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STAFF PRESENTATION TO ACRS - 3/16/83

T. KING




SUMMARY OF STAFE REVIEW

APPLICANTS INITIALLY PROPOSED NO LOOSE PARTS
MONITORING SYSTEM,

STAFF DID NOT FIND ANY COMPELLING REASON TO
EXCLUDE SUCH A SYSTEM FROM CRBR AND; THEREFORE,
PER SRP SECTION 4,4 SUCH A SYSTEM IS CONSIDERED
APPLICABLE TO CRBR.

APPLICANTS HAVE NOW COMMITTED TO THE DESIGM
INSTALLATION AND OPERATION OF A LPMS PER

P,G. 1,133 GUIDELINES,



MAJOR DESIGN CRITERIA

R.G. 1,133 GUIDELINES - LOCATE TWO SENSORS AT EACH
NATURAL CO_LECTION POINT OF
PRIMARY SYSTEM,

- BE SENSITIVE ENOUGH TO DETECT
LOOSE PARTS LARGE ENOUGH TO
CAUSE DAMAGE

- DESIGN SYSTEM FOR CHANNEL

. SEPARATION AND OBE
.= PROVIDE AUDIBLE ALERT TO
OPERATORS

- PROVIDE FOR TESTABILITY

AND CALIBRATION

CRBR SENSOR LOCATIONS - REACTOR VESSEL
- PHTS & IHTS PUMPS
- [HXS
- SGS
- NATURAL COLLECTION POINTS
OF SYSTEM

COMPONENT NOISE AND VIBRATION MEASUREMENTS TO LOOK
FOR DEGRADATION,



EBR-11

FFTF

SUCCESSFUL TESTING OF HIGH TEMPERATURE
IN-SODIUM MICROPHONES.

INSTALLATION AND OPERATION OF LPMS
FOR REACTOR VESSEL.

EXPERIENCE WITH HIGH TEMPERATURE
ACCELEROMETERS IN-VESSEL.




CONCLUSTON

COMMITMENT BY APPLICANTS TO DESIGN, INSTALL
AND OPERATE A LPMS FOR CRBR IN ACCORDANCE
WITH R.G. 1.133 IS ACCEPTABLE FOR CP,



OBJECTIVES "F NRC REVIEW 0F PSI/ISI PLAN

. FABRICATION EXAMINATIONS AND PST ARE PERFORMED WITH BEST AVAILABLE
TECHNILOGY

. NDE REQUIRED FOR MAINTENANCE, PEPAIR OR MODIFICATION AND IS CONSIDERED
IN PLANT DESIRH

. ACCESS PROVIDED FOR PERIODIC VOLUMETRIC ISI

. SPECIALIZED EQUIPMENT DESIGNED FOR PLANNED ISI



CP REVIE) CONSINERATINNS

FABRICATION/PST
. DOUBLE ANGLE RT WILL BE PERFORMED ON WELDS IN VESSELS AND PIPING

. UT OF PIPE WELDS (= 1/2 INCH WALL) SHNULD BE PERFORMED USING EXISTING
TECHMLNGY

. UT OF VESSEL WELD HAZ AND ADJACENT BASE IMETAL SHOULD BE PERFORMED WHERE
TECHNICALLY FEASIBLE



CP PEVIEW CONSIDERATIONS

&
181

. EXAMINATIONS SHOULD BE PERFORMED DURING THE REQUIRED MAINTENANCE.
THUS REDUCING OCCUPATIONAL EXPOSURE AND PLANT OUTAGE TIME

. SELECTED VOLU'ETRIC EXAMINATIONS SHOULD BE PERFORMED TO DETECT GENERIC,
UNANTICIPATED DEGRADATINN MECHANISMS

INTEGRATED LEAKAGE DETECTION SYSTEM WILL BE DEMONSTRATED UNDER PLANT
ENVIRON'ENT AND TESTED PER TECHNICAL SPECIFICATIONS [0 MAINTAIN ITS
EFFECTIVENESS



@ TOPICS STILL BEING EVALUATED BY THE APPLICANT
. SURVEILLANCE PROCEDURES FOR THE REACTOR INTERMNALS

INSPECTION TECHNIQUES FOR THE IHX TUBE BUNDLE IN THE EVENT THAT MAINTENANCE
PROVIDES ACCESS T0 THE TUBES



3 OL PEVIEM CONSIDERATIONS
. EVALUATION OF EXISTING NDE TECHNOLOGY FOR ISI

. DESIGNATE SPECIFIC LOCATIONS, METHIDS AND FREQUENCY OF PERIODIC
LHSERVICE THSPECTINN



SUTHRY

. PDENUATE EXAMS WILL BE PERFORMED DURING FABRICATION/PSI TO PROVIDE
ASSURANCE THAT NO SIGNIFICANT FLAWS ESCAPE DETECTION

. BASELINE DATA WILL BE AVAILABLE IN THE EVENT ISI IS REQUIRED

. NDE TECHNIAUES WILL BE AVAILABLE T0 SUPPORT INSERVICE MAINTENANCE.
REPAIR AND MODIFICATION

. PERIODIC ISI WILL BE PERFORMED TO DETECT GENERIC DEGRADATION



LOOSE PARTS MONITORING SYSTEM
CONCLUSIONS

e CRBRP PROJECT HAS DETERMINED
THAT THERE ARE NO POTENTIAL
LOOSE PARTS THAT COULD DEGRADE
THE ABILITY OF CRBRP SYSTEMS TO
PERFORM THEIR INTENDED
SAFETY FUNCTION.

e LPMS WILL BE A VALUABLE DIAGNOSTIC
TOOL FOR THE CRBRP.



ACRS SUBCOMMITTEE MEETING
ACCOMMODATION OF LOCAL FUEL FAULTS
AND ROLE OF INSTRUMENTATION

MarcH 16, 1983

WesTINGHOUSE ELECTRIC Co,
ADVANCED ENERGY SYSTEMS Division
Mapison, PA 15663

R. A. MARKLEY
A. L. ScHvALLIE
L. E. STRAWBRIDGE
R. W. TiLBROOK
R. J. TINDER
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INTRODUCT ION
® SummArRIZE LocAL FauLTs TECHNICAL INFORMATION
o ProviDe DescripTioN oF FueL DEsioN CHARACTERISTICS

® Review PERTINENT DATA Base AND ConcLusions onN FueL
FAILURE PROPAGATION

e ProviDE DescripTioN oF FueL FAILURE MONITORING
SYSTEM RESPONSE

® INTENDED Use AND UtiLiTY OF CoRE OUTLET THERMOCOUPLES

o ForeioN AND DoMeEsTIC EXPERIENCE ON PPS INSTRUMENTATION
RELATIVE TO LocAL FAuLTS



TECHNICAL SUMMARY ON LOCAL FAULTS

e RariDp Robp-To-Rop FA1Lure PropacATION Due To LocAL FAuLTS
LEADING TO A ConDITION OF Loss oF CooLABLE GEOMETRY IS
INCREDIBLE, [T HAS NOT OccurreD IN Run BeEvyonDp CLADDING
BreacH (RBCB) TesTinNG NOR IN OPERATING REACTORS WITH FAILED
FUEL.

® INSTRUMENTATION TO ALERT THE OPERATOR To lLocAL FauLt Con-
DITIONS IS AvAILABLE IN CRBRP, AnND CoNSIDERING THE LoNnG
TiMe INTERVALS NECeESSARY FOR Robp-To-Rob PROPAGATION,
PrOVIDES SUFFICIENT WARNING FOR OPERATOR CORRECTIVE ACTION.

o SiINce RAaPID Rop-To-Rop PROPAGATION 1S INCREDIBLE, REQUIRE-
MENTS FOR LocAaL FAuLT DETECTION AND PROTECTION AGAINST
FueL FAILURE PropAGATION IN THE PPS ARE NoT CONSIDERED
NECESSARY,
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CRBRP FUEL ASSEMBLY

TOP LOAD PAD

FLAT TO FLAT OF DUCT-4.576"
LENGTH-168"

ORIFICE ROD ATTACHMENT T 27 &
PLATE ASSEMBLY W =
ASSEMBLY



CRBRP FUEL ROD

Dished Fuel Pellet  Blanket Peliet Top End Cap
0.1935" Dia. 06'0 OS‘T%M-
91.3% TD. b e
« gtn Gas Capsule
'Bottom End Cap -

Spring
éA ' B 14" UO2 Blanket Pellet Stack
36" Mixed Oxide PuO3 uo2

Fuel Pellet Stack
147002 Blanket Peliet Stack

Pull Through Wire
Attachment

Cladding

‘Wrap Wire

Length 114.4"

0116y

o



Discrimination Post

Rod Attachment

Blanket Rod Bundie (61 Rods)
Overall Length 14 Fi.

91188



UO3 Pellet
0.470 + 0.001” Dia.
956 + 1% TD

fEmi Cap Bottom

-

CRBR BLANKET ROD

Gas Tag Capsule\

Spring — QQ
e

64" Pellet Stack
Depleted Uranium Oxide

P i

Pellet To Cladding
Diametral Gap
Cladding 0.006” Nom.

7

End Cap
Top

. Wrap Wire

Length 114.75"

6112-28



DAMAGE SEVERITY LIMITS

EVENT CATEGORY DAMAGE SEVERITY LEVEL
NorMAL OPERATION No SiGNIFICANT Loss oF EFFECTIVE
LIFETIME

Desion LimiTs PrRecLuDE MecH-
ANISTIC FAILURES FOR NORMAL

ANTICIPATED EVENTS No RepucTioN oF EFFECTIVE LIFETIME OPERATION PLUS ANTICIPATED

(UpseT) BeLow THE DEsIGN VALUES EVENTS AND THE WORST UNLIKELY
EVENT INCLUDING UNCERTAINTIES.

UNLIKELY EVENTS A GEnerAL RepucTionN IN THE FUEL

(EMERGENCY) Burnup CAPABILITY AND, AT MosT, A

SMALL FracTioN oF FueL Rop CrLAbp-
DING FAILURES

ExXTREMELY UNLIKELY EVENTS MAINTAIN CooLABLE CONFIGURATION No Sopium BoiLinG, LIMITED
(FAULTED) FueL MeLtine, CLApDING SoLipus®

*PSAR GUIDELINE
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FUEL FAILURE MONITORING SYSTEM (FFMS)

Cover GAs MoniTORING SysTem (CEMS)
INTENT

o ProviDe Detection oF Rop FAILURES IN FUEL AND BLANKET
ASSEMBLIES

® ProviDE Cover GAS ANALYSIS AND ACTIVITY MEASUREMENT
o PrROVIDE JPERATOR WITH INFORMATION TO INITIATE OPERATION
of THE FAILED FueL Location System (FFLS)

FaiLep FueL Location System (FFLS)
INTENT

® LocATE FAILED FueL AND BLANKET ASSEMBLIES
® CHARACTERIZE FAILURES

DeLAYED NeuTrRON MoNi1TORING SysTem (DNMS)
INTENT

® ProviDE CAPABILITY TO DeTECT IN-Core FueL/Sopium CONTACT
BREACHES

e Provipe CapaBILITY TO IDENTIFY DEGREE OF FueL/Sopium
INTERACTION AT IN-CORE BREACH



FUEL FALLURE MONITORING SYSTEM (FEMS) RESPONSE TIME

Cover GAs MoniTORING SysTem (CGMS)
o Cover GAs 1o DETECTOR = ~ 15-90 MinuTeEs (DePenDS oN RELEASE RATE)

FaiLep FueL Location System (FFLS)

o Cover GAs TransIT TiME
ACCUMULATE SAMPLE

5
® 1AG GAs CONCENTRATION IN TRAPS
8

~ 15 MINuTES
~ 15 MINuTES

~ 7 Hours
Mass SPECTROMETER PROCESSING ~ 30 MINUTES
Torta = ~ 8 Hours

DeLAYED NeuTroN MonNITORING SysTem (DNMS)

® FurLL FLow TransiT TIME = < 1 MINUTE
o 40%Z FLow TrAnsIT TIME = 2 MINUTES
® Counting TiMe ~ 1 1O 3 MINUTES



REQUIREMENTS PLACED ON THE FFMS

GENERAL RequIReMENT: DeTecT, LocATE AND CHARACTERIZE FUEL AND
BLANKET Rop FAILURES,

SPECiFIC REQI'IREMENTS:

CGMS - Detect FueL AND BLANKET Rop BReAcHes ViA Cover GAs AcTiIviTy
INCREASE, DESIGN SENSITIVITY IS 10‘ll StanpArD CC Fission
Gas Per CC Cover Gas

FFLS - LocATE AND CHARACTERIZE FUEL AND BLANKET Rop BREACHES
ViA Tac GAs AND FissicN GAS ANALYSES. DESIGN SENSITIV-
1Ty 1s < 1 ppPB OF TAc IN Cover GAs

DNMS - Detect FueL-Sobium CoNTAcT AT IN-Core BREACH LOCATIONS
FOR FUEL AND BLANKET Rops.

- DesieN SensiTivITY 1S 1.5 cnz Exposep FueL By RecoiL.

- DesieN SEnsITIVITY PRecLupES LARGE DIAMETER INCREASES,
AND PosTuLATED Porous HEAT GENERATING BLOCKAGES WHICH
CouLp CAuse CLADDING TEMPERATURES GREATER THAN 1600°F
AND SoDIuM BoILING,



RUN BEYOND FAILURE CONCEPT

o OPerATE WITH GAs LEAkers UNTiL DND INDicATION
ofF FueL-Sopium ContacT By ConTinuous DN SiGNAL
ABove Some TBD LevEL

o Remove ALL Known FueL-Sopium CONTACT LEAKERS
AND GAs LEAKERS AT EACH REFUELING INTERVAL



RUN BEYOND CLADDING BREACH EXPERIENCE



CONCLUSIONS FROM OPERATING EXPERIENCE WITH BREACHED RODS

STeaDY STATE OPERATION

o 0Gas Type LEAkers PRESENT No ProBLEM IN REGARD To Robp-To0-RoD
PROPAGAT ION

o FiniTe Lire1iME wiTH FyueL-Sopium CoNTACT LEAKERS - EXTENDED
10 22 DAYs anp 0,75 cn5 wiTH BENien EFFecTs. LIMIT NOT YET
Founp ALTHOuGH AN AsSEMBLY HAS GONE ~ 96 DAys wiTH DN SicNALS
AND MuLTipLE FAILUrRes (PIE 1N PROGRESS)

o OpPerATING BReAacHED Rops HAVE EnNHANCED DN Emission Over RecoilL
Makine DN DeTecTION More SensiTiVE - BReacHeD Rops DN Emission
1S EXPONENTIAL WITH POWER.

TRANSIENT OPERATION

o THe Benavior oF BReAcHED FueL Rops Havine FueL-Sopium ConTACT
(LocGING) ARE NOT SErRIOuUSLY DEGRADED. SHUTDOWN/STARTUP EXTENDS
BREACH.

AReAs REQUIRING FURTHER DEVELOPMENT EFFORT

o DiameTerR INCReASE VErsus FueL ExPOSURE TO Sopium

e AppitTioNAL PPS TermMINATED TOP Anp LOF ResuLts FroM NATURALLY
OccurrING FAILURES

® DETECTION AND INSTRUMENTATION DIAGNOSTICS



N ® o
RBCB WITH DEFECTED RODS

LOMPLETED TESTS

e 2 S.S., EBR-II Pre-Derectep IRRADIATED FueL AssemBLY TesTs COMPLETED AND RESULTS
ReporTeED (RBCB-6,7)

e 3 S.S. EBR-II IrrADIATED FueL Rop AssemBLy Tests wiTH NATURAL BReacH COMPLETED
(RBCB-1,2,3)

e 1 EBR-II IrrADIATED FueL Rop BunpLe S.S. TesT wiTH NATURAL BREAcHES TesT COMPLETED
(XY-2)

o U.S. Data INpicATES BeEnNioN OPErRATION - LiTTLE FueL Loss, OPERATION POSSIBLE FOR
AT LEAsT ~ 22 Davys, Derects Grow Due To SHuTDOWN - STARTUP COMBINED LOCALIZED
DiaMeTeER INcrReAse < 15%, DeTectaBLE DND SienaLs, No Rop - Rop PROPAGATION
(ALTHoueH A Low B.U. Rop IN RBCB-2 ADJACENT TO ANOTHER BREACHED Rop FAILED.
BReacH PossiBLY Due 1o ReconsTiTuTiON; DIAMETER INCREASE ACCEPTABLE)

PLANNED OR ON-GoING TESTING

@ 5 Kinerics AND ConTAMINATION S.S. BunoiLe Tests (RBCB-K1, K2, K2A,B,()

® 3 Detection AND INSTRUMENTATION DND Tests (RBCB-D1, D2, D3 VariasLe FLow)

o 5 FueL anp IRRADIATION VARIABLES TEsTs (RBCB-V2 Prenum DerFects, RBCB-V4 LARGER

DiamMeTer, RBCB-VS5 BLANkeT, RBCB-V6 UNrReconsT., RBCB-V7 Sopbium STorAace PRe-DeFECTED)
® ORT ProcrAM IncLupeEs 1 TOP Test (TOP 1-2)



CRBR INLET BrockaGE CONSIDERATIONS
R. A, MARKLEY

ACRS SuBcoMMITTEE MEETING
MarcH 16, 1983



@ AsseMsLy INLET AND MobuLt BLockAGES ARE KiGHLY IMPROBABLE BECAUSE OF THE
BuiLt-IN FLow BLockaGe PREVENTION FEATURES WHICH PROVIDE FLOW PATH
REDUNDANCY :

-- MuLTiPLE PRIMARY PORTS
-- Ax1AL DeBrRI1S BARRIERS
-- RapiAL DeBr1s BARRIERS } - Lower INLET MoDuLE
== MuLTIPLE AuxiLIARY PORTS
-= STRAINER

-= MuLTIPLE INLET SLoTs - AssemBLy NozzLEe

\

O THe STRAINER PREVENTS DEBRIS LARGER THAN (.25 INCHES FROM ENTERING THE MODULES
® THe OriFice PLATES PrROVIDE ANOTHER LEVEL OF SCREENING

O Desris Hor STRAINED BY THE FueL Rop SupporT KeEvys AND UNHEATED Rop BUNDLE
ENTRANCE WiLL Pass TuroueH Rop BunDLES

O Even A 507 AReaL INLET BLockace Causes Less THAN 25°F INCREASE IN OUTLET
TEMPERATURE




LOWER INLET MODULES ®
@ FLOW BLOCKAGE PREVENTION FEATURES

~FUEL ASSEMBLY

-
LOWER INLET M2OULE =

ITI171IIT

E / R
‘ WIS =
K @b |

| | ' ’ .
I ; | U ?
CORE SUPPORT —T" uhera I
STRUCTURE FORGING £
E - w‘i ; — |
¥ A , RADIAL DEBRIS
STRAINER A G | BARRIER
e {
! |
Y19 & ) PRIMARY PORTS (6)
N\
auxitiary FowporT — fE 354 | © 8 4
(3) : LOWER INLET

MODULE LINER

AXIAL DEBRIS—
BARRIER

9657-2



Low PROBABILITY

-- @ A ProcrAM CoMPARABLE TO FFTF

-- Core SpeciAL AssemBLIES DurING PrReoperATION TESTING FILTER ReacTorR FLow
(>0,004 IncHES)

OnLY Scow Buirpup PossiBLE

-~ PARTICULATE BuiLbur NoT PREFERENTIAL
-- ParTICLES OF Concern Must Be 1n 0.056” 10 0.25" RANGE
-- >400 INTERCONNECTED FLow CHANMELS IN FUEL ASSEMBLY

MARGINS TO ACCOMMODATE

-- RepunDANT FrLow PATHS
-~ CASCADING STRAINING HELPS

-- EveN 50% ArReAL INLET BLockace CAuses LeEss THAN 25°F INCREASE IN OUTLET
TEMPERATURE

Rop BunpLE INLET BLockaGes VerRy Low PROBABILITY, Stow, WiTH LARGE MARGINS TO
ACCOMMODATE






AsseMBLY QUTLET TEMPERATURE INCREASE -(°F)

1950 }—
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W0 CROSS FLOW
BSOLATED »u:?

- 1

b~

A o
FRACTION OF INLET AREA BLOCKED



FUEL FAILURE PROPAGATION POTENTIAL

R. W. TILBROOK

WESTINGHOUSE ADVANCED REACTORS DIVISION

WALTZ MILL SITE

MARCH 1983



CHAPTER 15.4 LOCAL FAILURE EVENTS

DEFINITION: A FAILURE WHICH IS INITIATED WITHIN A SINGLE
FUEL, BLANKET OR CONTROL ASSEMBLY

TYPE OF INITIATOR EVENTS:
1, STOCHASTIC ROD FAILURE
2. LOCAL FLOW BLOCKAGE

3. BUBBLE PASSING-THROUGH CORE

ALSO CONSIDERED:

4, MOLTEN FUEL



STOCHASTIC ROD FAILURE

FISSION GAS RELEASE

FUEL PARTICLE RELEASE

OPERATION WITH FAILED FUEL



® FISSION GAS RELEASE

® THERMAL EFFECT - GAS JET IMPINGEMENT

e MAIN LOCATION FOR IMPINGEMENT WOULD BE AT PLENUM

o LOWER RELEASE RATES IN FUEL REGION WOULD AVGID
TMPINGEMENT

e WIDE RANGE OF HOLE DIAMETER AND PIN PRESSURE TESTED

@ THERMAL EFFECT - ROD GAS BLANKETING

@ TESTS SHOW DISPERSION OF GAS ACROSS ASSEMBLY

o FLOW REDUCTION FROM GAS BLANKETING WOULD NOT CAUSE
FAILURE

O TRANSIENT MECHANICAL LOADING

e DIFFERENTIAL PRESSURE ACROSS ROD CANNOT CAUSE ROD
FAILURE

o DUCT WILL WITHSTAND MAXIMUM PRESSURIZATION
(300 PSI VS, 550 PSI CAPABILITY AT 1000°F)



FISSION GAS RELEASE IN REACTOR SAFETY (CSNI REPORT NO. 40)

INTERNATIONAL COOPERATIVE STUDY SPONSORED BY “ORGANIZATION
FOR ECONOMIC COOPERATION AND DEVELOPMENT” (1979)

@ THE SAFETY TECHNOLOGY ON FISSION GAS RELEASE IS
WELL DEVELOPED WITH THE SUPPORT OF A VAST AMOUNT
OF EXPERIMENTAL DATA AND MANY YEARS OF EXPERIENCE

e FISSION GAS RELEASE BY ITSELF IS NOT A POSSIBLE
CAUSE FOR FUEL ROD FAILURE PROPAGATION



FUEL PARTICLE RELEASE

OPERATIONAL EXPERIENCE WITH FAILED FUEL
INDICATES LITTLE WASHOUT AND NO PARTICULATE
RETENTION IN WIRE WRAP ASSEMBLIES

HEAT GENERATING BLOCKAGES ASSOCIATED WITH
ASSUMED PARTICLE RETENTION IN THE BUNDLE ARE
DISCUSSED LATER



OPERATION WITH FAILED FUEL

o (CONSEQUENCES OF OPERATING WITH FAILED FUEL:

- FISSION PRODUCT LEACHING: SODIUM CLEANUP SYSTEM
REMOVES FPs

- SODIUM INGRESS: HIGH INTERNAL PRESSURES FROM SODIUM
VAPORIZATION HAVE NOT BEEN FOUND IN
TESTS

- FUEL/SODIUM CHENICAL REACTION: ANY SWELLING WHICH OPENS
THE BREACH EXPOSES MORE
FUEL AND INCREASES THE
D.N. DETECTOR SIGNAL.
SWELLING IS SLOW AND HAS
NEGLIGIBLE EFFECTS ON
NEIGHBOR ROD HEAT TRAMSFER

CONCLUSIONS: OPERATION WITH FAILED FUEL IS ACCEPTABLE. OPERATING
LIMITS WILL BE ESTABLISHED,



SODIUM-FUEL REACTION

SODIUM AND URANIUM-PLUTONIUM OXIDE WILL REACT IN THE
PRESENCE OF FREE OXYGEN

REACTION PRODUCT NAz MO, HAS DENSITY ABOUT 1/2 OF FUEL

UNDER WORST CASE CONDITIONS AT EOL, THEORETICAL UNIFORM
EXPANSION OF CRBRP FUEL WOULD BE 1,7% DIAMETRAL

KINETIC DATA INDICATE TWO TO SIX DAYS TO REACH EQUILIBRIUM

EXPERIENCE INDICATES SODIUM-FUEL REACTION DOES NOT LEAD
TO FAILURE PROPAGATION; DFR, RAPSODIE, AND BR-5 OPERATED
LONGER THAN 100 DAYS WITH FUEL EXPOSED TO SODIUM WiTHOUT
EVIDENCE OF PROPAGATION



2, LOCAL FLOW BLOCKAGE
(WITHIN ROD BUNDLE)

e IN-CORE PASSIVE BLOCKAGE

o IN-CORE ACTIVE BLOCKAGE (HEAT-GENERATING BLOCKAGES)



CONCLUSIONS ON LOCAL FLOW BLOCKAGE

LOCAL FLOW BLOCKAGE DETAILS ARE IN THE FEBRUARY 3, 1983
PRESENTATION,

e EVEN A SIX-CHANNEL IN-CORE PASSIVE PLANAR BLOCKAGE
WILL AT MOST ONLY REDUCE FUEL LIFETIME

o THE FORMATION OF HEAT-GENERATING BLOCKAGES (HGB) WITHIN
THE CORE IS HIGHLY IMPROBABLE

o DELAYED NEUTRON DETECTOR (DND) SYSTEM WILL
DETECT A HGB SMALLER THAN THAT WHICH COULD PROPAGATE
DAMAGE



3. GAS BUBBLES PASSING THROUGH CORE

o THE PLANT IS DESIGNED TO PRECLUDE GAS BUEBLES ENTERING
THE CORE, FOR EXAMPLE: VENTS FROM POTENTIAL GAS
POCKETS, LOW COVER GAS PRESSURE, IHX CONTINUOUS BLEED,
VORTEX SUPPRESSOR PLATE

e THE THERMAL CONSEQUENCES OF EVEN A LARGE BUBBLE
(4 INCHES HIGH-OVER 8 ROWS: 3 cu. FT.) ARE SMALL
(68°F MAXIMUM CLADDING TEMPERATURE INCREASE)

® THE REACTIVITY CONSEQUENCES OF ISOLATED BUEBLES ARE
NEGLIGIBLE

e EVEN A 5 INCH BUBBLE WOULD ONLY INCREASE CLAD TEMPERATURE
BY 25°F AT CORE EXIT

CONCLUSION: THERE ARE NO PROPAGATIVE CONSEQUENCES DUE TO
BUBBLES



4, SUMMARY OF MOLTEN FUEL ISSUES

MOLTEN FUEL (M.F.) DOES NOT EXIST IN REACTOR DURING

NORMAL, UPSET OR EMERGENCY EVENTS

M.F. NOT FORMED BEHIND PASSIVE PLANAR BLOCKAGES

M,F. NOT FORMED IN HEAT GENERATING BLOCKAGES WHICH

ARE NON-DETECTABLE

TESTS D1, D2 DEMONSTRATED TRANSIENT OPERATION WITH M.F.

SLSF TEST P1 DEMONSTRATED CONTINUED OPERATION WITH

SIGHIFICANT AREAL M.F,



WORLD-WIDE EXPERIENCE WITH LIQUID METAL/OXIDE

FUELED PLANTS IS EXTENSIVE, AND DEMONSTRATES

NON-PROPAGATIVE CONSEQUENCES OF FUEL FAILURE.



WORLD WIDE OXIDE FUEL "
OPERATING EXPERIENCE

(APPROXIMATE NUMBERS)

COUNTRY

REACTOR

OXIDE USE  |RRADIATED FAILED
FRANCE PHENIX DRIVER' 100,000 g
RAPSODIE DRIVER 16,000
TEST 2,000 3G
UK PFR DRIVER" 30,000+ 2
DFR TEST 2,500 200+""
USA FFTF DRIVER" 16,000 1
EBR 11 TEST 3,000 55ee
JAPAN JOYO DRIVER 5,000 0
TEST
USSR BR-5, 10 DRIVER 5,000 100+
TEST
BOR-60 12,000 <60
BN-350 50,000
BN-600
(U, Pu) 02

NO, RODS

** (INCLUDES 1/3 TO 1/2 WHICH FAILED AT B.U. 2 10%)

+ SOME RODS MAY BE DESIGM PROOF TESTS
++ MOST FAILURES RELATED TO DOWH-FLOW COOLANT IN CORE

NO. RODS



CONCLUSIONS FOR LOCAL FAULTS

e OPERATING PLANT FUEL FAILURE RATES LOW

o STOCHASTIC FUEL ROD FAILURE DOES NOT LEAD TO FAILURE
PROPAGATION

e FAILED FUEL 1S DETECTABLE

o CONTINUED OPERATION WITH FAILED FUEL HAS NOT CAUSED
PROPAGATION

e DEGRADATION PROCESSES ARE SLOW AND CAN BE MONITORED WITH
REMOVAL AT PREDETERMINED OPERATING LIMITS

THEREFORE, THE CONSEQUENCES OF FUEL FAILURE ARE BENIGN.



CRBR Core ExiT THERMOCOUPLES
R. A, MARKLEY

ACRS SuBcommITTEE MEETING
MarcH 16, 1983



CRBRP CORE EXIT THERMOCOUPLES
IDENTIFIED FUNCTIONS

ReacTor CoONTROL

DesicN VERIFICATION
-- DesieN Marcins, Power DisTriBuTION, SyMMETRY, FUEL Robp LIFETIME

-- OPerATIONAL DisturBances (LocAL DisTURBANCES IN PowerR DISTRIBUTION,
SHIFTS IN Power/FLow, ETc.)

-- UNCERTAINTY FACTORS ASSESSMENT
-~ RELATIONSHIP WITH PosT-IRRADIATION MEASUREMENTS






REQUIREMENTS:

® MaINTAIN STEADY STATE PRIMARY OUTLET TEMPERATURE WITHIN FIXED BAnD
® MinimizE TEMPERATURE OQVERSHOOT

CoveraGe - 30 PosiTions Over 3 SymmeTric 60° SECTORS

RATIONALE :

® CroseLy ApproACH Core Mixep Mean AnD Forrow CycLE SwinG
® Even CoVERAGE
® ProviDE REDUNDANCY

Type - DRy-WELL
Time ConsTANT <10 Seconps



FUEL ASSEMBLY

RanGe FroM “8°F (Core CeENTER, Six-FoLp COVERAGE BY SYMMETRY)
10 v25°F (PERIPHERY, SINGLE COVERAGE)

INNER BLAWKET ASSEMBLY

Rance FroM ~15°F (HieH FLow, SyMMeTRY) TO ~40°F (Low FLow, SINGLE
COVERAGE)



CORE QUTLET THERMOCOUPLES ARE NOT SAFETY RELATED

® For "Core-WiDe” FAuLTs:

-- FAsT AcTing PPS TRIPS (E.G. HIGH FLUX, FLUX TO FLOW)
SHUTDOWN BEFORE EXCESSIVE TEMPERATURES

® For LocaL FauLts (BrLockaGe, HieH HeaT FrLux)

-- T/C InsensiTive To LocaL FauLts (e.c. BLockaces <50 to 60%)
T/C "BLinDED” BY ADJACENT Cross FLow WHEN BLockace ~ >90%

Low PROBABILITY OF OCCURRENCE

IF LocAL TEMPERATURE INcrReAse Causes CLAD FAILURE, DeTecTep By
FAILED FueL MoNITORING SYSTEM

® LimiTep NumBer oF CLAD FAILURES ARE ExPECTED AND ARE NoT A SAFETY CONCERN
-- RAPID ProPAGATION WiLL Not Occur
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CORE OUTLET THERMOCOUPLE

ALARM, ALERTS, ETC.

PRESENTATION TO

ACRS

MARCI} 16, 1983
BY

R. J. TINDER, WESTINGHOUSE

ADVANCED REACTORS DIVISION
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CORE THERMOCOUPLE INDICATIONS AND ALARMS

338 FUEL AND BLANKET THERMOCOUPLES

EACH WIRED TO PLANT DATA HANDLING AND DISPLAY SYSTEM
COMPARED TO ALGORITHM OF HISTORY-POWER-FLOW-LOCATION
COMPUTER “ALERT” WHEN OUTSIDE TOLERENCE

ALERT TYPES ON ALARM TYPEWRITER

ALERT APPEARS ON ALARM CRT

LAST THREE ALERTS APPEAR AT EOTTOM OF CRTs

OPERATOR CAN REQUEST T/C READINGS ANY TIME (CRT OR HARDCOPY)
SELECTED 30 T/C FOR CONTROL SYSTEM

LESS THAR 25 COMTROL T/C ACTIVATES MAIN PLANT
ANNUNCIATOR (AUDIBLE AND VIStAL)



Review OF WorLD-WIDE APPLICATION
OF LocAL FAULT INSTRUMENTATION

L. E. STRAWBRIDGE

WesTINGHOUSE ADVANCED ReEAcTORS Division



Score OF SuURVEY

o AvAiLABLE DesioN INFORMATION CoLLECTED On 17 Sopium
CooLeD FAST REACTORS.

o MaJor PLANT DESIGN VARIATIONS
- Loop Or PooL
- Power Or TEST
- SmaLL To LARGE

o Mauor FueL DesiGN VARIATIONS
- Oxipe OrR MetaL FUEL
- WIRE WRAP OR GRID SPACERS



INSTRUMENTATION SURVEY

RAPSODIE  PHENIX  SPX DFR

LOOP OR POOL LOOP
POWER OR TEST  P,T
FUEL/SPACER 0X/WW

POOL POOL  LOOP
P p P,T
0X/WHW OX/WW M/

CORE EXIT T/C  YES YES YES
T/C IN PPS YES YES
DEFINITIONS:
WIRE WRAP - WW OXIDE - OX
GRID -6 METAL - M

ok SR
POOL  POOL
p p
0X/6  OX/6
YES  YES
YES  YES
ALARM - A

>
SNR-300  JOYO  MONJU
LOOP LOOP  LOOP
p T P
0X/G 0X/
YES YES  YES
A NO YES



INSTRUMENTATION SURVEY (conTinueD)

BOR BN BN
BR-5/10 60 350 600
LOOP OR POOL  LOOP LOOP  LOOP  POOL
POWER OR TEST  P,T PLT P p
FUEL/SPACER  OX/ X/  OX/  OW
CORE EXIT T/C
T/C IN PPS
DEFINITIONS:
WIRE WRAP - WW OXIDE - OX
GRID - 6 METAL - M

EBR 11

POOL
P,T
M/WW
YES

NO

ALARM - A

FERMI
LOOP

M/G
YES

NO

FFTF
LooP

0X/HW
YES

NO

CRBRP
LOOP

OX/¥W
YES

NO



Survey OF QuTLeET THERMOCOUPLES IN
PPS For LocaL FauLTs

o StrONGEST CoRRELATION ExisTs For Loop vs. PooL




ConcrLusions On WorLD-WIDZ .PPLICATION
OF LocAL FAULT INSTRUMENTATION

No UNiversAL AGREEMENT ON APPROACH.

Core QuTLET THERMocoupLES UsuarLLy IncLupep InN PPS
IN PooL ReacTors; UsuALLy Not InNcLupep IN Loop REACTORS.

ConsIDERING THE CRBRP Desien, THE AppLicATION OF
INSTRUMENTATION 'S ConsISTENT WiTH THE WorLD-WIDE TRENDS.



ConcrLusions On LocaL FauLTts

QA ResuLts IN Low ProBaBILITY OF LoapinG DerFecTive FuEL.

DesieN FEATURES AND OPERATIONAL REQUIREMENTS PREVENT
Ex-Core BLOCKAGES.

No IN-Core Brockace ExpecTeD BAsep ON OperatIiON, TESTS
AND ANALYSIS.

FueL FAa1Lures DurinGg OPERATION ARE ANTICIPATED AND WILL
Be DETECTED.

ExTeEnsIVE ExPerIENCE BAse SHows No EviDeNce OF PROGAGATION.

THerMocouPLES Do Not SienNirFicanTLY IMPROVE THE MARGIN OF
SareTy For LocaL FauLTs

- Not EFFecTive For PREVENTION/FOREWARNING

- DNDs More SensiTive For DeTecTinNG FAILURES OF INTEREST

Cons1DeERING THE CRBRP DesieN, THE AppLicATION OF
INSTRUMENTATION IS ConsISTENT WiTH THE WorLD-WIDE TRENDS.

INSTRUMENTATION For LocAL FAuLT MoniTorinNGg Is Not NEEDED
In PPS Since No Faurts Courp PropPAGATE ON A TIME ScALE
Requirine PPS AcTiow,



SOURCE INTERDICTION FOR DIRECT RELEASES TO THE
HYDROSPHERE AFTER A SEVERE ACCIDENT AT THE CRBRP

S« J. NIEMCZYK
OAK RIDGE NATIOMAL LARORATORY

MARCH 16, 1983

WASHINGTON, D.C.



SUMMARY

[T IS NOT EXPECTED THAT THE CRBRP BASEMAT WILL MELT THROUGH.

[F IT DOES AND NO INTERDICTIVE ACTIONS ARE TAKEN, IT IS
ESTIMATED THAT THE RESULTING CONSEQUENCES TO THE PUBLIC
WILL BE RELATIVELY SMALL.

IF IT IS DECIDED THAT MITIGATING MEASURES ARE INDICATED,
THEN IT SHOULD BE POSSIBLE AT THE CRRRP SITE TO ALMOST
COMPLETELY PREVENT ANY RADIATION DOSE TN THE PURLIC RY
APPROPRIATE SOURCE INTERDICTIVE PROCEDURES.



PRIMARY BASIS FOR DISCUSSION: NUREG/CR-1596 (SANDR0N-1669)

“THE CONSEQUENCES FROM LIQUID PATHWAYS AFTER A
REACTOR MELTDOWN ACCIDENT”

THAT STUDY

1. CONSIDERED ALL OPERATING AND UMDER-CONSTRUCTION LWRs
PLUS SOME PROPOSED ONES

2. ESTIMATED THE CONSEQUENCES OF RELFASES TO THE
HYDROSPHERE BOTH WITH AND WITHOUT INTERDICTIVE
PROCEDURES

5. CONSIDERED THE FEASIBILITY AND THE EFFECTIVENESS OF
BOTH SOURCE AND PATHWAY INTERDICTIVE PROCEDURES

ACCORDING TO THAT STUDY, IF BASEMAT MELT-THROUGH OCCURS,

' 1. EVEN WITHOUT MITIGATING PROCEDURES, THE CONSEQUENCES
NF RELEASES TO THE HYDROSPHERE ARE NOT EXPECTED TN BE
SIGNIFICANT FOR MANY LWR SITES

2. HOWEVER, FOR SCME SITES, THE CONSEQUENCES OF SUCH
RELEASES MAY BE SIGNIFICANT (INLESS ADEQUATE MITIGATING
PROCEDURES ARE TAKEN

5. ALTHOUGH ADEQUATE MITIGATING PROCEDURES CAN PROBARLY
BE TAKEN AT MOST LWR SITES, IT IS MOT OBVIOUS THAT
THAT THEY CAN BE TAKEN AT ALL SITES

4. ONLY MITIGATING PROCEDURES TAKEN CLOSE TO THE SOURCE
CAN TYPICALLY BE VERY EFFECTIVE IN REDUCING THE
POTENTIAL RADIATION DOSE TO THE HUMAN POPULATION
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MAJOR TYPES OF DIRECT RELEASES TO HYDROSPHERE
LWR
LEACHING OF MELT DEBRIS
ESCAPE OF SUMPWATER (OR SUPPRESSION POOL WATER)

CRBRP

LEACHING OF MELT DEBRIS

CHARACTERISTICS OF RELEASES
MELT DERRIS
COMPOSED MOSTLY OF COMCRETE/SOIL RESIDUA
INCLUDES PkIMARILY LESS VOLATILE RADIOMUCLIDES

RELEASE TO ACCESSIBLE PORTIONS OF THE ENVIRONMENT
GENERALLY WILL BE RELATIVELY SLOW

SUMPWATER

MAY CONTAIN LARGE FRACTIONS OF MANY OF THE MORE VOLATILE
RADIONUCLIDES

RELEASE TO THE ACCESSIBLE ENVIRONMENT MAY BE RELATIVELY
RAPID



. CRBRF SOURCE TERM VERSUS “TYPICAL” LWR SOURCE TERM

1. THICKER BASEMAT I[N CRBRP; THEREFORE RASEMAT LFSS LIKELY
T0O MELT THROUGH

2. SMALLER CORE IN CRBRP; THEREFORE, LESS FISSION PRODUCT
ACTIVITY IS AVAILABLE FOR RELEASE TO HYDROSPHERE; ALSO,
BASEMAT MELT-THROUGH IS LESS LIKELY

5. NO MAJOR RELEASES OF HIGHLY CONTAMINATED WATER FROM
CRBRP; THEREFORE EARLY RADIONUCLIDE RELEASES, AS WELL
AS RELEASES OF VOLATILE RADIONUCLIDES, ARE MUCH LESS
LIKELY

4. MORE PLUTONIUM IN CRBRP; THEREFORE LARGER LONG-TERM
‘ SOURCE POSSIBLE



‘ POTENTIAL CONSEQUENCES OF RELEASES TO THE HYDROSPHERE DEPEND ON

1. RATE OF INITIAL RELEASES TO HYDROSPHERE
A. TIME UNTIL GROUNDWATER CONTACT ESTABLISHED

B. RATES OF LEACHING

2. RATE OF TRANSPORT TO ACCESSIBLE PORTIONS OF ENVIROMMENT
A. TRAVEL TIME OF GROUNDWATER FROM SITE T0O SURFACE WATER

B. STRENGTHS OF ADSORPTION OF RADIONUCLIDES TO SOIL

. 5. PRESENCE OF EXPOSURE PATHWAYS
A. SIZES OF POPULATIONS-AT-RISK
B. USAGE PATTERNS OF POPULATIONS-AT-RISK

C. CHARACTERISTICS OF PATHWAYS
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POTENTIAL PATHWAYS FROM DEBRIS TO ACCESSIBLE ENVIRONMENT

INITIALLY,

1. ESCAPE VIA TRANSPORT THROUGH SILTSTONE

2. ESCAPE VIA CONSTRUCTION CHANNELS

5. ESCAPE THROUGH FISSURES, ...

4. ESCAPE THROUGH DEGRADED SILTSTONE
LATER,

1. TRANSPORT THROUGH UNWEATHERED SILTSTONE

2. TRANSPORT THROUGH UNWEATHERED LIMESTONE

5. TRANSPORT THROUGH WEATHERED SILTSTONE

4. TRANSPORT THROUGH WEATHERED LIMESTONE

FOR TRANSPORT THROUGH WEATHERED STRATA, ESCAPE T0D THE GROUND
SURFACE AND TRANSPORT ACRNSS IT (PRIOR TO REACHING SURFACE
WATER) WOULD ALSO BE A POSSIRILITY.



POSSIBLE “TEMPORARY” SOURCE INTERDICTIVE PROCEDURES

1. DEWATERING

2. WATER INJECTION

5. RECOVERY

4. GROUND FREEZING

5. SLURRY TRENCH CONSTRUCTION

6. GROUTING

ANY OF THE ABOVE WOULD NEED TN RE COMBINED WITH AN
EXTENSIVE MONITORING PROGRAM.



\\\\ //7




B .

16
AR
< RSB RCB Qo] TGB
N (%
3
s
TN MSEW

s | co osal /

GRAPHIC SCALE
0 0100 0 300 400
e ey

RCB REACTOR CONTAIMMENT BLOO
SGB STEAM GENERATOR BLDG
1B INTERUEDIATE BAY

R5B REACTOR SERVICE BLOG

CB cCcoONTROL BLLG

DGB DieseL GENERAYOR BLOG
TGB TURBINE GENERATOR BLDG
PSB PLANT SERVICE 8LDS
MSTW MAINTENANCE SHOP ¢ WARRHA g8
MB  MAINTENAMCE BAY

RWA RADWASTE AREA



EFFORT REQUIRED FOR ISOLATION OF DEBRIS BY GROUTING

1. CONVENE EXPERTS AND FORMULATE PLAN

2. CLEAN UP SITE

5. DETERMINE SURSURFACE CONDITIONS

4. RAZE EXTRANEOUS BUILDINGS, ...

5. ASSEMBLE DRILLS, TEAMS, GROUT, ...

6. FORM INITIAL GROUT BARRIER

7. FORM SECOND BARRIER

8. ADD INTERMEDIATE BARRIER TO ENSURE ISOLATION

9. COVER SURFACE



“PERMANENT” SOLUTION

1. REENFORCE GROUTING
A. SOLUTIONING IN LIMESTONE LAYERS MAY CAUSE TROUBLE
B. SETTLEMENT, ... OF GROUND MAY CAUSE TROUBLE

C. GROUTING AND ITS REENFORCEMENT MAY ULTIMATELY
DETERIDRATE

2. MOVE DEBRIS TD PERMANENT REPOSITORY
A. LEGAL PROBLEMS CURRENTLY PRECLUDE THIS

B. ACCESS TO DEBRIS MAY PERMIT ESCAPE OF RADINACTIVITY
TO ENVIRONMENT



600D FEATURES OF CRBR PLANT AND SITE

THE CONTAINMENT BUILDING WOULD HAVE A RELATIVELY THICK
BASEMAT; THEREFORE, BASEMAT MELT-THROUGH WOULD NOT BE
LIKELY.

THE CORE WOULD BE COMPARATIVELY SMALL; THEREFORE, ONLY
RELATIVELY SMALL AMOUNTS OF MOST RADIONUCLIDES COULD
RE RELEASED TO THE HYDROSPHERE; IN ADDITION, BASEMAT
MELT-THROUGH WOULD MOT BE LIKELY.

NO SIGNIFICANT RELEASES OF HIGHLY CONTAMINATED WATER
WOULD NCCUR; THEREFORE FEW [F AMY VOLATILE RADIONUCLIDES
WOULD BE RELEASED DIRECTLY TO THE HYDRNSPHERE; FURTHER-
MORE, ANY RELEASES OF RADIOACTIVITY WHICH DID OCCUR
WOULD BE RELATIVELY SLOW.

[F BASEMAT MELT-THROUGH OCCURRED, THE MELT WOULD RESIDE
IN SILTSTONE; THEREFORE ONLY LIMITED WATER MIGHT BE
AVAILABLE FOR LEACHING.

THE BEDROCK BENEATH THE PLANT WOULD BE RELATIVELY
UNDISTURBED BY CONSTRUCTION; THEEFORE, ONLY LIMITED
WATER MIGHT BE AVAILABLE FOR LEACHING.

THE SITE IS A LONG WAY FROM THE RIVER; THEREFORE, IF
INITIAL EFFORTS TO CONTAIM THE RADIOACTIVITY FAILED,
THERE WOULD BE TIME T0 CARRY OUT ADDITIONAL FFFORTS

TO PREVENT THE RADIOACTIVITY FROM REACHING THE RIVER.



SUMMARY

IT IS NOT EXPECTED THAT THE CRBRP BASEMAT WILL MELT THROUGH.

IF IT DOES AND NO INTERDICTIVE ACTIONS ARE TAKEN, IT IS
ESTIMATED THAT THE RESULTING CONSEQUENCES T0O THE PUBLIC
WILL BE RELATIVELY SMALL.

IF IT IS DECIDED THAT MITIGATING MEASURES ARE INDICATED,
THEN IT SHOULD RE POSSIBLE AT THE CRBRP SITE TO ALMNST
COMPLETELY PREVENT ANY RADIATION DOSE TN THE PURLIC RY
APPROPRIATE SOURCE INTERDICTIVE PROCEDURES.



& [ ] Y

CRBRP ACCIDENT
RESPONSE PLANNING

BRIEFING FOR:

ADVISORY COMMITTEEE ON

REACTOR SAFEGUARDS (ACRS)

CRBRP SUBCOMMITTEE & MATERIALS AND
STRUCTURE WORKING GROUP

ON:
DESIGN FOR EMERGENCY
MANAGEMENT

PRESENTED BY:

PETE PLANCHON

MANAGER, PLANT SYSTEMS
AND SAFETY RELATED DESIGNS
CRBRP PROJECT
WESTINGHOUSE —AESD

OAK RIDGE, TN.

MARCH 16, 1983



CRBRP DESIGN FOR
EMERGENCY MANAGEMENT

e INTRODUCTION
e ON-SITE EMERGENCY CONTRCL CENTERS
= CONTROL ROOM
- TECHNICAL SUPPORT CENTER
- OPERATIONAL SUPPORT CENTER
e ACCIDENT MONITORING INSTRUMENTATION
e EMERGENCY RESPONSE DATA SYSTEM
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COMMAND AND CONTROL OF OPERATIONS

e PROVIDE THE CONTROL RCOM SUPERVISOR WITH
INFORMATION THAT WILL SUPPORT COGNITIVE
BEHAVIOR

e PROVIDE CONTROL ROOM OPERATORS WITH
INFORMATION AND CONTROLS THAT WILL
SUPPORT RULE AND SKILL BASED BEHAVIOR

e TO ACHIEVE THE ABOVE

— PROVIDE A STATE-OF-THE-ART COMPUTER
SYSTEM TO ENHANCE COGNITIVE FUNCTIONS
OF THE SUPERVISOR

- PROVIDE CONTROL ROOM AND CONTROL
PANELS LAYOUT WHICH EMPHASIZES MAN-
MACHINE INTERFACE CONSIDERATIONS
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ON-SITE EMERGENCY CONTROL CENTERS

CONTROL ROOM
e OVERVIEW ARRANGEMENT
e PROCESS CONTROLS INDICATIONS ON PANELS
- AUTOMATIC AND MANUAL SAFETY CONTROLS

— KEY ACCIDENT MONITORING INTEGRATED
INTO PANEL

e PLANT COMPUTER

— SAFETY PARAMETER DISPLAY SYSTEM (SPDS)
- INTEGRATED GRAPHICS

- SUPPORTS SUPERVISORS DECISIONS



ON-SITE EMERGENCY CONTROL CENTERS

TECHNICAL SUPPORT CENTER
e LOCATED NEAR CONTROL ROOM

e PLACE WHERE PLANT MANAGEMENT AND
TECHNICAL EXPERTS MONITOR CONDITIONS AND
PROVIDE DIRECTION AND ADVICE

e CONTAINS EXTENSIVE INFORMATION SYSTEMS
- PLANT COMPUTER
- RADIATION MONITORING COMPUTER
e COMMUNICATIONS CENTER
= IN-PLANT COMMUNICATIONS
- EXTERNAL COMMUNICATIONS



TECHNICAL SUPPORT CENTER

|
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CLINCH RIVER BREEDER
REACTOR PLANT
BRIEFING FOR

ADVISORY COMMITTEE ON

REACTOR SAFEGUARDS (ACRS)
CRBRP SUBCOMMITTEE & MATERIALS
AND STRUCTURE WORKING GROUP

NSSS LOOSE PARTS
MONITORING SYSTEM

PRESENTED BY:

W. J. O'BRYANT
MANAGER,MAINTENANCE AND TEST
CRBRP PROJECT

WESTINGHOUSE —AESD

OAK RIDGE, TN.

MARCH 16, 1983
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LOOSE PARTS MONITORING SYSTEM
INTRODUCTION AND BACKGROUND

e CRBRP PROJECT IS COMMITTED TO HAVING A
LOOSE PARTS MONITORING SYSTEM CONSISTENT
WITH LWR TECHNOLOGY, MODIFIED AS
NECESSARY FOR CRBRP ENVIRONMENT.

e GENERAL DESIGN CRITERIA FOR LPMS WERE
ESTABLISHED AND MUTUALLY AGREED UPON BY
NRC AND THE CRBRP PROJECT IN 11/8/82
MEETING.
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LOOSE PARTS MONITORING SYSTEM
GENERAL DESIGN CRITERIA

SENSOR LOCATIONS WILL INCLUDE AS A MINIMUM, RV,
PHTS PUMP, IHX, IHTS PUMP, SG MODULES, RV HEAD
AND/OR UPPER PLENUM.

SENSORS SHALL BE PROVEN STATE OF THE ART,
CONSISTENT WITH LWR TECHNOLOGY, MODIFIED AS

NECESSARY FOR CRBRP ENVIRONMENT AND SHALL BE
REDUNDANT.

SENSITIVITY (THRESHOLD ENERGY) SHALL BE
ADEQUATE TO IDENTIFY ALL LOOSE PARTS THAT
COULD POTENTIALLY RESULT IN DEGRADATION OF
ABOVE COMPONENTS BY IMPACTING.

SENSORS SHALL BE LOCATED TO DETECT LOOSE PARTS
AT NATURAL COLLECTION POINTS FOR EACH OF THE
ABOVE COMPONENTS.

METHODS OF MOUNTING OF SENSORS SHALL BE
EITHER BY DIRECT MOUNTING TO COMPONENTS/PIPING
OR BY ATTACHMENT TO SUITABLE STANDOFFS.



LOOSE PARTS MONITORING SYSTEM
GENERAL DESIGN CRITERIA (CONT.)

THE CRBRP PROJECT WILL UTILIZE REG. GUIDE 1.133 IN
IMPLEMENTING A LOOSE PARTS MONITORING SYSTEM
EXCEPT WHERE DIFFERENCES BETWEEN LWR AND
LMFBR TECHNOLOGY REQUIRE DIFFERENT METHODS.

THE LOOSE PARTS MONITORING SYSTEM SHOULD
MEET THE REQUIREMENTS OF PARAGRAPH C.1.G,

““OPERABILITY FOR SEISMIC AND ENVIRONMENTAL
CONDITIONS’* OF REG. GUIDE 1.133, REV. 1.

A BASELINE NOISE SIGNATURE WILL BE ESTABLISHED
FOR THE LOOSE PARTS MONITORING SYSTEM AND
WILL BE MONITORED EITHER ON A CONTINUING OR
PERIODIC BASIS.

SUITABLE AUDIBLE INDICATIONS/MONITORING OF THE
PRESENCE OF LOOSE PARTS SHALL BE PROVIDED IN
THE CONTROL ROOM, AND AT OTHER PLANT
LOCATIONS AS APPROPRIATE.



L
SENSOR CHARACTERISTICS

e STATE-OF-THE-ART
e COMMERCIALLY AVAILABLE
e TEMPERATURE RANGE
= 65°F TO 700°F
e RADIATION LIMITS

- 6.2 x 1010 R INTEGRATED
GAMMA FLUX

- 3.7 x 1018 n/cm?2
INTEGRATED NEUTRON
FLUX



PRIMARY HEAT TRANSPORT SYSTEM
(ONE OF THREE LOOPS)

*
ELEV. 779°-3" X =
*
I 1 | || ELev. 78477 1/27-
brrnnnanannnnass ELEV. 779°-3"
PRI. | : :
. PUMP /' ciev. 761°-11 3/4"
REACTOR
VESSEL
ELEV. 778'-5.85""

L L

ELEV. 753'-0.4"

N o

% LOCATION OF ACCELEROMETERS
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INTERMEDIATE HEAT TRANSPORT SYSTEM
(ONE OF THREE LOOPS)

N --- WATER
—— SODIUM
* ot —.P -------- STEAM
IHX [
4+ SUPERHEATER
> L
 LhL R STEAM
DRUM
ot kB RE -
EVAPORATOR—*
p - p , .
EVAPORATOR{/
* LOCATION \ /) * el

OF ACCELEROMETERS
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LPMS COMPLIANCE WITH NRC REG GUIDE

e COMPONENTS OF THE LPMS WITHIN
CONTAINMENT SHALL BE DESIGNED AND
INSTALLED TO PERFORM THEIR FUNCTION
FOLLOWING ALL SEISMIC EVENTS THAT DO NOT
REQUIRE PLANT SHUTDOWN, L.E., UP TO AND
INCLUDING THE OPERATING BASIS EARTHQUAKE
(OBE).

e THE LPMS SHALL BE SHOWN TO BE ADEQUATE BY
ANALYSIS, TEST, OR COMBINED ANALYSIS AND
TEST FOR THE NORMAL OPERATING RADIATION,
VIBRATION, TEMPERATURE, AND HUMIDITY
ENVIRONMENT.



.
DEVELOPMENT OF BASELINE
NOISE SIGNATURE

e MONITOR TESTS ON THE CRBRP
PROTOTYPE STEAM GENERATOR AT
ENERGY TECHNOLOGY AND ENGINEERING
CENTER (ETEC) FOR BACKGROUND
NOISE SIGNATURE.

e BASELINE NOISE SIGNATURE SHALL
BE TAKEN DURING STARTUP TESTING.
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CRBRP
CORE SUPPORT CONE WELDS
STRUCTURAL INTEGRITY

PRESENTED TO
ACRS
CRBRP SUBCOMMITTEE AND
MATERIALS AND STRUCTURES WORKING GROUP
MARCH 16 AND 17, 1983

G. H. NICKODEMUS
W-AESD




THE CORE SUPPORT CONE WELDS HAVE A HIGH
LEVEL OF ASSURED STRUCTURAL INTEGRITY FOR
THE DESIGN LIFE OF THE PLANT

DESIGNED, ANALYZED, CONSTRUCTED, AND INSPECTED TO RIGID ASME

CODE REQUIREMENTS

LOCATED IN BENIGN ENVIRONMENT

® NORMAL OPERATING TEMPERATURE 750°F
® SODIUM AND AGING EFFECTS NEGLIGIBLE

® IRRADIATION EFFECTS NEGLIGIBLE

LOCATED AWAY FROM GEOMETRICAL DISCONTINUITY IN LOW
STRESS REGION.

MEET ALL DESIGN LIMITS WITH SUBSTANTIAL MARGIN

HIGH DEGREE OF TOLERANCE TO CRACK GROWTH AND INSTABILITY

@) Aeso
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230.750 DIA

Two gas wents (1.0" ¢)
located 180° apart

177.000 DIA

Reactor
Vessel

CORE SUPPORT CONE GEOMETRY
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HIGH QUALITY FABRICATION AND INSPECTION PROCEDURES
WERE USED FOR THE CORE SUPPORT CONE WELDS

WELD JOINTS INSPECTED PRIOR TO WELDING.

QUALIFIED WELDERS AND PROCEDURES.

EACH BEAD BRUSHED AND ALL STARTS AND STOPS GROUND.

INNER FACE WELDING COMPLETED, GROUND AND VISUALLY ANU PT INSPECTED.
ROOT AREA BACKGROOVED, CLEANED, AND VISUALLY AND PT INSPECTED.
PARTIALLY COMPLETED WELD TO CSS RADIOGRAPHED FOR INFORMATION.

OUTER FACE WELDING COMPLETED, GROUND AND VISUALLY AND PT
INSPECTED AND RADIOGRAPHED.

WELD SURFACES FINISHED.

FINAL VISUAL, PT, AND RADIOGRAPHIC INSPECTION.

ALL RADIOGRAPHY BY A WIDE SPECTRUM LINATRON SOURCE.
NO WELD REPAIRS IN CSS WELD.

ONLY TWO WELD REPAIRS IN VESSEL WELD (3% OF CIRCUMFERENCE).



ENVIRONMENTAL EFFECTS ON THESE
WELDS ARE NEGLIGIBLE

CORROSION NON-EXISTANT - LOW TEMPERATURE.

EROSION NEGLIGIBLE - LOW FLOW.

CARBURIZATION NEGLIBIBLE -~ LOW TEMPERATURE.

AGING NEGLIGIBLE - LOW TEMPERATURE.

IRRADIATION NEGLIGIBLE.

® HELIUM EMBRITTLEMENT - LOW TEMPERATURE.

® DISPLACEMENT DAMAGE - LOW EXPOSURE.



CSS AXISYMMETRIC MODEL
HITH CUT IDEWTIFICATIONS

ANSYS (STIF42) 2-D Isoparametric Quadrilateral
Axisymmetric Ring Element.

Core Support Plate
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W ARD FINITE ELEMENT MODEL

B&W

RPeactor Vess2l
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B&W FINITE ELEMENT MODEL AT THE WELD
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STRESS SUMMARY AT SECTION A-A

OUTER-FACE
Calculated Allowable

Loading Stress Stress Stress Intensities (850°F) Margin of

Criteria Combinations Categories In%en§;ties (psi) Safety*
psi
£ OBE + AP Pm 6245 Smt = 14800 1.37
+ OBE + AP PL+Pb 9360 Ktst= 21230 1.27
Upset
*k 4 S = .

OB%L;nlgigmal (PL+Pb+Q)range 1490 35 49185 0.186

Fatigue** .

(OBE+AP+Thermal) PL+Pb+0+F Iy = 0.06 < 0.9 allowable per T-1435 CC1592

SSE + AP p 7560 1.2 S, = 23160 2.06
Faulted " t

SSE + AP PL+Pb 10895 1.2KtSt = 25500 1.3

Allowable Stress

* Margin of Safety Calculated Stress

-1

** Includes Emergency loading condition thermal transients.



STRESS SUMMARY AT SECTION B-B AND GAS VENT

QUTER FACE
|
Loading Stress g:l::latEd St IAllouable o Ma f ;
243 res iti i :
Criteria| Combinations Categories I"tigiig'es g nteF::#;es add 52292,2 1
OBE + AP P 6380 S . = 14800 1.32 |
Normal o wt -
Up;et OBE + AP PL+Pb 15270 _EL§I- 21230 0.39
OBE + Thermal** (PL+Pb+Q) 27087 3§m = 49185 0.81
(Linear) range
Fatigue** "
(OBE+AP+Thermal) PL+Pb+Q+F Iy = 0.02 < 0.9 allowable per T-1435 CC1592
~ 0.3 < 0.9 allowable per T-1435 CC1592 (at gas vent)
SSE + AP Pm 8950 1.2 St = 23160 1.59
Faulted
SSE + AP PL*P, 19475 1.2 K,S, = 25500 0.31

* Margin of Safety

Allowable Stress

Calculated Stress

-1

** Includes Emergency loading condition thermal transients.




IT IS UNLIKELY THAT A CRACK-LIKE DEFECT OF ANY SIGNIFICANT SIZE WILL
EXIST IN THE MAIN WELDS OF THE CORE SUPPORT CONE AT THE BEGINNING OF

LIFE.

® HIGH QUALITY OF CONSTRUCTION AND INSTALLATION
® THOROUGH INSPECTIONS DURING WELDING

IT IS UNLIKELY THAT CRACKS WILL DEVELOP DURING THE SERVICE LIFE.

@ LOW OPERATING TEMPERATURE
@ COMPRESSIVE PRIMARY OPERATING STRESSES

@ LARGE DESIGN MARGINS ARE EXHIBITED WITH RESPECT TO
CONSERVATIVE DESIGN LIMITS



THE EFFECTS OF POSTULATED CRACKS ON THE STRUCTURAL INTEGRITY OF THE
MAIN WELDS OF THE CRBRP CORE SUPPORT CONE (FAGIGUE CRACK GROWTH
DURING SERVICE AND CRACK INSTABILITY) ARE NEGLIGIBLE.

® THE EVALUATION IS FOCUSED ON THE LOWER MAIN WELD JOINING
THE CORE SUPPORT CONE TO THE CORE SUPPORT PLATE.

® THE RESULTS ARE CONSIDERED GENERALLY APPLICABLE TO THE
UPPER MAIN WELD JOINING THE CORE SUPPORT CONE TO THE
REACTOR VESSEL, ALTHOUGH THE EFFECTS OF THE BY-PASS FLOW GAS
VENTS ARE STILL BEING CONSIDERED.
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. FOR EVALUATING FATIGUE CRACK GROWTH, THE CONE IS MODELED AS A CIRCULAR
CYLINDER CONTAINING A CIRCUMFERENTIALLY-ORIENTED SURFACE CRACK.

® CRACK MAY ORIGINATE FROM INNER OR OUTER FACE.

® FATIGUE GROWTH IN THE TWO PRINCIPAL DIRECTIONS OF THE CRACK
IS EXPLICITLY CALCULATED.

t

. | L/

*“_m—ﬁ‘
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. A CONSERVATIVE APPROACH WAS USED FOR THESE ANALYSES
® STATISTICAL UPPER BOUND IN SODIUM CRACK GROWTH DATA WERE
USED.

® CALCULATIONS WERE PERFORMED USING THE CRACK GROWTH DATA
AT 800°F AND 1000°F BECAUSE NEITHER DATA BASE IS CONSERVATIVE
OVER THE ENTIRE APPROPRIATE Kefs RANGE .

® THE CYCLIC STRESS HISTORY WAS CONSERVATIVELY CONSTRUCTED.
® COMPRESSIVE PORTIONS OF THE CYCLIC STRESS RANGE WERE
ASSUMED TO CAUSE THE SAME AMOUNT OF CRACK GROWTH AS AN

EQUAL MAGNITUDE TENSILE STRESS RANGE.

® THE CRACK GEOMETRY WAS UPDATED FOR EACH OF THE 57930
CYCLES IN THE LOADING HISTORY.

. ® THE EFFECTIVE STRESS INTENSITY FACTORS WERE RE-CALCULATED
USING THE UPDATED CRACK GEOMETRY FOR EACH CYCLE.



FATIGUE CRACK GROWTH RESULTS FOR
OUTER FACE OF CORE SUPPORT CONE

@)AESD

Initial Crack

Final Crack

Final Crack

Dimensions Dimensions (800°F) Dimensions (1000°F)
a c 4 c a c

(Inches) (Inches) (Inches) (Inches) (Inches) (Inches)
0.500 1.500 0.500 1.500 0.500 1.500
1.000 3.000 1.002 3.000 1.003 3.000
1.500 4.500 1.506 4.501 1.512 4.502
2.000 6.000 2.017 6.003 2.038 6.006
0.500 2.500 0.501 2.500 0.501 2.500
1.000 5.000 1.003 5.000 1.006 5.000
1.500 7.500 1.511 7.501 1.526 7.501
0.500 0.500 0.500 0.500 0.500 0.500
1.000 1.000 1.000 1.001 1.000 1.001
1.500 1.500 1.501 1.502 1.500 1.502
2.000 2.000 2.001 2.003 2.001 2.006
2.500 2.500 2.503 2.507 2.503 2.516




FATIGUE CRACK GROWTH RESULTS FOR
INNER FACE OF CORE SUPPORT CONE

Initial Crack Final Crack Final Crack
Dimensions Dimensions (800°F) Dimensions (1000°F)
a c a - a c
(Inches) | (Inches) (Inches) | (Inches) (Inches) | (Inches)
0.500 1.500 0.518 1.503 0.524 1.502
1.000 3.000 1.082 3.017 1.183 3.031
1.500 4.500 1.691 4.565 2.042 4.771
2.000 6.000 2.342 6.204 3.147 8.248
0.500 2.500 0.527 2.501 0.542 2.501
1.000 5.000 1.138 5.009 1.428 5.024
1.500 7.500 1.896 7.549 3.128 8.862
0.500 0.500 0.502 0.505 0.502 0.504
1.000 1.000 1.009 1.026 1.009 1.039
1.500 1.500 1.516 1.570 1.522 1.651
2.000 2.000 2.022 2.150 2.037 2.433
2.500 2.500 2.525 2.786 2.558 3.624
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CRACK STABILITY DEPENDS ON TWO MATERIAL PROPERTIES

® FRACTURE TOUGHNESS DESCRIBES THE ONSET OF CRACK EXTENSION
UNDER MONOTONICALLY INCREASING LOADING CONDITIONS.

® TEARING MODULUS DESCRIBES THE RESISTANCE OF THE MATERIAL
TO ADDITIONAL CRACK EXTENSION AS THE LOAD IS INCREASED PAST
THE ONSET OF THE CRACK EXTENSION FRACTURE TOUGHNESS LEVEL.

@ THE TEARING MODULUS APPROACH WAS USED BECAUSE IT PROVIDES
A MORE REALISTIC APPRAISAL OF CRACK STABILITY IN A HIGHLY
DUCTILE MATERIAL.



J - integral, J

Stable Crack
Growth

=

P SOPY "

da materal
Initiation of growth (JIC)

crack blunting

J=4 o 0a T= 2 d

Crack Extension, Aa
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THE SURFACE-CRACKED PLATE MODEL INDICATES THAT CRACK INSTABILITY
REQUIRES A CRACK LENGTH OF 420 INCHES OR MORE.

a
1

T A

s S 6 O 8 R

-~

;.
FOR INSTABILIY: £ > T

Tm = 168 (weld metal)

& ¢ > 210 Inch
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THE THROUGH-CRACKED PLATE MODEL INDICATES THAT CRACK INSTABILITY
REQUIRES A CORE SUPPORT CONE LENGTH OF MORE THAN 1900 FEET.

p
//k/
_;_ For Instability: ¢=> T
o ZLcone
il IIDLower
biong 2 23,100 Inches
™ L
| |
ey
Actual cone length = ~ 4 feet
W o
alhs




‘ THE FRACTURE MECHANICS ASSESSMENT
SHOWS A HIGH DEGREE OF TOLERANCE
TO POTENTIAL FLAWS

A LARGE POSTULATED INITIAL SURFACE FLAW OF 1.5 x 15 INCHES HAS A
LIMITED GROWTH TO 3.1 x 17.7 INCHES FOR THE PLANT LIFETIME.

® INSTABILITY SIZE FOR A SURFACE FLAW IS 420 INCHES IN LENGTH.

® THROUGH THICKNESS CRACK REQUIRES A CONE LENGTH OF 1900 FEET
FOP INSTABILITY.

@ FURTHER ASSESSMENTS AT THE GAS VENT LOCATIONS WILL BE
PERFORMED.




THE CORE SUPPORT CONE WELDS HAVE A HIGH
LEVEL OF ASSURED STRUCTURES INTEGRITY
FOR THE DESIGN LIFE OF THE PLANT

DESIGNED, ANALYZED, CONSTRUCTED, AND INSPECTED TO RIGID ASME
CODE REQUIREMENTS.

LOCATED IN BENIGN ENVIRONMENT.

@ NORMAL OPERATING TEMPERATURE 750°F
® SODIUM AND AGING EFFECTS NEGLIGIBLE

® IRRADIATION EFFECTS NEGLIGIBLE

LOCATED AWAY FROM GEOMETRICAL DISCONTINUITY IN LOW STRESS
REGION.

MEET ALL DESIGN LIMITS WITH SUBSTANTIAL MARGINS.
IN PARTICULAR, EXCEPT AT THE GAS VENTS
SECONDARY MEMBRANE AND BENDING S.I. < 3§

m
FATIGUE DAMAGE < 0.1

HIGH DEGREE OF TOLERANCE TO CRACK GROWTH AND INSTABILITY.
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CLINCH RIVER BREEDER
REACTOR PLANT

BRIEFING FOR:

ADVISORY COMMITTEE ON

REACTOR SAFEGUARDS (ACRS)
CRBRP SUBCOMMITTEE & MATERIALS
AND STRUCTURE WORKING GROUP

WHAT IF?

PRESENTED BY:

PAUL W. DICKSON
TECHNICAL DIRECTOR
CRBRP PROJECT
WESTINGHOUSE-AESD
OAK RIDGE, TN

MARCH 16, 1983
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® *
CORE SUPPORT CONE FAILURE

POSTULATED FAILURE OCCURS AFTER
SHUTDOWN

UPON FALLING, THE REACTOR REMAINS SUBCRITICAL
WITH SIX SECONDARY RODS INSERTED

FOR ALMOST ALL OF CRBRP OPERATION, THE
REACTOR WOULD REMAIN SUBCRITICAL EVEN AFTER
COOLDOWN TG 600°F

FOR THE FIRST FEW DAYS OF OPERATION OF CYCLES
3 AND 4, THE REACTOR ACHIEVES CRITICALITY AS
THE REACTOR DECAY POWER REDUCES TO ~4%
FULL POWER

NUCLEAR POWER INCREASES WILL OCCUR TO
MAINTAIN THE REACTOR HOT AS THE INLET PLENUM
COOLS AND DECAY POWER DECREASES.

AS SYSTEM TEMPERATURE TRIES TO ACHIEVE 600°F
THE REACTOR POWER INCREASES (TO ~a0MW AT
BOC 3)



- @ € L
APPLICABLE OPERATING PERIOD

%, .

e FOR THE WORST CYCLES (3 AND 4) AFTER LESS
THAN 40 FULL POWER DAYS OR FOR CYCLES 1
AND 2 AT BEGINNING OF LIFE, THE REACTOR
WOULD REMAIN SUBCRITICAL AFTER COOLDOWN

TO 600°F

e FOR CYCLES 3 AND 4 AFTER LESS THAN 75 FULL
POWER DAYS (OR CYCLES 1 AND 2 AT BOL), THE
REACTOR WOULD REMAIN SUBCRITICAL EVEN IF
THE REACTOR OPERATOR TOOK ACTION TO COOL

THE PLANT TO 400°F
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CORE SUPPORT CONE FAILURE

WITH NO OPERATOR INTERVENTION,
FOR THE WORST TIME IN LIFE, THE
SYSTEM SHOULD STABILIZE AT:

INLET TEMPERATURE ~ 600° F
REACTOR POWER ~90 MW

REACTOR OUTLET BULK
TEMPERATURE ~1200° F

REACTOR PEAK OUTLET
TEMPERATURE ~1350° F

HOT LEG TEMPERATURE ~ 890° F



® *
CONCLUSION

ONLY FOR A SMALL FRACTION OF CRBRP
OPERATING LIFE WOULD EVEN A RECRITICALITY
OCCUR

NO POWER EXCURSIONS OCCUR (NO ENERGETIC
HCDA)

IF CORE COOLING IS SIGNIFICANTLY LESS THAN
PREDICTED, A PARTIAL MELTDOWN OF THE CORE
COULD RESULT TO SHUT THE REACTOR DOWN
WITH IN-PLACE LONG-TERM DECAY HEAT COOLING

AT THE WORST, A TOTAL CORE MELTDOWN
WOQULD BE BOUNDED BY THE BASE CASE TMBDB
ANALYSIS.
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SCOPE QF STAFF REVICW

REVIEW OF EXPERIMENTAL AND ANALYTICAL DATA ON LOCAL

FAILURES AND BLOCKAGES FOR:
o FUEL ASSEMBLIES

o BLANKET ASSEMBLIES
o CONTROL ASSEMBLIES

REVIEW OF DETECTION SYSTEMS:
- FISSION GAS MONITORING

- DELAYED NEUTRON MONITORING
- CORE EXIT INSTRUMENTATION

REVIEW OF FUTURE WORK:

- ANALYTICAL
- EXPERIMENTAL

ASSISTANCE BY LANL




DESIGN FEATURES WHICH MINIMIZE POTENTIAL FOR PROPAGATION

DUCTED ASSEMBLIES

FLOW BLOCKAGE PREVENTION DEVICES

GAS ENTRAINMENT PREVENTION DEVICES

FEATURES TO PREVENT MISLOADING ERRORS

QA AND INSPECTION DURING ASSEMBLY FABRICATION
DND, FISSION GAS DETECTION AND CORE EXIT
THERMOCOUPLE SYSTEMS

o © © 0O O O
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STOCHASTIC PIN FAILURE
INSUFFICIENT HEAT TRANSFER
LOW FLOW

EXCESS POWER



EFFECTS EVALUATED

FISSION GAS RELEASE

FUEL RELEASE -

EXCESS POWER EVENTS

LOW FLOW EVENTS

CHANGE IN HEAT TRANSFER

GAS BLANKETING OF PIN *
FLOW REDUCTION CAUSED BY
GAS RELEASE *

MECHANICAL EFFECTS *
REACTIVITY EFFECTS *

PARTICULATE BLOCKAGE *
MOLTEN FUEL COOLANT INTERACTION®
MOLTEN FUEL IMPINGEMENT *

OVERENRICHED PINS *

CRACK IN DUCT WALL
FLOW BLOCKAGE:
- W/W FAILURE
- CLAD BOWING OR SWELLING *
- DEBRIS (HEAT GENERATING &
NON-HEAT GENERATING) *

CORROSION PRODUCT DEPQSITION
INTRODUCTION OF FOREIGN MATERIAL
INTO PHTS

GAS BUBBLES IN CORE

FUEL PERFORMANCE AFTER A CLADDING BREACH

STEADY STATE *
TRANSIENT *

*EXPERTMENTAL DATA EXISTS TO SUPPORT EVALUATION



CONCLUSTONS

EAILURE CHARACTERISTICS

1

2)

3)

4)

5)

6)

NO OBSERVED FUEL FAILURE PROPAGATION IN ANY
OPERATING LMFBR.

MOST FAILURES ARE SMALL PINHOLE CLADDING BREACHS.

ALL ANALYSIS AND EXPERIMENTAL DATA INDICATE
THAT FISSIOM GAS RELEASES AND SMALL LOCAL
BLOCKAGES ., LEAD TO ADDITIONAL PIN FAILURES.

LARGE FLOW BLOCKAGES OR EXPULSION OF MOLTEN FUEL
FROM A PIN ARE REQUIRED TO CAUSE ADDITIONAL PIN
FAILURES.

TIME REQUIRED FOR ADDITIONAL PIN FAILURES T0
OCCUR IS ON THE ORDER OF MINUTES.

FUEL WILL BE EXPOSED TO FLOWING SODIUM IN A
SITUATION THAT LEADS TO ADDITIONAL PIN FAILURES.



CONCLUSTONS (CONTINUED)

DETECTION NEEDS

NEED A FAST ACTING SYSTEM THAT WILL DETECT
PROPAGATION CONDITION,.
- CORE EXIT T/C's - MAY NOT DETECT ALL
PROPAGATION CONDITIONS.
- CORE EXIT FLOWMETERS - MAY NOT DETECT
ALL PROPAGATION CONDITIONS.
- DND - WILL DETECT ANY CONDITION WHERE
FUEL IS EXPOSED TO FLOWING SODIUM
(CONDITION FOR PROPAGATION).

ADDITIONAL DATA REQUIRED

COMPLETION OF RBCB PROGRAM
CONFIRMATORY FFTF TESTING
EXAMINATION OF P-4 TEST



SUMMARY OF STAFF POSITION

APPLICANTS SHOULD INSTALL DND SYSTEM SO AS NOT
T0 PRECLUDE CONNECTION TO THE RSS AT A LATER
DATE.

FINAL DECISION ON NEED FOR AUTOMATIC SCRAM ON
DND SIGNAL WILL BE MADE AS PART OF THE OL REVIEW.

REMOVE FAILED FUEL AT FIRST SHUTDOWN (PLANNED
OR UNPLANNED) OR IF DND SIGNAL EXCEEDS PRE-
DETERMINED LEVEL.

COMPLETE P-4 EXAMINATION AND RBCB, FFTF TESTING
PROGRAMS.,

ACCEPTABLE FOR A CP WITH THE ABOVE CONDITIONS.



CRBRP BRIEFING FOR
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS (ACRS)

WORKING GROUP

EVALUATION OF N. I. FOUNDATION MAT
FOR THERMAL MARGINS BEYOND THE DESIGN BASIS

PRESENTED BY

ROBERT E. PALM
CIVIL/STRUCTURAL ENGINEERING MANAGER
BURNS AND ROE, INC.

ORADELL, NEW JERSEY

MARCH 16, 1983

t—izlr,

—



NUCLEAR ISLAND FOUNDATION MAT
STRUCTURAL EVALUATION

ANALYSIS PERFORMED TO ASSURE DAMAGE TO MAT IS LOCAL AND CONTAINMENT/CONFINEMENT
INTEGRITY IS MAINTAINED

FINITE ELEMENT ELASTIC-PLASTIC ANALYSIS USING COMPUTER PROGRAM ANSYS
T e —
TEMPERATURE PROFILES DEVELOPED TO 8000 HOURS

MATERIAL PROPERTIES NON-LINEAR AND TEMPERATURE DEPENDENT

ANALYSIS PERFORMED BY ITERATIVE PROCEDURES TO ACCOUNT FOR CRACKING AND
CRUSHING OF CONCRETE
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RESULTS OF STRUCTURAL EVALUATION

TO TIME OF SODIUM BOIL DRY
e NO INFLUENCE ON MAT INTEGRITY

CONDITIONS AT 8000 HOURS FROM CENTERLINE REACTOR CAVITY

] INNER PORTION FROM RADIUS (R) = 0 FT. TO R = 40 FT.
CONCRETE DEGRADED AND CRUSHED

e BETWEEN R = 40 FT AND R = 60 FT.
PARTIAL DEGRADATION AND CRUSHING

e FROM R = 60 FT AND BEYOND
CONCRETE REMAINS STRUCTURALLY SOUND

ADEQUATE SUPPORT IS PROVIDED FOR THE PERIPHERAL WALL, CONTAINMENT VESSEL
AND CONFINEMENT STRUCTURE

CONTAINMENT/CONFINEMENT INTEGRITY IS MAINTAINED



& OF REACTOR BUILDING
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BASEMAT STRUCTURAL ANALYSIS RESULTS




PRIMARY SYSTEM RESPONSE TO SMBDB

THoMAS A. BUTLER
Los ALAMOS NATIONAL LABORATORY

MARCH 16, 1983
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS




PRIMARY SYSTEM RESPONSE TO SMBDB

0 CRITERIA USED IN EVALUATING PRIMARY SYSTEM BOUNDARY
0 LOADS EXPERIENCED BY PRIMARY SYSTEM

0 CONCLUSIONS FROM SCALE MODEL TESTS AND ANALYSES



SMBDB DESIGN REQUIREMENTS
FOR HEAD AND HEAD MOUNTED COMPONENTS

NO HEAD MOUNTED COMPONENT SHALL BECOME A MISSLE CAPABLE OF IMPAIRING
CONTAINMENT

HEAD MOUNTED COMPONENT NOZZLES SHALL ACCOMMODATE HEAD LOADINGS.
HEAD MOUNTED COMPONENTS MUST FUNCTION AS LIMITED LEAKAGE BARRIERS.

VESSEL HEAD AND HEAD MOUNTED COMPONENTS SHALL ACCOMMODATE LONGER TERM
MECHANICAL LOADS FROM SATURATED VAPOR.



SMBDB STRUCTURAL EVALUATION CRITERIA

’ MEMBRANE STRAIN LIMIT TO PROTECT AGAINST PLASTIC INSTABILITY
¥ STRAIN LIMIT IS PROVIDED TO PROTECT AGAINST LOCAL DUCTILE RUPTURE

4 APPROPRIATE STRESS LIMITS ARE USED FOR ELASTIC ANALYSES




SMBDB LOAD REQUIREMENTS ARE
BASED ON TEST AND ANALYSIS

VESSEL AND HEAD LOADS BASED ON REXCO-HEP CALCULATIONS.
LOADS VERIFIFED CONSERVATIVE BY SCALE MODEL TESTS.

VESSEL HEAD REQUIRED TO ACCOMMODATE A SODIUM SLUG WITH 75 MJ OF
KINETIC ENERGY,

REMAINDER OF PRIMARY SYSTEM LOADS ARE BASED ON CONSERVATIVE
PREDICTION TECHNIQUES,



SCALE MONEL TEST PROGRAM

TEST LOADING CONF IGURAT 10N
SM-1 HYDROSTATIC NO SHIELDING PLATES
SM-2 DynaMmIC No UPPER INTERNAL STRUCTURE
SM-3 DYNAMIC INCLUDED UPPZR INTERNAL STRUCTURE
SM-y DynamiIC
j}' COMPLETE VESSEL, INTERNALS. NON-PROTOTYPIC HEAD
SM-5 DynNamMIC |
SM-7 HYDROSTATIC NON-PROTOTYPIC SHIELDING PLATES
SM-8 HYDROSTATIC PROTOTYPIC SHIELDING PLATES




CONCLUSIONS OF TESTS AND ANALYSES

PRESENT HEAD DESIGN CANNOT ACCOMMODATE 75 MJ SODIUM SLUG

FAILURE WOULD BE KINEMATIC DISENGAGEMENT OF HEAD INTERMEDIATE
ROTATING PLUG.

HEAD CAN BE MODIFIED TO ELIMINATE CURRENT FAILURE MODE

REMAINDER OF LOAD PATH WILL ACCOMMODATE LOADS RESULTING FROM
IMPACT OF A 75 MJ sLuG



OBJECTIVES "+ NRC REVIEW OF PSI/ISI PLAN

. FABRICATION EXAMINATIONS AND PSI APE PERFORMED WITH BEST AVAILABLE
TECHOLOGY

. NDE REQUIRED FOR MAINTENANCE. PEPAIR OR MIDIFICATION AND IS CONSIDERED
[N PLANT DESIAN

. ACCESS PRAVIDED FOR PERIODIC VOLUMETRIC ISI

. SPECIALIZED EQUIPMENT DESIGNED FOR PLANNED ISI



CP REVIEW CONSINEPATIONS

®
FABRICATION/PS]

. DOUBLE ANGLE RT WILL BE PERFORMED ON WELDS IN VESSELS AWD PIPING

. UT OF PIPE WELDS (= 1/2 INCH WALL) SHOILD BE PERFORMED USING EXISTING
TECHINLNGY

. UT OF VESSEL WELD HAZ AND ADJACENT BASE METAL SHOULD BE PERFORIED WHERE
TECHNICALLY FEASIBLE



CP PEVIEM CONSIDERATIONS
2
ISL

. EXAMINATIONS SHOULD BE PERFORMED DURING THE REQUIRED MAINTENANCE.
THUS REDUCING NCCUPATIONAL EXPOSURE AND PLANT OUTAGE TIME

. SELECTED VOLUMETRIC EXAMINATIONS SHOULD BE PERFORMED TO DETECT GENERIC,
UNANTICIPATED DEGRADATION MECHANISMS

. INTEGRATED LEAKAGE DETECTION SYSTEM WILL BE DEMONSTRATED UNDER PLANT
ENVIROHMENT AMD TESTED PER TECHHICAL SPECIFICATIONS TO MAINTAIN ITS
EFFECTIVENESS



TOPICS STILL BEING EVALUATED BY THE APPLICANT
»  SURVETLLANCE PROCEDURES OR THE PEACTOR INTERNALS

. INSPECTION TECHNIQUES FOR THE IHX TUBE BUNDLE IN THE EVENT THAT MAINTENANCE
PROVIDES ACCESS T0 THE TUBES



OL PEVIEW CONSIDERATIONS
. EVALUATION OF EXISTING NDE TECHNOLOGY FOR ISI

. DESIGNATE SPECIFIC LOCATIONS, METHIDS AND FREQUENCY OF PERIODIC
INSERVICE THSPECTION



‘ SUMTWRY

. PDEQUATE EXA'S WILL BE PERFORMED DURING FABPICATION/PSI TO PROVIDE
ASSURANCE THAT NO SIGNIFICANT FLAWS ESCAPE DETECTION

. BASELINE DATA VILL BE AVAILABLE IN THE EVENT ISI IS REQUIRED

. NDE TECHNIQUES WILL BE AVAILABLE T0 SUPPORT INSERVICE MAINTENANCE.
REPAIR AND MODIFICATION

. PERIODIC ISI WILL BE PERFORMED T0O DETECT GENERIC DEGRADATION



STRUCTURAL MARGIN BEYOND THE DESIGN BASE
OVERALL TECHNICAL APPROACH

L. E. Strawbridge

Westinghouse Advanced Reactors Division



APPROACH

Hypothetical core disruptive accidents (HCDA's) are
not design basis accidents

— Design features prevent initiation of HCDA's

Prudent margins beyond the design base incorporated
to further reduce public risk
— Structural margin beyond the design base (SMBDB)

— Thermal margin beyond the d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>