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SUMMARY OF STAFF 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 DESIGN

INSTALLATION AND OPERATION OF A LPMS PER
-

~

REG.-1.133 GUI-DELINES.
~ ~

.

4
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([) MAJOR DESIGN CRITERIA

R.G. 1.133 GUIDELINES - LOCATE TWO SENSORS AT EACH

! NATURAL COLLECTION POINT OF

PRIMARY SYSTEM.

- BE SENSITIVE EN0 UGH TO DETECT

LOOSE PARTS LARGE EN0 UGH 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

- IHXS

- SGS

- NATURAL COLLECTION POINTS

OF SYSTEM

COMPONENT NOISE AND VIBRATION MEASUREMENTS TO LOOK

FOR DEGRADATION.

O

_ . _. .
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EXPERIENCE BASE

EBR-II - SUCCESSFUL TESTING OF HIGH TEMPERATURE

IN-S0DIUM MICR0 PHONES,

FFTF - INSTALLATION AND OPERATION OF LPMS

FOR REACTOR VESSEL.

- EXPERIENCE WITH HIGH TEMPERATURE

O ACCELEROME,TERS IN-VESSEL.

. .

e

O
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| CONCUJSION
.

;

..

COMMITMENT BY APPLICANTS TO DESIGN, INSTALL

AND OPERATE A LPMS FOR CRBR IN ACCORDANCE

WITH R.G.1.133 IS ACCEPTABLE FOR CP,

1
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BJECTIVES T fRC REVIEW 0F PSI /ISI PIRIO
, FABRICATION EXAMIfMTIms NO PSI ARE PERFORTD WITH BEST AVAILABLE

TE0lt0 LOGY

. NDE REQUIRED FOR IMIfREfWlCE, PEPAIR OR f0DIFICATION NO IS CofEIDEAD

Ill PLNK DESIR1

. ACCESS PROVIDED FOR PERIODIC VOLiftTRIC ISI

, SKCIALIZED EQUIPWNT DESIRED FOR PLANED ISI

O

O
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. CP EVIBl CONSIDERATIONS

FABRICATIfMPSI

. DOUBLE # ELE RT WIll E PERFORtB ON ELDS IN VESSELS #0 PIPING

. LIT OF PIK ELDS (21/2 INCH WALD SHOULD E PERFORtB llSIfE EXISTING

TECHtDllT,Y

, LIT OF VESSEL ELD HAZ #0 ADJACENT BASE LETAL SHOULD E PERFORfB lERE

TECHNICALLYFEASIBLE

O

O,

. _ - . . _ _ - .- _ -
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CP PEVIEW CONSIDERATI0tB

ist

. EXN11tMTI0tG SHOULD E PERF0TED DURING THE REQUIRED t%INTEtMCE,

TRIS REDUCING OCCUPATI0tML EXPOSURE AND PlRE OlHAE TIE

, SELECTED VOLlfETRIC EXAMIfMTIONS SHOULD E PERFORtED TO DEIECT GENERIC,

UfMfEICIPATED DEGRADATIft1 NOMNISMS

IiffEG9ATED IfXAGE DETECTION SYSTEM WILL E DBMSTPATED Uf1 DER PLANT.

ENVIR0ffENT AND TESTED PER TE0flICAL SRCIFICATIONS TO FMINTAIN ITS

EFECTIVENESS

O
.
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O mCS Snu. BEIE EVALUM BY M MUCMT
.

. SURVEll1ANCE PROCEDURES FOR llE REACTOR IMERNLS .

l

INSPECTION TECHNIQUES FOR TE IHX TUBE BU@lf IN TE EVENT TIMT MINIBWEE.

|
PPD / IDES ACCESS TO M TUBES

,

+

O

:

<

O
<
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Q OL PEVIBI CONSlEPATIONS

'

. EVAllRTION OF EXISTING tE TE0f0 LOGY FOR-ISI

.

. DESIGtATE SPECIFIC LOCATIONS, itTHODS AND FREQUENCY OF PERIODIC

I!!SERVICEINSPECTION
. -

4

4
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ADEQUATE EXAtB WIll E PERFORtB DURING FABRICATION / PSI TO PROVIE,

ASSUPATEE TIMT to SIGNIFICNIT FLAWS ESCAR DETECTION

BASELIE DATA WILL E AVAILABLE IN TE EVENT ISI IS REQUIRED.

NDE TECWlIQUES WILL E AVAILABE TO SUPPORT INSERVIE t%INIBMCE,.

REPAIRANDMODIFICATION,

PERIODIC ISI WILL E PERFORTE TO DETECT GENERIC DEGPADATION.

O

.

O
:
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LOOSE PARTS MONITORING SYSTEM
CONCLUSIONS

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.

LPMS WILL BE A VALUABLE DIAGNOSTIC| *

TOOL FOR THE CRBRP.'

:

|

. . . !. . . . . . . . .

__ _ - _ _ _ - - _ _ _ _ - _ _
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ACRS SUBCOMMITTEE MEETING

ACCOMMODATION OF LOCAL FUEL FAULTS

AND ROLE OF INSTRUMENTATION

MARCH 16, 1983

WESTINGHOUSE ELECTRIC CO.

ADVANCED ENERGY SYSTEMS DIVISION
! MADISON, PA 15663

,

}

R. A. MARKLEY)

A. L. SCHi|ALLIE
L. E. STRAWBRIDGE

R. W. TILBROOKi

R. J. TINDER
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INTRODUCTIOR

!

8 SUMMARIZE LOCAL FAULTS TECHNICAL INFORMATION
,

o PROVIDE DESCRIPTION OF FUEL DESIGN CHARACTERISTICS
|

! e REVIEW PERTINENT DATA BASE AND CONCLUSIONS ON FUEL

FAILURE PROPAGATION

|
o PROVIDE DESCRIPTION OF FUEL FAILURE MONITORING

SYSTEM RESPONSE

e INTENDED USE AND UTILITY OF CORE OUTLET THERMOCOUPLES

e FOREIGN AND DOMESTIC EXPERIENCE ON PPS INSTRUMENTATION

RELATIVE TO LOCAL FAULTS

|

|

I,
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l
TECHNICAL SUMMARY ON LOCAL FAULTS

'

e RAPID ROD-TO-ROD FAILURE PROPAGATION DUE TO LOCAL FAULTS

LEADING TO A CONDITION OF LOSS OF C00LABLE GEOMETRY IS;

INCREDIBLE. IT HAS NOT OCCURRED IN RUN BEYOND CLADDING
BREACH (RBCB) TESTING NOR IN OPERATING REACTORS' WITH FAILED'

FUEL.j

! INSTRUMENTATION TO ALERT THE OPERATOR TO LOCAL FAULT CON-e
DITIONS IS AVAILABLE IN CRBRP, AND CONSIDERING THE LONG

'
TIME INTERVALS NECESSARY FOR ROD-TO-ROD PROPAGATION,

; PROVIDES SUFFICIENT WARNING FOR OPERATOR CORRECTIVE ACTION.

e SINCE RAPID ROD-TO-ROD PROPAGATION IS INCREDIBLE, REQUIRE-

MENTS FOR LOCAL FAULT DETECTION AND PROTECTION AGAINST

FUEL FAILURE PROPAGATION IN THE PPS ARE NOT CONSIDERED
,

NECESSARY.

. ,
,

|
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CRBRP FUEL ROD
-

Dished Fuel Pellet B nke{,Pe t MMN ~

0.1935" Dia. 9
91.3% TR.- 96% TD.

Plenum Spacer

i

Gas Capsule
! ' Bottom End Cap N'

Spring
! -

~

14" UO2 Blanket Pellet Stack

! 36" Mixed Oxide PuO UO22
Fuel Pellet Stack

i
'

i 14" UO2

Blanket Pellet Stac{k
! /'

Pull Through Wire ''

Attachment
i Cladding- -

'
,

: Wrap Wire
Length 114A"

esis.:
.

.
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CRBRP BLANKET ASSEMBLY
.

|
*

Outlet Nonle
Top Load Pad

Piston Rings -

Above Core Load Pad

Inlet Nonle
'

Diacrimination Post Blanket Rod Bundle (61 Roda)
Overall Length 14 Ft.

I

!

| Rod Attachment
i

i Shield Block

Coolant Handling*

inlet Holea Grappk
Groove

- - Orifice Plate Assembly
-

siis-s

.
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CRBR BLANKET ROD
.

as Tag Capsule \UO2 Pellet
0.47010.001" Dia. /

95.61 1% TD Spring g End Cap,
'

Top

| Plenum
| j Spacer
' t

.

| 64" Pellet Stack>

*

|- Depleted Uranium Oxide
: ! End Cap Bottom '

! !

'

Wrap Wira

\
Pellet To Cladding

'

N Diametral Gap Length 114.75,,
Cladding 0.006" Nom.

6112-28

.
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DAMAGE SEVERITY LIMITS

'

EyfNT CATEGORY- DAMAGE SEVERITY LEVEL
.

NORMAL OPERATION NO SIGNIFICANT LOSS OF EFFECTIVE

LIFETIME

| \
,

DESIGN LIMITS PRECLUDE MECH-

ANISTIC FAILURES FOR NORMAL;

| ANTICIPATED EVENTS NO REDUCTION OF EFFECTIVE LIFETIME OPERATION PLUS ANTICIPATED

! (UPSET) BELOW THE DESIGN VALUES
'

EVENTS AND THE WORST UNLIKELY
I EVENT INCLUDING UNCERTAINTIES.

UNLIKELY EVENTS A GENERAL REDUCTION IN THE FUEL

(EMERGENCY) BURNUP CAPABILITY AND, AT MOST, A

SMALL FRACTION OF FUEL ROD CLAD- I'

DING FAILURES

EXTREMELY UNLIKELY EVENTS MAINTAIN C00LABLE CONFIGURATION NO SODIUM BOILING, LIMITED i

(FAULTED) FUEL MELTING, CLADDING SOLIDUS *

j

*PSAR GUIDELINE i

,
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FUEL FAILURE MONITORING SYSTEM (FFMS)
,

COVER GAS MONITORING SYSTEM (CGMS)j

INTENT

e PROVIDE DETECTION OF ROD FAILURES IN FUEL AND BLANKET
ASSEMBLIES

e PR0 vide COVER GAS ANALYSIS AND ACTIVITY MEASUREMENT

e PR0v!DE OPERATOR WITH INFORMATION TO INITIATE OPERATION
OF THE FAILED FUEL LOCATION SYSTEM (FFLS)

! FAILED FUEL LOCATION SYSTEM (FFLS)

INTENT-

e LOCATE FAILED FUEL AND BLANKET ASSEMBLIES
e CHARACTERIZE FAILURES

DELAYED NEUTRON MONITORING SYSTEM (DNMS)

INTENT

e PROVIDE CAPABILITY TO DETECT IN-CORE FUEL / SODIUM CONTACT
BREACHES,

e PROVIDE CAPABILITY TO IDENTIFY DEGREE OF FUEL / SODIUM
INTERACTION AT IN-CORE BREACH

'l

I __ - _
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FUEL FAILURE MONITORING SYSTEM (FFMS) RESPONSE TIME

COVER GAS MONITORING SYSTEM (CGMS)

e COVER GAS TO DETECTOR = ~ 15-90 tilNUTES (DEPENDS ON RELEASE RATE)

FAILED FUEL LOCATION SYSTEM (FFLS)
'

e COVER GAS TRANSIT TIME * 15 MINUTES=

e ACCUMULATE SAMPLE * 15 MINUTES=

e IAG GAS CONCENTRATION IN IRAPS 7 HOURS= ~

e MASS SPECTROMETER PROCESSING ~ 30 MINUTES=

TOTAL ~ 8 HOURS=

DELAYED NEUTRON MONITORING SYSTEM (DNMS)

e FULL FL0w TRANSIT TIME < 1 MINUTE=

e 40% FL0w TRANSIT IIME 2 MINUTES=

e C0uNTING IIME ~ l TO 3 MINUTES

,
.
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REQUIREMENTS PLACED ON THE FFMS

GENERAL REQUIREMENT: DETECT, LOCATE AND CHARACTERIZE FUEL AND'

BLANKET ROD FAILURES.

SPECIFIC REQUIREMENTS:

CGMS - DETECT FUEL AND BLANKET ROD BREACHES VIA COVER GAS ACTIVITY

INCREASE. DESIGN SENSITIVITY IS 10-11 STANDARD CC FISSION
GAS PER CC COVER GAS

FFLS - LOCATE AND CHARACTERIZE FUEL AND BLANKET ROD BREACHES

VIA IAG GAS AND FISSION GAS ANALYSES. DESIGN SENSITIV-

ITY IS < 1 PPB 0F IAG IN COVER GAS

DNMS - DETECT FUEL-SODIUM CONTACT AT IN-CORE BREACH LOCATIONS

FOR FUEL AND BLANKET RODS.

2- DESIGN SENSITIVITY IS 1.5 CM EXPOSED FUEL BY RECOIL.

~

- DESIGN SENSITIVITY PRECLUDES LARGE DIAMETER INCREASES,

AND POSTULATED POROUS HEAT GENERATING BLOCKAGES WHICH

COULD CAUSE CLADDING TEMPERATURES GREATER THAN 1600 F

AND SODIUM BOILING.
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RUN BEYOND FAILURE CONCEPTi

e OPERATE WITH GAS LEAKERS UNTIL DND INDICATION
OF FUEL-SODIUM CONTACT BY CONTINUOUS DN SIGNAL

j ABOVE SOME TBD LEVEL

:
'

e REMOVE ALL KNOWN FUEL-SODIUM CONTACT LEAKERS

AND GAS LEAKERS AT EACH REFUELING INTERVAL

.

i

_ _ _ _ _
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RUN BEYOND CLADDING BREACH EXPERIENCE

.
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CONCLUSIONS FROM OPERATING EXPERIENCE WITH BREACHED RODS

STEADY STATE OPERATION

I
e GAS TYPE LEAKERS PRESENT NO PROBLEM IN REGARD TO ROD-TO-ROD

,

PROPAGATION

: e FINITE LIFE 11ME WITH F EL-SODIUM CONTACT LEAKERS - EXTENDED

TO 22 DAYS AND 0.75 C WITH BENIGN EFFECTS. LIMIT NOT YET
FOUND ALTHOUGH AN ASSEMBLY HAS GONE * 96 DAYS WITH DN SIGNALS

AND MULTIPLE FAILURES (PIE IN PROGRESS)
e OPERATING BREACHED RODS HAVE ENHANCED DN EMISSION OVER RECOIL

MAKING DN DETECTION MORE SENSITIVE - BREACHED RODS DN EMISSION

IS EXPONENTIAL WITH POWER.

TRANSIENT OPERATION
,

I

e THE BEHAVIOR OF BREACHED FUEL RODS HAVING FUEL-SODIUM CONTACT

(LOGGING) ARE NOT SERIOUSLY DEGRADED. SHUTDOWN /STARTUP EXTENDS

BREACH.

AREAS REQUIRING FURTHER DEVELOPMENT EFFORT

e DIAMETER INCREASE VERSUS FUEL EXPOSURE TO SODIUM

e ADDITIONAL PPS TERMINATED TOP AND LOF RESULTS FROM NATURALLY

OCCURRING FAILURES [

e DETECTION AND INSTRUMENTATION DIAGNOSTICS |
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RBCB WITH DEFECTED RODS
(

COMPLETED IESTS
>

e 2 S.S. EBR-Il PRE-DEFECTED IRRADIATED FUEL ASSEMBLY TESTS COMPLETED AND RESULTS
REPORTED (RBCB-6,7) <

e 3 S.S. EBR-II IRRADIATED FUEL ROD ASSEMBLY TESTS WITH NATURAL BREACH COMPLETED
(RBCB-1,2,3)

e 1 EBR-II IRRADIATED FUEL ROD BUNDLE S.S. TEST WITH NATURAL BREACHES TEST COMPLETED
(XY-2)

,

.

e U.S. DATA INDICATES BENIGN OPERATION - LITTLE FUEL LOSS, OPERATION POSSIBLE FOR
AT LEAST ~ 22 DAYS, DEFECTS GROW DUE TO SHUTDOWN - STARTUP COMBINED LOCALIZED
DI AMETER INCREASE < 15%, DETECTABLE DND SIGNALS, NO ROD - ROD PROPAGATION -

(ALTHOUGH A LOW B.U. ROD IN RBCB-2 ADJACENT TO ANOTHER BREACHED ROD FAILED. !

BREACH POSSIBLY DUE TO RECONSTITUTION; DIAMETER INCREASE ACCEPTABLE)

PLANNED OR ON-GOING IESTING

e 5 KINETICS AND CONTAMINATION S.S. BUNDLE TESTS (RBCB-K1, K2, K2A,B,C)
e 3 DETECTION AND INSTRUMENTATION DND TESTS (RBCB-D1, D2, D3 VARIABLE FLOW)
e 5 FUEL AND IRRADIATION VARIABLES TESTS (RBCB-V2 PLENUM DEFECTS, RBCB-V4 LARGER

DIAMETER, RBCB-V5 BLANKET, RBCB-V6 UNRECONST., RBCB-V7 SODIUM STORAGE PRE-DEFECTED)

e ORT PROGRAM INCLUDES 1 TOP TEST (TOP 1-2) .

:
'
,

t

i
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! CRBR INLET BLOCKAGE CONSIDERATIONS
|

.!.

R. A. MARKLEY
'

,

i
'

i ACRS SUBCOMMITTEE MEETING
: :

i MARCH 16, 1983
|
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| ASSEMBLY INLET ELOCKAGE AND MODULE RIOCKAGE
:

4

0 ASSEMBLY INLET AND MODULE BLOCKAGES ARE HIGHLY IMPROBABLE BECAUSE OF THE3

| BUILT-IN FLOW BLOCKAGE PREVENTION FEATURES WHICH PROVIDE FLOW PATH
j REDUNDANCY:

-- MULTIPLE PRIMARY PORTS
-- AXIAL DEBRIS BARRIERS

; -- RADIAL DEBRIS BARRIERS f LOWER INLET MODULE-

| -- MULTIPLE AUXILIARY PORTS
i -- STRAINER j
j -- MULTIPLE INLET SLOTS - ASSEMBLY fl0ZZLE

! O THE STRAINER PREVENTS DEBRIS LARGER THAN M INCHES FROM ENTERING THE MODULES

| 0 THE ORIFICE PLATES PROVIDE ANOTHER LEVEL OF SCREENING

. O DEBRIS fl0T STRAINED BY THE FUEL ROD SUPPORT KEYS AND UNHEATED ROD BUNDLE

| ENTRANCE WILL PASS THROUGH ROD BUNDLES
!

O EVEN A 50% AREAL INLET BLOCKAGE CAUSES LESS THAN 25'F INCREASE IN OUTLET
; TEMPERATURE
1

;

,

i

!

{
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LOWER INLET MODULES * '

' '

'

O FLOW BLOCKAGE PREVENTION FEATURES
y-FUEL ASSEMBLY

__.
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PRIMARY PORTS (6)
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|
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R0D BUNDLE INLET SCREENING,

| 8 LOW PROBABILITY

-- 0 A PROGRAM COMPARABLE TO FFTF,

-- CORE SPECIAL ASSEMBLIES DURING PREOPERATION TESTING FILTER REACTOR FLOW
(>0.004 INCHES)

8 ONLY SLOW BurLDue POSSIBLE

-- PARTICULATE Bu1LDue NOT PREFERENTIALi

-- PARTICLES OF CONCERN MUST BE IN 0.056" TO 0.25" RANGE
-- >400 INTERCONNECTED FLOW CHANNELS IN FUEL ASSEMBLY

e MARGINS TO ACCOMMODATE

-- REDUNDANT FLOW PATHS
'

-- CASCADING STRAINING HELPS

-- EVEN 50% AREAL INLET BLOCKAGE CAUSES LESS THAN 25*F INCREASE IN OUTLET
TEMPERATURE

.: R0D BUNDLE INLET BLOCKAGES VERY LOW PROBABILITY, SLOW, WITH LARGE MARGINS TO

ACCOMMODATE

t
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ASSEMBLY OUTLET TEMPERATURE INCREASE -( F)
.
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FUEL FAILURE PROPAGATION P0TENTIAL.

,

;
,

R. W. TILBROOK'

;

,

'l

|

' WESTINGHOUSE ADVANCED REACTORS DIVISION

O WAUZ MILL S HE
:

I

.

MARCH 1983

O
|

|
r
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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 R0D FAILURE

.

2. LOCAL FLOW BLOCKAGE
:

3. BUBBLE PASSING-TilROUGH CORE

:

ALSO CONSIDERED:

4. MOLTEN FUEL

|
|
|

O

. _ . . __ . - . . . _ _
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!,

1. STOCHASTIC R0D FAILURE i

i
:
, ,

;

,

:

! e FISSION GAS RELEASE

i

' - e FUEL PARTICLE RELEASE
t !

| t

e OPERATION WITH FAILED FUEL,

O ;

i

I i

|

|.

.

!

O
^

,

_ . . _ _ _ _ _ _ _ . . . . . _ . . - _ - _ _ _ _ _ _ _ _ . _ _ . . . _ , _ _ _ _ _ _ _ . . _ _ . _ _ . _ . _ _ _ _ . , , _ _ _ _ _ _ _ _ , . , . . . , , , . , _ . , . _ , , _ _ _ _ _ _ , _ _ . . . . _ . .
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([) FISSION GAS RELEASE

e THERMAL EFFECT - GAS JET IMPINGEMENT

e MAIN LOCATION FOR IMPINGEMENT WOULD BE AT PLENUM

e LOWER RELEASE RATES IN FUEL REGION WOULD AVOID
,

IMPINGEMENT

e WIDE RANGE OF H0LE DIAMETER AND PIN PRESSURE TESTED

'

8 THERMAL EFFECT - ROD GAS BLANKETING

($):

e TESTS SHOW DISPERSION OF GAS ACROSS ASSEMBLY

e FLOW REDUCTION FROM GAS BLANKETING WOULD NOT CAUSE

FAILURE

e TRANSIENT MECHANICAL LOADING

,

e DIFFERENTIAL PRESSURE ACROSS R0D CANNOT CAUSE R0D

FAILURE

i

| e DUCT WILL WITHSTAND MAXIMUM PRESSURIZATION

(300 PSI VS. 550 PSI CAPABILITY AT 1000*F)

($)i

|
~
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O

FISSION GAS RELEASE IN REACTOR SAFETY (CSNI REPORT N0,140)

INTERNATIONAL COOPERATIVE STUDY SPONSORED BY "0RGANIZATION

FOR ECONOMIC COOPERATION AND DEVELOPMENT" (1979)

e THE SAFETY TECHNOLOGY ON FISSION GAS RELEASE IS

WELL DEVELOPED WITH THE SUPPORT OF A VAST AMOUNT

O 0F EXPERIMENTAL DATA AND MANY YEARS OF EXPERIENCE

e FISSION GAS RELEASE BY ITSELF IS NOT A POSSIBLE

CAUSE FOR FUEL R0D FAILURE PROPAGATION

i

|

!

|

O

,
.-. . -. -. . . - - - --
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O
FUEL PARTICLE RELEASE

e OPERATIONAL EXPERIENCE WITH FAILED FUEL

INDICATES LITTLE WASHOUT AND NO PARTICULATE

RETENTION IN WIRE WRAP ASSEMBLIES

e HEAT GENERATING BLOCKAGES ASSOCIATED WITH

ASSUMED PARTICLE RETENTION IN THE BUNDLE ARE

O DISCUSSED LATER

:

1

O

|

. -

. .. - - . . .
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([) OPERATION WITH FAILED FUEL

'

s CONSEQUENCES OF OPERATING WITH FAILED FUEL:

- FISSION PRODUCT LEACHING: S0DIUM CLEANUP SYSTEM

REMOVES fps

- SODIUM INGRESS: HIGH INTERNAL PRESSURES FROM S0DIUM

VAPORIZATION HAVE NOT BEEN FOUND IN
.

TESTS

- FUEL / SODIUM CHEMICAL 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 R0D HEAT TRANSFER

CONCLUSIONS: OPERATION WITH FAILED FUEL IS ACCEPTABLE. OPERATING

LIMITS WILL BE ESTABLISHED.

O

. . _ - _ _ __
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SODIUM-FUEL REACTION

S0DIUM AND URANIUM-PLUT0NIUM OXIDE WILL REACT IN THE
e

PRESENCE OF FREE OXYGEN

e REACTION PRODUCT NA M0 HAS DENSITY ABOUT 1/2 0F FUEL3 4

UNDER WORST CASE CONDITIONS AT E0L, THEORETICAL UNIFORMe

EXPANSION OF CRBRP FUEL WOULD BE 1,7% DIAMETRAL

O

KINETIC DATA INDICATE TWO TO SIX DAYS TO REACH EQUILIBRIUMe

EXPERIENCE INDICATES SODIUM-FUEL REACTION DOES NOT LEADe

TO FAILURE PROPAGATION; DFR, RAPSODIE, AND BR-5 OPERATED

LONGER THAN 100 DAYS WITH FUEL EXPOSED TO S0DIUM WITHOUT

EVIDENCE OF PROPAGATION

!

O

.- - . _
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.

i
-

.

O |
"

, .

2. LOCAL FLOW BLOCKAGE

|
(WITHIN R0D BUNDLE)

i |

!

| e IN-CORE PASSIVE BLOCKAGE
,

i

!

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

O

1

,

.

O

|
, - . _ . . _ - . , - . . - . _ . - . - _ . _ - - _ _ _ _ _ - . _ . . _ _ - . . - . . . - - - - . . . - - - . - - . . - - . . - . . - - - - . .
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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

() THE FORMATION OF HEAT-GENERATING BLOCKAGES (HGB) WITHINe

THE CORE IS HIGHLY IMPROBABLE

e DELAYED NEUTRON DETECTOR (DND) SYSTEM WILL

DETECT A HGB SMALLER THAN THAT WHICH COULD PROPAGATE

DAMAGE

|

|

|
|

- -- . . . - . . . . . - __ _
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O 3. GAS BUBBLES PASSING THROUGH CORE

.

j

; e THE PLANT IS DESIGNED TO PRECLUDE GAS BUBBLES ENTERING

THE CORE, FOR EXAMPLE: VENTS FROM POTENTIAL GAS

POCKETS, LOW C0VER GAS PRESSURE, IHX CONTINU0US BLEED,

VORTEX SUPPRESSOR PLATE

e THE THERMAL CONSEQUENCES OF EVEN A LARGE BUBBLE

(4 INCHES HIGH-0VER 8 R0WS: 3 cU. FT.) ARE SMALL

(68'F MAXIMUM CLADDIN TEMPERATURE INCREASE)
O

s THE REACTIVITY CONSEQUENCES OF ISOLATED BUBBLES ARE
'

NEGLIGIBLE

e EVEN A 5 INCH BUBBLE WOULD ONLY INCREASE CLAD TEMPERATURE

BY 25"F AT CORE EXIT

(

l

CONCLUSION: THERE ARE NO PROPAGATIVE CONSEQUENCES DUE TO

BUBBLES

O

c . _
. -.
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,

4. SUMMARY OF M0LTEN FUEL ISSUES

,-

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

,

NORMAL, UPSET OR EMERGENCY EVENTS

-

e M.F. NOT FORfiED BEHIND PASSIVE PLANAR BLOCKAGES

O
.

e M.F. NOT FORMED IN HEAT GENERATING BLOCKAGES WHICH

ARE NON-DETECTABLE

;

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

,

e SLSF TEST P1 DEMONSTRATED CONTINUED OPERATION WITH

SIGNIFICANT AREAL M.F.
,

O

-

.. - . . . . .. . - _ . - - - _ _ _ _ _ .
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WORLD-WIDE EXPERIENCE WITH LIQUID METAL /0XIDE

3

FUELED PLANTS IS EXTENSIVE, AND DEMONSTRATES

NON-PROPAGATIVE CONSEQUENCES OF FUEL FAILURE.

,

; O
:

4

!

O

*
,

!
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WORLD WIDE OXIDE FUEL
'

.

Q OPERATING EXPERIENCE

(APPROXIMATE NUMBERS)

yhdDCOUNTRY REACTOR OXIDE USE
ED dl

FRANCE PHENIX DRIVER * 100,000 5

RAPS 0 DIE DRIVER 16,000
TEST 2,000 36**

UK PFR DRIVER * 30,000+ 2

DFR TEST 2,500 200++*

USA FFTF DRIVER * 16,000 1

EBR II TEST 3,000 55**

O
JAPAN J0Y0 DRIVER 5,000 0

TEST

,

USSR BR-5, 10 DRIVER 1 5,000 100+
TEST f

BOR-60 12,000 < 60

BN-350 50,000

l BN-600

|

(U, Pu) 02*

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

t SOME RODS MAY BE DESIGN PROOF TESTS

tt M ST FAILURES RELATED TO DOWN-FLOW COOLANT IN COREO

y - - - - - ,.p .-. , -c.
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CONCLUSIONS FOR LOCAL FAULTS
;

e OPERATING PLANT FUEL FAILURE RATES LOW

, .

e STOCHASTIC FUEL R0D FAILURE DOES NOT LEAD TO FAILURE
~

PROPAGATION

e FAILED FUEL IS DETECTABLE

e CONTINUED OPERATION WITH FAILED FUEL HAS NOT CAUSED

PROPAGATION

e DEGRADATION PROCESSES ARE SLOW AND CAN BE MONITORED WITH

REMOVAL AT PREDETERMINED OPERATING LIMITS<

1

THEREFORE, THE CONSEQUENCES OF FUEL FAILURE ARE BENIGN.

O

. _ _- _- . -. -_
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i CRBR CORE EXIT THERMOCOUPLES i

i
;

| R. A. MRKLEY !
;

;

ACRS SUBCOMMITTEE MEETING

.
MRCH 16,1983 i

! t
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CRBRP CORE EXIT THERM 0 COUPLES

.

IDENTIFIED FUNCTIONS:

S REACTOR CONTROL

! O DESIGN VERIFICATION

-- DESIGN MARGINS, POWER DISTRIBUTION, SYMMETRY, FUEL ROD LIFETIMEi

-- OPERATIONAL DISTURBANCES (LOCAL DISTURBANCES IN POWER DISTRIBUTION,

SHIFTS IN POWER / FLOW, ETc.)

! -- UNCERTAINTY FACTORS ASSESSMENT

-- RELATIONSHIP WITH POST-IRRADIATION MEASUREMENTS

.

4

|

!

'
:
:

_ -_ _.
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[*X ^'

FUEL 14 OUT F 156, ,,

,X X, X, X,' X X, X, X INNER BLANKET 72 76
- "

X X X^c X X. C X X ALTERNATING ASSYS. 6 6
'N 'V / v ' VN RADIAL BLANKET 112 126"

/b * sX X,X,X X X 0 X X, c X X g,s TOTAL 338 364,

, }, X X, X, X c x C x X c x X, X X, X,
X

,s, X X X X X X X X X X X X X
p, X, X X X X X X C X X X l XI X X X X X X,s

,J,X X X X X X X- X C XX X X X, X X X,4s
, X, X X X X X X X X X X X X X

#

p
X X,X,X X X X X X X c X X X X X X K X, p p p p

: X X X, X X X X X X X X X X X X X X X X X

(X
p

c X X) x c X X X X X
'

X, x X

[ %,
c X c X X X X x x x X X X e X C X X X

% x x x x x c X x x ex c x x x x e X;

X X e X X x x x x X c X Xgp
i XX x c X c x x x x x x x x x X X x' p

X, X X)X X X x x x x x x x X c x X y
p

i X X
s,

0 X X X x c x x X Xx
p p

i %X C x, x, x x x x x x x x x X Xp p p'

M )( X X X X X X x X X C C X g# C = CONTROL

'x X = SURVEILLANCE /
-'g g xy x x X X XA/N / \ / V DESIGN VERI-I X,,, X X Xs , X, X,,, sX X,,\ ,, X, X FICATIONs

' dbbbdv
CRBRP CORE EXIT THERMOCOUPLES C0VERAGE

L_
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REACTOR THERMOCOUPLES FOR AUTOMATIC CONTROL

;

REQUIREMENTS:;

0 MAINTAIN STEADY STATE PRIMARY OUTLET TEMPERATURE WITHIN FIXED BAND l

0 MINIMIZE TEMPERATURE OVERSHOOT

COVERAGE - 30 POSITIONS OVER 3 SYMMETRIC 60* SECTORS
:,

'

: RATIONALE:
i

0 CLOSELY APPROACH CORE MIXED MEAN AND FOLLOW CYCLE SWING

0 EVEN COVERAGE
{

I PROVIDE REDUNDANCY

i TYPE - DRY-WELL '

! TIME CONSTANT <10 SECONDS
:

'

' :

!

i

~

,
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TEMPERATURE MEASUREMENT UNCERTAINTIES i

,

FUEL ASSEMBLY
~

RANGE FROM S8 F (CORE CENTER, SIx-FOLD COVERAGE BY SYMMETRY)

TO ~25*F (PERIPHERY, SINGLE COVERAGE)

.

INNER BLANKET ASSEMBLY

RANGE FROM ~15*F (HIGH FLOW, SYMMETRY) T0 sf40*F (low FL0w, SINGLE

COVERAGE)
.

s

.

i

*

I

^

_
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CORE OUTLET THERM 0 COUPLES ARE NOT SAFETY RELATED
i

I FOR " CORE-WIDE" FAULTS:.

-- FAST ACTING PPS TRIPS (E.G. HIGH FLUX, FLUX TO FLOW)

SHUTDOWN BEFORE EXCESSIVE TEMPERATURES

6 FOR LOCAL FAULTS (BLOCKAGE, HIGH HEAT FLUX)

-- T/C INSENSITIVE TO LOCAL FAULTS (E.G. BLOCKAGES <50 TO 60%),

i

-- T/C " BLINDED" BY ADJACENT CROSS FLOW WHEN BLOCKAGE ~ >90%

-- LOW PROBABILITY OF OCCURRENCE

-- IF LOCAL TEMPERATURE INCREASE CAUSES CLAD FAILURE, DETECTED BY

FAILED FUEL fl0NITORING SYSTEM

S LIMITED NUMBER OF CLAD FAILURES ARE EXPECTED AND ARE NOT A SAFETY CONCERN

-- RAPID PROPAGATION WILL NOT OCCUR

i

! '

|
,

a
_ _ _ _ _ _ _
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CORE OUTLET THERM 0 COUPLE
'

ALARM, ALERTS, ETC.
;

:

PRESENTATION TO
i

'

|

ACRS

MARCl! 16, 1983

BY
L

O
( R. J. TINDER, WESTINGHOUSE
|

ADVANCED REACTORS DIVISION

|

O

_. - . . - . . - - . . _ _ . . - _ _ - - - -
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CORE THERMOCOUPLE INDICATIONS AND ALARMS

e 338 FUEL AND BLANKET THERM 0COUPLtS

e EACH WIRED TO PLANT DATA HANDLING AND DISPLAY SYSTEM

e COMPARED TO ALGORITHM 0F HISTORY-POWER-FLOW-LOCATION .

e COMPUTER " ALERT" WHEN OUTSIDE TOLERENCE

([) e ALERT TYPES ON ALARM TYPEWRITER

e ALERT APPEARS ON ALARM CRT

e LAST THREE ALERTS APPEAR AT BOTTOM 0F CRTs

e OPERATOR CAN REQUEST T/C READINGS ANY TIME (CRT OR HARDCOPY)

e SELECTED 30 T/C FOR CONTROL SYSTEM

e LESS THAN 25 CONTROL T/C ACTIVATES MAIN PLANT

Ah!NUNCIATOR (AUDIBLE AND VISUAL)

|

O

. .. . _. . . .. .. _. --- .-
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REVIEW 0F WORLD-WIDE APPLICATION
1

0F LOCAL FAULT INSTRUMENTATION
i i

,

:
4

|-
.

i
i

i
i ,

i

+

| O-
'

L. E. STRAWBRIDGE
:

1

i
.

! WESTINGHOUSE ADVANCED REACTORS DIVISION
'

:
i

!

i

k

i

$

!
:

; O
J

A

|

|
'

I
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SCOPE OF SURVEY(])
1

i

e AVAILABLE DESIGN INFORMATION COLLECTED ON 17 SODIUM

COOLED PAST REACTORS.

e MAJOR PLANT DESIGN VARIATIONS ,
- LOOP OR POOL

~

'

- POWER OR TEST
'

- SMALL TO LARGE

e MAJOR FUEL DESIGN VARIATIONS
'

- OXIDE OR METAL FUEL
i - WIRE WRAP OR GRID SPACERS

(2);

1^

O

. . .. _ -
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INSTRUMENTATION SURVEY

1

RAPS 0 DIE PHENIX SPX DFR PFR CDFR SNR-300 J0Y0 MONJU

LOOP OR POOL LOOP P0OL P0OL LOOP POOL P0OL LOOP LOOP LOOP
i

;

POWER OR TEST P,T P P P,T 'P P P T P

FUEL / SPACER 0X/WW OX/WW 0X/WW M/ 0X/G OX/G OX/G OX/

CORE EXIT T/C YES YES YES YES YES YES YES YES

: T/C IN PPS YES YES YES YES A NO YES

,

)

DEFINITIONS:

WIRE WRAP - WW 0XIDE - OX ALARM - Ai

GRID -G METAL - M,
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| INSTRUMENTATION SURVEY (CONTINUED)

BOR BN BN
: BR-5/10 60 350 600 EBR II FERMI FFTF CRBRP

LOOP OR P0OL LOOP LOOP LOOP POOL POOL LOOP LOOP LOOP

POWER OR TEST P,T P,T P P P,T P T P

!

: FUEL / SPACER OX/ OX/ 0X/ OX/ M/WW M/G OX/WW OX/WW
T

CORE EXIT T/C YES YES YES YES

! T/C IN PPS N0 NO NO NO
!

!
,

i
i
4

}

DEFINITIONS:

WIRE WRAP - WW 0XIDE - OX ALARM - A

GRID -G METAL - M
; .

;

.

4
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1

SURVEY OF OUTLET THERMOCOUPLEs IN

O. eeS FOR LOCAL FAULTS

e STRONGEST CORRELATION Exists FoR LOOP vs. POOL

#

PLANTS T/C IN PPS

Y.E.S. b UNKNOWN

LOOP 11 1 5 5

. POOL 6 4 1 1

O
.

O
i

. - . - . - , .._. - . - ,. - .- - -- - _--... - - .
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O CONCLUSIONS ON w0RLD-w1DC .PPLICATION

OF LOCAL FAULT INSTRUMENTATION

e NO UNIVERSAL AGREEMENT ON APPROACH.

l
e CORE OUTLET THERMOCOUPLES USUALLY INCLUDED IN PPS

IN POOL REACTORS) USUALLY NOT INCLUDED IN LOOP REACTORS.

e CONSIDERING IHE CRBRP DESIGN, THE APPLICATION OF

INSTRUMENTATION IS CONSISTENT WITH THE WORLD-WIDE IRENDS.

O

.

|

|

|

l

O

. . _ _ _
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([) CONCLUSIONS ON LOCAL FAULTS

e QA RESULTS IN LOW PROBABILITY OF LOADING DEFECTIVE FUEL.

e DESIGN FEATURES AND OPERATIONAL REQUIREMENTS PREVENT

Ex-CORE BLOCKAGES.

.e NO IN-CORE BLOCKAGE EXPECTED BASED ON OPERATION, IESTS

AND ANALYSIS.

e FUEL FAILURES DURING OPERATION ARE ANTICIPATED AND WILL

BE DETECTED.

e EXTENSIVE EXPERIENCE BASE SHOWS NO EVIDENCE OF PROGAGATION.
'

e THERMOCOUPLES DO NOT SIGNIFICANTLY IMPROVE THE MARGIN OF

(2) SAFETY FOR LOCAL FAULTS
- NOT EFFECTIVE FOR PREVENTION / FOREWARNING
- DNDS MORE SENSITIVE FOR DETECTING FAILURES OF INTEREST

e CONSIDERING THE CRBRP DESIGN, THE APPLICATION OF

INSTRUMENTATION IS CONSISTENT WITH IHE WORLD-WIDE TRENDS.

e INSTRUMENTATION FOR LOCAL FAULT MONITORING IS NOT NEEDED

IN PPS SINCE NO FAULTS COULD PROPAGATE ON A TIME SCALE

REQUIRING PPS ACTION.
1
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O
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 TO THE PUBLIC
WILL BE RELATIVELY SMALL.

IF IT IS DECIDED THAT MITIGATING MEASURES ARE INDICATED,

THEN IT SHOULD BE POSSIBLE AT THE CRBRP SITE TO ALMOST

COMPLETELY PREVENT ANY RADIATION DOSE TO THE PUBLIC BY
APPROPRIATE SOURCE INTERDICTIVE PROCEDURES.
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PRIMARY BASIS FOR DISCljSSION: NUREG/CR-1596 (SAND 80-1669)

O
"THE CONSEQUENCES FROM LIQUID PATHWAYS AFTER A

REACTOR MELTDOWN ACCIDENT"

THAT STilDY

1 CONSIDERED ALL OPERATING AtlD UNDER-CONSTRUCTION LWRs
PLUS SOME PROPOSED ONES

2 ESTIMATED THE CONSEQUENCES OF RELEASES TO THE

HYDR 0 SPHERE BOTH WITH AND WITHOUT INTERDICTIVE
PROCEDURES

3 CONSIDERED THE FEASIBILITY AND THE EFFECTIVENESS OF

BOTH SOURCE AND PATHWAY INTERDICTIVE PROCEDURES

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

O 1 EVEN WITHOUT MITIGATING PROCEDilRES, THE CONSEQUENCES

OF RELEASES TO THE HYDR 0 SPHERE ARE NOT EXPECTED TO BE
SIGNIFICANT FOR MANY LWR SITES

2 HOWEVER, FOR SOME SITES, THE CONSE0llENCES OF SUCH

RELEASES MAY BE SIGNIFICANT llNLESS ADEQUATE MITIGATING
PROCEDllRES ARE TAKEN

3 ALTHOUGH ADE00 ATE MITIGATING PROCEDURES CAN PROBABLY
BE TAKEN AT MOST LWR SITES, IT IS NOT OBVI0llS THAT

THAT THEY CAN BE TAKEN AT ALL SITES.

!

4 ONLY MITIGATING PROCEDURES TAKEN CLOSE TO THE S0llRCE

CAN TYPICALLY BE VERY EFFECTIVE IN REDUCING THE
~

| POTENTIAL RADIATION DOSE TO THE HUMAN POPULATION

o,

%J
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MAJOR TYPES OF DIRECT RELEASES TO HYDR 0 SPHERE

O
Lu

1 LEACHING OF MELT DEBRIS

2 ESCAPE OF SUMPWATER (0R SUPPRESSION POOL WATER)

CRBRP

1 LEACHING 0F MELT DEBRIS

CHARACTERISTICS OF RELEASES

MELT DERRIS

(v'T
1 COMPOSED MOSTLY OF CONCRETE /S0Il RESIDUA

2 INCLUDES Ph!MARILY LESS VOLATILE RADIONUCLIDES

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

SUMPWATER

1 MAY CONTAIN LARGE FRACTIONS OF MANY OF THE MORE VOLATILE
RADIONUCLIDES

2 RELEASE TO THE ACCESSIBLE ENVIRONMENT MAY BE RELATIVELY
RAPID

O
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([) CRBRP SOURCE TERM VERSUS " TYPICAL" LWR SOURCE TERM

1 THICKER BASEMAT IN CRBRP; THEREFORE BASEMAT LESS LIKELY

TO MELT THROUGH

2 SMALLER CORE IN CRBRP; THEREFORE, LESS FISSION PRODUCT

ACTIVITY IS AVAILABLE FOR RELEASE TO HYDR 0 SPHERE; ALSD,

BASEMAT MELT-THROUGH IS LESS LIKELY

3 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 PLUT0NIUM IN CRBRP; THEREFORE LARGER LONG-TERM

SOURCE POSSIBLEg3
,

c1
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O POTENTIAL CONSEQUENCES OF RELEASES TO THE HYDR 0 SPHERE DEPEND ON

1 RATE OF INITIAL RELEASES TO HYDR 0 SPHERE

A. TIME UNTIL GROUNDWATER CONTACT ESTABLISHED

B. RATES OF LEACHING

2 RATE OF TRANSPORT TO ACCESSIBLE PORTIONS OF ENVIRONMENT
,

A. TRAVEL TIME OF GROUNDWATER FROM SITE TO SURFACE WATER

B. STRENGTHS OF ADSORPTION OF RADIONUCLIDES TO S0Il

PRESENCE OF EXPOSURE PATHWAYSO .

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

3 ESCAPE THROUGH FISSURES, ...

4.- ESCAPE THROUGH DEGRADED SILTSTONE

LATER,

1 TRANSPORT THROUGH UNWEATHERED SILTSTONE

) TRANSPORT THROUGH UNWEATHERED LIMESTONE2

3 TRANSPORT THROUGH WEATHERED SILTSTONE

4 TRANSPORT THROUGH WEATHERED LIMESTONE

FOR TRANSPORT THROUGH WEATHERED STRATA, ESCAPE TO THE GROUND

SURFACE AND TRANSPORT ACROSS IT (PRIOR TO REACHING SURFACE
WATER) W0llLD ALSO BE A POSSIBILITY.

.

_ . . .



. _ _ . . _ . _ . _ _ . _ _ . _ _ __ _ . . _ __ .. _ ._. _ _ _

!., .

i

!
!

!o
: POSSIBLE " TEMPORARY" SOURCE INTERDICTIVE PROCEDURES
.

t

1 DEWATERING
'

,

2 WATER INJECTION4

1

3 RECOVERY
,

,

4 GROUND FREEZING.

5 SLURRY TRENCH CONSTRUCTION

6 GROUTING
,

7 ...

LO
ANY OF THE AB0VE WOULD NEED TO BE COMBINED WITH AN.

j EXTENSIVE MONITORING PROGRAM.

1

,

4

I
:

i

,

,

jO

:

;

, . _ _ . _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ . . . . _ . _ . . _ - . . . . . _ . . _ _ _ _ , . _ . . _ _ _ . , . . _ , - . . . _ _ . , _ _ _ . _ . _ . . , . . _ _ , _ _ . . . - . . . , . - _ . ,.
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O
EFFORT REQUIRED FOR--ISOLATION OF DEBRIS BY GROUTING ,

.

1 CONVENE EXPERTS AND FORMULATE PLAN
'

2 CLEAN UP SITE
'

!

3 DETERMINE SUBSURFACE CONDITI0hs

' ''; ,

4 RAZE EXTRANEOUS BUILDIiGS, ...

'

5 ASSEMBLE DRILLS, TEAMS, GROUT, ...

6 FORM INITIAL GROUT BARRIER
,

7 FORM SECOND BARRIER1

: O
8. ADD INTERMEDIATE BARRIER TO ENSURE ISOLATION

t
9 COVER SURFACE

.

? p.

fa

'**,A,

k d, ,

i

'. r |" ; -;
- .

.

; ,

'
~

;g ' ~,
-

, .
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,

- e,.

i O |.

. .
,
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,

, ,,
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. . ,. _ - . . - ~ , - . - . - - . . _ _ - - - . -. _. . -. . - - .- _.-



_ __ _ _. . _ . _ - - _ . _ - .- - _ . ~ _ . _ . . - . . . _ _ -

,

*
.

*

(4

" PERMANENT" SOLUTION
,

1 REENFORCE GROUTING

A. SOLUTIONING IN LIMESTONE LAYERS MAY CAUSE TROUBLE

i B. SETTLEMENT, ... OF GROUND MAY CAUSE TROUBLE

C. GROUTING AND ITS REENFORCEMENT MAY ULTIMATELY
DETERIORATE

2 MOVE DEBRIS TO PERMANENT REPOSITORY

A. LEGAL PROBLEMS CllRRENTLY PRECLilDE THIS

( B. ACCESS TO DEBRIS MAY PERMIT ESCAPE OF RADI0 ACTIVITY
TO ENVIRONMENT

!

4

O

E

O

. .. . .. . - . . . . . -. . _ _
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(]) GOOD FEATURES OF CRBR PLANT AND SITE

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

LIKELY.

2 THE CORE WOULD BE COMPARATIVELY SMALL; THEREFORE, ONLY

RELATIVELY SMALL AM0llNTS OF MOST RADIONUCLIDES COULD
BE RELEASED TO THE HYDR 0 SPHERE; IN ADDITION, BASEMAT

MELT-THROUGH W0llLD HOT BE LIKELY.

3 NO SIGNIFICANT RELEASES OF HIGHLY CONTAMINATED WATER
WOULD OCCUR; THEREFORE FEU IF ANY VOLATILE RADIONUCLIDES

WOULD BE RELEASED DIRECTLY TO THE HYDR 0 SPHERE; FllRTHER-

MORE, ANY RELEASES OF RADI0 ACTIVITY WHICH DID OCCUR

WOULD BE RELATIVELY SLOW.

O
4 IF BASEMAT MELT-THROUGH OCCURRED, THE MELT WOULD RESIDE

IN SILTSTONE; THEREFORE ONLY LIMITED WATER MIGHT BE

AVAILABLE FOR LEACHING.

5 THE BEDROCK BENEATH THE PLANT WOULD BE RELATIVELY
UNDISTURBED BY CONSTRUCTION; THEn6 FORE, ONLY LIMITED

WATER MIGHT BE AVAILABLE FOR LEACHING.

6 THE SITE IS A LONG WAY FROM THE RIVER; THEREFORE, IF
INITIAL EFFORTS TO CONTAIN THE RADI0 ACTIVITY FAILED,

THERE W0llLD BE TIME TO CARRY OUT ADDITIONAL EFFORTS

TO PREVENT THE RADI0 ACTIVITY FROM REACHING THE RIVER.

O
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-.,

4

O
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 TO THE PUBLIC
WILL BE RELATIVELY SMALL.

IF IT IS DECIDED THAT MITIGATING MEASURES ARE INDICATED,

THEN IT SHOULD BE POSSIBLE AT THE CRBRP SITE TO ALMOST

COMPLETELY PREVENT ANY RADIATION DOSE TO THE PUBLIC BY

APPROPRIATE SOURCE INTERDICTIVE PROCEDURES.

!
.

O

|

\

O

1
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| CRBRP ACCIDENT
RESPONSE PLANNING
BRIEFING FOR: "
ADVISORY COMMITTEEE ON
REACTOR SAFEGUARDS (ACRS)

:

CRBRP SUBCOMMITTEE & MATERIALS AND:

! STRUCTURE WORKING GROUP ,

ON::
I

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
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CRBRP DESIGN FOR
EMERGENCY MANAGEMENT |

.

INTRODUCTION*

ON-SITE EMERGENCY CONTRCL CENTERS*

- CONTROL ROOM
- TECHNICAL SUPPORT CENTER .

'
'

:

- OPERATIONAL SUPPORT CENTER

ACCIDENT MONITORING INSTRUMENTATION ,*
:

EMERGENCY RESPONSE DATA SYSTEM*

, ,

|

|

_ _ _ _ _ _ _ _
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'

COMMAND AND CONTROL OF OPERATIONS

* PROVIDE THE CONTROL ROOM SUPERVISOR WITH ,

INFORMATION THAT WILL SUPPORT COGNITIVE ,

BEHAVIOR
* PROVIDE CONTROL ROOM OPERATORS WITH

INFORMATION AND CONTROLS THAT WILL
SUPPORT RULE AND SKILL BASED BEHAVIOR

-

.

! * 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

i |
|

1002 3036 4
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ON-SITE EMERGENCY CONTROL CENTERS
:

,

CONTROL ROOM
* OVERVIEW ARRANGEMENT
* PROCESS CONTROLS INDICATIONS ON PANELS

- AUTOMATIC AND MANUAL SAFETY CONTROLS ,

- KEY ACCIDENT MONITORING INTEGRATED
INTO PANEL

) * PLANT COMPUTER
: - SAFETY PARAMETER DISPLAY SYSTEM (SPDS)

INTEGRATED GRAPHICS-

SUPPORTS SUPERVISORS DECISIONS
'

-

""""
- _ _ _ _ _ - . . _ _ _ _ _ _ -
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1

ON-SITE EMERGENCY CONTROL CENTERS
L

i

TECHNICAL SUPPORT CENTERi ,

.

* LOCATED NEAR CONTROL ROOM ;

* PLACE WHERE PLANT MANAGEMENT AND
i TECHNICAL EXPERTS MONITOR CONDITIONS AND !

PROVIDE DIRECTION AND ADVICE |
,

* CONTAINS EXTENSIVE INFORMATION SYSTEMS
- PLANT COMPUTER

!
- RADIATION MONITORING COMPUTER

:

* COMMUNICATIONS CENTER |

- IN-PLANT COMMUNICATIONS
:

- EXTERNAL COMMUNICATIONS'

'

i . . , , , , .

i
- _-_ _ _ _ _ - - . _ _ . - - _ _ . - -_ . . - _ , . - - .
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TECHNICAL SUPPORT CENTER

.

I r---- , ELEV-
-

|
~

ATOR
g g

'
i _

_
KITCHEN & D 6 l----_j

-- -- EATING AREA i
-

i i i

!
STORAGE

__

'

WORK PLANT-- ' - '

CENTER ASSESSMENT _ _ . , ,

STORAGE

.CZ '

U
RADIOLOGICAL PLANT

\ ASSESSMENT ASSESSMENT WORK,
CENTER

PLANT
ASSESSMENT

I
SUPERVISOR

STORAGE
i

_

L- CONFERENCE

WINDOW
- ROOMy

-
- - - - - - --
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CLINCH RIVER BREEDER :

!REACTOR PLANT g
BRIEFING FOR emms |

ADVISORY COMMITTEE ON
REACTOR SAFEGUARDS (ACRS) .

CRBRP SUBCOMMITTEE & MATERIALS
| AND STRUCTURE WORKING GROUP

NSSS LOOSE PARTS
) MONITORING SYSTEM
i PRESENTED BY:

W. J. O'BRYANT'

MANAGER, MAINTENANCE AND TEST:

CRBRP PROJECT
'

WESTINGHOUSE AESD

MARC 16,1983
3 83 3269 1
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LOOSE PARTS MONITORING SYSTEM
INTRODUCTION AND BACKGROUND

CRBRP PROJECT IS COMMITTED TO HAVING A
'

*

LOOSE PARTS MONITORING SYSTEM CONSISTENT;

!
WITH LWR TECHNOLOGY, MODIFIED AS
NECESSARY FOR CRBRP ENVIRONMENT.

* GENERAL DESIGN CRITERIA FOR LPMS WERE
ESTABLISHED AND MUTUALLY AGREED UPON BY~

| NRC AND THE CRBRP PROJECT IN 11/8/82
i MEETING.

:

|

!

'l

|

3 83 3269 11
|



- - -^- - -- --.
. ..

.O O O'
.

LOOSE PARTS MONITORING SYSTEM |

GENERAL DESIGN CRITERIA j

"SENSOR LOCATIONS WILL INCLUDE AS A MINIMUM, RV,*

PHTS PUMP, IHX, lHTS 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. :

I SENSITIVITY (THRESHOLD ENERGY) SHALL BE*

| ADEQUATE TO IDENTIFY ALL LOOSE PARTS THAT
COULD POTENTIALLY RESULT IN DEGRADATION OFi

| 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.
" " " " '

__ _ . _ . . .
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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.

3 83 3769 2
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SENSOR CHARACTERISTICS

* STATE-OF-THE-ART
* COMMERCIALLY AVAILABLE
* TEMPERATURE RANGE

- 65 F TO 700 F

i * RADIATION LIMITS

|
- 6.2 x 1010 R INTEGRATED

GAMMA FLUX
- 3.7 x 1018 n/cm2

INTEGRATED NEUTRON
FLUX

3 83 3269 3

- - - - - _ _ _ - -
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PRIMARY HEAT TRANSPORT SYSTEM
LONE OF THREE LOOPSD

.

j
_

_

-
.-.

s

| * IHX *
ELEV. 779'-3" i i

_ _

ELEV. 784'-7 1/2"-I,I
,

i
, , _ _ - _ . , _ . . _ . , _ . ,

_ _

ELEV. 779'-3",

!
,

ELEV. 761'-11 3/4"*
' REACTOR y -

VESSEL
-ELEV. 778'-5.85"

j
ELEV. 753'-0.4"

* LOCATION OF ACCELEROMETERS
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INTERMEDIATE HEAT TRANSPORT SYSTEMi

'

CONE OF THREE LOOPSDt

'

i 'l --- WATERm

SODIUM
I INTER.'

"-- - - STEAM* PUMP
=-'3|HX -SUPERHEATER-

a A==!,

I r-h-------]-

J (*n I STEAM l-
_

"'V ( DRUM ;

......)...........).................4 f
(]...i ( ] .!

_
:

.

EVAPORATOR * '-

J'"A" : :

EVAPORATOR *h'
-

* LOCATION d* "B" *
,

OF ACCELEROMETERS
!

.._ _ _ _ _ _ _ _ _ _ __ _
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LPMS COMPLIANCE WITH NRC REG GUIDE I
:

i

* COMPONENTS OF THE LPMS WITHIN !
.

CONTAINMENT SHALL BE DESIGNED AND i

; INSTALLED TO PERFORM THEIR FUNCTION i

FOLLOWING ALL SEISMIC EVENTS THAT DO NOT I

REQUIRE PLANT SHUTDOWN, l.E., UP TO AND
INCLUDING THE OPERATING BASIS EARTHQUAKE

:

i

(OBE). |

| * 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 '

i

ENVIRONMENT.
|

|

3 3 3m u
. . -
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:

DEVELOPMENT OF BASELINE
NOISE SIGNATURE :

* MONITOR TESTS ON THE CRBRP
PROTOTYPE STEAM GENERATOR AT .

ENERGY TECHNOLOGY AND ENGINEERING
CENTER (ETEC) FOR BACKGROUND

'

I NOISE SIGNATURE.

* BASELINE NOISE SIGNATURE SHALL
:

BE TAKEN DURING STARTUP TESTING.

;

L

e

__ _ _ ___
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(|)AESD;

(2):

CRBRP

; CORE SUPPORT CONE WELDS

! ' STRUCTURAL INTEGRITY
i
!

!
t

! -

!

1

i
;

,

PRESENTED TO

j ACRS

f CRBRP SUBCOMMITTEE AND
:
! MATERIALS AND STRUCTURES WORKING GROUP

( MARCH 16 AND 17, 1983

G. H. NICK 0DEMUS

W-AESD.

.

1

.~

,
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@AESD.

THE CORE SUPPORT CONE WELDS HAVE A HIGH

LEVEL OF ASSURED STRUCTURAL INTEGRITY FOR
O- THE DESIGN LIFE OF THE PLANT

4 DESIGNED, ANALYZED, CONSTRUCTED, AND INSPECTED TO RIGID ASME

CODE REQUIREMENTS

S LOCATED IN BENIGN ENVIRONMENT

4 NORMAL OPERATING TEMPERATURE 750 F

G S0DIUM AND AGING EFFECTS NEGLIGIBLE

O IRRADIATION EFFECTS NEGLIGIBLE

8 LOCATED AWAY FROM GE0 METRICAL DISCONTINUITY IN LOW

STRESS REGION.

O . McET Att DESIGN uMITS WITH SuBSTANTIAt MARGIN

9 HIGH DEGREE OF TOLERANCE TO CRACK GROWTH AND INSTABILITY

O
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,

'

.
' s

.

:

' O
@AESD

~

230.750 DIA

;' Two gas gents (1.0" *)
located 180* apart

B

177.000 DIA

B

Inner
Face

Reactor
.k. Vessel

) 4.969"

'
A

Duter
Face

A

a

o

CORE SUPPORT CONE GEOMETRY

7

'

O
,

. . - . - - - , _ . . . . , - _ - . . . . . . = _ . . _ - - , - . _ _ - _ _ _ , . _ _ . . , . - . _ . .
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@AESD

HIGH QUALITY FABRICATION AND INSPECTION PROCEDURES

O WERE USED F0a 1HE CORE Suee0RT CONE WEtDS

0 WELD JOINTS INSPECTED PRIOR TO WELDING.

O QUALIFIED WELDERS AND PROCEDURES.

0 EACH BEAD BRUSHED AND ALL STARTS AND STOPS GROUND.

8 INNER FACE WELDING COMPLETED, GROUND AND VISUALLY AND PT INSPECTED.

O ROOT AREA BACKGR00VED, CLEANED, AND VISUALLY AND PT INSPECTED.

O PARTIALLY COMPLETED WELD TO CSS RADIOGRAPHED FOR INFORMATION.

0 OUTER FACE WELDING COMPLETED, GROUND AND VISUALLY AND PT

INSPECTED AND RADIOGRAPHED.

e WELD SURFACES FINISHED.;

O 9 FINAL VISUAL, PT, AND RADIOGRAPHIC INSPECTION.

|
'

0 ALL RADIOGRAPHY BY A WIDE SPECTRUM LINATRON SOURCE.

9 NO WELD REPAIRS IN CSS WELD.

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

|

O

. -. . - - - . . .. .-
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O
ENVIRONMENTAL EFFECTS ON THESE

WELDS ARE NEGLIGIBLE

; 9 CORROSION NON-EXISTANT - LOW TEMPERATURE.

!
.

0 EROSION NEGLIGIBLE - LOW FLOW.
-

i

O CARBURIZATION NEGLIBIBLE - LOW TEMPERATURE.

4

^

0 AGING NEGLIGIBLE - LOW TEMPERATURE.
:
,

e IRRADIATION NEGLIGIBLE.,

9 HELIUM EMBRITTLEMENT - LOW TEMPERATURE.

() 4 DISPLACEMENT DAMAGE - LOW EXPOSURE.

:

1

,

6

!

J

- O

,
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CSS AXISYt9tETRIC H0 DEL

tilTil CUT IDEllTIFICATI0flS

IP

ANSYS (STIF42) 2-D Isoparametric Quadrilateral
Axisymmetric Ring Element.
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STRESS SUWARY AT SECTION A-A

OUTER-FACE

Calculated Allowable
Loading Stress Stress Stress Intensities (850 F) Margin of

Criteria Combinations Categories Intensities (psi) Safety *
(psi)

OBE + AP P, 6245 S = 14800 1.37mt

+ OBE + AP P +P 9360 KS= 1230 1.27L b ttUpset

L b 35,= 49185 0.186(P +P +0) range 41490OBE + Thermal **
(Linear)

Fatigue **
(0BE+AP+ Thermal) P +P +Q+F th = 0.06 < 0.9 allowable per T-1435 CC1592t b

SSE + AP P, 7560 1.2 S = 23160 2.06
t

SSE + AP P +P 10895 1.2K b = 25500 1.3L b tt

Allowable Stress* Margin of Safety _1=
Calculated Stress

** Includes Emergency loading condition thermal transients.

-
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STRESS SUMMARY AT SECTION B-B AND GAS VENT .

OUTER FACE

Calculated Allowable
Loading Stress Stress. . Stress Intensities (850 F) Margin of 3

Int n lesCriteria Combinations Categories (psi) Safety *

i

OBE + AP P, 6380 S = 14800 1.32 imt
1

Normal
+ OBE + AP P +P 15270 K S = 21230 0.39 |t b tt

Upset
= 49185 0.81 |(P +P *0) rangeOBE + Thermal ** t b m

(Linear) !

Fatigue **
(0BE+AP+ Thermal ) P +P +Q+F rh=0.02<0.9allowableperT-1435CC1592L b s 0.3 < 0.9 allowable per T-1435 CC1592 (at gas vent)

SSE + AP P 8950 1.2 S = 23160 1.59
tm

SSE + AP P +P 19475 1.2 K S = 25500 0.31
L b tt ,

Allowable Stress -1* Margin of Safety Calculated Stress
=

** Includes Emergency loading condition thermal transients.

[
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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 0F

LIFE.

9 HIGH QUALITY OF CONSTRUCTION AND INSTALLATION

0 THOROUGH INSPECTIONS DURING WELDING

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

8 LOW OPERATING TEMPERATURE

! O
9 COMPRESSIVE PRIMARY OPERATING STRESSES

0 LARGE DESIGN MARGINS ARE EXHIBITED WITH RESPECT TO

CONSERVATIVE DESIGN LIMITS

i

!

:.

v

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

8 THE EVALUATION IS FOCUSED ON THE LOWER MAIN WELD JOINING

THE CORE SUPPORT CONE TO THE CORE SUPPORT PLATE.

9 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.

O

.

O

. _ _. . ..
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FOR EVALUATING FATIGUE CRACK GROWTH, THE CONE IS MODELED AS A CIRCULAR

CYLINDER CONTAINING A CIRCUMFERENTIALLY-0RIENTED SURFACE CRACK.

4 -CRACK MAY ORIGINATE FROM INNER OR OUTER FACE.

9 FATIGUE GROWTH IN THE TWO PRINCIPAL DIRECTIONS OF THE CRACK

IS EXPLICITLY CALCULATED.

,

$

,

,

ht
Ia

i O im e

2c

|

|
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1
1

>

- - ,,--- - - , -_. . _-,-- - -,- ,_. - - - - . _ . - - - - , - . . , . . . -__+-----,r..-e.., , . e-
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A CONSERVATIVE APPROACH WAS USED FOR THESE ANALYSES

O
9 STATISTICAL UPPER BOUND IN S0DIUM CRACK GROWTH DATA WERE

USED.,

O CALCULATIONS WERE PERFORMED USING THE CRACK GROWTH DATA

AT 800*F AND 1000*F BECAUSE NEITHER DATA BASE IS CONSERVATIVE

OVER THE ENTIRE APPROPRIATE K RANGE.
eff

8 THE CYCLIC STRESS HISTORY WAS CONSERVATIVELY CONSTRUCTED.

O COMPRESSIVE PORTIONS OF THE CYCLIC STRESS RANGE WERE

ASSUMED TO CAUSE THE SAME AMOUNT OF CRACK GROWTH AS AN

EQUAL MAGNITUDE TENSILE STRESS RANGE.

6 THE CRACK GE0 METRY WAS UPDATED FOR EACH OF THE 57930

CYCLES IN THE LOADING HISTORY.

9 THE EFFECTIVE STRESS INTENSITY FACTORS WERE RE-CALCULATED

USING THE UPDATED CRACK GE0 METRY FOR EACH CYCLE.

.

E

i

-. . . -- . -- _ ____-_



.

'

.

@AESD*

O
FATIGUE CRACK GROWTH RESULTS FOR

OUTER FACE OF CORE SUPPORT CONE

Initial Crack Final Crack Final Crack
Dimensions Dimensions (800 F) Dimensions (1000"F)

a c a 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

i 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
;

.

0,

I

t, .m , - . . - _ - .
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O 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 c 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

b3 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

|
|

|

; 0

.-. - - - - -
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CRACK STABILITY DEPENDS ON TWO MATERIAL PROPERTIES

4

|0 FRACTURE TOUGHNESS DESCRIBES THE ONSET OF CRACK EXTENSION

UNDER MONOT0NICALLY INCREASING LOADING CONDITIONS.

( 0 TEARING MODULUS DESCRIBES THE RESISTANCE OF THE MATERIAL

TO ADDITIONAL CRACK EXTENSION AS THE LOAD IS INCREASED PAST;

l' THE ONSET OF THE CRACK EXTENSION FRACTURE TOUGHNESS LEVEL.

|
8 THE TEARING MODULUS APPROACH WAS USED BECAUSE IT PROVIDES

!A MORE REALISTIC APPRAISAL OF CRACK STABILITY IN A HIGHLY

DUCTILE MATERIAL.

|O

i

O

- --- .- ___
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! Stable Crack
' Growth
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Initiation of growth (JIc)
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.
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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.

t

h 4
2c= :

t h o o o a n a

f 1,FOR INSTABILIY: T

T = 168 (weld metal)m

O c3 210 Inch

.

.

2c -

i

if
1

' I' O it 1r 1r !i qr

O.

.

_ . . . _ . _ . . . , . - . . . _ _ _ . - - _ . - _ . . - _ . _ _ . - -- . _ . _ . - . _ . _ , . _. . _ _ _ _ _ _ . _ . - . _ . . _ . .
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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

n

////////
For Instability: h1,T

L = 2L
cone

W = HDLower

Lcone 1 23,100 Inches

C > L
2 c ---

. O'

Actual cone length = s 4 feet

< W :
1

II

///////
,

O

L
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;Q THE FRACTURE MECHANICS ASSESSMENT
.

SHOWS A HIGH DEGREE OF TOLERANCE

TO POTENTIAL FLAWS

0 A LARGE POSTULATED INITIAL SURFACE FLAW 0F 1.5 x 15 INCHES HAS A

LIMITED GROWTH TO 3.1 x 17.7 INCHES FOR THE PLANT LIFETIME.

0 INSTABILITY SIZE FOR A SURFACE FLAW IS 420 INCHES IN LENGTH.
3

<

0 THROUGH THICKNESS CRACK REQUIRES A CONE LENGTH OF 1900 FEET

FOR INSTABILITY.

8 FURTHER ASSESSMENTS AT THE GAS VENT LOCATIONS WILL BE

PERFORMED.

.O

.

|

|

|

:

i

O
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THE CORE SUPPORT CONE WELDS HAVE A HIGH

_O LEVEL OF ASSURED STRUCTURES INTEGRITY

FOR THE DESIGN LIFE OF THE PLANT

0 DESIGNED, ANALYZED, CONSTRUCTED, AND INSPECTED TO RIGID ASME

CODE REQUIREMENTS.

9 LOCATED IN BENIGN ENVIRONMENT.

8 NORMAL OPERATING TEMPERATURE 750 F

0 S0DIUM AND AGING EFFECTS NEGLIGIBLE

e IRRADIATION EFFECTS NEGLIGIBLE

8 LOCATED AWAY FROM GE0 METRICAL DISCONTINUITY IN LOW STRESS

REGION.
,

9 MEET ALL DESIGN LIMITS WITH SUBSTANTIAL MARGINS.

IN PARTICULAR, EXCEPT AT THE GAS VENTS

SECONDARY MEMBRANE AND BENDING S.I. < 3Sm

FATIGUE DAMAGE < 0.1

!

O HIGH DEGREE OF TOLERANCE TO CRACK GROWTH AND INSTABILITY.

I

!O
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CLINCH RIVER BREEDER ,

REACTOR PLANT
!BRIEFING FOR: amms

ADVISORY COMMITTEE ON,

; REACTOR SAFEGUARDS (ACRS)
CRBRP SUBCOMMITTEE & MATERIALSi

AND STRUCTURE WORKING GROUP
.

! WHAT IF?
;

PRESENTED BY:

PAUL W. DICKSON
TECHNICAL DIRECTOR

| CRBRP PROJECT
WESTINGHOUSE-AESD

; OAK RIDGE, TN

! MARCH 16,1983
3 83 3279 4
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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 TO 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 ~90MW AT
BOC 3)

3 83 3279 6
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APPLICABLE OPERATING PERIOD

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

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

3 83 3279 7



j .:' O O o
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|

i

- HOT LEG TEMPERATURE ~ 890 F'

1

!

l

s ., w. .
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CONCLUSION

* ONLY FOR A SMALL FRACTION OF CRBRP
OPERATING LIFE WOULD EVEN A RECR'ITICALITY<

OCCUR

| * NO POWER . EXCURSIONS OCCLlR (NO ENERGETIC
i HCDA)

'

'

f * 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

| WOULD BE BOUNDED BY THE BASE CASE TMBDB
ANALYSIS.i

I
. . . , , ,
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SCOPE OF STAFF REVIEW

REVIEW 0F EXPERIMENTAL AND ANALYTICAL DATA ON LOCAL

FAILURES AND BLOCKAGES FOR:
'

.

o FUEL ASSEMBLIES

o BLANKET ASSEMBLIES

o CONTROL ASSEMBLIES

REVIEW 0F DETECTION SYSTEMS:
.

FISSION GAS MONITORING-

DELAYED NEUTRON MONITORING-

CORE EXIT INSTRUMENTATION-

REVIEW 0F FUTURE WORK:

- ANALYTICAL

- EXPERIMENTAL

ASSISTANCE BY LANL

O
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, ..
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(2)
DESIGN FEATURES WHICH MINIMIZE POTENTIAL FOR PROPAGhTION

,

o DUCTED ASSEMBLIES

o FLOW BLOCKAGE PREVENTION DEVICES

o GAS ENTRAINMENT PREVENTION DEVICES

o FEATURES TO PREVENT MISLOADING ERRORS

QA AND INSPECTION DURING ASSEMBLY FABRICATIONo-

DND, FISSION GAS DETECTION AND CORE EXITo
'

THERM 0 COUPLE SYSTEMS+

J

O
.

O

._ _ . ._ _ ._ .. .
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CAUSES OF FAILURE i
i

|

o STOCHASTIC PIN FAILURE

3 o INSUFFICIENT HEAT TRANSFER

o LOW FLOW
.

o EXCESS POWER

.

O

*
e

'

.

.

4

:O
:
,

'

t

l

i

1
4

|

|O

i
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EFFECTS EVALUATED

GAS BLANKETING OF PIN *FISSION GAS RELEASE -

FLOW REDUCTION CAUSED BY-

GAS RELEASE *
'

- MECHANICAL EFFECTS *

REACTIVITY EFFECTS *-

PARTICULATE BLOCKAGE *FUEL RELEASE -

- MOLTEN FUEL COOLANT INTERACTION *

MOLTEN FUEL IMPINGEMENT *-

OVERENRICHED PINS *EXCESS POWER EVENTS -

CRACK IN DUCT WALLLOW FLOW EVENTS -

FLOW BLOCKAGE:
(~)

-

- W/W FAILURE
*

-
.

- CLAD B0 WING OR SWELLING *
- '

.

- DEBRIS CHEAT GENERATING &

NON-HEAT GENERATINGL *

CHANGE IN HEAT TRANSFER - CORROSION PRODUCT DEPOSITION

- INTRODUCTION OF FOREIGN MATERIAL

INTO PHTS

GAS BUBBLES IN CORE-

FUEL PERFORMANCE AFTER A CLADDING BREACH-

- STEADY STATE *

- TRANSIENT *

(2)
'

*EXPERIMENIAL DATA EXISTS TO SUPPORT EVALUATION

. _ _ _ _ _ . _ - _ _ _ _ _ _
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CONCLUSIONSO
.

,<

FAILURE CHARACTERISTICS ,

'
.

.

,

1) NO OBSERVED FUEL FAILURE PROPAGATION IN ANY
,

OPERATING LMFBR.,

2) MOST FAILURES ARE SMALL PINHOLE CLADDING BREACHS.

ALLANALYSISANDEXPERIMENTALDkTAINDICATE,3)

THAT FISSIGH GAS RELEASES AND SMALL LOCAL 1

#

BLOCKAGES .J LEAD TO ADDITIONAL PIN FAILURES. .

- 4) LARGE FLOW BLOCKAGES OR EXPULSION OF MOLTEN FUEL

O .i FROM A PIN ARE REQUIRED TO CAUSE ADDITIONAL PIN-

FAILURES. '| -

,.

/ 5) TIME REQUIRED FOR ADDITIONAL PIN, FAILURES TO
i

OCCUR IS ON THE ORDER OF MINUTES.
,

6) FUEL WILL BE EXPOSED TO FLOWING S0DIUM IN A

SITUATION THA,T LEADS TO ADDITIONAL PIN FAILURES.
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DETECTION NFFDS _ ,.

,

NEED A FAST ACTING SYSTEM THAT WILL DETECT [- [,

PROPAGATION CONDITION. f<;'
CORE EXIT T/C's - MAY NOT DETECT ALL , . '

"

r -
-

,
-

'' '- .' ~

PROPAGATION CONDITIONS. -

' = ~ -
'

,,.,

'

CORE EXIT FLOWMETERS - MAY NOT DETECT ,
- --

' -

-

- ;.,< , .,

ALL PROPAGATION CONDITIONS. ,s ! - ' '-
- ,

/
'

DND - WILL DETECT ANY CONDITION WHERE' , s.''p
'

_

-

.s :-

FUEL IS EXPOSED TO FLOWING S0DIUM'- ij' f,_. f, ,

/(C NDITI N FOR PROPAGATION). . ,,/ /, -

O '';; ' ' . <.. * e, -
.,

ADDITIONAL DATA REQUIRFD 'i - ' M'[ 2' "
' ')

., -

y , ,

. . . L:
, .-

'

COMPLETION OF RBCB PROGRAM . /
*

7J-
, -

,

' ' '

CONFIRMATORY FFTF TESTING . .

. .,

-

^-
.,

'

EXAMINATION OF P-4 TEST '

,, .. .
.

)

*

*
*,-

o

i ,

1 /"'I

4

Y

A

' % ,, s

' s

O

.
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' . f ~ SUMMARY OF. STAFF POSITION
; ~ ; ,r

.f. ' K ; ' ' .,<
'

-
,

APPLICSNTSSHOULDINSTALLDNDSYSTEMSOASNOT
~

- o

k TO PRE,CLUDE CONNECTION TO THE RSS AT A LATER

D5YE. -

7m :
2 '

.,

- o FINAL DECISION ON NEED FOR AUTOMATIC SCRAM ON. . - -

''
DND SIGNAL WILL BE MADE AS PART OF THE~OL REVIEW.'

<

M )1
'

'

3.

o , REMOVE FAILED FUEL AT FIRST SHUTDOWN (PLANNED
^

-- '
.

,
., - .

t0RJUNPLANNED) OR IF DND SIGNAL EXCEEDS PRE-
'

-

O
~

DETERMINED LEVEL.
; .

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

| PROGRAMS... ,.

.' ' . , er:
.

,o: ACCEPTABLE FOR A CP WITH THE AB0VE CONDITIONS.
. u -

4
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d
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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

I
ROBERT E. PALM

CIVIL / STRUCTURAL ENGINEERING MANAGER ;

;

~

|!
BURNS AND R0E, INC.

ORADELL, NEW JERSEY

|
MARCH 16, 1983 f

.
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NUCLEAR ISLAND FOUNDATION MAT
1

STRUCTURAL EVALUATION,

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

INTEGRITY IS MAINTAINED

e FINITE ELEMENT ELASTIC-PLASTIC ANALYSIS USING COMPUTER PROGRAM ANSYS
%

e TEMPERATURE PROFILES DEVELOPED TO 8000 HOURS,

.

e MATERIAL PROPERTIES NON-LINEAR AND TEMPERATURE DEPENDENT
!

e ANALYSIS PERFORMED BY ITERATIVE PROCEDURES TO ACCOUNT FOR CRACKING AND ,

CRUSHING OF CONCRETE

i
'

,

i
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RESULTS OF STRUCTURAL EVALUATION
.

e TO TIME OF S0DIUM BOIL DRY

e NO INFLUENCE ON MAT INTEGRITY

e CONDITIONS AT 8000 HOURS FROM CENTERLINE REACTOR CAVITY

e INNER PORTION FROM RADIUS (R) = 0 FT. TO R = 40 FT.

! CONCRETE DEGRADED AND CRUSHED

I e BETWEEN R = 40 FT AND R = 60 FT.

PARTIAL DEGRADATION AND CRUSHING

e FROM R = 60 FT AND BEYOND

CONCRETE REMAINS STRUCTURALLY SOUND

'

e ADEQUATE SUPPORT IS PROVIDED FOR THE PERIPHERAL WALL, CONTAINMENT VESSEL

AND CONFINEMENT STRUCTURE

|

e CONTAINMENT / CONFINEMENT INTEGRITY IS MAINTAINED

,
.
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PRIMARY SYSTEM RESPONSE TO SMBDB .

I

!

THOMAS A. BUTLER:

'
LOS ALAMOS NATIONAL LABORATORY

i

!

|
I
,

:

!
I

MARCH 16, 1983'

!

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS-

!
| -

i
,

i

,

i

:

i

,

.
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PRIMARY SYSTEM RESPONSE TO SMBDB

|

|

! O CRITERIA USED IN EVALUATING PRIMARY SYSTEM BOUNDARY |

+
:

0 LOADS EXPERIENCED BY PRIMARY SYSTEM
:

O CONCLUSIONS FROM SCALE MODEL TESTS AND ANALYSES

i

.i

.e.. ee o e .

I

'
,

I
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SMBDB DESIGN REQUIREMENTS

||
FOR HEAD AND HEAD MOUNTED COMPONENTS!

i

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

CONTAINMENT
i

!
8 HEAD MOUNTED COMPONENT N0ZZLES SHALL ACCOMMODATE HEAD LOADINGS.

9 HEAD MOUNTED COMPONENTS MUST FUNCTION AS LIMITED LEAKAGE BARRIERS.
,

1

9 VESSEL HEAD AND HEAD MOUNTED COMPONENTS SHALL ACCOMMODATE LONGER TERM

MECHANICAL LOADS FROM SATURATED VAPOR.
,,

t .

: i
i
i

!l
,u

!

!
i

i
.

|

4
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SMBDB STRUCTURAL EVALUATION CRITERIA

9 MEMBRANE STRAIN LIMIT TO PROTECT AGAINST PLASTIC INSTABILITY

0 STRAIN LIMIT IS PROVIDED TO PROTECT AGAINST LOCAL DUCTILE RUPTURE
l
I

O APPROPRIATE STRESS LIMITS ARE USED FOR ELASTIC ANALYSES |
t
,

a

S

:

|
:

:
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SMBDB LOAD REQUIREMENTS ARE

BASED ON TEST AND ANALYSIS

:

4 VESSEL AND HEAD LOADS BASED ON REXC0-HEP CALCULATIONS.
,

.

9 LOADS VERIFIED CONSERVATIVE BY SCALE MODEL TESTS. .

9 VESSEL HEAD REQUIRED TO ACCOMMODATE A SODIUM SLUG WITH 75 MJ OF i

KINETIC ENERGY.

;

e REMAINDER OF PRIMARY SYSTEM LOADS ARE BASED ON CONSERVATIVE &

,

PREDICTION TECHNIQUES.'

'
.

I

- _ _ - _ _ _ _ _ _ _ -
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SCALE MODEL TEST PROGRAM

i

TEST LOADING CONFIGURATION

SM-l HYDROSTATIC NO SHIELDING PLATES

SM-7 DYNAMIC NO UPPER INTERNAL STRUCTURE

SM-3 DYNAMIC INCLUDED UPPER INTERNAL STRUCTURE

COMPLETE VESSEL, INTERNALS, NON-PROTOTYPIC HEAD<

SM-5 DYNAMIC
~"

SM-7 HYDROSTATIC NON-PROTOTYPIC SHIELDING PLATES
,

'

SM-8 HYDROSTATIC PROTOTYPlc SHIELDING PLATES
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CONCLUSIONS OF TESTS AND ANALYSES

S PRESENT HEAD DESIGN CANNOT ACCOMMODATE 75 MJ SODIUM SLUG

.

9 FAILURE WOULD BE KINEMATIC DISENGAGEMENT OF HEAD INTERMEDIATE

ROTATING PLUG.

e HEAD CAN BE MODIFIED TO ELIMINATE CURRENT FAILURE MODE ,

e REMAINDER OF LOAD PATH WILL ACCOMMODATE LOADS RESULTING FROM

IMPACT OF A 75 MJ SLUG

.

_ _ _ - _ - . _--
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ORIECflWS nF NRC REVIEW 0F PSI /ISI PLN1
, . O.

. FABRICATInN EXAMItMTIfflS AND PSI ARE PERFORWD WITH BEST AVAllABEi

TE0liOUDr#
,

. NDE REQUIRED FOR IMIfffEMICE, PEPAIR OR f0DIFICATION NID IS CONSIDERED i

Ill PL#ff DESIR1
:

. ACCESS PROVIDED FOR PERIODIC V0LiftTRIC ISI

. SPECIALIZED EQUIPKNT DESIGNED FOR PLANED ISI
,

J

.

i

:

:

i

i

,

O .

|

.. - .-. - - - . . _ _ _ . . - - _ -- - ._ _ __ . . _ - .-
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|

!
CP REVIBl CONSIDEPATI0flS

'O
FABRICATIfWPSI

. DOUBLE NEE RT WILL E PERFORTD ON lEll)S IN VESSELS #0 PIPING

'

. lH OF PIR ELDS (E 1/2 INCH WALO SH0iG E PERFORTD USIflG EXISTING
.

TE0ffEGY

. UT OF VESSEL WEW HAZ #0 ADJACEfE BASE ftTAL SHOUW BE PERF0PMD ltERE

TE0flICALLYFEASIBLE

:

M

O-

t

O '

-

.. - . . _ . _ . _ - _ _ _ , . _ _ _ _ . _ , . _ _ . , , _ , _ _ , , _ . , _ . . _ , , _ _ _ , . _ ,-
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CP PB/IBl CONSIDERATI0fS

isi

. EXN1IfMTI0f6 SIUJLD E PERF0PMD DURING TE REQUIPS fMINTEfMNCE,

THUS REDUCING OCCUPATI0fML EXPOSURE #0 PLANT OllTAGE TIE

. SEECTED VOUfERIC EXAMIfMTIONS SHOULD E PERFORfB TO DEIECT GENERIC,

UfMNTICIPATED DEGRADATION EOMNISMS

IfIIEG9ATED ifX#E DEIECTION SYSTEM WIll E DBUSTPAED Uf0ER PIMT.

EWIR0ffBir Af0 TESTED PER TE0flICAL SPECIFICATI0f6 T0 t%INTAIN ITS

EFFECTIVEESS

.

|

I

|

O1

|

!
|
|

. - - . - - - . -- - .. _ -. . . .. . . .
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O TOPICS STILL EING EVAUMTED BY TE APPLICAtlT

. SURVEIUANCE PROCEDURES FG TE PIACTOR IfflERNALS

INSPECTION TECHNIQUES FOR TE IHX TUE BUNDE IN M EVENT TPAT MINTEtMNCE4
. -

PROVIDES ACCESS TO M TUBES

,

O

;

,

4

;O

!

, -.. , .-
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t

g OL EVIBl CONSIDEPATIONS

. EVALLRTION OF EXISTING NDE TE0f0 LOGY FOR ISI.

. DESIGRTE SPECIFIC LOCATIONS, ETHODS AND FE00ENCY OF PERIODIC !

INSERVICEINSPECTION |
2

,

.

I

! O ,

;

!

O

. - _ . .- - _ - _ - _ .. --- ._ .-_- . - -.
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4

SlffWlYO
. ADEDUATE EXAtB WILL E PERFORWD DURItE FABRICATION / PSI TO PROVII

,

ASSUPAfEE IMT f0 SIGNIFICAflT FLAWS ESCAPE DEIECTION
'

~

. PASELIE MTA WILL E AVAllABE IN TE EVENT ISI IS RE0VIRED
t

. NDE TECHNIQUES WIll E AVAllABE TO SUPPORT INSERVIE MINIUWEE,

REPAIRAND10DIFICATION

. PERIODIC ISI WILL E PERFORWD TO DETECT GENERIC EGPADATION

O

O

,

._.--c -. - -- _ , , , ,. . . .-r . , , , - .. ..-_m._ . _ _ __. .,_... ,,m _ . - _ .~ ._ - . . . - - --. .. ., .. . - . __.
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STRUCTURAL MARGIN BEYOND THe DESIGN BASE

OVERALL TECHNICAL APPROACH

L. E. Strawbridge

Westinghouse Advanced Reactors Division

|

r

MIS

I

_ _ _ _ _ _ -
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APPROACH

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

- Design features prevent initiation of HCDA's

| e Prudent margins beyond the design base incorporated
to further reduce public riski

:

| - Structural margin beyond the design base (SMBDB)
j - Thermal margin beyond the design base (TMBDB)
I

l
)

i

i :
4

7130-4

I
1

i

i

l

I
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PURPOSE OF SMBDB
,

PROVIDE REASONABLE M ARGINS ON IDENTIFIED
.

COMPONENTS TO ACCOMMODATE DYNAMIC LOADS;

| ASSOCIATED WITH HCDAs
AVOID,LARGE RELEASE OF VAPORIZED FUEL AND*

! FISSION PRODUCTS

AVOID LARGE RELEASE OF SODIUMe

| THESE MARGINS PREVENT SHORT-TERM CHALLENGE TO
CONTAINMENT AND LARGE RADIOLOGICAL RELEASES

!

0605-2

:

,

| |

|

._ - _ - _ _ _ - .
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FORM OF SMBDB REQUIREMENTS

Dynamic Load Requirements

Maintain short term integrity of the reactor coolant boundarye
Loads derived from energetic fuel vapor expansion resulting ine
101MJ energy release at time of sodium impact with the head

Leakage Requirements
e Limit short term sodium and gas leakage from reactor coolant

boundary to avoid challenge to containment integrity
Geometric Requirements

Provide clearances between components to avoid unacceptablee
interactions during dynamic loads

.

6054-897

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ __ _ _ _ _ _
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DERIVATION OF SMBDB LOADS
(Performed 2n 1975)

,

Loads required for design prior to completion of extensive energetics analyses
,

Energetics information available
e Extensive analyses for FFTF
e Preliminary analyses for CRBRP
e Results indicated that even pessimistic assumptions generally resulted

in average fuel vapor temperature of < 4300 K ;

Parametric analyses assessed dynamic loads as a function of fuel vapor
temperature |

e Whole core involvement (liquid / vapor phases)
e Temperature distribution

Average vapor temperature of 4800 K selected as a basis for SMBDB loads '

e Margin for reasonable uncertainties in data and models ,

'

o Margin to accommodate design evolution

'

,

1

6054-14

I
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PRESSURE-VOLUME RELATIONSHIP FOR
'

; SMBDB LOADINGS
.
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THERMODYNAMIC CHARACTERISTICS OF SMBDB s ,

.,

-

Average fuel vapor temperature 4800*K

Maxiriiur6 fuel vapor temperature 6030 K

Maximum pressure 273 bars

- - Initial fuel volume 2.56 m3
'

Energy releared in expansion to 101 MJ
' "'

head impact
!

Energy released in expansion to 661 MJ
i 1 atmosphere
,

.

N

9064-96

|
'

t

> . ,

'
_. _ _ _ _ _ _
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O REXCO-HEP MATHEMATICAL MODEL'OF
THE CRBRP REACTOR

s
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CORE EXPANSION FOR SMBDB AS .
D 1x-

PREDICTED BY REXCO-HEP
-
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I SLUG FORCE ON UNDER HEAD SHIELDING
~

) OF REACTOR VESSEL CLOSURE HEAD
.
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AREAS IN WHICH SMBDB LOAD
i REQUIREMENTS ARE SPECIFIED

' Basic loads
| e Reactor vessel

e Reactor vessel nozzles
o Reactor vessel closure head,

e Core support structure
e Upper internals structure
o Reactor vessel support system
e in-vessel components

Loads derived from basic loads
e Head mounted components
e PHTS piping
e Pump
e Intermediate heat exchanger
e Check valve
e Overflow and makeup system
e Reactor cover gas system
e impurity monitoring and analysis system

,

,

|
t

6054-6
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1

I SPECIAL ASPECTS OF MARGIN BEYOND
i THE DESIGN BASE ANALYSES
,

; e Not part of ASME code requirements
! e Not included in stress report showing code

| compliance
o Stress analyses are provided in separate report,

| e May use relaxed acceptance criteria compared to
i ASME code, provided functional requirements are met

e SMBDB loads not combined with seismic loadsj ,

|

!

|

|

I

8054-410

.

|

|
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i

! CONSERVATISMS IN SMBDB LOADS
i

;

i e Assumes low probability initiating conditions that are
j beyond the design base

e Loads derived from conditions that assume anj

; energetic HCDA even though energetics not expected

( e Isentropic fuel vapor expansion

! e Attenuation due to upper internals structure ignored
i

e Heterogeneous core reduces potential for energeticsj

1

4

! . ..,

I

1
4

I
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SMBDB ASSESSMENTS
,

t

>

:
1 e Finite element elastic or inelastic analyses !
i

'

| e Scale model testing ,

i
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COMPONENT ANALYSIS METHODOLOGY
,

Component CRBRP-3, Vol.1 Mdterial
Model Loads And Criteria Properties

,

If

Computer Code <
= _

rt
,

|

-
i

If lf

SMBDB SMBDB
Stresses / Strains Acceptance Criteria

Note: Some components are also tested under SMBDB conditions

6054-69
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SMBDB ACCEPTANCE CRITERIA
) (Ref: CRBRP-3, Vol.1) ,-

1 Features are:
;

j e Some relaxation from ASME code criteria permitted
]

! e Stress criterion to be used with elastic analysis

; e Strain criterion to be used with inelastic analysis
! I

I
i

!

!
;
i
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l
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i
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SCALE MODEL TESTING

!

I .
Objectives

Assess ability of CRBRP scale models to withstand HCDAI e
loads
Provide understanding of response and interaction ofe
reactor components
Provide information to support methods verification; e

;

Summary of program to date
Three static head tests performede

Four dynamic tests performed with scaled SMBDBe
; pressure-volume source:
,

,
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SCHEMATIC OF TEST FIXTURE FOR SM 7

O
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PROFILES OF HEAD AT SEVEN PRESSURES FOR SM 7
O |

300

250 - p

$,-
200 - -

007

[ 150 - #'' \-5

5 22
5 *si \0B

$ 100 -

b 0 P |\si

50 - )
) __ 600 Psi - |kgi

0 , is i, is i n ii i

Gage No. 17 12 11 10 9 87 654321e 5.342
| | -* ' y 5.472

$/ 5.897Distance From P P P P N - N Ao

h h h h h h _

6.Center Of Head

TT TT
W////////A?////////AV///AV///////////A?N

I
-.

I E E E

|

=~ --

k -y I
| w --

. .

I I

48 SM|

@ARD me.iO
.

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _
--



..
.

-
.

,
, ,.

.

#.
,. t

O K.' ' ~ * ' ' -

1- ] \ 3

lliIlll|jl| $-- -- '
i

k.! "'
g

n 1 1 -

j / 'g-r| j!i ~ jE ? "
m

= ~

| 3[.
h

g0a* ;#4. = = g-

! ,9 5 E WO-

5 ? E $ 3 EE ==_s
E 1 3 !! E! E!

~

! I=n " E EE !"
~

*Ejn
~

v3 .,
F '.'b
(t) e.r
N d **1

= .
f,

1 1 1p 3 _

,J I- " r lilill!Jlillli
k

--W
O o Er 1 -

<O It b__... a

E s
') I ]h

'
Jhlilfilli

l f~ \ihI!
I

-

w _

y <f ' - --M- - - -
,

f*f. ,~o 'g
&) a' 5 sE I s I

n _

!E $um !! !$ EE $
=a s -= ma a

[ E3 | j$ E2 g
i as 8 5g--

-

, a; .
*g .

g_9k.;1 '1 i 1

~ '
4| 4

| d V |

||| |||d! IH

vw *
- --

4 'l 4i 5 R
.=a w -s-.

j{ _

O ' l'il "
- -

-
_.

e - - - - -

<l # nefg :s'

,- n=
1*

- . - - . - - - . - _ _ _ .- .. _. . - - _ _ . . _ _ _ _ _ .



*
.,

,..
<

SM-5 WITH INSTRUMENTATION
O,

SG16.17

COYPL E X
- HOLDDOWN

N 06AHEAD p k, ,,j A
4A @MM8

3
w r's A,''

COVER GAS A j Ag
p "> g t)- 7 A y -A #A ~

6 2REGION

G9.j p'' 7
,7

eWATER SURFACE

h7"i"ae,7.m.".:k9-' SG18,
P 2Io% t

's
- 19.20N>

5 DS)
VESSE L

,

g3
d ,, 7__, 3 - , /

WALL
!

S{M h SG11,12,13 'g p(N 200) H
,

' ''

| SG2i <'.
5_ . * UPPER s

| |I
< ;INTERNAL

h s' .

#
,

;

STRUCTUR E **
|'' P |4

'| I ' '' THERMALf,

// h
LINER

UPPER CORE $
'

e'/j
,

r (Ni 200)-//FORMER s'
RINC SG5.6 i P 7

3 j

-h-A [. . -

' ,#
=-DI APHRAGM .

|.|||(, ('l >
}

- |'CHARGE I
# m _g, t- ALUMINUM

CANISTER

|P. - - 6BA R L
| |%' Zf i,

SG1,2 . iC I#

SG34
' ) _._~ t *

CORE = . r. . - , -

!
~

.N._.. |SUPPORT
STRUCTURE C ANISTER

P
P SUPPORT 5

SUPPORT -[ STANDSTAND

,

3
i

|

1

1
-

i
|

Mhh kdkk#'

M A-3929-141 A



- . .

O O o ;
'

.
,

, a
.h

I

CONCLUSIONS FROM SCALE MODEL TESTS

e Generally confirmed conservatism of methods used to predict
dynamic loads

e Vessel and core barrel strains well below failure strains
e Response of upper internals structure (UIS) did not jeopardize

boundary integrity
e UlS provides substantial mitigation of head loads
e Head failure mode was by disengagement at interface between large

and intermediate plugs
e Head response sensitive to underhead shielding
e Although head plugs and margin rings remained elastic in dynamic

tests, capability for SMBDB head load not proven by the tests
because:
- Non-prototypicalities in underhead shielding
- Head load lower than required load because of mitigation by

UlS
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SMBDB SUMMARY
|

e SMBDB loads have been established

SMBDB loads are used in component designe
,

Component analyses in progresse

! Scale model test program confirmed adequacy of manye
areas

e Adequacy of head still needs to be confirmed by further
design analyses and testing
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SUMMARY OF STAFF 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 SYSTEM IS CONSIDERED
,

APPLICABLE TO CRBR.
-

.

O APPLICANTS HAVE NOW COMMITTED TO THE DESIGN,

INSTALLATION AND OPERATION OF A LPMS PER

rig.~1.133 GUI-DELINES.

|

,

O

- . . - - . - . --. . . . . - - . 1
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(2) MAJOR DESIGN CRITERIA

R.G.1.133 GUIDELINES - LOCATE TWO SENSORS AT EACH

NATURAL COLLECTION POINT OF

PRIMARY SYSTEM.

- BE SENSITIVE EN0 UGH TO DETECT

LOOSE PARTS LARGE EN0 UGH 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

- IHXS

! - SGS

- NATURAL COLLECTION POINTS

OF SYSTEM

COMPONENT NOISE AND VIBRATION MEASUREMENTS TO LOOK

FOR DEGRADATION.

O

.. -. . .. . .. . -
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EXPERIENCE BASE
,

. EBR-II - SUCCESSFUL TESTING 0F HIGH TEMPERATURE
'

IN-S0DIUM MICR0 PHONES.

FFTF - INSTALLATION AND OPERATION OF LPMS

FOR REACTOR VESSEL.-

EXPERIENCE WITH HIGH TEMPERATURE-

O ' ACCELEROMETERS IN-VESSEL.
.

'

i

!

,

1

O-

:

J
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CONCLUSION

i COMMITMENT BY APPLICANTS TO DESIGN, INSTALL

AND OPERATE A LPMS FOR CRBR IN ACCORDANCE

WITH R.G.1.133 IS ACCEPTABLE FOR CP.
;

.
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CLOSURE EAD SPEDB CAPABILITY

0 BACKGR0lND

: 0 EVAllJATION OF TEST RESULTS

S POTENTIAL KAD f21FICATIWS
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VOLUME CHANGE - cubic INCHES

@ VOLUIAE CHANGE FOR THE MODIFIED HEAD WITH NON LINEAR DISENGAGEMENT (NLD)

@ VOLUME CHANGE FOR THE MODIFIED HEAD WITH NO NON LINEAR DISENGAGEMENT.

@ USEABLE VOLUME CHANGE FOR THE MODIFIED HEAD WITH NLD
@ USEABLE VOLUME CHANGE FOR THE MODIFIED HEAD WITH NO NLD ,

|

@ VOLUME CHANGE FOR THE ORIGINAL HEAD WITH NLD j

. @ USEABLE VOLUME CHANGE FOR THE ORIGINAL HEAD f
'

! I
Figure 24 . -

Pressure-Volume Change for Original & Modifed Head Designs
.. . -
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ADDITIONAL SOURCES OF ENERGY ABSORPTION'

O lbDEL PRESSURE AREA CORRECTION 36 X 1h G.IN

0 HEAD IDTENTIAL ENERGY 5 X 1 @ e.IN
6

S REACTOR SUPPORT STRUCTURE STRAIN ENERGY 11 X 10 m.IN'

8 TOTAL ADDITIONAL SYSTEM ENERGY ABSORPTION 52 X 105 G.IN (5.9 MJ)

O EQUIVALENT SWG KINETIC ENERGY 22.5 MJ

-



* '
. .

hARD

6M = SLUG MASS (W = 0.368 x 10 g )
S 3

6M = HEAD MASS (W = 1.046 x 10 u )g H

M = SLUG MASS + HEAD MASS&HS
,

V = SLUG VELOCITY3

V = VELOCITY OF THE COMBINED SLUG & HEAD MASS&HS
KE = SLUG E AT IMPACT = 75 MJS

E(H S)" ESTIMATE OF THE KE DELIVERED TO THE HEAD
'

&

FOR CONSERVATION OF MOMENTUM:-

( M S
Y Y*

Mg s s (1)
(S b/
V*

S S S (2)

2
HsS S+H xV M

*
M S s

2 j ( tlS+4/(

KE E W* " 8 "
s&S S2(M + M } MkS+MH/S H

i

75 x 0.368KE 19.5 MJ= =
H &S

! (1.046 + 0.368)

8 6KE 19.5 x 8.85 x 10 173 x 10 LB.IN.= =
H &S

|
|
'

| Figure 21

Head Energy Input

)O

_ . . - - . - -
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RASED Oil W 8 TEST MODEL
- O SATA AsJusTED TO Futt SCALE
- O REVISED DESIGN LAYOUT

-- O BASED ON SGII PV CURVE PLUS
PRESSURE AREA, SUPPORT

*

NOTIONS AND POTENTIAL
ENERGY EFFECTS-

FSR DEFl#1TibW SF NOTES 1 THRU S SEE FIGURE 244

'

| | | | l~ I1 i I I I I I
.

200 400 000 000 1000 1200 1400 1000 1000 2000 2200 2400 2600 2800 3000

PRESSURE ~ PSI

) Figure 25
Head System Energy Absorbtion Capability

____ _. ._. __ . . _ _ ___.



-

,

~

O O GD
@ARD -

.

.

PLANNED TESTS

TEST N0, LOADING MODEL CONFIGURATION

SM-9 STATIC PRESSURE EXISTING EAD GE0ETRY WITH

PROTOTYPIC REPRESEffTATION OF

RISERS, KEEPER rites AND

SHIELD PLATE SUPPORT CYLINDERS

SM-10 STATIC PRESSURE ltDEL FEATURES AS IN SM-9 PLUS ,

MODIFICATIONS TO ELIMINATE

PREMATURE KINEMATIC DISENGAGE-

ENT OF TE SEAR RINGS

SM-11 75 to SwG FDDEL CONFIGURATION TO BE

ItPACT DETERMINED BY RESULTS FROM TESTS

SM-9 AND SM-10

TEST SM-11 NILL BE COMPLETED IN CY 1994
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i ' ENERGY ADDITIONAL ~
HEAD

TOTAL
#

ABSORBTION HEADHEADHEAD LOADING FROM THE SYSTEM SYSTEM
,

PRESSOMECONFIGURATION CONDITION j EXTRAPOLATED ENER0Y . ENERGY j

TEST P-V CURVE CAPACITY {1) CAPACITY l'
, ,

I LBIN LB-IN LB-IN'

i

EXISTING NEAD COLLAPSE LOAD 20fB 200 x 108 ~ ~

. i

8 6EXISTING NEAD 90% COLLAPSE l'OAD 1000 M x 18 > 94 x 10~

f | (40.8 MJ);
-

i .

' 8
| MODIFIED NEAD (2) COLLAPSE LOAD 30$0 304 x 10 ~ ~

< _ _ . _ . _ _ ._, , ._ _. _

8MODIFIED HEAD (2) 90% COLLAPSE l'OAD 2 0 308 x 188 > 52 x 18 (2) 380 x 108
t ' '

(158.3 MJ)
!

4 t .

THE MODIFIED NEA0 ENERGY ASSOROTION CAPABILITY
CORRESPONDS TO A SLUG ENERGY OF 156 MJ

NOTES: 1. THE ADDITIONAL HEAD SYSTEM ENERGY ASSORSTIOGI bAPACITY DERIVES FROM (a) HEAD SYSTEM POTIBITIAL
ENERGY (b) HEAD SUPPORT SYSTEM STRAIN ENERGY AND (c) ADJUSTMENTS TO ACCOUNT A SRAALL NON PROTO-
TYPlc REPRESENTATION OF THE HEAD PRESSURE AREA IN THE SM 8 MODEL

2. THE ADDITIONAL HEAD SYSTEM ENERGY ABSORSTIGGI CAPACITY WAS ESTIMATED FOR THE MODlPIED HEAD
ONLY. SMALLER VALUES WOULD APPLY TO THE EXISTING HEAD DESIGN [

!

; t

. , - 1
, Figure 30 _ _[

Closure Head System Energy Absorbtiori Summary
.

1

!
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SMBDB BACKGROUND

e PURPOSE OF SMBDB (STRUCTURAL MARGINS BEYOND DESIGN BASIS)

ASSURE THAT DURING A CDA, AND IMMEDIATELY

FOLLOWING, THE REACTOR CLOSURE HEAD AND HEAD

MOUNTED COMPONENTS WILL NOT CHALLENGE CONTAINMENT

AB0VE THE OPERATING FLOOR. THE CHALLENGES TO

' CONTAINMENT FROM SMBDB ARE MISSILE GENERATION

AB0VE THE OPERATING FLOOR OR DIRECT S0DIUM

(]) SPRAY CONTAINING CORE FISSION PRODUCTS OUTSIDE
,

OF THE HEAD ACCESS AREA.
t

|

:

O

. - . -.- . . . - -.
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SMBDB BACKGROUND (CONTINUED)

e EVALUATION

THE APPLICANTS AND THE STAFF HAVE HAD NUMEROUS

WORKING MEETINGS AND SEVERAL HUNDRED QUESTIONS

RELATING TO THIS SUBJECT INCLUDING THREE APPLICANT

FURNISHED DOCUMENTS LRA-1109, WARD-2108 CRBRP-3

VOLUME 1 REVISION 4 AND SRI SCALE MODEL TESTS

SM-1 THROUGH SM-8.

O
THE STAFF'S TECHNICAL ASSESSMENT OF THE INFORMATION4

PROVIDED BY THE APPLICANTS FURNISHING THE AB0VE

REPORTS, LETTERS TO NRC AND MEETINGS WITH THE STAFF

DECEMBER 9,1982 AND FEBRUARY 14, 1983 WILL BE

GIVEN IN A CONCLUSIONARY VIEW GRAPH.

|

. _. .
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STAFF CONCLUSION,
,

SUBJECT TO THE FOLLOWING COMMITMENTS BEING MET BY THE APPLICANTS:
'

e UPON SATISFACTORY COMPLETION OF CONFIRMATORY TESTS SM-9 AND SM-10

WE BELIEVE THAT THE REACTOR CLOSURE SYSTEM WILL COMPLY WITH

10CFR50.34PARTiiiRELATINGTO"PROVIDINGREASONABLEASSURANCE

| THAT THE FINAL DESIGN WILL CONFORM TO THE DESIGN BASIS WITH

| ADEQUATE MARGIN FOR SAFETY" HAS BEEN MET FOR STRUCTURAL MARGINS

| BEYOND THE DESIGN BASIS. -

e 75 MJ' KE IN':THE SODIUM SLUG AT TIME OF IMPACT AT THE BOTTOM 0F PLUG.

| e PLUG MODIFICATION AS NECESSARY TO ACCOMMODATE 75 MJ" ;

e SCALE MODEL TEST PROGRAM SM-9 AND SM-10 WITH A) AND s) OPTION

e S0DIUM RELEASES INTO HEAD ACCESS AREA-
,

e REVISE CRBRP-3 AND INCLUDE LOAD PATH FROM VESSEL FLANGE THROUGH

I REACTOR CAVITY WALL
<

<

i * REFERENCE LETTER DATED FEBRUARY 14, 1983.
~

!
i

|
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ACRS SUBCOMMITTEE MEETING

| ACCOMMODATION OF LOCAL FUEL FAULTS

i AND ROLE OF INSTRUMENTATION
:

! MARCH 16, 1983

i

i

WESTINGHOUSE ELECTRIC CO.

| ADVANCED ENERGY SYSTEMS DIVISION
I MADISON, PA 15663

1

{ R. A. MARKLEY '

A. L. SCHi.'ALLIE
$ L. E. STRAWBRIDGE
2 R. W. TILBROOK
'

R. J. TINDER

:

!
i
1

i

4

!

4

_ _ _
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!
:

: INTRODUCTI0t{
i

:

0 SUMMARIZE LOCAL FAULTS TECHNICAL INFORMATION
i

e PROVIDE DESCRIPTION OF FUEL DESIGN CHARACTERISTICS

'

e REVIEW PERTINENT DATA BASE AND' CONCLUSIONS ON FUEL

| FAILURE PROPAGATION

'
e PROVIDE DESCRIPTION OF FUEL FAILURE MONITORING

: SYSTEM RESPONSE
!

! e INTENDED USE AND UTILITY OF CORE OUTLET THERMOCOUPLES
.|

.

t

| e FOREIGN AND DOMESTIC EXPERIENCE ON PPS INSTRUMENTATION

| RELATIVE TO LOCAL FAULTS

I,

!

i

4

$

4
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'

TECHNICAL SUMMARY ON LOCAL FAULTS

1

; e RAPID ROD-TO-ROD FAILURE PROPAGATION DUE TO LOCAL FAULTS

j LEADING TO A CONDITION OF LOSS OF C00LABLE GEOMETRY IS

| INCREDIBLE. IT HAS NOT OCCURRED IN RUN BEYOND CLADDING

BREACH (RBCB) TESTING NOR IN OPERATING REACTORS' WITH FAILED

l FUEL.

e INSTRUMENTATION TO ALERT THE OPERATOR TO LOCAL FAULT CON-
DITIONS IS AVAILABLE IN-CRBRP, AND CONSIDERING THE LONG-

;
'

TIME INTERVALS NECESSARY FOR ROD-TO-ROD PROPAGATION,

PROVIDES SUFFICIENT WARNING FOR OPERATOR CORRECTIVE ACTION.,

!
>

e SINCE RAPID ROD-TO-ROD PROPAGATION IS INCREDIBLE, REQUIRE-;

| MENTS FOR LOCAL 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-

ABOVE CORE
LOAD PAD

.

!

PISTON RINGS
,

i

HANDLING SOCKET
OUTLET NOZZLE

|

! N
,

COOLANT FUEL ROD BUNDLE (217 RODS) q
INLET SLOTS g],

j'

DISCRIMINATOR ' -

POST '",#- '

SHIELD BLOCK (h ~ , '-

s as y,

|
..

NOZZLE ASSEMBLY

N FLAT TO FLAT OF DOCT-4.575"
- L j @ LENGTH-168"-

ORIFICE ROD ATTACHMENT'

PLATE ASSEMBLY
ASSEMBLY

,

! ===

.
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CRBRP FUEL ROD
-

Dished Fuel Pellet Blanket Pellet Top End Cap -

0.1935" Dia. 0.1 M , Dia.

91.3% TD.- 96% TD.
Plenum Spacer

;
) Tag Gas Capsule

<

! ' Bottom End Cap N
8 Spring
1 -

14" 002 Blanket Pellet Stack
:

36" Mixed Oxide PuO UO22
! Fuel Pellet Stack
i
i 14" 002 Blanket Pellet Stack

, ! ['
! Pull Through Wire
i Attachment Cladding ~

'
- "

,

: Wrap Wire
Length 114A"

] es is.

.

I

s
.I

- - - - _ - _ . . _ ___-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ ___ - _____ __. __ . - _ _ _

o c 9 De -
.

.'

.

. .

CRBRP BLANKET ASSEMBLY

,

j Outlet Nonle
| Top Load Pad
| Piston Rings - -

* *
p Duct .

Inlet Nonle
t Discrimination Post Blanket Rod Bundle (61 Rods)

Overall Length 14 Ft.

I
I

| Rod Attachment

i i

! i Shleid Block

Coolant Handling'

inlet Holea Grap
Groove'

-
- Orifice Plate Assembly

'

esis-s.

.

. _ _ _ _ _ _ - _ _ _ _ _
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CRBR BLANKET ROD

i

as apsule\as
UO2 Pellet

| 0.47010.001" Dia. /
| 95.6 1% TD Spring End Capg,

. h 6 \ ;';ac"e"a

'
i

i
'

| 64" Pellet Stack'

'

!. Depleted Uranium Oxide
! End Cap Bottom

,

!4

Wrap'Wira

\
Pellet To Cladding~

N Diametral Gap Length 114.75,'
Cladding 0.006" Nom.

:

6112-28

.

. ._
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DAMAGE SEVERITY LIMITS

EVENT CATEGORY DAMAGE SEVERITY LEVEL

NORMAL OPERATION NO SIGNIFICANT LOSS OF EFFECTIVE

DESIGN LIMITS PRECLUDE MECH-.

ANISTIC FAILURES FOR NORMAL
ANTICIPATED EVENTS NO REDUCTION OF EFFECTIVE LIFETIME OPERATION PLuS ANTICIPATEDi

| (UPSET) BELOW THE DESIGN VALUES EVENTS AND THE WORST UNLIKELY
! I EVENT INCLUDING UNCERTAINTIES.
i
| UNLIKELY EVENTS A GENERAL REDUCTION IN THE FUEL
'

(EMERGENCY) BURNUP CAPABILITY AND, AT MOST, A

SMALL FRACTION OF FUEL ROD CLAD- I

DING FAILURES

{ EXTREMELY UNLIKELY EVENTS' MAINTAIN C00LABLE CONFIGURATION NO SODruM BOILING, LIMITED
(FAULTED) FUEL MELTING, CLADDING SOLIDUS *;

i
'

*PSAR GUIDELINE
i

!

!

.

h' __ _-___
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FUEL FAILURE MONITORING SYSTEM

i

1
|

!

i

|
!
I

i
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FUEL FAILURE MONITORING SYSTEM (FFMS)

COVER GAS MONITORING SYSTEM (CGMS)

INTENT
.

.

e PROVIDE DETECTION OF ROD FAILURES IN FUEL AND BLANKET

ASSEMBLIESi

e PROVIDE COVER GAS ANALYSIS AND ACTIVITY MEASUREMENT,

| e PROVIDE OPERATOR WITH INFORMATION TO INITIATE OPERATION

OF THE FAILED FUEL LOCATION SYSTEM (FFLS)

FAILED FUEL LOCATION SYSTEM (FFLS)

INTENT,

e LOCATE FAILED FUEL AND BLANKET ASSEMBLIES

e CHARACTERIZE FAILURES

DELAYED NEUTRON MONITORING SYSTEM (DNMS)4

INTENT

e PROVIDE CAPABILITY TO DETECT IN-CORE FUEL / SODIUM CONTACT

! BREACHES

e PROVIDE CAPABILITY TO IDENTIFY DEGREE OF FUEL / SODIUM

INTERACTION AT IN-CORE BREACH

|



,

;O O Og
.

!

| FUEL FAILURE MONITORING SYSTEM (FFMS) RESPONSE TIME

COVER GAS MONITORING SYSTEM (CGMS)

e COVER GAS TO DETECTOR = ~ 15-90 flINUTES (DEP. ENDS ON RELEASE RATE)

| FAILED FUEL LOCATION SYSTEM (FFLS)

. e COVER GAS TRANSIT IIME * 15 MINUTES=

! e ACCUMULATE SAMPLE * 15 MINUTES=

| e TAG GAS CONCENTRATION IN TRAPS = * 7 HOURS

j e MASS SPECTROMETER PROCESSING * 30 MINUTES=

| TOTAL * 8 HOURS=

|

DELAYED NEUTRON MONITORING SYSTEM (DNMS)

; e FULL FLOW IRANSIT IIME < 1 MINUTE=

' 2 MINUTESe 110% FLOW IRANSIT TIME =

| e COUNTING IIME * 1 TO 3 MINUTES

:
i

i

i
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REQUIREMENTS PLACED ON THE FFMS!

GENERAL REQUIREMENT: DETECT, LOCATE AND CHARACTERIZE FUEL AND

BLANKET ROD FAILURES.

!

! SPECIFIC REQUIREMENTS:

| CGMS - DETECT FUEL AND BLANKET ROD BREACHES VIA COVER GAS ACTIVITY

INCREASE. DESIGN SENSITIVITY IS 10-11 STANDARD CC FISSION
GAS PER CC COVER GAS1

i

FFLS - LOCATE AND CHARACTERIZE FUEL AND BLANKET ROD BREACHES

VIA TAG GAS AND FISSION GAS ANALYSES. DESIGN SENSITIV-

ITY IS < 1 PPB 0F IAG IN COVER GAS
1

i DNMS - DETECT FUEL-SODIUM CONTACT AT IN-CORE BREACH LOCATIONS

FOR FUEL AND BLANKET RODS.

2- DESIGN SENSITIVITY IS 1.5 CM EXPOSED FUEL BY RECOIL.

- DESIGN SENSITIVITY PRECLUDES LARGE DIAMETER INCREASES, !
,

AND POSTULATED POROUS HEAT GENERATING BLOCKAGES WHICH

COULD CAUSE CLADDING IEMPERATURES GREATER THAN 1600*F !
,

AND SODIUM BOILING. '

.

f
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1 RUN BEYOND FAILURE CONCEPT

i

! e OPERATE WITH GAS LEAKERS UNTIL DND INDICATION

OF FUEL-SODIUM CONTACT BY CONTINU0uS DN SIGNAL

AB0ve SOME TBD LEVEL
,

e REMOVE ALL KNOWN FUEL-SODIUM CONTACT LEAKERS

AND GAS LEAKERS AT EACH REFUELING INTERVAL
i

,

e

,
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,
-

.

4

RUN BEYOND CLADDING BREACH EXPERIENCE

,

t

.

'

1
!

|
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CONCLUSIONS FROM OPERATING EXPERIENCE WITH BREACHED RODS
:

! STEADY STATE OPERATION

e GAS TYPE LEAKERS PRESENT NO PROBLEM IN REGARD TO ROD-TO-ROD

PROPAGATION

FINITELIFETIMEWITHFgEL-SODIUMCONTACTLEAKERS-EXTENDEDe

TO 22 DAYS AND 0.75 CM WITH BENIGN EFFECTS. LIMIT NOT YET
; FOUND ALTHOUGH AN ASSEMBLY HAS GONE * 96 DAYS WITH DN SIGNALS

AND MULTIPLE FAILURES (PIE IN PROGRESS)
e OPERATING BREACHED RODS HAVE ENHANCEu DN EMISSION OVER REcoll

.

MAKING DN DETECTION MORE SENSITIVE - BREACHED RODS DN EMISSION

IS EXPONENTIAL WITH POWER.

TRANSIENT OPERATION

e THE BEHAVIOR OF BREACHED FUEL RODS HAVING FUEL-SODIUM CONTACT

(LOGGING) ARE NOT SERIOUSLY DEGRADED. SHUTDOWN /STARTUP EXTENDS

BREACH. i

AREAS REQUIRING FURTHER DEVELOPMENT EFFORT
,

e DIAMETER INCREASE VERSUS FUEL EXPOSURE TO SODIUM

e ADDITIONAL PPS TERMINATED TOP AND LOF RESULTS FROM NATURALLY

OCCURRING FAILURES

e DETECTION AND INSTRUMENTATION DIAGNOSTICS

.

_ __ _- _ _
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RBCB WITH DEFECTED RODS

COMPLETED TESTS

e 2 S.S. EBR-II PRE-DEFECTED IRRADIATED FUEL ASSEMBLY TESTS COMPLETED AND RESULTS
REPORTED (RBCB-6,7)

e 3 S.S. EBR-II IRRADIATED FUEL ROD ASSEMBLY IESTS WITH NATURAL BREACH COMPLETED
(RBCB-1,2,3)

e 1 EBR-II IRRADIATED FUEL ROD BUNDLE S.S. TEST WITH NATURAL BREACHES TEST COMPLETED

(XY-2)

e U.S. DATA INDICATES BENIGN OPERATION - LITTLE FUEL LOSS, OPERATION POSSIBLE FOR

AT LEAST ~ 22 DAYS, DEFECTS GROW DuE TO SHUTDOWN - STARTUP COMBINED LOCALIZED
DIAMETER INCREASE < 15%, DETECTABLE DND SIGNALS, NO ROD - ROD PROPAGATION

(ALTHOUGH A LOW B.U. ROD IN RBCB-2 ADJACENT TO ANOTHER BREACHED ROD FAILED.
BREACH POSSIBLY DUE TO RECONSTITUTION; DIAMETER INCREASE ACCEPTABLE)

'

PLANNED OR ON-GOING IESTING

e 5 KINETICS AND CONTAMINATION S.S. BUNDLE IESTS (RBCB-K1, K2, K2A,B,C)

e 3 DETECTION AND INSTRUMENTATION DND TESTS (RBCB-D1 D2, D3 VARIABLE FLOW)
;

e 5 FUEL AND IRRADIATION VARIABLES TESTS (RBCB-V2 PLENUM DEFECTS, RBCB-V4 LARGER

DIAMETER, RBCB-V5 BLANKET, RBCB-V6 UNRECONST., RBCB-V7 SODIUM STORAGE PRE-DEFECTED)

e ORT PROGRAM INCLUDES 1 TOP TEST (TOP 1-2)

!

,

:

*

;
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ASSEMBLY INLET BLOCKAGE AND MODULE BLOCKAGE

;

0 ASSEMBLY INLET AND MODULE BLOCKAGES ARE HIGHLY IMPROBABLE BECAUSE OF THE3

BUILT-IN FLOW BLOCKAGE PREVENTION FEATURES WHICH PROVIDE FLOW PATH
'

REDUNDANCY:

-- MULTIPLE PRIMARY PORTS
,

-- AXIAL DEBRIS BARRIERS
-- RADIAL DEBRIS BARRIERS f LOWER INLET MODULE-

-- MULTIPLE AUXILI ARY PORTS:

-- STRAINER j

-- MULTIPLE INLET SLOTS - ASSEMBLY N0ZZLE

e THE STRAINER PREVENTS DEBRIS LARGER THAN 0125 INCHES FROM ENTERING THE MODULES

S THE ORIFICE PLATES PROVIDE ANOTHER LEVEL OF SCREENING

| 8 DEBRIS NOT STRAINED BY THE FUEL ROD SUPPORT KEYS AND UNHEATED ROD BUNDLE
ENTRANCE WILL PASS THROUGH ROD BUNDLES;

8 EVEN A 50% AREAL INLET BLOCKAGE CAUSES LESS THAN 25*F INCREASE IN OUTLET

| TEMPERATURE

i

|

6

__ __
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LOWER INLET MODULES @
|..

FLOW BLOCKAGE PREVENTION FEATURES e
FUEL ASSEMBLY

--

q,|;4 jy~

'

: g ,,

bFl kE
"

2*

0 0 h t

6:: : sy '
,

LOWER INLET MODULE
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l
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b w !:-
e

j j D I

b lCORE SUPPORT s t z -
'*

q s

STRUCTURE FORGING g ,;

; i' 3 vi dp 'V ~

# RADIAL DEBRIS
~' f' : '

-

STRAINER ji 4 dxL - BARRIER,
,

| s -
3 $'

/ h h PRIMARY PORTS (6),
,

hAUXILIARY FLOW PORT- i g
(3) l LOWER INLET

| MODULE LINER

AXIAL DEBRIS"
~ "

BARRIER

<J W
% 57-2

_



_ -_ -- --_-- - _ _ _ . __ _

.O O O
.-

@
R0D BUNDLE INLET SCREENING

,

$ LOW PROBABILITY

-- 0 A PROGRAM COMPARABLE TO FFTF

-- CORE SPECIAL ASSEMBLIES DURING PREOPERATION TESTING FILTER REACTOR FLOW

(>0.004 INCHES)

8 ONLY SLOW BUILDUP POSSIBLE

-- PARTICULATE BUILDUP NOT PREFERENTIAL
-- PARTICLES OF CONCERN MuST BE IN 0.056" TO 0.25" RANGE
-- >400 INTERCONNECTED FLOW CHANNELS IN FUEL ASSEMBLY

:

0 MARGINS TO ACCOMMODATE

-- REDUNDANT FLOW PATHS

-- CASCADING STRAINING HELPS

| -- EVEN 50% AREAL INLET BLOCKAGE CAUSES LESS THAN 25'F INCREASE IN OUTLET
'

TEMPERATURE

.: ROD BUNDLE INLET BLOCKAGES VERY LOW PROBABILITY, SLOW, WITH LARGE MARGINS TO

ACCOMMODATE
,

|

_ __ _ __
f
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FUEL FAILURE PROPAGATION POTENTIAL

R. W. TILBROOK

WESTINGHOUSE ADVANCED REACTORS DIVISION

.

WALTZ MILL SITE
O

.

!

|

1

MARCH 1983

O
1

|
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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 R0D FAILURE

O2. LOCAL FLOW BLOCKAGE

3. BUBBLE PASSING-TilROUGH CORE

ALSO CONSIDERED:

4. MOLTEN FUEL

1

|

|

9



*

.

.

O

1. STOCHASTIC ROD FAILURE

e FISSION GAS RELEASE

e FUEL PARTICLE RELEASE

o OPERATION WITH FAILED FUEL

e

O

.
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FISSION GAS RELEASE $

0 THERMAL EFFECT - GAS JET IMPINGEMENT

e MAIN LOCATION FOR IMPINGEMENT WOULD BE AT PLENUM

e LOWER RELEASE RATES IN FUEL REGION WOULD AVOID

IMPINGEMENT

e WIDE RANGE OF HOLE DIAMETER AND PIN PRESSURE TESTED

e THERMAL EFFECT - R0D GAS BLANKETING

e TESTS SHOW DISPERSION OF GAS ACROSS ASSEMBLY

e FLOW REDUCTION FROM GAS BLANKETING WOULD NOT CAUSE

FAILURE

|

0 TRANSIENT MECHANICAL LOADING

e DIFFERENTIAL PRESSURE ACROSS ROD CANNOT CAUSE R0D

FAILURE

|

e DUCT WILL WITHSTAND MAXIMUM PRESSURIZATION
|

(300 PSI VS. 550 PSI CAPABILITY AT 1000*F)
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FISS10t1 GAS RELEASE IN REACTOR SAFETY (CSHI REPORT NO 40)

INTERNATI0i1AL COOPERATIVE STUDY SPONSORED BY "0RGANIZATION

FOR ECONOMIC COOPERATION AND DEVELOPMENT" (1979)

e THE SAFETY TECHNOLOGY Of1 FISSION GAS RELEASE IS

WELL DEVELOPED WITH THE SUPPORT OF A VAST AMOUNT _

0F EXPERIMENTAL DATA AND MANY YEARS OF EXPERIENCE g

e FISSION GAS RELEASE BY ITSELF IS NOT A POSSIBLE

CAUSE FOR FUEL R0D FAILURE PROPAGATION

-

,

I

O
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O
FUEL PARTICLE RELEASE

e OPERATIONAL EXPERIENCE WITH FAILED FUEL

INDICATES LITTLE WASHOUT AND NO PARTICULATE

RETENTION IN WIRE WRAP ASSEMBLIES
_

e HEAT GENERATING BLOCKAGES ASSOCIATED WITH

ASSUMED PARTICLE RETENTION IN THE BUNDLE ARE

DISCUSSED LATER O

!

1

!

:

O
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OOPERATION WITH FAILED FUEL

e CONSEQUENCES OF OPERATING WITH FAILED FUEL:

- FISSION PRODUCT LEACHING: S0DIUM CLEANUP SYSTEM

REMOVES fps

- SODIUM INGRESS: HIGH INTERNAL PRESSURES FR0i1 S0DIUM

VAPORIZATION HAVE NOT BEEN FOUND IN

TESTS

- FUEL / SODIUM CHEi1ICAL REACTION: ANY SWELLIl1G WHICH OPENS

THE BREACH EXPOSES MORE

FUEL AND INCREASES THE O
D.fl. DETECTOR SIGNAL.

SWELLING IS SLOW AND HAS

i NEGLIGIBLE EFFECTS ON

NEIGHBOR R0D HEAT TRANSFER

|

|

C0tlCLUSIONS: OPERATION WITH FAILED FUEL IS ACCEPTABLE. OPERATING

LIMITS WILL BE ESTABLISHED.

|

| *
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SODIUM-FUEL REACTION'

e S0DIUM AND URANIUM-PLUT0NIUM 0XIDE WILL REACT IN THE

PRESENCE OF FREE OXYGEN

e REACTION PRODUCT NA M0 HAS DENSITY ABOUT 1/2 0F FUEL3 4

e UNDER WORST CASE CONDITIONS AT E0L, THE0RETICAL UNIFORM

EXPANSION OF CRBRP FUEL WOULD BE 1.7% DIAMETRAL

O
e KINETIC DATA INDICATE TWO TO SIX DAYS TO REACH EQUILIBRIUM

i e EXPERIENCE INDICATES SODIUM-FUEL REACTION DOES NOT LEAD

TO FAILURE PROPAGATION; DFR, RAPS 0 DIE, AND BR-5 OPERATED

LONGER THAN 100 DAYS WITH FUEL EXPOSED TO S0DIUM WITHOUT

EVIDENCE OF PROPAGATION

|

O

l
. - . . - _ . . ._ _ - __ .. -_ .. ..
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2. LOCAL FLOW BLOCKAGE

: (WITHIN R0D BUNDLE)
,

d

e IN-CORE PASSIVE BLOCKAGE,

1

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

:

i

4

O

:

t

,

i

e

>

O

.
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[]) 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
'

e THE FORMATION OF HEAT-GENERATING BLOCKAGES (HGB) WITHIN
'

()
THE CORE IS HIGHLY IMPROBABLE

e DELAYED NEUTRON DETECTOR (DND) SYSTEf1 WILL

DETECT A HGB SMALLER THAN THAT WHICH COULD PROPAGATE

DAMAGE

O
j

, - . _ _ _
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I) 3. GAS BUBBLES PASSING THROUGH CORE

.

e THE PLANT IS DESIGNED TO PRECLUDE GAS BUBBLES ENTERING

THE CORE, FOR EXAMPLE: VENTS FROM POTENTIAL GAS

P0CKETS, LOW COVER GAS PRESSURE, IHX CONTINU0US BLEED,

VORTEX SUPPRESSOR PLATE

e THE THERMAL CONSEQUENCES OF EVEN A LARGE BUBBLE

(4 INCHES HIGH-0VER 8 R0WS: 3 CU. FT.) ARE SMALL'

(68'F MAXIMUM CLADDING TEMPERATURE INCREASE)

i

e THE REACTIVITY CONSEQUENCES OF ISOLATED BUBBLES 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

b

|

.- . . . , . . - - -- --- . -. - . _ - -. ,. - -- - .. - , - - - - - - - .
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4. SUMMARY OF MOLTEN FUEL ISSUES

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

NORMAL, UPSET OR EMERGENCY EVENTS

e M.F. NOT FORMED BEHIND PASSIVE PLANAR BLOCKAGES

O
.

e M.F. NOT FORMED IN HEAT GENERATING BLOCKAGES WHICH

( ARE NON-DETECTABLE

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

!

l e SLSF TEST P1 DEMONSTRATED CONTINUED OPERATION WITH

SIGNIFICANT AREAL M.F.

'( )

,

. - _ _ _ _ . _ _ _ _ _ _ _ _ - . - _____ _ __ _. . . _ _ _ _ _ . _ _ _. _ _ _ _ _ _ _ - _ _ . . , _
-
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WORLD-WIDE EXPERIENCE WITH LIQUID METAL /0XIDE
.

t

FUELED PLANTS IS EXTENSIVE, AND DEMONSTRATES

, NON-PROPAGATIVE CONSEQUENCES OF FUEL FAILURE.
:
.| :

,

O

|

O ;

.



WORLD WIDE OXIDE FUEL
,,

OPERATING EXPERIENCE

(APPROXIMATE NUMBERS)

ihdDCOUNTRY REACTOR OXIDE USE
ED dl

FRANCE PHENIX DRIVER * 100,000 5

RAPS 0 DIE DRIVER 16,0001
TEST 2,000 f 36**

UK PFR DRIVER * 30,000+ 2

DFR TEST 2,500 200+**

USA FFTF DRIVER * 16,000 1

EBR II TEST 3,000 55**
m

O JAPAN JOYO DRIVER 5,000 0
TEST

USSR BR-5, 10 DRIVER l 5,000 100+
TEST f

BOR-60 12,000 < 60

BN-350 50,000

BN-600

(U, Pu) 0*

2

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

t SOME RODS MAY BE DESIGN PROOF TESTS

tt MOST FAILURES RELATED TO DOWN-FLOW COOLANT IN CORE

!O

-. _ . .
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() CONCLUSIONS FOR LOCAL FAULTS

e OPERATING PLANT FUEL FAILURE RATES LOW

e STOCHASTIC FUEL R0D FAILURE DOES NOT LEAD TO FAILURE

PROPAGATION

e FAILED FUEL IS DETECTABLE

'

e CONTINUED OPERATION WITH FAILED FUEL' HAS NOT CAUSED

PROPAGATION

($)'

e DEGRADATION PROCESSES ARE SLOW AND CAN BE MONITORED WITH

REMOVAL AT PREDETERMINED OPERATING LIMITS

1

THEREFORE, THE CONSEQUENCES OF FUEL FAILURE ARE BENIGN,

~

,

- . -
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CRBR CORE Exit THERMOCOUPLES

R. A. MARKLEY

ACRS SUBCOMMITTEE MEETING

MARCH 16, 1983

e 9 #
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@ COVERAGE
,

*[*X ^ X
,,. FUEL 148 OUT OF 156'

. X X, X X, X X X, X X INNER BLANKET 72 76
"

y y y, c y x xx ALTERNATING ASSYS. 6 6
,

i 'VN/ A' VN/ VN RADIAL BLANKET 112 126
"

,X,X X X,X,X X XAG, X X, sc XX,K TOTAL 338 364/s, X, X X, X, X c xc x X c x x, X X, X,
X

,s, X X X X X X X X X ,X X X Xs,q
X X X X X X XIC X X X (X I X X X X Xf[[,,X s

X X X X X X- X C X X X X X, X X X X

xXx
y,s

; ,4x x x x x x x xx x,fss
,X x, x, X X X X X X X c X X X X X X X X, ,

X X X X X X X X X xxX xx xx x xX .X
'

/v -v s/ss

sf _ XJ xX c x c X X X x g X, x X,,

%, c X c X x x x x x x X X X e x C x x X,
% X X X X X C X X X C X C X X X Y c X

X X C X X X X X X X X X
i XX X C X C X X X X X X X X X X X X

X X X X X X X X X X X Xl X X C X X X
'

j
p

i X X X O X X X X C X X X Xp
'd X C %, X X X X X X X X X X X Xj p

I , (p X X X X X X X X X C 0, x g/ C = CONTROL' -'
x x X X X X X = SURVEILLANCE /wx x x^/ NU N / v DESIGN VERI-/yXX X f XJg ,\, X, FICATION

Xs 'C,ss,L55s v

CRBRPCOREEXITTHg.0COUPLESCOVERAGE g
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CRBRP CORE EXIT THERMOCOUPLES

IDENTIFIED FUNCTIONS

e REACTOR CONTROL

9 DESIGN VERIFICATION

-- DESIGN MARGINS, POWER DISTRIBUTION, SYMMETRY, FUEL R00 LIFETIME

-- OPERATIONAL DISTURBANCES (LOCAL DISTURBANCES IN POWER DISTRIBUTION,
~

SHIFTS IN POWER / FLOW, ETC.)

-- UNCERTAINTY FACTORS ASSESSMENT

-- RELATIONSHIP WITH POST-IRRADIATION MEASUREMENTS

O O O
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REACTOR THERM 0 COUPLES FOR AUTOMATIC CONTROL

REQUIREMENTS:

0 MAINTAIN STEADY STATE PRIMARY OUTLET TEMPERATURE WITHIN FIXED BAND

0 MINIMIZE TEMPERATURE OVERSHOOT

COVERAGE - 30 POSITIONS OVER 3 SYMMETRIC 60* SECTORS

RATIONALE:

O CLOSELY APPROACH CORE MIXED MEAN AND FOLLOW CYCLE SWING

e EVEN COVERAGE

e PROVIDE REDUNDANCY

TYPE - DRY-WELL

TIME CONSTANT <10 SECONDS

O O O
- - - - - - - - - - - - - - - - - - - - - - _ - - -- _ _ - - . - -_ - _
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TEMPERATURE MEASUREMENT UNCERTAINTIES

FUEL ASSEMBLY

RANGE FROM ~8 F (CORE CENTER, Six-FOLD COVERAGE BY SYMMETRY)

TO ~25*F (PERIPHERY, SINGLE COVERAGE)

INNER BLANKET ASSEMBLY

RANGE FROM ~15*F (HIGH FLOW, SYMMETRY) TO ~40*F (LOW FLOW, SINGLE
,

COVERAGE)

G G e
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%
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CORE OUTLET THERM 0 COUPLES ARE NOT SAFETY RELATED

9 FOR " CORE-WIDE" FAULTS:

-- FAST ACTING PPS TRIPS (E.G. HIGH FLUX, FLUX TO FLOW)

SHUTDOWN BEFORE EXCESSIVE TEMPERATURES

e FOR LOCAL FAULTS (BLOCKAGE, HIGH HEAT FLUX)

-- T/C INSENSITIVE TO LOCAL FAULTS (E.G. BLOCKAGES <50 TO 60%)

-- T/C " BLINDED" BY ADJACENT CROSS FLOW WHEN BLOCKAGE - >90%

-- L0w PROBABILITY OF OCCURRENCE

-- IF LOCAL TEMPERATURE INCREASE CAUSES CLAD FAILURE, DETECTED BY

FAILED FUEL NONITORING SYSTEM

e LIMITED NUMBER OF CLAD FAILURES ARE EXPECTED AND ARE NOT A SAFETY CONCERN

-- RAPID PROPAGATION WILL NOT OCCUR

G G G
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CORE OUTLET THERM 0 COUPLE

,

ALARM, ALERTS, ETC.
r .

1

PRESENTATION TO

ACRS
,

MARCl! 16, 1983

BY
1

; O
R. J. TINDER, WESTINGHOUSE

|

|

ADVANCED REACTORS DIVISION
.

O.

;

i
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! ASSEMBLY OUTLET TEMPERATURE INCREASE ( F)
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CORE THERMOCOUPLE INDICATIONS AND ALARMS

e 338 FUEL AND BLANKET THERMOCOUPLES

e EACH WIRED TO PLANT DATA HANDLING AND DISPLAY SYSTEM

e COMPARED TO ALGORITHM 0F HISTORY-POWER-FLOW-LOCATION .

e COMPUTER " ALERT" WHEN OUTSIDE TOLERENCE

e ALERT TYPES ON ALARM TYPEWRITER
~

)
e ALERT APPEARS ON ALARM CRT

e LAST THREE ALERTS APPEAR AT BOTTOM 0F CRTs

e OPERATOR CAN REQUEST.T/C READINGS ANY TIME (CRT OR HARDCOPY)

e SELECTED 30 T/C FOR CONTROL SYSTEM

e LESS THAN 25 CO?lTROL T/C ACTIVATES MAIN PLANT

Ah!NUNCIATOR (AUDIBLE AND VISUAL)

|.

I

w

. - _ .
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REVIEW 0F WORLD-WIDE APPLICATION
,

: 0F LOCAL FAULT INSTRUMENTATION

:
1

i
4

e

!
'

,

'
.

O:
L. E. STRAWBRIDGE

WESTINGHOUSE ADVANCED REACTORS DIVISION

,

O

- -_-. _. _. _. ..-_ - . -
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SCOPE OF SURVEY

O

e AVAILABLE DESIGN INFORMATION COLLECTED ON 17 SODIUM

COOLED FAST REACTORS. j
.

e MAJOR PLANT DESIGN VARIATIONS
- LOOP OR POOL

POWER OR TEST-

SMALL TO LARGE-

'

e MAJOR FUEL DESIGN VARIATIONS
- OXIDE OR METAL FUEL

j
- WIRE WRAP OR GRID SPACERS

,

O

i
|

|

|0
:
i

i

_ _ _ - . _ - . - . . _ - . _ _ . . . . . _ . _ - _ . _ - - _ . . . _ . . _ _ - - - - . _ _ _ - . , _ __._,. _- .- __ _-
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:

INSTRUMENTATION SURVEY

RAPS 0 DIE PHENIX SPX DFR PFR CDFR SNR-300 J0Y0 MONJU

LOOP OR POOL LOOP POOL POOL LOOP POOL POOL LOOP LOOP LOOP

POWER OR TEST P,T P P P,T P P P T P

FUEL / SPACER OX/WW OX/WW 0X/WW M/ 0X/G OX/G OX/G OX/

CORE EXIT T/C YES YES YES YES YES YES YES YES

T/C IN PPS YES YES YES YES A N0 YES

DEFINITIONS:

WIRE WRAP - WW 0XIDE - OX ALARM - A

GRID -G METAL - M

G G G
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INSTRUMENTATION SURVEY (CONTINUED)

BOR BN BN

BR-5/10 60 350 600 EBR II FERMI FFTF CRBRP

LOOP OR POOL LOOP LOOP LOOP POOL POOL LOOP LOOP LOOP

POWER OR TEST P,T P,T P P P,T P T P

FUEL / SPACER OX/ OX/ OX/ OX/ M/WW M/G OX/WW 0X/WW

CORE EXIT T/C YES YES YES YES

T/C IN PPS NO NO NO NO

; DEFINITIONS:

| WIRE WRAP - WW 0XIDE - OX ALARM - A

j GRID -G METAL - M
!
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SURVEY OF OUTLET THERMOCOUPLES IN

O ees FOR LOCAL FAULTS

.

e . STRONGEST CORRELATION Exists FOR LOOP VS. POOL

i

#

PLANTS I/C IN PPS

.YES. D UNKNOWN
,

LOOP 11 1 5 5

300L. 6 Il 1 1
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CONCLUSIONS ON WORLD-WIDE APPLICATION
. () 0F LOCAL FAULT INSTRUMENTATION

|
|

e NO UNIVERSAL AGREEMENT ON APPROACH.

e CORE OUTLET THERMOCOUPLES USUALLY INCLUDED IN PPS

IN POOL REACTORS) USUALLY NOT INCLUDED IN LOOP REACTORS.

e CONSIDERING IHE CRBRP DESIGN, THE APPLICATION OF

INSTRUMENTATION IS CONSISTENT WITH THE WORLD-WIDE TRENDS.
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CONCLUSIONS ON LOCAL FAULTS

O
e QA RESULTS IN low PROBABILITY OF LOADING DEFECTIVE FUEL.

e DESIGN FEATURES AND OPERATIONAL REQUIREMENTS PREVENT

Ex-CORE BLOCKAGES.

e NO IN-CORE BLOCKAGE EXPECTED BASED ON OPERATION, IESTS

AND ANALYSIS.

e FUEL FAILURES DURING OPERATION ARE ANTICIPATED AND WILL

BE DETECTED.

e EXTENSIVE EXPERIENCE BASE SHOWS NO EVIDENCE OF PROGAGATION.

e THERMOCOUPLES DO NOT SIGNIFICANTLY IMPROVE THE MARGIN OF

SAFETY FOR LOCAL FAULTS

O - NOT EggECTivE FOR paEvENTION/FOREwARNINe
- DNDS MORE SENSITIVE FOR DETECTING FAILURES OF INTEREST

e CONSIDERING IHE CRBRP DESIGN, THE APPLICATION OF

INSTRUMENTATION IS CONSISTENT WITH THE WORLD-WIDE TRENDS.
:

| 8 INSTRUMENTATION FOR LOCAL FAULT MONITORING IS NOT NEEDED

IN PPS SINCE NO FAULTS COULD PROPAGATE ON A TIME SCALE

| REQUIRING PPS ACTION.
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