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MISSION OF BEST ESTIMATE CODE

TO PROVIDE INFORMATION ON THE EFFECTS, CAUSED BY A VARIET(

OF POSTULATED ACCIDENTS AND TRANSIENTS, O!! CERTAlti KEY

PARAMETERS IN LWRs.

AUXILIARY MISSION: TO HELP IN DESIGN OF TEST FACILITIES

AND INTERPRETATION OF THEIR RESULTS,

WICH Ef PARAMTERS7

*

DEGREE OF FUEL CLAD OXIDATION

(PAXIMUM LOCAU

*
AMOUNT OF HYDROGEN GENERATIO!!

GELATED TO CORE-WIDE DEGRE.0F CLAD OXIDATION)

*
CORE GEOMETRY

GHETHER OR NOT DISTORTED, DAMAGED AND IF MELTING

HAS OCCURFID)

i ALL ARE RELATED TO CL@ TEMPERATURE DISTRI3UTION, IN TIME

AllD SPACE.
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ACCURACY c-0ALS I-OR THE BEST ESTIMAE CODE

THE OVERALL GOAL IS TO PREDICT L'4R BEHAVIOR WITH FEaSONABL:.

RATHER THAN EXTREN ACCUPACY.

.

THE REASONABLE ACCURACY IS CONTROLLED BY

* THE LICBSING FEED

* STATE-OF-THE ART IN tEASURE'ENTS, PHYSICAL

UNDERSTANDING AMD MODELING, !!UMERICAL SOLUTIGH

TECHNIQUES
.

RES RESOURCES - COST /EFFECTI'/ENESS
*
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TO SATISFY THE LICENSING NEED OUR AIM HAS BEEN TO RELATE,

AS MUCH AS POSSIBLE, THE B.E. CODE ACCURACY REQUIREMENTS

TOTHEEMCODE(RESULTSIACCEPTANCECRITERIA,BEARINGIN

MIND THE PRIMARY MISSION OF THE B.E. CODE.

'

THE OVERALL PR0rFRS REQUIRES:

1. SELECTION OF THOSE COMPUTED RESULTS WHOSE ACCURACY

NEEDS TO BE DETERMINED AND WHICH PROVIDE SUFFICIENT

MEANS FOR EVALUATION THE CODE CAPABILITY TO PERFORM

ITS MISSION -

.

2. SPECIFICATION OF THE BOUNDS OF ACCEPTABILITY OF ACCURACY

OF THE SELECTED RESULTS

3. SPECIFICATION OF THE CODE ASSESSNENT PROCESS THROUGH WHICH

THE ACCURACY DETERMINATION CAN BE ACHIEVED.
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SF1FCTION OF THE COMPUTED RESULTS

GROUNDRULES:

1. TAKE CARE OF THE RESULTS THAT MATTER IN THE LICENSIt!G

PROCESS, AS RELATED TO CLAD OXIDATI0il, H -GENERATION,

AND CORE DAMAGE, INCLUDIllG THE PEAK CLAD TEMPERATURE

2. DEFINE THOSE RESULTS WHOSE ACCURACY REQUIREMBIT MAY BE

QUANTIFIABLE AND WHICH DEPICT THE CODE ABILITY TO

CALCULATE IMPORTANT EFFECTS OCCURRING IN THE REACTOR

COOLANT SYSTEM. TH$5EWILLBEHAPED"KEYRESULTS."
'
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3. DEFINE THOSE RESULTS THAT ARE USEFUL IN DETERMINING

WHETHER (A) THE CODE MODELS THE PHYSICAL PROCESSES

WITH SUFFICIENT REALITY S0 THAT THE AGREEMENT
'

CIF 0BTAINED) BETWE91 THE CALCULATED AND THE

MEASURED " KEY RESULTS" IS NOT FORTUITOUS; AND

G1 WHETHER THE CODE MODELS HAVE A SCALE-UP

CAPABILITY.

IT IS ANTICIPATED THAT IT MAY BE IMOSSIBLE TO
'

'

DEFINE THE ACCEFTABIE ACCURACY LIMITS FOR THIS
'

TYPE OF RESULTS Ai!D, THEREFORE, THEY WILL BE

NAMED THE ." DIAGNOSTIC RESULTS."

!
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PAST EXPERIENCE OBTAINED FROM THE LOCA CODE UNCERTAINTY

STUDIES (IN THIS COUNTRY AND ABROAD) HAS INDICATED THAT

THE GPCT OBEYS A NORMAL DISTRIBUTION.
~

HENCE, LIM 6) = LIM (GPCT) COULD BE TAKEN EQUAL TO THE

CURRENT LICENSING LIMIT (1475*K) AND P >uM COULD BEo

CHOSEN, FOR EXAMPLE, SUCH THAT LIM 0) - BE D) = 2 BOT'

GIVING P*>uM : 2.5%

THE VALUE OF BED) s GPCT COULD PERTAIN TO3EST ESTIMATE

EITHER TO A DESIGN BASIS LOCA (200: CL BREAK) OR TO

A " SINGLE FAILURE CRITERION" SMALL BREAK LOCA THAT

GIVES THE LARGEST VALUE OF GPCTaE, 'dHICHEVER IS THE
|

LARGEST.
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DUE TO THE EXPONENTIAL NATURE OF DOX:GENCE OF

GD0X AND OF H2) WITH RESPECT TO CLAD TEMPERATURE

IT CAN BE SHOWN THAT GD0X AND H2 DO NOT OBEY NORMAL

DISTRIBUTION AND, THEREFORE, COULD NOT BE DIRECTLY

RELAits, THROUGH STANDARD DEVIATIONS, TO THEIR

CURRENT REGULATORY LIMITS.
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TO SIMPLIFY THE MATTER IT IS PROPOSED THAT

g Q) _ L/H (4)- 8E (<J )
nt (@)

WHERE * = GDOX OR H2,

Lu (*) = CURRENT LICENSING LIMIT FOR +

BE D) = BEST ESTIMATE VALUE OF *, COMPUTED FOR THE

DESIGN BASIS LOCA OR FOR THE SMALL BRE4K LOCA

(WHICHEVER GIVES THE LARGEST VALUE OF BE D)

N D) = INTEGER C.>1) SPECIFIED BY NRC ON THE BASIS OF THE CODE
-

.

UNCERTAINTY STUDY

2 E D) WOULD THEN SERVE AS THE ACCEPTABLE LIMIT ON THE ABSOLUTE

VALUE OF TRE DIFFERENCE BETWEEl THE MEASURED AND THE CALCul.ATED

MAGNITUDE OF *, FOR 95% OF ALL EITRIES.

,

w- - ~- - -. w - -- - _ _ ___--- - . _ _ _ _ _ . _ _ _ _ - -



i

s

/f

I,

DUE TO THE EXPECTED LARGE VARIATION OF GDOX AND H2 WITH

TEMPERATURE, IT IS RECOMMENDED THAT THE COMPARISONS BETWEEN

THEIR CALCULATED AND THE " MEASURED" RESULTS BE DISPLAYED

AS FOL'.0WS:
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IT APPEARS THAT ACCURACY OF THE :El RESULTS PERTAI? LING

TO THE BREAK FLOW (MASS AND ENERGYL STEAM G 8ERATOR

HEAT REMOVAL, AND THE MINIMUM FOAM LEVEL, CANNOT BE

RELATED TO THE CURRENT LICENSING CRITERIA.

HENCE, IT IS PROPOSED THAT THE COMPARISONS OF CODE PREDICTI0tlS

WITH TEST DATA, BE DISFLAYED AS SHOWN BELOW AND THE UPPER

BOUND ON THE REU:TIVE ERROR BE SPECIFIED; FOR EXA?.PLE, 30%.

'
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THE MAIN PURPOSE OF DISPLAYING THE COMPARISONS OF THE
'

CALCULATED VS. MEASURED VALUES OF LPCT AND D$ IS TO
.

ESTABLISH WHETHER, AND TO WHAT DEGREE, DOES THE MULTIDIMENSIONAL

OR DETAILED DISCRETIZATION CF REACTOR CORE ENHANCE PREDICTIVE

CAPABILITY.

KNOWLEDGE OF THIS INFORMATION BECOMES MORE IMPORTANT WHEN

PREDICTIONS OF THE CORE DAMAGE ARE SOUGHT.

WHILE BOTH THE OPDINATES AND THE ACCURACY ACCEPTANCE LE
.

COULD BE THE SAME AS FOR GPCT AND GDOX, RESPECTIVELY, THE

ABSCISSA SHOULD PERTAIN TO THE AXIAL LOCATION IN THE CGTC (7/Leagg).

!
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13.

SELECTED RESULTS TO BE USED AS DIAGNOSTIC INDICATORS

OF THE CODE'S CAPABILITY.

ACCEPTANCE CRITERIA NOT SPECIFIED. SUBJECTIVE JUDGMENT

WILL BE USED TO DETERMINE WHETHER THE PHYSICAL PROCESSES

ARE MODELED SUFFICIENTLY WELL S0 THAT AGREETITS IN KEY

RESULTS ARE NOT FORTUITOUS.

| THE DIAGNOSTIC INDICATORS ARE THE MAIN VEHICLE OF CODE
-

t

ASSESSMENT FOR'THE CASES INVOLVING THE SE?ARATE EFFECTS
'

AND THE BASIC TESTS.
1

l

|

|

|

|

|
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CODE ASSESSMENT PROCPl!RE

A. DEVF10PMENTAL ASSESSMENT PHASE

PERFORMED DURING CODE DEVELOPMENT, T0

m DETERMINE CONSEQUENCE OF DEPARTURES FROM RECOMMENDED

SYSTEM NODALIZATION

y EVALUATE MODELS OF BASIC T-H PROCESSES AND DETERMINE

UNCERTAINTY RANGE AND PROBABILITY DISTRIBUTION OF

INPUT COEFFICIENTS

y EVALUATE CODES' SCALE-UP CAPABILITY OF PREDICTED RESULTS,

FROM THOSE IN TEST FACILITIES TO THOSE IN LWRs.

CODE MODIFICATI0fiS ARE ALLOWED DURI!!G THIS PHASE.

i SOME CONTRACTORS RE-RUN ALL COMPARISONS, WITHOUT CODE

CHANGES, JUST PRIOR TO CODE RELEASE TO PUBLIC. THOSE

| RESULTS SUPPLEPENT THE FINAL ASSESSMENT OF THE CODE.
!

:-

.. , - , - - - - , -
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CODE SENSITIVITY STUDIES
(DONE BY CODE DEVELOPERS)

CODE SENSITIVITY DUE TO

e MODELINGOPTIONS OF PHYSICAL PHENOMENA

e GEOMETRICAL REPRESENTATION OF THE SYSTEM (NODAllZATION)
* TIME-STEP CONTROL

RESULTS:
~

e RECOMMENDED BEST ESTIMATE MODELS AND COEFFICIENTS
;

e BEST ESTIMATE NODALIZATION OF LWR SYSTEMS AND OF TESTCONFIGURATIONS (LOFT, ETC)

= '' FROZEN'' TIME-STEP CONTROL

= DETERMINATION OF THOSE PARAMETERS WHICH HAVE A DOMINANT
EFFECT ON Tile PEAK CLAD TEMPERATURE (PCT), AND WHICH CONTAIN
UNCERTAINTIES

;

TilESE PARAMETERS MAY BE PART OF CODE INPUT, OR MAY BE EMBEDDED;

IN VARIOUS CORRELATIONS USED BY Tile CODE.(

E '

- _. ___-_
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B, INDEPENDE?lT ASSESSidENT

> NOT PERFORMED BY THE CODE DEVELOPERS.
.

1. MRC DEFINES CODE ASSESSMENT MATRIX FEATURING TEST

' CONDITIONS THAT SPAN A VARIETY OF LWR SYSTEM SIMULATORS'

GE0ETRIC SCALES
'

POSTULATED ACCIDENTS

ECC INJECTION SCHEMES

SYSTEM COMP 0MENTS

BASIC T-H PROCESSES WITHIM COMPONENTS

ALL IMPORTANT . INTEGRAL TESTS TO BE INCLUDED; OTHERS

WITH ADEQUATE MEASURE NiiTS

2. NRC DEFINES KEI RESULTS AND THE DIAGNOSTIC I'1DICATORS,
!

| AND SPECIFIES THE DISPLAY FORFf.TS

3,
NRC DE?INES CODE ACCE3TABILITY BOUNDS.

.

!

i

;



.

- .r ,

i

4. CONTRACTORS PERFORM BLIND PREDICTIONS, WHEREVER

POSSIBLE AND FORWARD RESULTS TO NRC BY AGREED

.UPON DEADLINE

SINGLE-BLIND PREDICTIONS ARE MORE VALUABLE

SINCE THEY EMFLOY ACTUAL INITIAL AND BOUNDARY

CONDITIONS.

.

5. CONTRACTORS DISPLAY CODE RESULTS (OF STEP 4) AGAINST

TEST DATA, PER NRC SPECIFIED FORMATS

6. CONTRACTORS PERFORM POST-TEST. ANALYSES TO

M DETERMINE REASOf!S FOR DISAGREE?TJIT WITH TEST DATA

y DtutRMINE CODE ERROR

w DETERMINE MODELING SE!!SITIVITIES

| y Dt:.:tRMINE EFFECTS OF CODE USER'S INPUT OPTIONS

7. CONTRACTOR PERFORM PREDICTIONS 0? LWR ACCIDEili CONSEQUENCES

TO ASCERTAI!! REASONABLENESS OF CALCULATED TRENDS.

|-

~ __ -. _. _
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C. CODE UNCERTAINTY STUDIES

CODE UNCERTAINTY STUDIES ARE USEFUL FOR.

1. 'PRIORITIZING EFFECTS OF VARIOUS MODELS, COEFFICIENTS,

AND OTHER CODE INPUT ON THE KEY RESULTS, TO POINT OUT

WHERE THE FUTURE CODE IMPROVEMENT WOULD BE MOST COST

EFFECTIVE.

2. DETERMINING THE EFFECTS OF THE INPUT UNCERTAINTIES

THAT ARE NOT RELATED TO SYSTEM THERMAL-HYDRAULICS

(E.G. PLa.NT CONDITION AND FUEL BEHAVIOR)

3. OBTAINING A ROUGH IDEA 0F THE PROBABILITY DISTRIBUTION

FUNCTION FOR THE COMPUTED KEY RESULTS.

. . - - . . . . . - . . ._ .
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!
CASE & PARAMETER SELECTION, BY NRC,

!

FOR CODE UNCERTAINTY STUDY

TO BE SELECTED AND/OR DEFINED:

* LWR PLANT, ACCIDENT CONDITION, DEGREE OF AVAILABILITY OF
ENGINEERED SAFEGUARDS, AVAILABILITY OF OFF-SITE POWER,
TIME OF LIFE, ETC.

,

* PARAMETERS TO BE VARIED (AMONG CODE INPUT PARAMETERS
AND EMBEDDED COEFFICIENTS)

* RANGE OF PARAMETER VARIATIONS

* PROBABILITY DISTRIBUTION FOR EACH VARIABLE PARAMETER

i SOURCE OF INFORMATION: ' TEST DATA, CODE SENSITIVITY STUDIES,
ENGINEERING JUDGEMENT

'

|

t

L . ._ _ -
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UNCERTAINTY STUDY FOR CALCULATED PEAK CLAD TEMPERATURE

2. ILLUSTRATIONS

plX ) L F (X ,X ,... X,,I2 3 2

sX '2

: :

pix,,) (
,

X,,> ;

PCT
; L

I'lPC11

CGHHECTED foA l'eht 5444

i =
oe to ecT

<
"

.
<



_ _ _ __

. ._ _ _._ _ _ _ _ . _
. . . . _

.

1

9

CODE ERROR

COMBINED EFFECTS DUE TO:

e MODELING SIMPLIFICATIONS AND TIME-SPACE AVERAGING
e NUMElllCAL SOLUTION

(DELETION OF lilGilER ORDER TERMS, TRUNCATION ERROftS, LOOSE
CONVERGENCE CRITERI A, SPATI AL RESOLUTION, LINEAHlZATION)

e SIMPLIFICATIONS IN DESCRIPTIGN OF MATERIALS PROPERTIES AND
EOUATIONS OF STATE

e SIMPLIFICATIONS IN CONSTITUTIVE EOUATIONS CONCERNING EXCHANGE
OF MASS, MOMENTUM AND ENEllGY ACROSS LIOUID/ VAPOR INTERFACES:

ALSO FOR WALL FRICTION AND llEAT TilANSFER

* INABILITY TO CONSIDER PilENOMENA OF STOCilASTIC NATURE
| : /. ' .

.~. / * : . .

~ -

*

n *

-10% ,./,*.*:*.',/.
,

* : . .~. . *E.k*,
**II* 1

EXAMPLE S ,. ,

t L */.. /*.| PEAK CLAD o .

| EN * 7' . ' "
~*-

|
TEMPERATURE

-

j
g . f. , . ,/ * * a0%

/> /m
:E /

|/
\

. ,

,

BEST ESTIM ATE PREDICTION (*C)
'
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OUR CURRENT PLANS DO NOT INCLUDE THE EFFORT IN SEPARATING

THE CODE ERROR EFFECTS FROM THE CJDE INPUT UNCERTAINTIES

EFFECTS, MAINLY BECAUSE THIS fl0W APPEARS TO BE EXTREMELY

DIFFICULT, IF NOT IMPOSSIBLE.

CONSEQUENTLY, OUR CURRENT APPROACH IS TO DEDUCE THE

TOTAL CODE RESULTS UNCERTAINTY DISTRIBUTIONS FROM THE

PLOTS OF' (*p - o ) VS TEST FACILITY SCALE.g
'

.

THIS REQUIRES SUFFICIENT NUMBER OF DATA ENTRIES TO
'

ALLOW FOR THE STATISTICALLY SIGNIFICANT SAMPLING.
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THE BASIC ASSUMPTION IS THAT THE PROBABILITY DISTRIBUTION

FUNCTION, OBTAINED IN THAT MANNER, FOR THE DEVIATION OF THE

KEY RESULTS FROM THE COMPUTED BEST ESTIMATE VALUES, REi'AINS

THE SAME FOR ALL ACCIDENT SCENARIOS INVOLVING LOCA.

CODE RESULTS UllCERTAINTIES FOR NON-LOCA ACCIDENTS AND

TRANSIENTS OUGHT TO BE SMALLER SINCE THE CODE WOULD BE LESS

SEVERELY CHAIIclGED.

-

.

|

|

!

|

|
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SUffARY

1. CODE ASSESSMENT STRATEGY IS DEFINED TO STRESS

THE IMPORTAtlT RESULTS THAT ARE USERil TO THE
.

REGULATORY PROCESS

LINKAGE WITH THE CURRENT LICENSING CRITERIA

SUFFICIENT BACK-UP IflFORMATION TO ASCERTAlff THAT THE

CODE ADEQUATELY MODELS THE IMPORTANT PHYSICAL PROCESSES
.

AND, THERE3Y, ASSURES NRAPOLGILITY TO LARGE SCALE
'

LWRs.

2. WORLD-WIDE TEST DATA BASE IS EMPLOYED

3. E(PERT STAFF FROM A MUMBER OF NATIONAL LABORATORIES

ARE UTILI7m1 TO ASSESS THE IMPACT OF THE CODE USER

ON THE CALCULATED RESULTS. THE CODE IS ALSO BEING

USED BY FOREIGN E(PERTS, TdROUGH THE INTERNATIONAL

STANDARD PROBLEM E(ERCISE TO FURTHER HELo IN THIS

Dt.itRMINAT!0N.

!


