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coefficientiipchurn-tu}bulent slip correlatior (2t implemerted in
PEL#P‘/FCDFL; two-phace friction and form lcss factor§; contsirrent
pressurs; ECC system temnaraturt; two-phase purp deoredatior ard
accurclator rressvre.

Poproxirately 200 PELAF blowdown calculations were rverforred
during the stedy. The response surfeces and PCT distriburiors,
bPowever, were hased or 134 runs, the others being Aroryed rrirarily
because they errloyed different aap conductance models., Twelve
different recponse curfaces were produced baced on differert
underlying statistical assurptions. Since thece assumptions are
corpletely artitrary, it is encouraaino ard gratifyino trat thece
different surfaces yielded similar resvlte.

The study indicated ttat 7 of the irput variables Aorirated
the prediction of greak clad temrerature. The three rort irpertant
parareters were agar width, total peaking factor ard fuel e
thermal conduectivity. The PCT sensitivities at noTinal (or micd-
range) were rcuchlv +80°, +60° and +40°F, resrectively, for a
change of approximately +10 (1/f of the total ranae). Four
additiornal veriables were also found to have arrreciable irfluence
on PCT, although less than that of the fuel parareters. Ir order,
they are Condie-Penacstor film koiling heat transfer, two-rhase
friction, slip coefficient and power level. C(ritical heat flux
and subcooled discharac coefficient did not seer as important ac
these seven. Evidence was produced, however, which implied that
subcocled critical flow was more imrortart for low values of PCT

than for high. Since our sarmple was irtentionally biaced towaré
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higher terperatures, the reduced cianificance of subcooled discterce
might, in part, be due to the csraller nurber of calculations a¢
low temperatures.

The metal-water reaction is sionificant only at terceratures
above about 2000°F. Pecause of this ané the small rurter of
calculatione in which it wacs varied, it was not irnclufed ir thre
responce surface.

The fact that peakina factor (PF) wee rore imrortant thar
power level is probahly due to the ruch lerger rangs assianed tc
PF. It varied from 24% to 132% above core averdoe power, while
a =30 range for power level war #@&%. firce PF varied arrroriratelvy
+30% abeout its midrenge, it could ke expected to he atouvt S times
as important as power level. This assumption was suprcrted by the
data. The sensi-ivities of the PCT distributions rc chanoes ir
tne meancs and sigmas of the input distribt»tions weie, ir aereral,
cuite srmall., Also, chancinc siamar of the input d.stributiors har
little effect on the mean of the PCT distribution and ctaraira the
means has little effect on the sigma of the PCT distrit.:ion.

Future work will involve the celculation of the entire accident
saguence throuah the end of reflood vesina the T AC cor‘e.3 n
addition, the blowdown data will be emrloyed in continruinag

Statistical investioations of surfaces other than PCT.
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STATISTICAL LOCA

GOAL - DETERMINE PCT PROBABILITY DISTRIBUTION AND ITS
SENSITIVITY TC INPUT VARIABLES RASED ON STATISTICAL
ANALYSES OF COMPUTER CALCULATIONS OF A LOCA.

APPLICATIONS:
1. QUANTIFY THE CONSERVATISM OF THE REQU{REMENTS
OF 10 CFR S0 APPENDIX K.

2. PROVIDE INFORMATION FOR RESEARCH EVALUATION AND
REQUIREMENTS.



STATISTICAL LOCA

THREE MAJOR PHASES
I.  THERMAL HYDRAULIC COMPUTER CALCULATIONS
I1. GENERATION OF RESPONSE SURFACE

I1T. STATISTICAL ANALYSIS OF RESPONSE SURFACE



THERMAL HYDRAULIC CALCULATIONS
- THIS PHASE IS DETERMINISTIC

A. DETERMINE INPUT VARIABLES AND DISTRIBUTIONS

B. PRODUCE A BEST ESTIMATE MODEL OF THE REACTOR

C. ADDRESS ACCURACY, APPLICABILITY, ADAPTABILITY
AND LIMITATIONS OF PHYSICAL MODELS

D. MODIFY CODE AS NECESSARY: E.G., DIALS, PRE-
PROCESSOR ROUTINES

E. PERFORM A SUFFICIENT NUMBER OF COMPUTER CALCULATIONS,
BASED ON SOME VARTABLE SELECTION SCHEME



I,

GENERATION OF RESPONSE SURFACE
- THIS PHASE IS ESSENTIALLY NONSTOCHASTIC.
- INPUT VARIABLE RANGES ARE REQUIRED, BUT MOT DISTRIBUTIOMS.

A. SELECT POINTS AT WHICH CALCULATIONS Wi.L BE PERFORMED --
DEFINE SAMPLE SPACE.

SELECTION SCHEMES - LATIN HYPERCUBE SAMPLING AND/OR
- FRACTICNAL FACTORIAL SAMPLING

B, DETERMINE BASIS FUNCTIONS AND ASSUMPTION - LINEAR, iU,
STANDARDIZED, ETC.

C. DETERMINE FIT CRITERIA - WHEN TO STOP

D. DETERMINE SENSITIVITIES OF PCT SURFACE TO VARIATION
OF INPUTS ABOUT NOMINAL
- NON-RANDOM
- PARTIAL DERIVATIVES



III.

STATISTICAL ANALYSIS

~ THIS PHASE IS STOGCHASTIC

- INPUT VARIABLE DISTRIBUTIONS ARE REQUIRED
- ASSUMPTION OF “GOOD” APPROXIMATING SURFACE

PERFORM MONTE CARLC AMALYSES ON PCT SURFACES TO GET
A. PCT PROBABILITY DISTRIBUTION - MEDIAN, VARIANCE,
90TH AND 99TH PERCENTILES

B. SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN

INPUT DISTRIBUTIONS
- CHANGES IN MEAN AWD SIGMA GF PCT DISTRIBUTION
FOR CHANGES IN
1. MEAN OF INPUT VARIABLE FROM NOMINAL TO
NOMINAL + 1/5 UPPER RANGE

2. SIGMA OF INPUT VARIABLE FROM NCMINAL TO
172 NOMINAL



THIS STUDY ADDRESSED

A SINGLE ACCIDENT (DBA) - BLOWDOWN PHASE OF £ DECLG
BREAK IN THE ZION PWR

THE SELECTION OF VARIABLES IMPORTANT T0 BLOWDOWN
BEHAVIGR DURING THIS DBA

THE DETERMINATION OF UNCERTAINTY RANGES AND PROBABILITY
DISTRIBUTIONS FOR THOSE VARIABLES.

THE PRCDUCTION DF £ REASONABLE BEST ESTIMATE OF THE
REACTOR

THE GENERATION OF A RESPONSE SURFACE TO APPROXIMATE
RELAP OVER THE RANGE OF INTEREST

THE DETERMINATION OF THE RELATIVE IMPORTANCE OF 1HE
VARIABLES PRESENT IN THE RESPONSE SURFACE

THE DETERMINATION OF THE PCT PRNBABILITY DISTRIBUTION
AND ITS SENSITIVITY



Thi3 STUDY DID NOT ADDRESS
OTHER ACCIDENTS, REACTORS OR CODES
THE ACCURACY OF PELAP OR ITS CONSTITUENT MODELS IN
PREDICTING LOCA BEHAVIOR (GAP CO'DUCTANCE MDDELS

WERE INVESTIGATED SERENDIPITOUSLY)

THE RESCLUTION OF ARGUMENTS CONCERNING THE MERITS OF
PARTICULAR STATISTICAL SAMPLING TECHNIGUES



MAJOR CONCLUSIONS - RELAP PHASE

MOST IMPORTANT PARAMETERS ARE FUEL RELATED WITH
APPROXIMAYE RELATIVE INPORTANCES OF

+ 80%¢g FOR GAP WIDTH
+ 60%/¢ FOR TOTAL PCAKING FACTOR
+ 40% ¢ FOR FUEL THERMAL CONDUCTIVITY

OTHER IMPORTANT PARAMETERS ARE FILM BOILING HEAT TRANGFER,
TWO-PHASE FRICTION, SLIP AND POWER LEVEL.

CRITICAL FLOW AND DNB WERE NOT AS IMPORTANT AS THE ABOVE
PARAMETERS.

SENSITIVITY OF PCT DISTRIBUTION TO CHANGES IN MEAKS 2
SIGMAS CF INPLT DISTRIBUTIONS VARY FROM AROUT O To 8OF PER
1Z CHANGE IN NOMINAL.

RESULTS ARE STRONGLY DEPENDENT ON SOME PHYSICAL MODELS
IN RELAP,
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Preprecesest LApul Parasetery - Sumisry

Passureter mange
1. DLIERY = sudbsooled discharge 0.y - 1.2 .8
cosfficient
2. DLEIK « ssturates Jiatharge -0.2% - .G °.
cosfficient
3. BLIF e slip correlation dial ~1. - 1. 0.
4. DLIF =« 2-pra fare loas Sial 6.4 - .. 1.¢
TLTIFN = 2-p Pannic
fristion lose cial
Thear &iale are uzel to be

egual, end » single wariatle

$. DCHY ® critical hest flur dial 6.y - AD it
€. DYILE = Condie-Denpsto’ Cal ¢.% -~ 2.0 1.t
7. DHIT? = free convection and c.€ = 1.% 1.¢
radiazion &:a}
8. BETCH = Dittus-Boelter &ial 6.5 - 2.0 1.t
. DHII® = and Beoxler-Pomeran: ¢.% = 2.0 1.c
daa}
ac DLELY = flow blockage 312, 0.4 =~ 1.8 1.C
sultiplaer
1l. DLMWR = Buluipl of Metal- c.e5 - 1.1¢ 1.C
Water reaction rates’
12, DLPAR » pove: level multiplie: 0.ve = 1.0¢ 1c
13. DLCPR » incresert o be sdded ~S5. = 1t pae C.
tC ContainBert preasure trtje
14. OLPUMF o G1al (or 2-phase pus; -, - . c.
bead multiplies
1s. ICIFF = tecperature Of accusulats: 4C. = el L I 4]
ané safety injeltion systerc
water
18. DLACC = sccuzulator pressure $93.2 - £€93.2 puaa 643.2 ps.a
17. TLF = tire in Jife™ 0~ 445 montna 22¢ mcarrs
1€. PFUNC = peating factor .88 = 1.16 1.C
UnRCertainty
Bultiplaer’™
19. DLETON = UD, thrrmal conductivity® 6 - 1.3 1.0
sultiplaet
20. DLGAP = additive uhcertainty®® 2 1.9 =1ls 0.
in recisl qap size
Hom e 0 - Zresk fuel
= 1 = once burned fuel
21. DLDEC » decay heit -.06 - 1.0 e.

multiplier
TNo: iRpleEented becAuse ©f coding eIrot.

f'This parameter affects orly peaking factozk, g8f widths, and decay hea: retes.
Those effects are otherwige accounted for, gnd TLF 16 NOL used 1n genezating
the response surface (8lthough it is still gequired for protatilastic PCT
calculations).

T''this parameter multiplies the result of ing tor madelling depending
on TLF. The qQuantity used in the t"ponu surfs ®odelling was total peaking
factor ’l:‘\c.—mge 1.78; range 1.2% - 2.} The nsativity studies in Chapte: ¢
.

* The utipwc.l of this guantity is used in the rwsponsc surface.

** Thia Quantity wolifies the cold gap width resclting froc TLF ané NCH values.
Fos ulpen’n modelsng, the fin ue 0f gay wideth is used. (ho=iral
2.20 x 10°% g1; range 2.9 x 1077 - 4,42 x 1074 fe). The menmitivity stucies i-
Chapter 6 uaed ¢ 1.5 mals.
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SEVEN MOST iMPORTANT VARIABLES

VARIABLE  TYPE NOMINAL  BASE CASE  MIDRANGE  RANGE STD. COEFF,
K NAME ACK) B(K)
3 SLIP A 0. 1.0* 1.0° .3-3.0% .0MD33  ,66234
4 FRIC- M 1.0 1.0 1.0 4-1.6 93985  .41653
TION

& CB-HT M 1.0 1.0 1.0 ,5+2,0 1.04941  .41261
12 POWSR M 1.0 1.0 1.0 - .94-1.06 1.00635 04159
18 PE MoOFAY 1.575 1.782 1.24-2.32°1.68059  ,26314
19 1/K M 1.0 1.0 1.0 J77-1.67 1.16475  ,31304

20 GAP AR 2.736 MILS 2.825 MILS .35-5.3" .25007 09994

*RANGE AND BASE CASE FORDV =1+ D « SLIP FOR @ < 0.8
PR 1.48<F(T) 2.0, #30= +167

"6AP:  1.85< F(T) < 3,8 MILS, #30°= +1.5 MILS



STATISTICAL TERMS

A "RESPONSE SURFACE” IS A FUNCTION (OFTEN A POLYNOMIAL)
THAT APPROXIMATES THE CODE CALCULATIONS OVER A GIVEN REGION.

.A "RESIDUAL” 1S THE DIFFERENCE BETHEEN THE RESPONSE SURFACE

EQUATION AND THE CODE CALCULATION AT A DATA POINT.

"STANDARDIZING” IS A TRANSFORMATION Z(K) = [X(K) - AC(K)]/B(K),
WHERE A’s AND B's ARE MEANS AND SIGMAS OF THE VALUES
QF THE INPUT VARIABLES USED IN THE MODELLING.

“R2 1S THE PROPORTION OF THE TOTAL VARIATION IN THE
DEPENDENT VARIABLE ACCOUNTED FOR BY THE MODEL.



RMS RESIDUALS FOR THE MODELS USED IN THE SENSITIVITY STUDIES

NUMBER OF  NUMBER OF BASIC RMS
MODEL  TERMS IN VARIARLES IN RESIDUALS
CODE MODEL MODEL MODEL TYPE S
FE-9 q 11 NON LIN L 70.4
CY-9 9 13 NON LINCD) L’ 71.3
B3-9 9 9 NON LOG L 66.0
(2-9 9 13 NON LOG(C) L’ 76.6
B3-9 g g STD LIN L”  76.5
B8-11 1 10 STD LIN L 71.3
R8-13 13 10 STD LIN L 66.3
€A-9 9 7 STD LOG L’ £9.0
CA-11 1 7 STD LOG L’ €2.7
€6-9 9 7 STD LOG L 68.1
C6-11 11 7 STD LOG L 62.5
(6-13 13 8 STD L0G L 58.0
“STD” DENOTES STANDARDIZED “NON“ DENQTES NON-STANDARDIZED

“LIN” DENOTES LINEAR "L0G” DENOTES NATURAL LOGARITHM



ROOT MEAN SOUARE PREDICTION ERPORS
FOR VARIOUS PHILOSOPHIES OF MODEL CONSTRUCTION

Mode! Model RgAS PE Model
Code® Type (P Size
FE  NONLIN L' 42 12
CY NONLIN(C) L 4 12
B3  NONLOG L' 46 n
€2 NONLOG (C) L' 61 10
B8 STDLIN L 49 12
CA STDLOG L 46 6
CF  STDLIN L 51 9,10
CG STDLOG L 47 11, 12

¢V SIpLoG & b 46 , 45 6, 14



RESPONSE SURFACE €6-11

LOG {PCT) = 7,183 - 02314 « Z(3) + 03041 * Z(4)
- 03324 » Z(6) + .02465 » Z(12)
+,08017 = Z(18) + .07163 » 7(19)
+,09211 * Z(20) - 02244 « Z(18)2
- 02811 = Z(19)  Z(205 + 01691 * Z(18)2 = Z(20)
- .01459 » Z(:D)3

STANDARDIZED, L0G, L" (LINEAR TERMS FIRST)
RZ = 9350, RMSR = 4,87 (62.50F)

Z(K) = [X(K> - ACK]/7B(K)

“NDMINAL” = 1290°F

MEDIAN OF PCT DISTRIBUTIAN = 1227 (1237)

90T PERCENTILE OF PCT DISTRIBUTION = 1376 (1376)
9914 PERCENT = 1493 (1466)

NUMBERS IN PARENTHESES ARE INTERCEPTS OF REGRESSION EQUATIONS
(a)) IN CH. b, THEY MAY BE CONSIDERED AS ESTIMATES OF THE
MEAN, 90TtH AND S9tn PERCENTILES,
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RELATIVE IMPORTANCE OF INPUT VARIABLES
TO PCT SURFACE FOR C6-11 MODEL

VARIABLE O /o OF/17 OF /1%
AT X ATX* AT .99 N AT 1.00 N RASED ON A
AT At

3 SLIP 15 -15 0.6* -0.2° 0.5* -0,2*

4 FRICTION -25 16 -0.9 6.9 -1.0 0.9

6 CB-HT 22 -27 1.0 -1.0 1.1 -1.0
12 POWER -16 15 -7.6- 7.7 -7.8 7.7
18 PF -77 37 -5,5 5.2 -6.8 4.0
19 1/K -26 59 -3.1 3.1 -3.1 3,2
20 GAP -83 98 -3.3 3.3 -2.8 3.4

(100 119

5 = STANDARDIZED CHANGE

N = MIDRANGE

*A + 1 o CHANGE OF SLIP YIELDS A 67% CHANGE IN DV
A - 1 o CHANGE OF SLIP YIELDS A 33% CHANGE IN DV
*OF/MIL



20 -

18 -

19 -

y -

12 -
5 -
14 -

N
!

*to =

"STAR POINT” SENSITIVITIES

VAR]JABLE
GAP WIDTH

TOTAL PEAKING FACTOR

RECIPROCAL U0,
THERMAL CONDUCTIVITY
CONDIE-BENGSTON
FILM BOILING
THO-PHASE FRICTION
SLIP CORRELATION
POYER

CHF

TWO-PHASE PUMP

HEAD MULTIPLIER
SUBCOOLED DISCHARGE
COEFFICIENT
SATURATED DISCHARGE
COEFFICIENT

1/6 = TOTAL RANGE

*OR/MIL
**% BASED ON HIGH AND LOW VALUES OF VARIABLE
**A CHANGE FROM O, TO 1. ON THE SLIP DIAL 1S A CHANGE FROM 1.0 TO 3.0
SIMILARLY. SATURATED DISCHARGE GOES FROM

ON

THE SLIP MULTIPLIER,

J75 70 1.0,

THI-TLO

1747-1€138
1618-1514
1747-1573
1271-1183
1389-1165

1183-1258

1225-1183

1127-1133 -

1618-1563
1183-1223
1215-1183

1196-1183
1183-1104
1183-1184
1195-1183

SENSITIVITY

OF/o* OF/3**

71 (86)" 3.2 or 4.5
57 (69)* 1.6 or 2.6
48 4.4 or 6.1
€3 5.5 or 6.4
37 1.20r 4,2
-25 -.8 or -1.5
14 Jor 1.1
-19 -3 0r -.8*%
18 9.2 or 9.7
-13 -2 0rR -.6
1 ?

4 Abor L5

26 2.8 or 3.b
-0.3 .03 or .D4**

q 2
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FE FUEL ENERGY BTU.

BDSH2(DS 20! VS BOSV4IDS 145:=05 87,0L64Ps-1.5)

120.0
A15.0 |
.llD.U -
105.9
100.0
95,00 )
s0.00 |
85.00 r

80.00 |

Gap = 5.2824 mils
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SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN INPUT MEANS

VARIABLE °F/aU OF /7% NOMINAL

Oh = 1/3 UPPER 1/2 RANGE

3 SLIP -15 -17 -17 - 2 -.3 -.3
4  FRICTION. 15 17 19 0.9 1.0 1.1
6  CB-HT ~26 -28 -28 -1.0 -1.1 -1.1
12 POMER 15 15 17 7.7 7.7 8.5
18" PF 35 34 35 7.0 6.6 7.0
19" K -26 -22 =22 -2.8 -2.4 -2.4
20" GAP 48 47 38 . 2.7¢96)° 2.6 2.2

ALL BASED ON CG-11 MODEL
*NUMBER IN PARENTHESIS 1S OF/MIL



PEAKING FACTOR (POWER) SENSITIVITIES - ©F/1%

AT .99 N
AT 1.01 N
AT A

AT A*
FROM APCT
FROM A90TH
FROM A99tH
STAR POINTS

MODEL CG-11
-5.5 (-7.6)
5.2 (7.7)
-6.8 (-7.8)

50 7.7)

7.0 Z.7)
6.6 (7.7)
7.0 (8.5)

MODEL B8-9
-7.3 (-7.3)
7.3 (7.3)
-7.3 (-7.5)
7.3 (7.0)
7.0 (6.8
7.3 7.7
7.6 7.7)

4.4 70 6.4 (9.2 70 9.7)



RADIAL GAP WIDTH - MILS

6AP
—_ 6H CINEL) = 3.75 [0.8-0.2 5] # 1.15 miLs
_ \ o (sai = 3.8 (0.3 + 0.7 LgT] + 0.5
t:;______::-.___ _~_~:§§——* MILS
[ e
TINE 11 MOHTHS
NOMINAL o o, RANGE  MIDRANGE

0-6.45 3.225

INEL 2.45-3,00 6
5 .35-5.3 2.825

EFF
+1.15 +1.1
SANDIA 1.85-3.80 +0.5 =0.7



STATISTICAL LOCA
TRAC PHASE IN PROGRESS
ADVANTAGES :
e PERMITS FULL ACCIDENT ANALYSIS FROM BLOWDCOWN
THROUGH END OF REFLOOD
o MULTIDIMENSIONAL AND TWO-FLUID CORE ANWALYSIS
e {MPROVED MODELS
DISADVANTAGES:
o TRAC IN EARLY STAGE OF DEVELOPMENT AND ASSESSMENT

IS INCGMPLETE

e ADDITIONAL MODEL DEVELOPMENT MAY BE REQUIRED



