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In NRC licensing procedures, plant safety is promoted by recuvirino
that analytic models be "conservative" in the sense that they oredict
the worst of a set of possible consecuences. These individually
conservative models are collected in large corputer codes to produce
"evaluation models" intended to pescsimistically predict the consecuvences
of a variety of plant accidents. This approach has two possible weak-
nesses: First, a2lthough it is usvelly possibtle to demonstrate the
conservatisr of individval models, the complex physical interactions
between various models may produce results which are not necesserily
"worst cases"; and second, it ies frecuently irpossible to cuantify
the degree of conservatism in the evaluvation model.

Stvdies have been supported at Sfandia and other laboratories to
investigate statistical methods for the analysis of reactor safety.5'17
These methods have some important adventaaes. Probabilistic state-
ments can be made concerning the results, thus permitting numerical
estimates of the dearee of conservatism. Another advantage is the
utilization of "best estimate™ rather than "evaluvation model"™ codes.
The accuracy of such codes can be assessed by comparison of their
predictions with experimental data. A serious disadvantage is the
necessity of performing a relatively larce nurber of expensive
calculations. We have recently completed a statistical study of the

blowdown phase of a desion basis accident (double-ended cold leg

*This work was supported by the United States Nuclear Regulatory

Commission. I 604 344
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guillotine break) in the Zion pressurized water reactor. The responce

surface method was employed to generate a polynomial approximation

of the peak clad temperatures calculated by PFLAPJ/MOD6.1'2 The

nodalization was a modification of the RFLAP model of Zion develored

in the PF/FEM study.?

Twenty one variabtles were initially selected for the study.
Theée variab'es, their ranges and distributions resulted from the
best enagineering judgement of NPC, fandia, INF! and other intere:zted

and knowledgeable investigators.19'23 Fiaht variables were related

to fuel behavior and included reactor time-in-life, power, reakina

factor, fuel thermal conductivity, cap width, decay heat, fuel
swelling and blockage and metal-water reaction. Precause of code
errors and analytic problems, metal-water reaction rates were not
incluéded in the response surface or the PCT distribution. Time-in-
life was employed in calculatina the PCT probability Adistribution
through its effect on gap width and peakina factor. It was not
considered an independent variable in the response surface
aprproximation.

Five variables were cselected to characterize the heat trancsfer
from the clad to the flvid. These were critical heat flux, Condie-
Pengston high flow film beoiling, free convection and radiation,
Cittus-Boelter reverse heat transfer trom the fluid to the clad, and
Hsu and Promley-Pomeranz low flow, low void fraction heat trancsfer.

The remaining eight variables included single- ard two-phace
flow parameters and miscellaneous PCCS-related cuantities. These

were subcooled (Fenry-Fauske) and saturated (FFM) discharge
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coefficients, churn-turbulent slip correlatior (as implemented in
PELAP4/MODE), two-phase friction and form lcses factors, contairment
pressure, ECC system temperature, two-phase purp dearadatior ard
accumulator pressure.

Approximately 200 PFLAP blowdown calculations were rerformed
during the study. The response surfaces and PCT distributions,
however, were based onr 134 runs, the others being dropped primarily
because they employed different gap conductance models. Twelve
different response surfaces were produced based on different
underlying statistical assumptions. Since these assumptions are
completely arbitrary, it is encourscino and aratifyinoc that thece
different surfaces yielded similar results.

The study indicated that 7 of the input variables dominated
the prediction of peak clad temrerature. The three most important
parameters were aap width, total peakina factor and fuel (U0,)
thermal conductivity. The PCT sensitivities at norinal (or mid-
range) were roughly +80°, +60° and $40°F, recpectively, for a
change of approximately +l10 (1/€ of the total ranage). Four
additional veriables were also found to have appreciable influence
on PCT, although less than that of the fuvel parameters. In order,
they are Condie-Bengston film boiling bheat transfer, two-phase
friction, slip coefficient and power level. Critical heat flux
and subcooled discharae coeflicien* d4id not ceem as important as
these seven. Evidence was produced, however, which implied that
subcooled critical flow was more important for low valuee of PCT

than for high. €ince our sample was intentionally biased toward
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higher temperatures, the reduced significance of subcooled discharage

might, in part, be due to the smaller number of calculations at
low temperatvures.

The metal-water reaction is sianificant only at temperatures
above about 2000°F. Pecause of this and the small number of
calculations in which it was varied, it was not included in the
response cur face.

The fact that peakina factor (PF) was more important than
power level is probably due to the much larger range ascioned to
PF. It varied from 24% to 132% above core average power, while
a 30 range for power level was $6%. Ffince PF vaeried approximately
+30% about its midrenge, it could be expected to be abouvt 5 times
as important as power level. This assumption was suvpported by the
data. The sencsitivities of the PCT distributions to chanaes in

the means and sigmas of the input distributions were, in general,

quite small. Also, chanaina csigmras of the input distributions has
little effect on the mean of the PCT distribution and chenaina the
means has little effect on the sigme of the PCT distribution,

Future work will involve the calculation of the entire accident
sequence through the end of reflood veing the TRAC code 3 In
addition, the blowdown data will be employed in continuing

statistical investications of surfaces other than PCT.
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STATISTICAL LOCA

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

APPLICATIONS:
1. QUANTIFY THE CONSERVATISM OF THE REQUIREMENTS
OF 10 CFR 50 APPENDIX K.

2. PROVIDE INFORMATION FOR RESEARCH EVALUATION AND
REQUIREMENTS.
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STATISTICAL LOCA

THREE MAJOR PHASES
I. THERMAL HYDRAULIC COMPUTER CALCULATICNS
IT. GENERATION OF RESPONSE SURFACE

ITT. STATISTICAL ANALYSIS OF RESPONSE SURFACE
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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 VARIABLE SELECTION SCHEME
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GENERATION OF RESPONSE SURFACE
- THIS PHASE IS ESSENTIALLY NONSTOCHASTIC.
- INPUT VARIABLE RANGES ARE REQUIRED, BUT NOT DISTRIBUTIONS.

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

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

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

C. DETERMINE FIT CRITERIA - WHEN TO STOP

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

5
- PARTIAL DERIVATIVES 1604 32



ITT1. STATISTICAL ANALYSIS
- THIS PHASE IS STOCHASTIC
- INPUT VARIABLE DISTRIBUTIONS ARE REQUIRED
- ASSUMPTION OF “GOOD” APPROXIMATING SURFACE

PERFORM MONTE CARLO ANALYSES ON PCT SURFACES TO GET
A. PCT PROBABILITY DISTRIBUTION - MEDIAN, VARIANCE,
90TH AND 99TH "'ERCENTILES

B. SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN
INPUT DISTRIBUTIONS
- CHANGES IN MEAN AND SIGMA CF PCT DISTRIBUTION
FOR CHANGES IN
1. MEAN OF INPUT VARIABLE FROM NOMINAL TO
NOMINAL + 1/5 UPPER RANGE

2. SIGMA OF INPUT VARIABLE FROM NOMINAL TO
1/2 NOMINAL
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THIS STUDY ADDRESSED

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

THE SELECTION OF VARIABLES IMPORTANT TO BLOWDOWN
BEHAVIOR DURING THIS DBA

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

THE PRODUCTION OF A 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 THE
VARIABLES PRESENT IN THE RESPONSE SURFACE

THE DETERMINATION OF THE PCT PRNBABILITY DISTRIBUTION
AND ITS SENSITIVITY c
\60& 359



THIS STUDY DID NOT ADDRESS
OTHER ACCIDENTS, REACTORS OR CODES
THE ACCURACY OF RELAP OR ITS CONSTITUENT MODELS IN
PREDICTING LOCA BEHAVIOR (GAP CONDUCTANCE MODELS

WERE INVESTIGATED SERENDIPITOUSLY)

THE RESOLUTION OF ARGUMENTS CONCERNING THE MERITS OF
PARTICULAR STATISTICAL SAMPLING TECHNIQUES
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MAJOR CONCLUSIONS - RELAP PHASE

MOST IMPORTANT PARAMETERS ARE FUEL RELATED WITH
APPI.CXIMATE RELATIVE IMPORTANCES OF

+ 80%¢ FOR GAP WIDTH
+ 60° ¢ FOR TOTAL PEAKING FACTOR
+ 40°/¢ FOR FUEL THERMAL CONDUCTIVITY

OTHER IMPORTANT PARAMETERS ARE FILM BOILING HEAT TRANSFER,
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 MEANS &
SIGMAS OF INPUT DISTRIBUTIONS VARY FROM ABOUT 0 to 8°F PER
1% CHANGE IN NOMINAL.

RESULTS ARE STRONGLY DEPENDENT ON SOME PHYSICAL MODELS
IN RELAP,
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Preprocessor Input Parameters - Summary

Parameter

DLEBERY = subcooled discharge
coefficient

DLEEM = saturated discharge
coefficient

SLIP = glip correlation dial
DLTF = 2-phase form loss dial
DLTFFM = 2-phase Fanning
friction loss dial
These dials are assumed to be
equal, and a single variable
DCEF = critical heat flux dial
DHICE = Condie-Bengston dial

DETC? = free convection and
radiation dial

OETCE = Dittus-Boelter dial

DHTCS = Hsu and Bromley-Pomeran:z
dial

DLBLK = flow blockage dial
sultigplier

DLMWR = multiplier of Metal-
Water reaction rates’

DLPWR = power level multiplier

DLCPR = increment to be added
to containment pressure table

DLPUMP = dial for 2-phase pump
head multiplier

ECCTMP = temperature of accumulator
and safety injection system
water

DLACC = accumulator pressure
TLF = time in life"'

PFUNC = peaking factor
uncertainty
multiplier™™

DLECON = UO, thermal conductivity*
sultiplier

DLGAP = additive uncertainty®**
in radial gap size
NOB = 0 =+ fresh fyuel
= 1 =+ once burned fuel

DLDEC = decay heat
multiplicr

Nominal
Range Value
0.7 - 1.2 0.9
-0.25 - 1.0 0.
«}, =« 1}, 0.
0.4 - 1.6 1.0
0.3 - 3.0 1.0
0.5 = 3.0 1.0
0.6 = 1.% 1.0
0.5 =« 2.0 1.0
0.5 =~ 2.0 1.0
0.4 ~ 1.6 1.0
0.85 = 1.15 1.0
0.5¢ = 1.06 1.0
-5. = 10. pzia 0.
sl = 3. 0
40. = 140°F SC*F
$93.2 - 693.2 psia €643.2 psia
0 = 440 months 226 months
.84 + 1,16 1.0
& <+ 1.3 1.0
* 1.5 mils 0.
-.06 - 1.C 0.

TNot implemented because of coding error.

MThis parameter affects only peaking factors, gap widths, and decay heat rates.
Those effects are otherwise accounted for, and TL¥ is not used in generating
the response surface (although it is still reguired for probabilistic PCT

calculations).

""'This parameter multiplies the result of peaking factor modelling depending
on TLF. The quantity used in the Tesponse gurface modelling was total peaking

factor (midrange 1.78: range 1.24 - 2.32).
ed + 168, . .

The sensitivity studies in Chapter 6

* The toc?broccl of this quantity is used in the response surface.

** This quantity modifies tiie ~0ld gap width resulting from TLF and NOB values.

Por rolpoglo modeling, the “"!& va:uzzor g:
- . E

2.28 x 10 ft; range 2.9 x 0
Chapter 6 used + 1.5 mils.

POOR ORIGINAL

E‘wxdth i8 used. (nominal
ft). The sensitivity studies in
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VARIABLE

K

12
18
19
20

NAME

SLIP

FRIC-
TION

CB-HT
POWER
PF
1/K
GAP

TYPE

=

> B 2 = 3

SEVEN MOST IMPORTANT VARIABLES

NOMINAL

0.
1.0

1.0
1.0
F(T)
1.0
F(M

BASE CASE  MIDRANGE  RANGE STD, COEFF,
ACK) B(K)

1.0* 1.0* .3-3,0* ,00033 .66234
1.0 1.0 A4-1.6 ,98985 41653
1.0 1.0 ,5+2.0 1.04941  .41261
1.0 1.0 ,94~1,06 1.00635 04159
1.575 1.782 1.24-2.32"1.68059 26314
1.0 1.0 77+1.67 1.16475  .31304
2.736 MILS 2.825 MILS .35-5.3" ,25007 .09994

*RANGE AND BASE CASE FOR DV =1+ D = SLIP FOR @< 0.8

'PF .

"GAP:

1.48<F(7) 2.0, 430 = +16%

1.55< F(T) < 3.8 MILS, +30= +1.5 MILS
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STATISTICAL TERMS

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

A "RESIDUAL" IS THE DIFFERENCE BETWEEN THE RESPONSE SURFACE
EQUATION AND THE CODE CALCULATION AT A DATA PCINT.

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

“R2" 1S THE PROPORTION OF THE TOTAL VARIATION IN THE
DEPENDENT VARIABLE ACCOUNTED FOR BY THE MODEL.
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IMAGE EVALUATION
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RMS RESIDUALS FOR THE MODELS USED IN THE SENSITIVITY STUDIES

NUMBER OF  NUMBER OF BASIC RMS
MODEL TERMS IN VARIABLES IN RESIDUALS
CODE MODEL MODEL MODEL TYPE O
FE-9 9 11 NON LIN L' 70.4
CY-9 9 13 NON LINCC) L /1.3
B3-9 9 9 NON LOG L’ 66.0
€2-9 9 13 NON LOG(C) L' 76.6
B8-9 9 S STD LIN L” 76.5
B8-11 11 10 STD LIN L 71.3
B8-13 13 10 STD LIN L” 66.3
CA-9 9 7 STD LOG L’ 9.0
CA-11 11 7 STD LOG N 62.7
C6-9 9 7 STD LOG L” 68.1
CG-11 11 7 STD LOG L” 62.5
C6-13 13 3 STD LOG L” 58.0
“STD” DENOTES STANDARDIZED “NON” DENOTES NON-STANDARDIZED
“LIN" DENOTES LINEAR “LOG" DENOTES NATURAL LOGARITHM

—
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ROOT MEAN SOUARE PREDICTION ERRORS
FOR VARIOUS PHILOSCPHIES OF MODEL CONSTRUCTION

Mode| Model R&’ts PE Mode!
Code*® Type ("F) Size
FE NONLIN & 42 12
CY NONLIN(C) L' a4 12
B3  NON LOG L' 46 11
C2 NON LOG (C) L' 61 10
B8 STDLIN L' 49 12
CA STD LOG L' 46 6
CF  STDLIN i 51 9,10
CG STDLOG e 47 11, 12
Cv SIDLOG (C) L' 46 , 45 6, 14

T
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RESPONSE SURFACE CG-11

LOG (PCT) = 7.183 - .02314 * Z(3) + 03041 * Z(4)
- 03324 « Z(6) + 02465 « Z(12)
+ ,08017 « Z(18) + 07163 * Z(19)
+ 09211 * Z(20) - .02244 « 2(18)2
- 02811 » 2(19) » 2720) + .01691 » 2(18)2 » 2(20)
- 01459 = 2(20)°

STANDARDIZED, L0G, L” (LINEAR TERMS FIRST)
RZ = ,9350, RMSR = 4.8% (62.5°F)

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

“NOMINAL” = 1290°F

MEDIAN OF PCT DISTRIBUTION = 1227 (1237)

90t PERCENTILE OF PCT DISTRIBUTION = 1376 (1376)
99th PERCENT = 1493 (1466)

NUMBERS IN PARENTHESES ARE INTERCEPTS OF REGRESSION EQUATIONS

(@) IN CH. 6. THEY MAY BE CONSIDERED AS ESTIMATES OF THE
MEAN, 90TH AND 99tH PERCENTILES.
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RELATIVE IMPORTANCE OF INPUT VARIABLES
TO PCT SURFACE FOR CG-11 MODEL

VARIABLE OF /o OF/12 OF/1%
AT X ATXY AT .99 N AT 1.01 N BASED ON A
AT at

3 SLIP 15 -15 0.6* -0.2* 0.5* -0.2*
4 FRICTION -25 16 -0.9 0.9 -1.0 0.9

6 CB-HT 22 -27 1.0 -1.0 1.1 -1.0
12 POMWER -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*

A = 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
*OE/MIL
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“STAR POINT” SENSITIVITIES

VARJABLE
20 - GAP WIDTH

18 - TOTAL PEAKING FACTCR

19 - RECIPROCAL U0,
THERMAL CONDUCTIVITY
6 - CONDIE-BENGSTON
FILM BOILING
4 - TWO-PHASE FRICTION
3 - SLIP CORRELATION
12 - PONER
5 - CHF
14 - TWO-PHASE PUNP
HEAD MULTIPLIER
1 - SUBCOOLED DISCHARGE
COEFFICIENT
2 - SATURATED DISCHARGE
COEFFICIENT

*0:=1/6 * TOTAL RANGE
*Op/MIL

| W |

HI 'LO

1747-1618
1618-1514
1747-1578
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 /2%*

71 (86)* 3.2 or 4.5
57 (6% 1.6 or 2.6
48 4.4 or 6.1
63 5.5 or 6.4
37 1.9 or 4,2
=25 -.8 0r -1.5
14 7 or 1.1
-19 -.3 or -.8%
18 9.2 or 9.7
-13 -.2 OR -.b
11 ?

- 4 or .5

26 2.8 or 3.6
-0.3 .03 or .04**

- ?

**2 BASED ON HIGH AND LOW VALUES OF VARIABLE
**A CHANGE FROM 0. TO 1. ON THE SLIP DIAL IS A CHANGE FROM 1.0 TO 3.0

ON THE SLIP MULTIPLIER.
.75 T0 1.0.

SIMILARLY, SATURATED DISCHARGE GOES FROM

1605 008
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FE FUEL ENERGY BTU

120.0 ; ' » T T T T : T T
"‘SQO o "
110.0 -
K Gap = 5.2824 i»:ils

105.0 ¢ —— 1( =
100.0 *\‘~;h. ; | ‘q""--‘___-_____-‘-‘~§“ ~

/
85.00 | v ) y

Gap = 2.2824 mils =
90.00 p -
.5000 & o
°°q°° o -
75.00 - 1 1 1 - b . 1 g | 1

0000 ‘.00 ..00 12.0 15-0
TIME (SECONDS)
Fig. 5.3.1 Effect of Gap width on Tctal Stored Eneray

BOSN2(DS €0) VS BDSV4(DS 145=DS 87,0LGAP=-1.5)
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SR R SUR TEMP F SLB 19

BOSN2(DS 90) VS BDSV4(DS 145=DS 87,0LGAP=-1,5)

1.600 >

1.400 p

1.200 |}

1.000

«8000

«6000

L L) L] Ll

1 2 A 1

L} ] ] )

_Gap = 5.2824 mils

Gap = 2.28B24 mils

«4000
0.00

4.00 8.00

12.0 16.0

TIME (SECONDS)

Fig. 5.3.2 Effect of Gap width on PCT
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FE FUEL ENERGY BTU

BDSA (NOMINAL DIALS) VS BDSZ2 (DIAL SZT 102)

897.50

e5.0¢0

92.50

90.00 P

87.50 +

85.00 ¢

82.50

80.00 F

- 1 1 1 L X 1 1 . ] "

S.00 10.0 15.0 20.0 25.0 30.0

TIME (SECONDS)

Fig. 5.3.7 Effect of C-B Film Boiling HT Coefficient
Multiplier on Total Stored Energy
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x1o '3

SR 2 SUR TEMP F SL8 1S

BDSA (NOMINAL DIALS) VS BDSZ2 (DIAL SEV 102)

1.400 >

1.300 F

1.200 |

1.100 f

1.000 >

L] ) L} L} ) Ll

FBHT x 1.0

1 1 1 1 1 2

S.00 10.0 15.0

TIME (SECONDS)

Fig. 5.3.8 Effects of C-B Film Boiling HT Coefficient

Multiplier on PCT
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FE FUEL ENERGY BTU

97.50

95.00

92.50

90.00

7.90

85.00

82.50

80.00

BDSA (NOMINAL DIALS) VE BDSJ2 (DlAL SET 885)

L} i

/

1 1 1 1 1 1

CHF x 1.0

] I

CHF x 0.3

S5.00 10.0 15.0

TIME (SECO0:NDS)

Fig. 5.3.17 Effect of CHF Multiplier on Total Stored

Energy
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SR R SUR TEMP F SLS 1S

BDSA (NDMINAL DIALS) VS BDSJ2 (DIAL SET 88)

1.500
1.400
1.300
1.200
’.100
1.000
«»9000
.8000
«7000

.6000

Ll 1] LJ L) Ll L L L L L

1 1 1 1 1 1 1 1 1 L

«5000
0.00

S5.00 10.0 15.0 20.0 25.0

TIME (SECO01DS)

Fig. 5.3.18 Effect of CHF Multiplier on PCT
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x1

SR R SUR TEMP F SLB 19

BOSA(NOMINAL DIALS) VS BDSU4(NDOMINAL,DLEHRY=1,2)

1.500 T T
1.400 F
1.300 F
I.?;O
1.100
1.000
«9000
.8000
«7000

«6000

L] ) i i

1 L 1 1

| L)

«5000 . -4
0.00 4.00

Fig. 5.3.20

POOR ORIGINAL

8.00 12.0

TIME (SECONDS)

Effect of High Subrcooled
Coefficient on PCT

16.0
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BOSA(NOCMINAL) VS BDSCS(DS 148=NOM,’ )

‘2 1.500 T T T y T e T T
=
x 1.400 F o
1.300 f L
v 1,200
- -
@ 1.100
w
a 1.000
.
w
" .8000
c +
>
I
e +8000
o
@ ,7000
6000
.5000 ! _
0.00 4.00 8.00 12.0 16.0 20.0

TIME (SECONDS)

Fig. 5.3.26 Effect of Low Subcooled Discharge
Coefficient on PCT
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FE FUEL ENERGY 8TU

BOSA(NDMINAL) VS BDSN4G(DS 141=NDOM,DLHEM=-,25)
120.9 T T T T T T T

115.¢ F
110.0
105.0 F

100.0 %\‘\‘_- ,Nominal HEM

85.00 /

90.00 | Minimum HEM . .

85.00

80.00 F

75.00 1 1 1 L 1 1 1 1 1

.00 4.00 8.00 12.0 *16.0

TIME (SECONDS)

Fig. 5.3.27 Effect of Saturated Discharge Coefficient
on Total Stored Energy

POOR ORIgINAL 1605 017
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SR R SUR TEMP F SLB 1S

BOSA(NOMINAL) VS BDSN4(DS 141=NDM,DLHEM=-,25)

1.500
1.400 }
1.300 F
1,200 }
1.100
1.000
.98000
8000
.7000
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N 3 L] o x 1 ] ) g Ll L
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Fig. 5.3.28 Effect of Saturated Discharge Coefficient
On PCT

20.0



11 - METAL WATER REACTION - "STAR POINTS”

1850 1857 - 2°/g 1
1878 1852 9°/g
1890 1883 2°/0
2151 2077 12°/0
2151 2105 15°/0
2067 2185 27°/0
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SR R SUR TEMP F SLB 1S

2.500
2.250
2.000
1.750
1.500
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«5000
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TIME (SECONDS)

Fig. 5.3.29 Effect of Metal-water Reaction Dial on PCT
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x10"?

SR R SUR TEMP F SLB 14

BDSH2- DIAL SET 84, ROSS-STOUTE GAP COND

3.000 T

1 - [ | ) L) Ll i ] 1 1 i

= 2 L i | 1 L 1 1 " 3 1

2.00 4.00 6.00 8.00 10.0

TIME (SECONDS)

Fig. 5.3.30 Clad Temperature, DS 84, Slab 14
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x10°3

SR R SUR TEMP F SLB 19

BD5H2- DIAL SET B84, ROS3-STOUTE GAP COND

“o 00 r

12.00 |

10.00 F

8.000 f

6.000 |

4.000

20000 3

: J L) ] L} | L} ' |} ] R}

0.00

2.00 4.00 6.00 8.00 10.0

TIME (SECONDS)

Fig. 5.3.31 Clad Temperature, DS 84, Slab 15
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SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN INPUT MEANS

VARIABLE % /oy OF /% NOMINAL
oh = 1/3 UPPER 1/2 RANGE
A PCT" APCTQO APCng APC TM APCTgO APCng
3 SLIP -15 -17 -17 -2 -.3 -.3
4 FRICTION 15 17 19 0.9 1.0 3l
) CB-HT -26 -28 -28 -1.0 -1.1 -1.1
12 POWER 15 15 17 r % 4 7.7 8.5
18' PF 35 34 35 7.0 6.6 7.0
R -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 IS CF/MIL
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PEAKING FACTOR (POWER) SENSITIVITIES - OF/1%

AT .99 N
AT 1.01 N
AT A~

AT A*

FROM APCT
FROM A90TH
FROM A991H
STAR POINTS

MODEL CG-11 MODEL B8-9
-5.5 (-7.6) -7.3 (-7.3)
5.2 (7.7) 7.3 (7.3)
-6.8 (-7.8) -7.3 (-7.5)
4.0 (7.7) 7.3 (7.0)
7.0 (7.7) 7.0 (6.8)
6.6 (7.7) 7.3 (7.7)
7.0 (8.5) 7.6 (7.7)

4,4 T0 6.4 (9.2 10 9.7)
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RADIAL GAP WIDTH - MILS

GAP |
s GW (INEL) = 3.75 [0.8-0.2 k| + 1.15 MiLS
P
\->\ G (SANDIA) = 3.8 [0.3 + 0.7 135
T S g T
\\\\‘ \s\—:-=
TIME 11 MONTHS
NOMINAL 0 o,  RANGE MIDRANGE
INEL  2.45-3.00 +1.15 +1.16  0-6.45 3.225
SANDIA  1.€5-3.80 +0.5 +0.75 .35-5.3 2.825

1605 025
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STATISTICAL LOCA
TRAC PHASE IN PROGRESS
ADVANTAGES:
e PERMITS FULL ACCIDENT ANALYSIS FROM BLOWDOWN
THROUGH END OF REFLOOD
e MULTIDIMENSIONAL AND TWO-FLUID CORE ANALYSIS
e [MPROVED MODELS
DISADVANTAGES:
e TRAC IN EARLY STAGE OF DEVELOPMENT AND ASSESSMENT

IS INCOMPLETE

e ADDITIONAL MODEL DEVELOPMENT MAY BE REQUIRED
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