxImum powered fuel assembly and to have been In the
EVTM long enough to reach steady-state temperatures. The transient
therma! gradlents are high, with & peak of approximately 500°F, a few
tenths of a second after Insertion; however, the duration of the gradient
Is short, The ASME Code structural analysis accounted for thermal
stresses resulting from the design basis number of these Immersion cycles
and showed that the al lowable number of these thermal cycles |s greater
than the design basis number,

No response requlired,

There are between 3 and 379 core assemblles exchanged per refueling, with
an average of 159, At 1 hour per transfer (2 hours per exchange) between
the EVST and the reactor vessel as assumed In the event analyslis In PSAR
Sectlion 15,7.3,1, the time for an average refueling would be 13-1/4 days
plus time for setting down and picking u; assemblles. The transit time
used for the event analyslis Is a conservative estimate which Is longer
than the expected refueling times, (These times cover only core assembly
transfers; preparation of the reactor for refueling and termination from
refuel Ing are not Included.)

The TAP-4F and DEAP computer codes are described In Appendix A of the
PSAR. Verlflcation of the codes |s covere. In these descriptions,

Cladding temperatures keep Increasing after reaching the melting point
because the thermal analyslis does not model the stainless steel phase
change. This Is conservative since It results In reaching steady-state

temperatures more quickly. |t does not affect prediction of steady-state
temperatures.

The ef fect of cladding melting was considered by running two additional
cases which assume no cladding at all Is present, The accident analysis
In PSAR Section 15.7.3.1 covers the CCP |oss of sodium event to Its
expected conclusion and two extensions of th!s event (first, tfo collection
of fue! fragments In the fuel assembly duct, then to a hypothes!|zed
relocation of the fuel fragments to the bottom of the CCP), The
temperature distribution anc fuel assembly conflgurations for these cases

are shown In PSAR Flgures 15.7.3.1-4, 15,7.3.1-6, end 15.7.3.1-8,
respectively.

The question of cladding melting does not arise In the second case of @
packed bed since this case assumes no cladding Is present and fuel pel lets
have col ispsed Into a packed bed following loss of cladding. For

conservatism, all cladding of the entire 3-ft high fuel region was assumed
to be absent,

QCS760.57-2
Amend, 69
July 1.82
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CCP tempersture is determined, not by fuel temperature, but by the heat
transfer res!stance betwaen the CCP wal | and the heat sink, which Is the
EVIM cold wail. This reslstance does not change among the three cases
except for & minor reduction In heat transfer eres as the fuel reglion gets
shorter as the event progresses from one case to the next. This reduction
Is reflected by the smal! Incresse In CCP temperature ( 1009F) from one
case to the next,

Thermal Interaction within the CCP |s modeled to be less (l.e., thermal
resistance |s greater) In the packed bed case because of high contact

res| stance between particles and higher resistance to radlant heat
transfer than when the fuel Is In wel l-ordered stacks., This was done
purposely In order to obtaln conservative estimates of fuel temperature *o
assure that fue! meiting would not occur, As noted above, CCP temperature
is not affected by Increases In heat transfer resistance within the CCP;
these changes af fect ony fuel temperatures. This can be seen by noting
the substantlal fuel temperature Increases from one case to the next,

This conservative sequence of cases demonstrates that fuel melting will
not occur,

QCS760.57-3
Amend. 69
July 1982
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Question CS760.58

In 15.7.2.5, page 15.7-168, please elaborate on the portion of the statement
thet reads, "Loss of fluld due to solldification of the concentrated waste."
This statement refers to what process.

Response

As dlscussed In Sections 11-2 and 11-5, |iqulid radiocactive waste Is
concentrated In an evaporator system to an approximate concentration of 24% by
welight. The evaporator bottoms (concentrated |Iquid radiocactive waste) are
then transferred to the Radioactive Waste Solidlfication System for
Immobl|lzetlon In cement. Since the evaporator bottoms retain a portion of
the Influent water (and therefore some tritium), the tritium activity In the
decontaminated water |s somewhat reduced. Tno subject statement In PSAR
Section 15.7.2.5.2 has been reworded for clarification,

QCS760.58~-1
Amend. 69
July 1982



page 1 WB2-0358 (8,15) 52

The activity levels In the |lquid are given In Table 11.2=-4 of Section 11.2 of
the PSAR. There are no gaseous radloactive lodine specles which can be

rel eased because the flulds used tO remove contaminated sodlum from components
form salts which sre stable. Any radioactive Inert gas which may have been
trapped In the sodium that Is eventual ly reacted with water and processed by
the Radwaste System Is negliglible. This Is true because the quantity of these
geses dissolved In sodlum ls sma!l. The spi!led fluld contalns fission anc
corroslon products which are not evaporated. Thus, only water vapor

contalning tritiated water (HTO) can be released In the event that a fallure

15.7.2.5.2 Analysls of Effects and Consequences
Gaseous Release

The highest activity resulting from @ radwaste system fallure Involves

col lection tank |eakage or rupture. 1008 of the averaze annual coliection
tank Inventory of 20,000 gal lons of water contalns 1,44 x 105 C! of tritium
as HTO. The bulld=up of tritium In the recycle |lquld over the 30 year |1fe
of the plant Is a function of: (1) Input from the primary sodl um removal
system, (2) radloactive decay, (3) retentlion of & portion of the Influent In
the evaporation bottoms which are +ransferred to the solld waste system for
tmmobl|ll1zation, and (4) the release of a fraction of the storage tank
Inventory to the coolIng tower water blowdown, The velue of 1.44 x 105 was
conservatively estimated by using & |0ss of only 4700 gal lons per year out of
the 40,000 gal lons of storage capaclty.

A conservative analys!s was made to calculate the of f~slte doses 1f 108 of the
tritlum contalned In the spllled |liquld radwaste was released to the
atmosphere In two hours following the splll. This highly conservative
assumption resulted In a Beta Skin Dose of 4.47 x 10=° REM and a whole body
Inhalation dose of 3.7 x 106 REM, at the site boundary. The potential beta
skin and whole body doses at the LPZ are 0.68 x 10~9 REM and 3.05 x 10=7 REM,
respectively.

Liquld Release

For conservatism, the event has been analyzed assuming no cred!t for the
floor, dralns or operator actions,

As polnted out In Section 2.4.13, sccldental Ilquld spliis ere nct seen as
posing a danger to present or future groundwater users In that the ul timate
destination of contaminants In the groundwater would be the Clinch River.
Movement of groundwater |s from groundwater ridges 1o ad]acent groundwater
lows. Review of Figures 2.4-68 and 2.4-69 lends support to the assumption
made of the coolling torer blowdown dlscharge polnt as a conservative
assumption (In terms of
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Question CS760.86

Core Structure Coolling = 6% of the total coolant flow Is bypassed to cool
control assembl|les, radlal shleld assemblles, the reactor thermal |Iner and to
account for bypass and leakage flow. In optimizing the reactor performance,
the bypass flow al location has only a minimal Impact on core performance. The
bypess flow al location can be Increased by 208 and the coolant flow to core
and blanket assemblles Is only reduced by 15, However, after the design Is
“frozen" these flow al iocations must be such that they provide sufficient

cool Ing to the structures under full flow as well as natural convection

condl tions,

While the bypass flow can be fully sufficlent under full power operating
condltlons, there |s concern that there Is also sufficlent flow under low
power - low flow condltions, especlally durlng natural circulation transients,
There |s always a problem to control low flow rates. For example, under full
power operating condltions, the radlal shleld recelves a total of 1.35% of
total flow, which amounts to approximately 0.5 lb/sec of sodlum flow per
assembly. Under natural convection conditions, any flow through these
assemblles w!l| be Invisible. Even at reduced power operation, It Is not
clear how much flow these shleld assemblles wil! see., The flow path to get to
the shlelo assemblles, !s rather complicated. First, the flowing sodlum
enters the lower Inlet flow module. The |eakage flow goes up the hydraullc
balance bleed hole and enters the |ower plece of the bypass flow module., From
there It goes up and goes through the socket for the RRS finally into the RRS.
For this flow to proceed this far, the LIM has to fit Into the core support
plate. Inside the core support structure are holes which allow the sodium to
flow from the LIM to the BPFM, In the BPFM are holes which have to Ilne up
with the sockets for the RRS., The tolerances In all of those complex flttings
wil| affect the flow which goes Into the RRS.

This example 1| lustrates the problem In core structure cooling at both full
power and convection flow conditions., The fol lowing questions need to be
srswered:

1. What Is the accuracy In the prediction of the bypass flow distribution &
full power and low power conditions?

2. What sre the tempereture |Imits for the core structures which determine
the requlred coolant flows?

3, |s there a possiblllty to control the flow to the various core structures?
4, What margins are bullt Into the bypass coolant flows? .

5. What happens If there Is no flow through the RRS?

6. Can the bypass flows be measured directly?

7. Since there Is no gaﬁma heating at BOL In the RRS, what are the assurances
that they w!l| recelve sufficlent cooling?

8. Is It possible that there Is a local overheating of the vesse| because of
lack of coolling of the RRS?

QCS760.86-1
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Response

Before addressing the speclflc questions, some dlscussion of general
condl tlons appears necessary to clarlfy the Project approach to assuring
adequate bypass flow over the entire operat!ng range Including nstural
clrculation,

o

The flow to the RRS, reactor vessel/iiner and other perlpheral components
Is control led through orlfices located elther In the LIM's or In the Bypass
Flow Modules. Some test data have been obtained for the flow control
orlfices to characterize the bypass flow.

To date, bypass flow elevations have been done at low steady-state forced
flow condltions as part of the flow management calculations.

Regarding transients, the ver!fled CBBRA-WC code has the capabl| Ity to
dynamical ly model RRS and other low flow paths sIimul taneously with the high
flow fuel and blanket sssemblles over the entlire operating range as shown
during simulation of the FFTF naturai clrculation tests, For example, ot
~3% total reactor flow, CPBRA correctly predicted the flow split between
the Row B reflector and driver assemblles.

From the design standpoint, &t low flow conditions the components cooled by
bypass flow have very |I1tle heat generation, and any Increase In
temperature following flow reduction enhances the natural clrculation
phenomenon,

Following are responses to the specl flc questions asked:

1.

The flow accuracy requlrements have been established In the Indlvidual
component design speclflications; these translate directly Into the
uncertalnties required for the flow control devices. Thls approach can be
taken because the general orlflice characteristics over the range of flow
condltions are wel | known, and the deslred specific characteristics can be
designed Into each device. It Is recognized that the pressure drop
uncertalnties are greater at low flows, and this Is factored Into the
design. The flow control mechanisms wil| be tested to verlfy that the
requl rements over the flow operating range have been met., Final
uncertalnty levels wil| be assessed fol lowing evaluation of experimental
data (as dlscussed In the response to Question CS760.77). The resul ts of
these evaluations, together with the entire CRBRP reactor flow
disiribution network as-finallzed, wil!l be reported In the FSAR.

The steady-state and transient thermal constralnts of RRSAs are based on
the cross-duct temperature gradients at the exlal load pads as well as
thelr absolute temperatures which are well below any structural |imits of
the 316 stalnless steel and the bolilng temperature of sodlum. These
snalyses took Into account the worst combination of uncertainties at the
+20/=2e conf ldence |evel.

The vesse! flow was based on the requlrement that the vessel temperature
remalns under 9000F for nominal conditions and meets structural requlre-
ments during transients.

QCS760.86-2
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4.

5.

6.

Flow to the various core structure~ Is controlled by flow tested orifices
In the Lower Inlet Modules and the Bypass Flow Modules. The |eakage fiow
In the flow path, particularly the |eakage across the plston rings, Is
teken Into eccount., The Bypass Flow Mocdule is fed by oriflces which are
flow tested to accurately control the fiow, not by leakage flow up the
hydraul lc balence bleed holes.,

S ouncertalnties are consinered In the CATFISH representation of the
reactor flow network,

The RRSAs are cooled by two dlfferent methods: directly by orlfliced
coolant flowing through the assemblles and Indirectly by Interstitial fiow
through the core., Therefore, the case of "no flow™ Is not expected.

The bypass flow, as woll as the flow to any other core component, cannot
be measured directiy In the reactor, However, out-of-plle flow *esting of

oriflces has been or w!l! be conducted to characterize the flows.

If there Is no heating, there should be no concern about sufticlent
coolling. It Is not true that there I no gamma heating at EOL In the RRS,
Neutron redlation capture and Inelastic scatter Is oractica|ly constant
throughout |ife. The only difference between BOL and EOL conditions Is In
the additional heaiing due to flssinon product gamma :rom the core and
neutron act!vation decay power, which is minor ar full power conditions,

Vesse| temperatures sre Insensitive to RRS temperatyres since the vessel
Is cooled via a separate, parailel, controlled flow path, Actually, If
less flow than des!qued went through the RRS, thic extra flow would be
redistributed to the other flow paths In the flow netwurk, including that
of the vessel |lIner.

Finally, It should be rel terated that a detalled descripticn of the finel
evaluation of +he core siructures thermal=-hydraullc design will be reporied In
the FSAR,

QCS760.86=3
Amend., 69
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Questlon CS760.112
What are the varlous setpolints for the Turbine Bypass system?
Rasponse

See PSAR Sectlon 10.3.2 for the requested Turbine Bypass System setpoints.
See PSAR Section 10.4.4 and revised Section 7.7.1.8 tor description of the
steam dump and bypass control system.

QCS760.112-1

Amend. 69
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Control of the argon supply and vent values |s accomplished by an "or-of "
type pressure control ler which cycles the supply and vent values to maintalin
the cover gas pressure between the lower and upper [Imlits, Sufficlent dead
band Is provided between |ower and upper |Imit operation to prevent undue
cycling of the supply and vent valves,

Operational Conslderations

The pressure control lers for the sodlum dump tanks are |ocated at the local
control panel In the Steam Generator Bullding. However, iaanual overrides for
the supply and vent valves are provided In the main control room and may be
utillzed at the plant operator's discretion,

High and low pressure alarms alert the operator to of f=-ncrmal conditions which
may result from a malfunction of the pressure control system. Pressure data
Is provided to the Data HandlIng and Displey System and Is avallable for
displey upon call by the operator.

7.7.1.8. Steam Dump and Bypass Control System

The Steam Dump and Bypass Control System provides the necessary control and
Instrumentation nardware to operate the Turbine Bypass System as described In
Section 10.4.4 and shown In Figure 10.3~1,

Redundant Interlocks are provided to prevent bypass operation In the event the
condenser |s unable to accept steam flow (e.g., high condenser back pressure
or loss of clrculating water flow).

At reactor poer levels above 40% rated power, the Turbine Bypass Control
System Is operated In a |oad error mode where bypass valves are opened
proportional to the difference between turbine demanded load and generated
power, A valve position signal Is provided to the Turbine Bypass Control
System by the Supervisory Control System which makes the comparison, The
clrcultry Includes a dead band with a 108 load setpoint,

A pressure control channel Is provided for the regulation of maln steam

pressure fol lowing reactor trip, during decay heat removal operation and
during turbine standby, loeding and unioading operations. The pressure

control mode |s manual ly selected for reactor power levels below 40%.

At reactor power levels above 40%, the Steam Dump and Bypass Control System
automatical ly positions bypass valve(s) to regulate bypass steam flow
approximately proportional to reactor power, however; the pressure control
mode may be manually selected by operating personnel at any power level. The
pressure control mode |s automatical ly selected fol lowing & reactor scram and
a turbline trip condition.

7.7-1'
Amend. 69
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Question CS760,136

The |1st of design transients (Table 5.7-1) Includes two-loop operaiional
events yet two-loop conditions are not Included In the heat transport system
design., We feel that the Project's present position with regard to redundant
heat removal capablllity Is not consistent with two-loop operation. Any future
two-loop operation may ental| considerable design changes.

Response

Rev!sed PSAR Section 1.1.1 describes the Project's approach to two-loop
operation,

QCS760,136-1
Amend, 69
July 1982
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The plant Is designed with three maln coolant |oops and the Intended mode of
operation |s that all three loops should be continuousiy In service.

While the system design Is Intended to be cepable of allowing for operation at
power on two loops, the applicant Is not requesting NRC review of this opera-
tiona! mode. |f, at some time In the future, the appllicant conslders that all
safety requlrements can be met under two-loop operatioln without significant
additional design features, the applicant may elect to apply to NRC for @

two~ |oop operation capabllity. This should not constrain the NRC review of
the corstruction permit app!ication,

The construction completion data for the plant was originally scheduled for
September, 1981. Untl| current Congressional and Administration actions are
completed, the reactor critical ity data cannot be re-scheduled.

1.1.2 Qverview of Safetv Design Approach

The design of the CRBRP Is based on the defense-In-depth safety phliosophy,
commonly known as the Three Levels of Safety design approach. A summary of
the design safety approach for the CRBRP Is provided In Tables 1.1-1 and -2.

Llevel 1 Design

The first level of safety provides rellable plant operation and prevention of
accldents during normal operating conditions through the Intrinsic features of
the design, such as quailty assurance, redundancy, maintalnabl|lty, test-
abliity, Inspectibility, and fall-safe characteristics. The plant Is designed
not only to accommodate steady-state power conditions, but also to have
adequate tolerance for normal operating transients, such as start-up, shut-
down, and load-following. As a basic part of the CRBRP development program, a
number of large-scale englneering proof tests are belng performed to ver|fy
the design concepts. This testing process provides predictabliity of per-
formance and, hence, safety through assurance of the use of proven methods,
mater!als, and technology.

Extensive pre-operational test programs wlll| be conducted in the plant to
assure conformance of components and systems to the establlshed performance
requlrements. Key parameters w!l|| be monitored continuously or routinely and
wel |-define survelllance, In-service Inspection, and preventive malntenance
programs wil| be carried out by a trained operating and malintenance staff to
provide assurance that as-bulit quallty Is malntalned through the |1fe of the
plant.

Level 2 Design

The second level of safety provides protection agalnst Anticipated and Un-
Ilkely Faults (such as partial loss of flow, reactivity Insertions, fallure of
parts of the control system, or fuei handling errors = Faults are defined In
Table 1.1-1A) which might occur In spite of the care taken In design, con-
struction, and operation of the plant. This level of safety
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