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FRAMATOME

MAIN GOALS AND ACHIEVEMENTS

THE MAIN GOAL OF A POWER PLANT IS
TO PRODUCE A CHEAP ENERGY IN THE

SAFEST WAY

IN ORDER TO ACHIEVE THIS TWO-FOLD
GOAL, THE DESIGN AND THE EXPLOITATION
OF THE PLANT MUST:

- GUARANTEE THE RESPECT OF THE SAFETY
CRITERIA AT ANY TIME

- MAXIMISE THE ENERGY RELFASE FROM THE
FUEL ACCORDING TO A GIVEN EXPLOITATION
STRATEGY
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DESIGN:

- DEFINITION OF THE OPTIMUM EXPLOITATION
CONDITIONS

- DEFINITION OF THE NORMAL EXPLOITATION RANGE
- EVALUATION OF THE SYSTEM REACTIVITY BALANCE
FOR NORMAL OPERATION
NORMAL OPERATION:

- CONTROL OF LOCAL POWER

INCIDENTAL AND ACCIDENTAL CONDITIONS:

- RESPECT OF THE SAFETY CRITERIA
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CONTROL OF REACTIVITY AND POWER

o



OBSERVABLES

5 <(D 6H(D>
P= <(I) F(D>
AO=C, SH:P> —<F0>,

<F<D> +<F, 0>

<F(I)>

Z\F cp>

1,j,k
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THE REACTIVITY BALANCE OF THE REACTOR CORE

- :l\
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THE CONTROL OF REACTIVITY

THE REACTIVITY BALANCE:

- AVAILABILITY: CONTROL
DEVICES

- NEEDS: REACTIVITY SOURCES
AND MARGINS

SOLUBLE BORON
BLACK RODS

GRAY RODS

BURNABLE POISONS
EXTRACTIBLEPOISONS

EXTRA REACTIVITY
XENON, SAMARIUM
LOW-LIFE ACTINIDES
POWER EFFECT
TEMP. EFFECT
CRITERIA

MARGINS

1t



REACTIVITY NEEDS:

REACTIVITY LOSSES: BURN-UP AND BREEDING PROCESS
F. P. BUILD - UP

POWER AND TEMPERATURE EFFECTS

CRITERIA AND MARGINS

7-
FRAMATOME

23
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THE BURN-UP AND BREEDING PROCESS

THE F.P. BUILD-UP
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POWER AND TEMPERATURE EFFECT
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Moderator temperature as
a function of power level

Moderator temperature = { *C )

350.0

325.0}

300.0

2914

275.01

4 3276
VESSEL OUTLET
1 310.0
VESSEL AVERAG
VESSEL INLET
—t 4 2924

50 100

Power in % of ra.ed power
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TOTAL NEGATIVE REACTIVITY GENERATED

BY POWER ESCALATION

(PCM)
4
2000 -
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soOL
1500 —
1000 PPM
1250 PPM
1000 -
500 o
T T T . r : —
° 50 100

dpwer n = of rated powe "

Iy



-

o

I .

—

ik

-

7-
FRAMATOME

MODERATOR TEMPERATURE COEFFICIENT (pem/°C)

20

10

!

Moderator temperature coefficient

as a function of moderator
temperature, BOL, CY1, HZP, ARO

200

2000 PPM

1500 PPM

s

\ MODERATOR
L]

1000 PPM

500 PPM

10

PPM

r{)

TEMPERATURE(*C} \p '
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Moderator temperature
coefficient as a function of
boron concentration BOL, CY1, ARO

MODERATOR TEMPERATURE COEFFICIENT (PCM/ *C)

}
10 ¢
291.4°C HZP
or 311.7°C HFP
=10 }
-20
-30 }
-40 3
} 1 n 4 _’
500 1000 BORON CONCENTRATION

(PPM)
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HOW TO CONTROL THE EXCESS REACTIVITY?

QUASI-HOMOGENEOUS POISONING: SOLUBLE
BORON,

INHOMOGENEOUS POISONING:
- CONTROL RODS,
- BURNABLE POISONS,

- SPECTRAL SHIFT RODS.

38
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{pcm/ppm}

}

-5

-10

Differential worth of soluble
boron versus moderator density,
at BOL, cycle 1
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CONTROL BANKS
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1300 MWE PWR

POSITION OF CONTROL AND SHUT-DOWN BANKS
H G F E D C B

8 E N1 G1 E

9

D CONTROL RODS

SHUT-DOWN BANKS

w2
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SOLUBLE BORON

Critical boron concentration
variations as a function of
cycle 1 burnup
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THE BURNABLE POISONS:

- PYREX

- GADOLINIA
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CORE PATTERN - CYCLE 1
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DISTRIBYTION OF BURNABLE POISOM RODS
IN THE CORE FOR CYCLE 1

R P NML K J HGTFEUDTCU®BA
180°
16 16
12 |12 8 12 12
12 8 B 12
12 |12 8 12 8 12 |12
12 8 12 12 8 12
16 8 S |12 12 12 8 16
s? 3 270°
8 12 12 12 12 8
16 8 12 12 12 ¢ $ 8 16
12 8 12 12 8 12
12 | 12 8 12 8 12 12
12 8 8 12
12 12 8 12 12
16 16
P orimary source
§ secondary source
OO
X1 Locaticn of scurces
A X Numper of Surnable zneison #2¢3 in the assemciy
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DISTRIBUTION OF BURNABLE POISON RODS

IN FUEL ASSEMBLIES
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URANIUM OXIDE - GADOLINIUM OXIDE PINS

WATER TUBES

INCORE INSTRUMENTATION GUIDE TUBES

GADOLINIUM ASSEMBLY LAY-OUT
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FRACTION OF BURNABLE POISON VS CYCLE 1 BURN-UP

Fraction of burnable poison

= GWD/NTY
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THE SPECTRAL SHIFT
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SAFETY AND ECONOMICS

SAFETY ACTS ON A PLANT DESIGN VIA A NUMBER
OF CRITERIA, WHICH TRANSLATE INTO A SYNTHETIC
PRESCRIPTIVE WAY THE NEED FOR THE INTEGRITY
OF THE FUEL AND THE CONFINEMENT DURING THE
NORMAL OPERATION, THE SHUT-DOWN AND ANY

INCIDENTAL OR ACCIDENTAL SITUATION

OWING TO THEIR NATURE, THE SAFETY CRITERIA

ARE ADAPTED TO THE PLANT FEATURES, TO THE
NATURE OF THE GRID AND THE EXPLOITATION
CONSTRAINTS: THEY CAN VARY SIGNIFICANTLY

FROM COUNTRY TO COUNTRY

kb
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THE COST OF A NUCLEAR PRODUCED KWE CAN SPAN A
WIDE RANGE, DEPENDING ON MANY INDEPENDENT
PARAMETERS STRICTLY RELATED TO THE COUNTRY: GRID,
INDUSTRIAL CAPACITY, ABUNDANCE OF FOSSIL FUELS,

FINANCING AND INFLATION RATE, ETC.

IN THIS CONTEXT, THE POWER PLANT DESIGNER IS OFTEN

PARTICULARLY INTERESTED IN THE FUEL CYCLE COST

FIGURE

-

N P Sy
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TRANSLATION OF THE SAFETY CRITERIA INTO DESIGN

CONSTRAINTS

THE THREE LEVELS OF THE CONFINEMENT

- THE CLADDING

- THE VESSEL

- THE CONCRETE CONFINEMENT

1) THE CLADDING:
- OVERPOWER
OVER PRESSURE, (FISSION PRODUCTS BUILD-UP)
BUBBLING AND CORROSION
INTERACTION PELLET - CLADDING
AGEING

2) THE VESSEL:
- OVER PRESSURE

- AGEING, (DPA)

3) THE CONCRETE CONFINEMENT
- OVER PRESSURE

S
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CRITERIA & MARGINS

(&
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IN ORDER TO GUARANTEE THE RESPECT OF THE
MAXIMUM VALUES OF THE LOCAL POWER ALLOWED BY
THE CLADDING INTEGRITY CRITERIA, PROJECT MARGINS
ARE INFORCED ON EVERY COMPUTED REACTOR
PARAMETER; THESE MARGINS ARE  MORE IMPORTANT
WHEN THE ON-LINE CONTROL IS LOW OPERATING

SOURCES OF UNCERTAINTY:
- THE COMPUTATIONAL METHODOLOGY R4
- THE BASIC DATA, ( X. S. LIBRARIES)
-ALEA, ( TECHNOLOGY OF THE FUEL, FABRICATION

UNCERTAINTIES, LOADING, POSITION OF CONTROL
BANKS, ETC.)
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SOME CONSIDERATIONS ON THE ECONOMY OF NUCLEAR
POWER

THE FUEL CYCLE

- THE MINING
- THE ENRICHMENT

THE PELLET
- THE FABRICATION PROCESS THE FUEL ROD

THE FUEL ASSEMBLY
- THE REACTOR CYCLE
- THE POST IRRADIATION STORAGE

- THE REPROCESSING

RV
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THE CYCLE COST
- THE INVESTMENT, (INTERESTS AND ACTUALISATION
RATE)
- THE FABRICATION

- THE EXPLOITATION, (LOADING STRATEGY,
REFUELLING, GRID FOLLOW-ON)

- THE STORAGE AND REPROCESSING
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LOADING STRATEGIES

CRITERIA:

- MAXIMISE THE ENERGY RELEASE PER ASSEMBLY

- RESPECT THE SAFETY CRITERIA AT ANY TIME IN
THE CYCLE FOR EVERY EXPLOITATION CONDITION

- FULFILL THE NEEDS OF THE EXPLOITING COMPANY

AS REGARDS THE EXPLOITATION CONDITIONS, ( GRID
FOLLOW-ON, REFUELLING SCHEDULE AND PLANNING)

SEVERAL REFUELLING STRATEGIES:

THE "CLASSICAL" OUT -> IN

)

THE "MODERN" IN ->0UT

THE "HYBRID"

THE "MIXED FUEL", (UO2 - MOX)

e
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FUEL MANAGEMENT

LR Y F B ASSOMBLCES RE! AL

48

14 15
(1000 EFPH)

AVERAGE DISCHARGE BURMUP Vv § CYCLE LENGTH
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FUEL MANAGEMENT
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Number of cyclings in 1985 : 935
250 250
DROP IN AMPLITUDE
W RELATION TO
AATED CAPACITY .
200 200
G more than 60'&
trom 40 1o 60w 4
150 {E4 tess man 40w - $50
100 100
50 so
Q
O™ AN FEB MAR APRA MAY JUNE JULY AUG SEP OCT NOV  DEC

CONTRIBUTION OF FRENCH PWR UNITS TO
ANNUAL LOAD FOLLOW (TYPICAL FIGURES, YEAR

1985)
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DIGITAL CORE CONTROL
AND PROTECTION SYSTEMS
FOR N4 PLANTS
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CORE CONTROL AND
PROTECTION

CORE CONTROL SYSTEM

ADAPTATION OF CORE POWER TO TURBINE POWER

AXIAL POWER SHAPE CONTROL
- PREVENTION OF XENON OSCILLATIONS

_ CONTROL OF CORE SAFETY MARGINS ( DNBR, POWER
DENSITY )

CORE PROTECTION

1. PROTECTION SYSTEM

REACTOR TRIP
ACTUATION OF SAFEGUARD SYSTEM

2. CORE SURVEILLANCE UNIT

ONLINE VERIFICATION OF COMPLIANCE WITH THE LIMITING
CONDITIONS OF OPERATION ( INITIAL CONDITIONS POSTULATED

IN ACCIDENT ANALYSES )
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CORE CONTROL

. FRENCH GRID HISTORICAL BACKGROUND

. MAIN EDF MANEUVERABILITY REQUIREMENTS FOR THE N4

PROJECT

. MODE X CORE CONTROL PRINCIPLES

. EXAMPLE OF LOAD FOLLOW TRANSIENT



CORE CONTROL

1. FRENCH GRID HISTORICAL BACKGROUND

1975 ESSENTIALLY BASE LOAD OPERATION

IMPLEMENTED ON 6 OLDER 3-LOOP PLANTS

SLOW LOAD FOLLOW TRANSIENTS : +2% RP/MIN
LOCAL FREQUENCY CONTROL : +2% RP
REMOTE FREQUENCY CONTROL. : +3% RP
1985 EXTENSIVE LOAD FOLLOW

IMPLEMENTED ON 3-LOOP 900 MWe & 4-LOOP 1300 MWe

UNITS (48)
FAST LOAD FOLLOW TRANSIENTS : +5% RP/MIN
L OCAL FREQUENCY CONTROL : +3% RP
REMOTE FREQUENCY CONTROL : +5% RP

CAPABILITY TO RETURN TO FULL POWER
AT 5% RP/MIN WITHOUT NOTICE

1995 IDEM + IMPROVED FLEXIBILITY

TO BE IMPLEMENTED ON THE NEW GENERATION OF 4-
LOOP 1450 MWe UNITS ( N4 SERIES)

SUCCESSFULLY TESTED AT THE SAINT-ALBAN 1300 MWe
UNIT IN 1891

HIGHER AUTOMATION DEGREE
HIGHER FLEXIBILITY IN LIQUID WASTE MANAGEMENT

Qe
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2.  MAIN EDF REQUIREMENTS FOR THE N4 PROJECT

- DAILY LOAD FOLLOW CAPABILITY

16-8 TYPICAL TRANSIENT
BETWEEN 100 & 30%RP

DURING 80% OF CYCLE LENGTH
POWER RATE : UP TO 5% RP/MIN

- Y CON L SUPERIMPOSITI

LOCAL ( short term limitation of frequency deviations ) +3% RP
REMOTE ( return to nominal frequency )  +5% RP

POSSIBLE AT ANY POWER LEVEL BETWEEN 30 & 100% RP
WITHOUT BORON CHANGES

- ROD POSITIONING AT PART POWER LEVE

CHOICE AVAILABLE BETWEEN DIFFERENT STRATEGIES:
MINIMISATION OF WASTE : XENON FOLLOWING BY RODS
CAPABILITY TO RETURN RAPIDLY TO FULL POWER WITHOUT
NOTICE : XENON FOLLOWING BY BORON
INTERMEDIATE STRATEGIES

fT)
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3. MODE X CORE CONTROL PRINCIPLES

MAIN OBJECTIVES :

TO MEET THE EDF REQUIREMENTS FOR N4 PLANTS

TO FACILITATE PLANT OPERATION BY ENSURING A FULLY
AUTOMATED TEMPERATURE AND AXIAL POWER SHAPE CONTROL

TO MAINTAIN THE AXIAL POWER SHAPE CLOSE TO A REFERENCE
SHAPE IN ORDER TO PREVENT ANY RISKS OF XENON OSCILLATION

TO LIMIT BORON CONCENTRATION CHANGES AT THE
COMPENSATION OF LONG TERM REACTIVITY EFFECTS ( XENON,
FUEL BURNUP )

TO ALLOW AN EASY IMPLEMENTATION OF DIFFERENT STRATEGIES
OF ROD POSITIONING AT PART POWER LEVELS

S I
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CORE CONTROL

MODE X CORE CONTROL PRINCIPLES (contd.)

MODE X PRINCIPLES :

BASED ON THE FOLLOWING OBSERVATION : WHEN AT LEAST TWO
ROD BANKS ARE PARTIALLY INSERTED AT DIFFERENT ELEVATIONS
IN THE CORE, IT {S POSSIBLE, BY VARYING THE OVERLAPS
BETWEEN THESE BANKS, TO CONTROL THE CORE REACTIVITY AND
THE AXIAL POWER SHAPE SIMULTANEQUSLY

G

TWO INTERLINKED CONTROL LOOPS :
REACTOR COOLANT AVERAGE TEMPERATURE CONTROL LOOP
AXIAL OFFSET (AQ) CONTROL LOOP

ROD SPEED iS A FUNCTION OF TEMPERATURE DEVIATION ONLY

THE SAME SPEED SIGNAL IS APPLIED TO ALL BANKS

VARIATIONS OF OVERLAPS ARE OBTAINED BY BLOCKING SOME ROD
BANKS MOMENTARILY, DEPENDING ON THE AO DEVIATION

THE BLOCKED RODS ARE PRIORILY THOSE LOCATED IN THE TOP OR
THE BOTTOM OF THE CORE
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3. MODE X CORE CONTROL PRINCIPLES (contd.)

PHYSICAL PRINCIPLES FOR ROD MOTION

l 1 INSERTION

T-Tref> 0

L 1
T-Tref < 0

l 1 WITHDRAWAL

AO-AQref <0

AQ-AQref > 0
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3. MODE X CORE CONTROL PRINCIPLES (contd.)

ABCDETFGHTI$I KLMNPRS ST

1

s | |s
J I8 N5! IN3| IN5
S N4 s S
N2 s Na| |N2| |S
S GA| GB S
N5| |N4 S ’ N5
S GB J GA| INa!l |s
T T N3 45+ 45 T N5 5 T 4+ N3t -
S Na| GA ' GB8 S
N5 S N4| [NS
S S GB| GA| S S
S 20 IN4 s: N
$ S N4 S s
: N5| |N3| |[NS S
s | |s
ﬁ&“ L L I+ «»l;)l «L 4 I s {. + 4+ o+ 4x
X3 : J X1
x4 [xs, T [ xe] [xs
X1 [ xal | |
L X2 L[] %
X4 i L xef |
X3 _|xs ol Tes] 1]
. 1

CONTROL BANKS X1

QHIITNOWN RANKS

4 GREY RCCA

X2 4 BLACK RCCA

X3 4 GREY + 4 BLACKRCCA
X4 8 BLACK RCCA

X5 9 BLACK RCCA

40 BLACK RCCA

FPUFCREPE N S L T - T I
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3. MODE X CORE CONTROL PRINCIPLES (contd.)

SHUTDOWN MARGIN ONLINE MONITORING

BANK OVERLAPS NOT CONSTANT

= CLASSICAL INSERTION LIMITS IN FUNCTION OF THE POWER LEVEL
ARE NOT ADEQUATE TO ENSURE COMPLIANCE WITH THE SAFETY
REQUIREMENTS ON MINIMUM SHUTDOWN MARGIN

= IMPLEMENTATION OF A SHUTDOWN MARGIN MONITORING SYSTEM

- REAL TIME CALCULATION OF THE ROD "OVERINSERTION®

INSERTED ANTIREACTIVITY IN EXCESS OF WHAT IS STRICTLY
NECESSARY TO COMPENSATE THE POWER DEFECT
BETWEEN FULL POWER AND THE CURRENT CORE STATE

_ SIMPLE ALGORITHMS TO CALCULATE INDIVIDUAL REACTIVITY
EFFECTS ( DOPPLER, MODERATOR, ROD INSERTION, AXIAL
POWER SHAPE )

- MAIN INPUT DATA :

POWER LEVEL
COOLANT TEMPERATURE
ROD POSITIONS

AXIAL POWER DISTRIBUTION ( measured by multi-section excore
detectors )

- BORATION IS ACTUATED WHEN THE COMPUTED
OVERINSERTION REACHES THE LIMIT VALUE TAKEN INTO
ACCOUNT IN THE SAFETY REPORT

L
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3. MODE X CORE CONTROL PRINCIPLES (contd.)

BENEFITS OF THE SDM MONITORING SYSTEM COMPARED WITH
USUAL INSERTION LIMITS :

1. ROD INSERTION LIMITS ARE CALCULATED TAKING INTO ACCOUNT
THE REAL CORE CONDITIONS (NO PENALIZING ASSUMPTIONS)

= LESS STRINGENT LIMITS
— MORE FLEXIBILITY FOR CORE CONTROL

2. THE INDICATIONS DELIVERED BY THE SYSTEM ARE PARTICULARLY
SUITABLE TO CONTROL THE BORON CONCENTRATION IN
FUNCTION OF THE DESIRED ROD POSITIONING STRATEGY :

- THE MAXIMUM POWER LEVEL { PMAX ) THE PLANT MUST BE
ABLE TO REACH IF REQUIRED BY THE DISPATCHING IS
TRANSLATED INTO A REFERENCE VALUE FOR ROD
OVERINSERTION

_  THE GLOBAL ROD POSITIONING AT PART POWER IS
PERFORMED BY DILUTION/BORATION OPERATIONS IN
FUNCTION OF THE DEVIATION IN ROD OVERINSERTION

REMARK : THESE BENEFITS WOULD ALSO EXIST IN CASE OF A CORE
CONTROL MODE WITH CONSTANT BANK OVERLAPS

KT
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CORE CONTROL

EXAMPLE OF LOAD FOLLOW TRANSIENT

SAINT-ALBAN 2 UNIT (4 LOOPS - 1300 MWe)

THIRD CAMPAIGN OF MODE X TESTS ( 1991)

TYPICAL DAILY LOAD FOLLOW WITH SUPERIMPOSITION OF
FREQUENCY CONTROL ( LOCAL AND REMOTE)

STRATEGY AT PART POWER : CAPABILITY TO RETURN TO FULL
POWER WITHOUT NOTICE
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4. EXAMPLE OF LOAD FOLLOW TRANSIENT

10L

POWER 30

LEVE L (%) 44

Te
60

se

40

30

e

PMAX(VQ) 125____,,,

{120

ee

TIME (HOURS)

25.

28. 25.
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TOP_OF_THE CORE

250 -

EXAMPLE OF LOAD FOLLOW TRANSIENT

4,
CONTROL
ROD
POSITION

e, T .t
* -

Yo.....

\\T.. \t.\.l\
I 4
| ey .
| b
- T S K el
|
o S \v | -
- , ® Y T -
| w—ut .r.m..
. . .C.
N W N

( STEPS)

25 .

28 .

TIME { HOURS}



w1

w1

CORE CONTROL

4. EXAMPLE OF LOAD FOLLOW TRANSIENT

DEMINERALIZED I

0 e———ssre—

wATER
FLOWRATE 30
(/)
20 -
{0 -
B ORATED e o-
WATER =
FLOWRATE F
(+/R)

i5. 2e.

TIME ( HOURS)

20.

25.

ot
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CORE PROTECTION

1. PROTECTION SYSTEM

ACTUATES REACTOR TRIP TO ENSURE COMPLIANCE WITH THE
CORE RELATED SAFETY CRITERIA

MINIMUM DEPARTURE FROM NUCLEATE BOILING RATIO

_  PEAK FUEL TEMPERATURE

2. SURVEILLANCE UNIT

VERIFIES DURING NORMAL OPERATION THE OBEYANCE WITH THE
LIMITING HYPOTHESES CONSIDERED IN THE SAFETY ANALYSES

_ MINIMUM REQUIRED SHUTDOWN MARGIN
- MAXIMUM LINEAR HEAT RATE / LOCA

GENERATES ALARMS FOR OPERATOR ACTION

= TWO TYPES OF EQUIPMENT

FOUR PROTECTION CHANNELS
REACTOR TRIP THROUGH A 2 OUT OF 4 VOTING LOGIC

TWO SURVEILLANCE UNITS
ALARMS GENERATED THROUGH A 1 OUT OF 2 LOGIC

\ex



CORE PROTECTION

1. SPECIFIC PROTECTION CHANNELS

HIGH NEUTRON FLUX

HIGH NEUTRON FLUX RATE

HIGH THERMAL POWER

ROD POSITION VARIATION -
LOW COOLANT FLOW RATE

LOW REACTOR COOLANT PUMP SPEED

LOW PRESSURIZER PRESSURE

HIGH PRESSURIZER PRESSURE

2. GENERIC PROTECTION CHANNELS

LOW DNBR

HIGH LINEAR POWER DENSITY

HIGH CORE OUTLET ENTHALPY

HIGH HOT CHANNEL OUTLET QUALITY .
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CORE PROTECTION

GENERIC PROTECTON

ON LINE CALCULATION OF MINIMAL DNBR AND
MAXIMAL POWER DENSITY

— SIMPLIFIED REPRESENTATION OF CORE POWER
DISTRIBUTION BY USING SYNTHESIS METHOD

6 CURRENTS FROM — MEAN AXIAL POWER
AN EXCORE CHAMBER PROFILE P(z)

PRETABULATED PEAK POWER
BY ROD CONFIGURATION . RADIAL PEAK POWER Fxy(2)

CONTROL BANK POSITION

'THERMO-HYDRAULICAL
MEASUREMENTS — THERMAL POWER
(Tin, Tout, P. ) LEVEL

A[-1t™
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CORE PROTECTION

SURVEILLANCE UNIT

GENERIC PROTECTIONSARE EFFICIENT WITHOUT ANY
ASSUMPTION ON PRE-ACCIDENT VALUES OF DNBR AND
POWER DENSITY

SPECIFIC PROTECTIONSARE EFFICIENT IF LIMITS ARE
RESPECTED FOR INITIAL DNBR AND POWER DENSITY

= LIMITING CONDITIONS OF OPERATION,
COHERENT WITH ACCIDENT STUDIES

— A SURVEILLANCE UNIT VERIFIES ON-LINE THE L.C.O. :
-CALCULATION OF MARGINS :
."LOW DNBR" ALARM
."LOCA" ALARM
"SHUTDOWN MARGIN" ALARM (SCRAM EFFICIENCY)
- SURVEILLANCE OF SPECIFIC PARAMETERS :
'RCCA BANK INSERTION (ROD EJCTION ACCIDENT;)
'QUADRANT POWER TILT

.ROD MISALIGNMENT

1%



CORE PROTECTION

SURVEILLANCE UNIT

"LOW DNBR " ALARM :

-CALCULATION OF CURRENT DNBR WITH THE SAME
METHOD AS FOR GENERIC PROTECTION BUT WITH
A BETTER ACCURACY (MORE DETAILED MODEL)

.A GREATER RESPONSE TIME IS ALLOWED

-LCO THRESHOLD DIMENSIONED BY THE MOST
LIMITATIVE TRANSIENT NOT DETECTED BY
GENERIC PROTECTION

= ROD DROP ACCIDENT

"LOCA" ALARM

-CALCULATION OF CURRENT AXIAL DISTRIBUTION
OF POWER DENSITY, WITH THE SYNTHESIS
METHOD

.GREATER RESPONSE TIME | .
BETTER ACCURACY THAN FOR GENERIC PROTECTION

LCO THRESHOLD DIMENSIONED BY THE LOSS OF
COOLANT ACCIDENT

o8



CORE PROTECTION

SURVEILLANCE UNIT

DMNBR

ALARM SETPOINT (LCO)
SYSTEN
UMCERTAINTIES

DHEFR "B IATION
OUETHG LIMITATIVE
ACCIDENT 12T DEYECTED
E' SENHUEFRIC FROTECZTION

&

REACTOR TRIP

SYSTEM
UNCERTAINTIES i

SAFETY CRITERION, ~ 7

\o%



CORE PROTECTION

SURVEILLANCE UNIT

OTHER SURVEILLANCE FUNCTIONS

QUADRANT POWER TILT :

GENERIC PROTECTION CALCULATION ARE VALID FOR

AZIUMTAL OSCILLATIONS UNTIL A DESEQULIBRIUM
EQUAL TO 2 %

ROD MISALIGNEMENT

RADIAL PEAK POWER PER ROD ZONE, PRETABULATED
IN GENERIC PROTECTION, ARE NOT VALID IF A
SINGLE ROD IS MISALIGNED FROM ITS BANK

CONTROL RODS INSERTION

IN ORDER TO LIMIT CONSEQUENCES OF ROD
EJECTION ACCIDENT, SPECIFIC ROD INSERTION
LIMITS ARE DIMENSIONED BY SAFETY STUDIES

SHUTDOWN MARGIN SURVEILLANCE !

(— REACTIVITY CONTROL}

e






