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In NPC licensing procedures, plent safety is promoted by recuiring

that analytic models be " conservative" in the sense that they credict

the worst of a set of possible consecuences. These ind iv id uall y

conservative models are collected in large computer codes to produce

" evaluation models" intended to pessimistically predict the consecuences

of a variety of plant acc id en t s . This approach has two possible weak-

nesses: First, although it is usually possible to demonstrate the

conservatism of individual models, the complex physical interactions

between various-models may produce results which are not necessarily

" worst cases"; and second, it is frecuently impossible to cuantify

the degree of conservatism in the evaluation model.

Studies have been supported at Sandia and other laboratories to

investigate statistical methods for the analysis of reactor sa fety.5-3 7

These methods have some impor tan t advanteges. Probabilistic state-

ments can be made concerning the results, thus permitting numerical

estimates of the degree of conservatism. Another advantage is the

utilization of "best estimate" rather than " evaluation 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 large number of expensive

calculations. We bave recently completed a statistical study of the

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

*This work was supported by the United States Nuclear Regulatory
I604 344
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guillotine break) in the Zion pressurized water reactor. The reeponse

surface method was employed to generate a polynomial approximation

of tho peak clad temperatures calculated by PFLAP4/MOC6.I'2 The

nodalization was a modification of the RELAP model of Zion developed

in the PF/FM study.4

Twenty one variables were initially selected fo r the st udy.
/

These variables, their ranges and distributions resulted from the

best engineering judgement of PPC, Sand ia , INFL and other interested

and knowledgeable investigators.18-23 Fight variables were related

to fuel behavior and included reactor t ime-in-l i fe , power , peakino

factor, fuel thermal conductivity, cap width, decay heat, fuel

swelling and blockage and metal-water reaction. Because of code

errors and analytic problems, metal-water reaction rates were not

includ ed in the response surface or the PCT distr ibution. Time-in-

life was employed in calculating the PCT probability distribution

through its effect on gap width and peaking factor. It was not

considered an independent variable in the response sur face

approximation.

Five variables were selected to characterire the heat transfer
from the clad to the fl u id . These were critical heat flux, Co nd ie-

Bengston high flow film boiling, free convection and radiation,

Dittus-Boelter reverse heat transfer trom the fluid to the clad, and

Hsu and Promley-Pomeranz low flow, low void fraction heat transfer.

The remaining eight variables included single- and two-phase

flow parameters and miscellaneous FCCS-related cuantities. These

were subcooled (Fenry-Fauske) and saturated (FFP) discharge
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coefficients, churn-turbulent slip correlation (as implemented in

PELA P4/ MOD 6 ) , two-phase friction and form 1 css factors, conta inment

pressure, ECC system temperature, two-phase pump degradation and

accumulator pressure.

Aoproximately 200 PFLAP blowdown calculations were per formed

during the study. The response sur f aces and PCT distr ibut ions ,

however, were based on 134 runs, the others being dropped pr imar ily

because they employed different gap conductance models. Twelve

different response sur faces were produced based on dif ferent

underlying statistical assumptions. Since these assumptions are

completely arbitrary, it is encouraging and oratifying that these

different surfaces yielded similar results.

The study indicated that 7 of the input variables domineted

the prediction of peak clad temperature. The three most impo r tan t

parameters were gap width, total peaking factor and fuel (UO2)
thermal conductivity. The PCT sensitivities at nominal (or mid-

range) were roughly i80 60 and 40 F, respectively, for a,

change of approximately fla (1/6 of the total rance). Four

additional variables were also found to have appreciable in fl uenc e

on PCT, although less than that of the fuel parameters. In order,

they are Condie-Bengston film boiling heat transfer, two-ph a se

friction, slip coef ficient and power level. Critical heat flux

and subcooled discharge coefficient did not seem as important as

these seven. Evidence was produced , however , which implied that

subcooled critical flo'w wa s mo r e im po r ta n t for low values of PCT

than for high. Since our sample was intentionally biased toward
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higher temperatures, the reduced significance of subcooled discharge

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

low temperatures.

The metal-water reaction is sianificant only at temoeratures

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 sur face.

The fact that peaking fac to r (PF) was more im po r tan t than

power level is probably due to the much larger range assigned to

PF. It varied from 24% to 132% above core average power , while

a i30 range for power level was 169 Since PF varied approximately

130% about its midrange, it could be expected to be about 5 times

as important as power level . This assumption was supported by the

data. The sensitivities of the PCT distributions to changes in

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

guite small. Also , changing sigmas of the input distributions has

little effect on the mean of the PCT distribution and changing the

means has little effect on the sigma of the PCT distribution.

Future work will involve the calculation of the entire accident

3sequence through the end of reflood using the TPAC code In

addition, the blowdown data will be employed in continuing

statistical investigations of sur faces other than PCT.
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STATISTICAL LOCA

.

G0AL - 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 0F THE REQUIREMENTS

OF 10 CFR 50 APPENDIX K.

2. PROVIDE INFORMATION FOR RESEARCH EVALUATION AND

REQUIREMENTS.

1604 350



.

STATISTICAL LOCA

THREE MAJOR PHASES

I. THERMAL HYDRAULIC COMPUTER CALCULATIONS

II. GENERATION OF RESPONSE SURFACE

III. STATISTICAL ANALYSIS OF RESPONSE SURFACE

1604 351
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I. 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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II. 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/0R

- 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 .

3
- PARTIAL DERIVATIVES l
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III. 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 PERCENTILES

B. SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN

INPUT DISTRIBUTIONS

- CHANGES IN MEAN AND SIGMA 0F PCT DISTRIBUTION

FOR CHANGES IN

1. MEAN OF INPUT VARIABLE FROM NOMINAL TO

NOMINAL + 1/5 UPPER RANGE

2. SIGMA 0F INPUT VARIABLE FROM NOMINAL TO

1/2 NOMINAL
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THIS STUDY ADDRESSED

1. A SINGLE ACCIDENT (DBA) - BLOWDOWN PHASE OF A DECLG

BREAK IN THE ZION PWR

2. THE SELECTION OF VARIABLES IMPORTANT TO BLOWDOWN

BEHAVIOR DURING THIS DBA

3. THE DETERMINATION OF UNCERTAINTY RANGES AND PROBABILITY

DISTRIBUTIONS FOR THOSE VARIABLES.

4. THE PRODUCTION OF A REASONABLE BEST ESTIMATE OF THE

REACTOR

5. THE GENERATION OF A RESPONSE SURFACE TO APPR0XIMATE

RELAP OVER THE RANGE OF INTEREST

6. THE DETERMINATION OF THE RELATIVE IMPORTANCE OF THE

VARIABLES PRESENT IN THE RESPONSE SURFACE

7. THE DETERMINATION OF THE PCT PROBABILITY DISTRIBUTION

AND ITS SENSITIVITY
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THIS STUDY DID NOT ADDRESS

1. OTHER ACCIDENTS, REACTORS OR CODES

2. THE ACCURACY OF RELAP OR ITS CONSTITUENT MODELS IN

PREDICTING LOCA BEHAVIOR (GAP CONDUCTANCE MODELS

WERE INVESTIGATED SERENDIPITOUSLY)

3. THE RESOLUTION OF ARGUMENTS CONCERNING THE MERITS OF

PARTICULAR STATISTICAL SAMPLING TECHNIQUES
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MAJOR CONCLUSIONS - RELAP PHASE

e MOST IMPORTANT PARAMETERS ARE FUEL RELATED WITH

APPf,0XIMATE RELATIVE IMPORTANCES OF

80 /a FOR GAP WIDTH

60 /a FOR TOTAL PEAKING FACTOR

Ll0 / a FOR FUEL THERMAL CONDUCTIVITY

e 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 AB0VE

PARAMETERS.

e SENSITIVITY OF PCT DISTRIBUTION TO CHANGES IN MEANS &

SIGMAS OF INPUT DISTRIBUTIONS VARY FROM ABOUT 0 To 8 F PER

1% CHANGE IN NOMINAL.

e RESULTS ARE STRONGLY DEPENDENT ON SOME PHYSICAL MODELS

IN RELAP,

1604 357
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Preprocessor Input Parameters - Summary

Nominal
Parameter Range value

1. DLEBRY = subcooled discharge 0.7 + 1.2 0.9
coefficient

2. DLBEM = saturated discharge -0.25 + 1.0 0.
coefficient

3. SLIP = slip correlation dial -1. 1. O.*

4. DLTF = 2-phase form loss dial 0.4 1.6 1.0+

DLTFFM = 2-phase Fanning
friction loss dial

These dials are assumed to be
equal, and a single variable

5. DCBF = critical heat flux dial 0.3 3.0 1.0+

6. DH2C6 = Condie-Bengston dial 0.5 2.0 1.0*

7. DUTC7 = free convection and 0.6 1.5 1.0*

radiation dial

8. 987C8 = Dittus-Boelter dial 0.5 2.0 1.0+

9. DHTC9 = Bau and Bromley-Pomeranz 0.5 2.0 1.0+

dial

10. DLBLK = flow blockage dial 0.4 1.6 1.0*

multiplier

11. DLMWR = aultiplier of Metal- 0.85 * 1.15 1.0
water reaction rates'

12. DLPWR = power level aultiplier 0.54 1.06 1.0*

13. DLCPR = increment to be added -5. 10. psia 0.*

to containment pressure table

14. DLPUMP = dial for 2-phase pump -1. 1. O.*

head multiplier

15. ECCTMP = temperature of accumulator 40. 140'F 9C*T*

and safety injection system
water

16. DLACC = accumulator pressure 593.2 693.2 psia 643.2 psia*

17. TLF = time in lif e*t 0 440 months 226 months*

18. PFUNC = peaking f actor .84 1.16 1.0+

uncertainty
multiplier "

19. DLECON = U03 thermal conductivity * .6 1.3 1.0+

auItiplier

20. DLGAP = edditive uncertainty ** + 1.5 mils 0.
in radial gap size

NOB = 0 * fresh fuel
=1 + once burned fuel

21. DLDEC = decay heat .06 1.C 0.*

multiplict

TNot implemented because of coding error,

it This parameter affects only peaking factors, gap widths, and decay heat rates.
Those ef fects are otherwise accounted for, and TLv is not used in generating
the response surface (although it is still required for probabilistic PCT
calculations).

'"Thas parameter multiplies the result of peaking f actor modelling depending
on TLF. The quantity used in the response surface modelling was total peaking
factor (midrange 1.78 range 1.24 - 2.32). The sensitivity studies in Chapter 6
used + 164.

* The reciprocal of this quantity is used in the response surf ace.

** This quantity modifies the cold gap width resulting from TLF and NOB values.
Forrespongemodeling,thefina{valueofgagiwidth is used. (nominal
2.28 a 10 fts range 2.9 a 10~ 4.42 a 10 ft). The sensitivity studies in
Chapter 6 used + 1.5 mils.
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SEVEN MOST IMPORTANT VARIABLES

VARIABLE TYPE NOMINAL BASE CASE MIDRANGE RANGE STD. COEFF.

K NAME A(K) B(K)

3 SLIP A 0. 1.0* 1.0* .3+3.0* .00033 .66234

4 FRIC- M 1.0 1.0 1.0 .4+1.6 .98985 .41653

TION

6 CB-HT M 1.0 1.0 1.0 .5+2.0 1.04941 .41261

12 POWER M 1.0 1.0 1.0 .94+1.06 1.00635 .04159

18 PF M F(T)* 1.575 1.782 1.24+2.32'1.68059 .26314

19 1/K M 1.0 1.0 1.0 .77+1.67 1.16475 .31304

20 GAP A F(Tft 2.736 MILS 2.825 MILS . 35+5. 3" .25007 .09994

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

tPF: 1.48 s F(T) s 2.0,13a = 16%

" GAP: 1.05s F(T) s 3.8 MILS, 3a= 1.5 MILS

.
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STATISTICAL TERMS

A " RESPONSE SURFACE" IS A FUNCTION (0FTEN A POLYNOMIAL)*

THAT APPR0XIMATES THE CODE CALCULATIONS OVER A GIVEN REGION.

A " RESIDUAL" IS THE DIFFERENCE BET 11EEN THE RESPONSE SURFACE*

EQUATION AND THE CODE CALCULATION AT A DATA POINT.

" STANDARDIZING" IS A TRANSFORMATION Z(K) = [X(K) - A(K)]/B(K),.

WHERE A's AND B's ARE MEANS AND SIGMAS OF THE VALUES

OF THE INPUT VARIABLES USED IN THE MODELLING.

2"R " IS THE PROPORTION OF THE TOTAL VARIATION IN THE.

DEPENDENT VARIABLE ACCOUNTED FOR BY THE MODEL.

1604 361
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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
F

FE-9 9 11 NON LIN L' 70.f4

CY-9 9 13 NON LIN(C) L' 71.3

B3-9 9 9 NON LOG L' 66.0

C2-9 9 13 NON LOG (C) L' 76.6

B8-9 9 9 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' 69.0

CA-11 11 7 STD LOG L' 62.7

CG-9 9 7 STD LOG L" 68.1

CG-11 11 7 STD LOG L" 62.5

CG-13 13 8 STD LOG L" 58.0

"STD" DEN 0TES STANDARDIZED "NON" DENOTES NON-STANDARDIZED

"LIN" DEN 0TES LINEAR " LOG" DENOTES NATURAL LOGARITHM

1605 001



ROOT MEAN SOUARE PREDICTION ERRORS
FOR VARIOUS PHILOSOPHIES OF MODEL CONSTRUCTION ,

Model Model RySPE Model
Code * Type (F) Size

FE NON LIN L' 42 12

CY NON LIN (C) L' 44 12

B3 NON LOG L' 46 11

C2 NON LOG (C) L' 61 10

B8 STD LIN L' 49 12

CA STD LOG L' 46 6

CF STD LIN L" 51 9,10

CG STD LOG L" 47 11, 12

CV STD LOG (C) L' 46 ,45 6, 14

1605 002
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RESPONSE SURFACE CG-11

LOG (PCT) = 7.188 .02314 * Z(3) + .03041 * Z(4)

.03324 * Z(6) + .02465 * Z(12)

+ .08017 * Z(18) + .07163 * Z(19)

+ .09211 * Z(20) .02244 * Z(18)2

.02811 * Z(19) * Z(20) + .01691 * Z(18)2 * Z(20)

.01459 + Z(20)3

STANDARDIZED, LOG, L" (LINEAR TERMS FIRST)

R2 = .9350, RMSR = 4.8% (62.5 F)

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

" NOMINAL" = 1290 F

MEDIAN OF PCT DISTRIBUTION = 1227 (1237)

90TH PERCENTILE OF PCT DISTRIBUTION = 1376 (1376)

99TH PERCENT = 1493 (1466)

NUMBERS IN PARENTHESES ARE INTERCEPTS OF REGRESSION EQUATIONS

(a ) IN CH. 6. THEY MAY BE CONSIDERED AS ESTIMATES OF THEg

MEAN, 90TH AND 99TH PERCENTILES.
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RELATIVE IMPORTANCE OF INPUT VARIABLES

TO PCT SURFACE FOR CG-11 MODEL

VARIABLE F/o F/1% F/1%

AT X- AT X+ AT .99 N AT 1.01 N BASED ON A

A- A*

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 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)+

AE STANDARDIZED CHANGE

N a MIDRANGE

*A + 1 o CHANGE OF SLIP YlELDS A 67% CHANGE IN DV

A - 1 o CHANGE OF SLIP YlELDS A 33% CHANGE IN DV

+ F/ MIL
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" STAR POINT" SENSITIVITIES

VARIABLE T -T MMUgi gg
F/o* OF/%**

20 - GAP WIDTH 1747-1618 71 (86)+ 3.2 OR 4.5

1618-1514 57 (69)+ 1.6 OR 2.6

18 - TOTAL PEAKING FACTOR 1747-1578 48 4.4 OR 6.1

1271-1183 63 5.5 OR 6.4

19 - RECIPROCAL UO2 1389-1165 37 1.9 OR 4.2

THERMAL CONDUCTIVITY

6 - CONDIE-BENGSTON 1183-1258 -25 .8 OR -1.5

FILM BOILING

4 - TWO-PHASE FRICTION 1225-1183 14 .7 OR 1.1

3 - SLIP CORRELATION 1127-1183 -19 .3 OR .8++

12 - POWER 1618-1563 18 9.2 OR 9.7

5 - CHF 1183-1223 -13 .2 OR .6

14 - TWO-PHASE PUMP 1215-1183 11 ?

HEAD MULTIPLIER

1 - SUBC00 LED DISCHARGE 1196-1183 4 .4 OR .5

COEFFICIENT 1183-1104 26 2.8 OR 3.6

2 - SATURATED DISCHARGE 1183-1184 -0.3 .03 OR .04++

COEFFICIENT 1195-1183 4 ?

*a a 1/6 * TOTAL RANGE

+ F/ MIL

**% 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. SIMILARLY, SATURATED DISCHARGE GOES FROM

.75 TO 1.0.
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BD5H2(DS 901 VS B05V4(DS 145=DS 87.0LGAP=-1.5)
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Fig. 5.3.1 Effect of Gap width on Total Stored Energy
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BD5N2(DS 90) VS BDSV4(DS 145=DS 87.0LGAP=-1.5)
p 1.900 . . . . . . . . .
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Fig. 5.3.2 Effect of Gap width on PCT
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BDSA (NDMINAL DIALS) VS BD522 (DIAL SET 102)
m 100.0 ;y , , , , , , , , , ,

S
x 97.'50 - -
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' ' ' ' ' ' ' ' ' ' '75.00
O.00 5.00 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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BDSA (NOMINAL DIALS) VS BD5Z2 (DIAL SET 102)
Q !.500 i , . . . . a . . . .
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Fig. 5.3.8 Effects of C-B Film Boiling HT Coefficient

Multiplier on PCT
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8DSA (NDMINAL DIALS) VE B05J2 (DIAL SET 86)
y 100.0 , , , , , , , , , ,
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Fig. 5.3.17 Effect of CHF Multiplier on Total Stored

Energy
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BDSA.(NDMINAL DIALS) VS B05J2 (DIAL SET 86) ip 1.500 , , , , , , , . , , -
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Fig. 5.3.18 Effect of CHF Multiplier on PCT
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BOSA(NOMINAL DIALS) VS B05U4(NDHINAL.0LEHRYst.2)
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Fig. 5.3.20 Effect of High Subcooled Discharge

Coefficient on PCT
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BDSA(NOMINAL) , VS B05C5 t DS 148 = NOM.' et. . *R - v1
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Fig. 5.3.26 Effect of Low Subcooled Discharge
Coefficient on PCT
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805A(NOMINAL) VS B05N4(DS 141= NOM.DLHEM= .25)
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Fig. 5.3.27 Effect of Saturated Discharge Coefficient

on Total Stored Energy
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BDSA(NOMINAL) VS B05N4(DS 141 = NOM. D:.NEM = . 25 )
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Fig. 5.3.28 Effect of Saturated Discharge Coefficient
On PCT
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11 - METAL WATER REACTION - STAR POINTS""

TTHIGH LE SENSITIVITY *F/o

1850 1857 -2/o i

1878 1852 9 /o

1890 1883 2 /o

2151 2077 12 /o

2151 2105 15*/o

2267 2185 27 /o

1605 019
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BD5W3 (DIAL SET 125) VS BD5J4 (DIAL SET 136)p 2.500 . . . . . . . . .
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Fig. 5.3.29 Effect of Matal-Water Reaction Dial on P'CT
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BD5H2- DIAL SET 84. ROSS-STOUTE GAP COND
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Fig. 5.3.30 Clad Temperature, DS 84, Slab 14
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BD5H2- DIAL SET 84. ROS3-STOUTE GAP COND
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Fig. 5.3.31 Clad Temperature, DS 84, slab 15
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SENSITIVITIES OF PCT DISTRIBUTION TO CHANGES IN INPUT MEANS

F/% NOMINALVARIABLE F/ou

U = 1/3 UPPER 1/2 RANGE
g g 90 APCT gg 90 APCT g APCT APCTAPCT APCT g

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 POWER 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 IS F/ MIL
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PEAKING FACTOR (POWER) SENSITIVITIES - F/1%

MODEL CG-11 MODEL B8-9

AT .99 N -5.5 (-7.6) -7.3 (-7.3)

AT 1.01 N 5.2 (7.7) 7.3 (7.3)

AT A- -6.8 (-7.8) -7.3 (-7.5)
AT A+ 4.0 (7.7) 7.3 (7.0)

FROM APCT 7.0 (7.7) 7.0 (6.8)

FROM A90TH 6.6 (7.7) 7.3 (7.7)

FROM A99TH 7.0 (8.5) 7.6 (7.7)

STAR POINTS 4.4 TO 6.4 (9.2 To 9.7)
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RADIAL GAP WIDTH - MILS

GAP

TGW (INEL) = 3.75 0.8-0.2 I5 1.15 MILS
5 MILS -

0.3 + 0.7 @ , t 0.5GW (SANDIA) = 3.8g.

MILS

~~Z'~~J _2 A s s
__

"""m % Ne

' ~ ~. '. ~

.

TIME 11 MONTHS

NOMINAL o o NE W,Mggy

INEL 2.45-3.00 1.15 1.16 0-6.45 3.225
SANDIA 1.85-3.80 0.5 0.75 .35-5.3 2.825
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STATISTICAL LOCA -

TRAL PHASE IN PROGRESS

ADVANTAGES:

* PERMITS FULL ACCIDENT ANALYSIS FROM BLOWDOWN

THROUGH END OF REFLOOD

e MULTIDIMENSIONAL AND TWO-FLUID CORE ANALYSIS

e IMPROVED MODELS

DISADVANTAGES:

* TRAC IN EARLY STAGE OF DEVELOPMENT AND ASSESSMENT

IS INCOMPLETE

e ADDITIONAL MODEL DEVELOPMENT MAY BE REQUIRED
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