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1. INTRODUCTTON

A computer system for the statistical evaluation of LWR fucl
performance has been developed. The computer code FRPl), Fue'
Reliability Predictor, calculates the distributions for para-
meters characterizing the fuel performance and failure proba-

bility.

The statistical methodc employed are either Monte Carlo simula-

tions or a low-order Taylor approximation.

Included in the computer system is a deterministic fuel perform-

2)

ance code, FFRS®’, which has been verified by comparison with

data from irradiation experiments.

The distributions for all material data utilized in the fuel
simulations are estimates from the best availai:le information

in the literature.

For the failure prediction, a stress corrosion failure criterion
has been derived. The failure criterion is based on data from
out-of -reactor stress corrosion experiments performed on un-

irradiated and irradiated zircaloy with iodine present.

Figure 1 illustrates the general layout of the system.

Based on the applied load, H(t), the design and material data,
X, the program calculates the fuel state, Y(t), distribution of
temperature, strain, stress, etc., in pellet and cladding as
functions of time, and the failure probability for different

failure criteria as a function of time, W(t).

In the following chapters the detailed input specifications are
given together with some explanation of the output. Finally,
the use of the program is illustrated by an example.
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X Hit)
X: design and material
O FRP S data,
STATISTICAL stochastic varigbles.
FUEL MODEL
E - I
2025”:::)'321": HIt): applied load on the
FERS tuel (power, flux, etc.),
stochastic process or
- a deterministic function
t time.
Y(H of time
o
STATISTIC Y(t): fuel state (stress,
PALURE “Mopec strain, etc.), stochastic
process.
FAILURE MODEL
<bAn W(t): clad failures (stress
corrosion, overstrain,
etc.), stochastic process,

O O

wit) Yit)

Figure 1. The Fuel Reliability Predictor.
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2. INPUT SPECIFICATION

The syntax of the inpat is illustrated in Figure 2. Each bracket
corresponds to a logical unit which is described in this chapter.

[~ - N

Ll-lead (1 card text information)

[ Control variables: ) Data for “he whole
Namelist GEOTID run

rf ; Stochastic variables in desiqn'

| and material data
- 4

PE:xperinent name and experimental ] 1
Ldata
Specific data for
Pgl_(t) Power history: an experiment.

beach card describes 1 time step } Can be repeated for
up to 100 experiments
i ls; Design and material data, spe-
cific for this experiment ] J

Pigure 2. Syntax of the input to FRP.

Bead: Text information about the run (1 card)

2.2. Con

A namelist, GEOTID, containing administrative variables and
numerical constants.



2.2.1. Administratjve varjables

Name Type™ Default
CASE ¢ 1 Selector for calculational mode
CASE = 1 Deterministic calculation using the
mean values of X
CASE = 2 Monte Carlo simulation
¥ = 3 Calculation by a second order
Taylcr approximation
CASE = 4 Deterministic calculation using
+*he mode values of X

IROD I 0 Selector for experiment, 0<IROD<100
IROD = 0 Gives the result for all experiments
specified in the input.
IROD # 0 Gives the result for experiment

number IROD

LOOPS I 100 Number of trials in a Monte Carlo
simulation
2<LOOPS<1000

RANDST I 777 The starting point for the random

generator. RANDST¥0

NBGR I 1l Grouping of the Monte Carlo output,
see. p. 23.

POINTS Describes the polynominal approxi-

H
w
J

mation used for the calculation of
ORDER I 1 > the partial derivatives in the
Taylor approximation. A polynomial
DEL R 0.5E-1 J of order "ORDER", is fitted to
"POINTS" sets of x, PF(x) where the
values of x are spaced by DEL »
mean (X) for DEL>0 or by - DEL x
standard deviation (X) for DEL<0

¥ 1= integer, R = real, and L = logical



Default

TRUE

ALL=FALSE

IMPORT Integer array

FILEUD I
MAXBER I
PAR R

1.00

FILEUD=0
FILEUD=X

MAXBER=1

All stochastic variables are

used in the Taylor approximation.
Only the variables specified by
IMPORT are used in the Taylor ap-
proximation.

If IMPORT (i) = 1, variable no i
is included in the taylor app.
(ALL=TRUE overwrites IMPORT).
IMPORT is initialized to all zeros

Generation of data to plots

No plot information

The plot information is written on
permanent files with the names
FILEX, where X is FILEUD, PILEUD+],
..., for the experiments in the
input. 11<X<20 are valid file names

No calculation with maximal inter-
action.

For MAXBER=1 the program performs
2 simulations, the normal as for
MAXRER=0, and a calculation with
maximal interaction, where the same
time step and gas release as in
the first is used, but the thermal
expansion of the fuel is ALFAF x
MALFAF and the BOL cold gap is
TGAB » MTGAB

Factor for modification of the
standard deviations. All standard
deviations are multiplied by PAR



ouT I
ouUT2 I
WDATA L
IPOW 1

FALSE

ouT=0
ouT=1
ouUT=2

2.2.2. Model selectors

Name Type
ROSST L
RELMOD I
NKPSW L

Default

TRUE

FALSE

RELMOD=1
RELMOD=2

RELMOD=3

- 10 -

Minimal output
Normal output
Maximal output

Not used

If WDATA=TRUE a file with the name
FILES8 is generated. The file con-
tains the complete input for a
calculation with the WAFER code.
Should be used together with IROD#0

If TPOW=1, the stochastic variables
in the power history are used.

If IPOW=0 the stochastic variables

in the power history are neglected

The heat transfer model proposed

3) is used

by Ross and Stoute
Selector for the 3 possible gas-
release models

A model proposed by W.B. Lewis
A modified BNWHT! model.

For fuel temperatures below 1000°¢

4)

a constant instead of the proposed
equation is used.

The LOOPYG) model, developed at
Studsvik

The NRC correction for high burnup is
incorporated in all three models

Swelling model from ref. 1

NKPSW=TRUE Swelling model proposed by N. Kj=r-

Petersen7)



EPSILO R
EPSH R
EPSK R
ANTITR I
MAXTID R
POWO R
DGO R
DRBRG

MAXPST I
NANULI I

0.1iE-1

0-15—1

0.1E-1

100

800.0

2000.0

0.5E-5
0.5E-1

20

General accuracy used as stop-cri-
teria in iterations.

Stop-criterion for iterations on
the gap-conductance

Stop-criterion for iterations on
the contact pressure

Maximum number of iterations

Maximum time step for constant
power (nours)

Maximum pover scep during contact

(W/m)

Constants used fcr the determina-
tion of the time step length

Number of annuli used in the cal-
culation of gaseous sweliing.
NANULI <50

2.3. Stochastic variables in design and material data, Zo

Each card in X° contains the following data:

Variable no
Distribution
The mean value

1l card

col 1 -10
col 11 - 20
col 21 - 30

The coefficient of variation® col 31 - 40

% Defined as., the standard deviation divided by the mean value.
If the mean value is 0.0, the standard deviation is giver

directly.
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The remaining coiumns are not used.

Valid distributions are:

[ TS A S

= normal distribution
= lognormal distribution
= uniform distribution

= deterministic value

The integers in cols. 1-10 and 11-21 must be placed correctly

and justified without any decimal point. The variables need not

follow in ascending order. X
80.

DESIGN DATA

d e W N

O 0 93 O

11

12
13
14

15
16
17

SIGMAF

KAPPA

YF

YH

YG
GRAIN
RH1
RH2

8 8 3 3

N/m2

cm
cm

© is terminated by a "variable no">

The pellet length, not used

Inner radius of the cladding
Thickness of the cladding

The radial gap

The pellet density in per cent of the
theoretical density

The equivalent stack length

Volume of plenum

Volume of the fill gas, helium
Additiohal gas volume, fission gas
mixture

Uniaxial yield strength at 300°C for
unirradiated material

The inverse diffusion length for
thermal neutrons in the fuel

Anisotropic factors for the cladding
material

Grain size in the pellets
Surface roughness of the cladding
Surface roughness of the pellet



18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51

Name Unit
PORR1 m W
PORR2 m

PORR3 m

POR1 >
POR2

POR3 \ »
WEFF m

DUMMY

co W/m

Cl W/m :}
ALFAF k1
ALFAC k1

EC N/m2
HOHE W/em®c
HOFISG W/em°C
HMEYER Kg/mm2
KM W/m

CRS W/m

A0

EO W/m

El

E2

E3

E4

EFIS MeV

KMAX MP

DELK MP/K

NPL

BFL cm/n
FCLAD

FUO2

KSwW FIMA~L
KHTSW Fima~ k1
MHTSWL

- 13 -

The porosity in the fuel is assumed
to have three typical radii: PORR1,
PORR2, and PORR3; the porosity in
each group is POR1l, POR2, and POR3

Densification parameter
Dummy variable
1st- and 2nd-order terms in the thermal
Conductivity of zircaloy

Thermal expansion of the fuel (UOZ)
Thermal expansion of zircaloy

Young's modulus for zircaloy

Contact conductivity with helium gas
Contact conductivity with fission gas
The Meyer hardness of zircaloy
Mean thermal conductivity of 002
and zircaloy

Constant in the gap conductions
equation.

Not used

Factor in the porosity correction to
the 002 thermal conductivity

Constants in the 002 thermal con-

ductivity equation

Fission energy
Constants in relation to plastic
deformation of zircaloy

Coefficient in the fluence hardening
Zircaloy creep

U02 creep

Solid swelling rate

Constant in the hot (gaseous) swelling rate

Maximum gaseous swelling fraction



&

52
53
54
55
56

57

58

59

60

61

62

63
64

65
66

67
68

69

70

71

TSC

SIGN

FSC

SIGFAC

ECCENT

MALFAF
MTGAB

RAMPST
PFAC1

PFAC2
PFAC3

TFAC

FFAC

TAUREL

N/m

—_
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Not used

Not used

Poisson's ratio for zircaloy
Parameters in FFRS

Saturation pressure of fission gas
with respect to stress corrosion
Temperature difference, corresponding
to one decade shift in time to
failure for stress corrosion
Normalization stress for stress
corrosion

Factor containing the uncertainty

for the stress corrosion failure
criterion

Stress concentration in the cladding
Eccentricity of the pellet's location
in the cladding

Factors used in determining the maxi-
mum interaction. See definition of
MAXBER

The first time step in the ramp
Scaling factors in the power history
The power from step 0 to step IX1l is
multiplied by PFACL.

The power from step IXl+l to step IX2
is multiplied by PFAC2. The power from
step IX2+1 to step IX3 is multiplied
by PFAC3. The power from step IX3+1
is unchanged

Temperature factor, the cladding sur-
face temperature is multiplied by TFAC
Flux factor, the fast flux is multi-
plied. by .FFAC

Time constant in the transient fission
gas release
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No Name Unit
The release in a time step is
(1-exp(-TAUREL % AT)) multiplied by
the steady-state release

72 IXi —l Separating points in the power

73  IXzZ history. (See PFACl)

74 IX3

75 RELOPT Parameters in the WAFER swelling

76 KPOR model.

77 RINNER Inner fuel radius in the LOWI design

78 DUMMY3

79 DUMMY2 Dummy variables

80 DUMMY1

The end of the material data list is indicated by a No > largest
valid number (80).

2.4. Experimental data

It is possible to specify the most important PIE data in connec-
tion with the experiment name, these data are then printed in a
table together with the corresponding calculated values.

Experimental name col 1 - 6

Midpellet ramp strain, EPSMAX col 11 - 20

Interface ramp strain, MEPSM col 21 - 30

2 cards < Max centre *temperature, MTCENT col 61 - 70
Midpellet EOL strain, EPSSL col 71 - 80

Interface EOL strain, MEPSSL col 1 -10

Released fission gas, RELFG col 11 - 20

. Failure (1=failure, O=No-failure) col 31 - 40
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2.5. Power history, H(t)

Each card contains the following data in format (7G10.0)

step end time (hours)

step power (W/m)

step outer cladding temperature (°C)
i card step coolant pressure (Pa)
step inverse neutron diffusion length (KAPPA), m-l
step fast flux (n/cm2 - 8)

The number of subdivisions of the step

If for any step # step 1, the power, the outer cladding tempera-
ture, the coolant pressure, KAPPA or the fast flux are 0.0

(= blank columns), the value from the previous time step is

used in the time step. If KAPPA = 0.0 in time step 1, KAPPA is
assumed to be constant, given by KAPPA in the design data.

The power history is terminated by a "step-end-time" = 0.0.

2.6. Special design and material data, LS

The specific design and material data for each experiment are

in the same format as 39. Even if no specific design and material
data are present, the logical unit (specific ...) must be termi-
nated by a card with no>80.
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3. OUTPUT SPECIFICATION

The general form of the output from FRP is illustrated in Fig. 3.
Each bracket corresponds to a logical item which is further
described in the following. The parareter "OUT" determines the
amount of cutput, on the Figure is specified for which values of
"OUT" the individual logical items are printed.

[Head]

icontrol variables]
[x°]

[Experiment name) w
[H(t)]

[x%)

X; Stochastic variables used for t:hi..‘v..1

_ o For each
experiment. (X~ with the changes .
s Pexperxment
specified by X°) ouT > 1
B - < >

y(t) and w(t); Fuel state and clad

CASE 1 and 4
failures

Z; Distri t
Z; Distribution of EOL and extreme CASE 2 and 3

values J

2z; EOL and extreme values compared

CASE 1 and 4
with experimental values

EOL, extreme values and failure
probability compared with
experimental values.

CASE 2 and 3

1
[
-
| SR | | WS

Figure 3. Output from FRP
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3.1. Detailed description of the output common for all Cases

Head Always printed

Control variables: Always printed

Printout cf the present variables

General input design

Lo ]

Data, X : Always printed
2{0] The number of the variable
VARIABLE The name of the variable
DISTRIBUTION The distribution used for the
variable
MEAN VALUE The mean value of the variable
COEF. OF VAR. The coefficient of variation for
the variable
Input power history, H(t): Printed for OUT > 1
STEPNR Step no. in the power history
SLUTTID The accumulated time (hours)
at the end of the time step.
EFFEKT The pin power at the end of the
time step (W/m)
TCY The outer cladding temperature

°c)

PY The ouvter pin pressure (Pa)



KAPFA

FIFAST

Design data, X:

Material data, X:

CASE X:
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The inverse diffusion length

m™ 1)

The fast flux (energy > 1 MeV)

Printed for OUT > 1
Outprint of the design data,
including the default values

Printed for OUT > 1
Outprint of the material data,
including the default values

Deterministic calculation using
the mean values
Monte Carlo simulation

Taylor approximation

Deterministic calculation
using the mode values

At last there is a comparison of some important calculated data
and PIE data, for each of the specified pins. Where no PIE data
is specified a question mark is printed.

Exp. no.

Name

EPSMAX

MEPSM

Experiment numbers in the input

Experimental name

Midpellet ramp strain. Calcu-
lated from the time step given
by RAMPST. If RAMPST = 0, the
deformation between the EOL
strain and the minimum strain
during the life is used

As for EPSMAX with stress
concentration



SIGMAX

PKSTRS

MAXSCD

MTCENT

EPSSL

MEPSSL

RELFG

SIGDAM

PKDAM

P OF F

- 20 -

Maximum stress without stress

concentratiaz

Maximum stress with stress
concentration

Stress corrosion damage index

with stress concentration

Maximum center temperature

Midpellet EOL strain

Intexface EQOL strain

Released fission gas

Eqvivalent SCC damage stress

without stress concentration

Eqvivalent SCC damage stress
with stress concentration

Probability of failure. Calcu-
lated based on the assumption
that PKDAM is normally distrib-
uted. The failure criteria is
(225, 15) MPa.

P of F = P(PKDAM > (225, 15) MPa)

3.2. Descripticn of the output special for CASE 1 and 4

Fuel state, Y(t):

1. Page

STEPNO

Printed for OUT > 1

The actual step number
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END-TIME The accumulated time from
the starting point (hours)

DURATION The duration of the present
step (hours)

TYPE 1 of 3 possible power states.
RAMP, STEADY, or FALL
which mean increasing-, steady-
or decreasing power

POWER The power of the end of the
time step (W/cm)

BURNUP The fuel burnup measured in
narts per million

FRATE MIDDEL The mean fission rate in the
fuel during the time step
(PPM/hour)

TCY Outer temperature of the

cladding (°c)

TCI Inner temperature of the
cladding (°c)

TSURF Surface temperature of the
fuel (OC)

TCENT Centre temperwture of the
fuel (°c)

TBRIDGE The bridge temperature (°C)

RBRIDGE The radius of the bridge (mm)



2. Page

STEPRO

EPSEL

EPSTH

PLAST

TOTPLAST

DVS

RELFG

HG

CA

SIGTH

SGEN

KONPRE

GAB

- 22 -

The present step number

Elastic strain (0/00)

Permanent tangential strain (0/00)

Yield and primary creep defor-
mation in the present step (0/00)

Plastic deformation giving the
position in the yield diagram
{strain hardening) (0/00)

Relative UO2 volume increases

by swelling, densification, and
relocation (0/00)

Fission gas release (0/0)

Thermal conductivity between
fuel and cladaing

The contact area between fuel
and cladding. (Fraction of total
area)

Tangential stress (MPa)

The generalized stress (MPa)

The contact pressure between
fuel and cladding (MPa)

The gab between fuel and
cladding (um)
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3. Page. Calculation with maximum interaction

STEPNO The actual step number
MSIGTH Maximal tangential stress (MPa)
MAXSCD Maximal stress corrosion

damage index

MAXEPS Maximal permanent tangential
strain (0/00)

TCENT Centre temperature (°c)
TBRIDGE Bridge radius (mm)
KONPRE Contact pressure between fuel

and cladding (MPa)

GAB The gab between fuel and cladding
(um)

'Exp. No.' Gas data

HELIUM The amount of helium in the
pin (m3)
FISGAS The amount of released fission

gas in the pin (m3)

3.3. Description of the output special for CASE 2

For all of the variables zi (explained for CASE 1), the following
are calculated:

MEAN The mean value

STDEV Standard deviation
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MY2 2nd order moment around mean,
the variance

MY3 3rd order moment around mean,
skewness of the distribution

MY4 4th order moment around mean,
the kurtosis

COEFV Coefficient of variation

SQB1 The skewness relative to the
degree of spread

:¥3 The relative measure of kurtosis

For all zi the calculated values of z; are written in ascending
order. If NBGR > 1 the values are grouped with NBCR in each
group, and the group avarage value is written. LOOPS/NBGR must
be an integer. Below each value (or group) the corresponding
fractile is given.

3.4. Description of the output special for CASE 3

For all the variables zi (explained for CASE 1) the following

are calculated:

VAR”(DF/DX)””2 Lowest-order contribution to
the variance. The variance mul-
tiplied by the lst derivative
of the state variable

VAR”(D2F/DX2) The second-order term in the
mean value. The variance multi-
plied by the 2nd derivative of
the state variable



VAR-2.LED

DFCX

D2FDX2

MEAN

STDEV

F (MEAN(X)?

3.0RD-VAR

COEFV

SQBl

B2

n
1

The seconé-order contribution

to the variance

3rd order moment around mean,
skewness of the distribution

4th order moment around mean,

the Xurtosis

The Ist derivative of the state

variable

The 2nd derivative of the state

sariable

Mean value

Standard deviation

The lowest-order approximation
to the mean value. The deter-
ministic value ~alculated using
the mean value of all stochas-

tic vaciables

3rd order term in the approxi-
mation of the variance

Coefficient of variation

The skewness relative to the
degree of spread

The relative measure of kurtosis.
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3.5. Additional output for OUT=2 (Maximum output)

For OUT=2 there is an output of the namelist GEOTID. After the
material data, there is a complete outprint of the initialized
data, so it is possible to check the values in case of trouble.

In CASE 1 there is an outprint of a name list TESTUD containing
global variables for FFRS.

In CASE 2 there is an outprint of the values of Z; for each
Monte Carlo trial.
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APPENDIX A

A numerical example

The use of the program is illustrated by an example which simu-
lates a control rod sequencing in a BWR, where the power is
returned to full power immediately after the control rod ncve-
ments. A fuel rod in a high power position, close to a control
rod which was inserted a short period and then withdrawn is
analysed. For the desigrn data valuess are chosen that are typical

for BWR.

The power history, design data, and stochastic variables in the
material data are described in the following.

The power as a function of time is shown in Fig. A.l.

The uncertainty of the individual pin powers, as calculated by
a reactor physics calculation, is at least 15% (il standard
deviation). The three power levels (Pl, Pz, and P3) can be con-
sidered as independent. The uncertainties of the fast flux and
the outer cladding temperature are assumed to be t5e (tl stan-
dard deviation) and 24 (il standard deviation), respectively.
The power levels, the outer cladding temperature and the fast
flux are assumed to follow a normal distribution.

The irradiation conditions (power history) are summarized in
Table A.l.

The used design data are shown in Table A.2. The nominal values
are used as mean values, the standard deviations are based on
typical tolerances for BWR fuel. All design variables are as-
sumed to be normally distributed.

For the material data the default values in FRP are used. The
mean value, standard deviation, and distribution type is shown
in Table A.3 for the stochastic variables in the material
equations.
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POWER LEVEL

IRRADIATION TIME

Fig. A.1. Power history for the example.

Table A.l. Power history for the example

period pover® fast flux® outer cladding
h v/cm muﬂla2 sec temperature®

°
0-24 0-360 0-1.0 295
24-15400 360 1.0 295
15400-15401 360-136 1,0-0.4 295
15401-17630 136 0.4 295
17630-17630.01 13¢-410 0.4-1.15% 295
17630.01~-17654 410 1.15 295

.-un values




Table A.2. Design data for the example

Short Mean Standard
Design parameter name value deviation Unit
Inner cladding radius RCI 5.3 0.0075 L]
Cladding thickness TCLAD 0.80 0.021 am
Radial gap TGAB 0.11 0.011 L]
Sensaty TDEN £ 13 0.67 % T
Equivalent length Lzol) 3.6 0.72
Plenum volume vP 37. 7.4 cn]
Pill jas volume RF 31, 7.4 o’
Cladding yield
strength at 300° SIGMAF  300. 15. np
Inverse neutron
diffusion length KAPPA so. 16. n!
Average grain size GRAIN 25. 5.
Cladding surface
rouwghness RH1 130 26,
Fuel surface roughness RM2 2 90 18. um

Densification parameter WEFF2' 0.1x10”% 0.035x1074

Anisotropy factors : YF = .5; YH s .75, YG = ,25

Porosity distribution: 0.16% porosity with r = 0.1 um
1.6 porosity with r = 0.6 um
2.2% porosity withr= 6 um
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Table A.). Stochastic variables in the material equations

Material property Short Distri- Mean Standard Unit
name bution® value deviation
Zircaloy thermal conductivity co ] 13.5 1.01 w/m
U0, thermal expansion ALFAF 1x10°°  o.ax10”d 7!
Zircaloy thermal expansion ALFAC m 0.53x10”> o.osx10”% 7}
Younds modulus, zircaloy £ » 7.6x201%  o0.5x1010  w/m?
Mean thermal conductivity
of U0, and zircaloy m ] 6.5 0.98 w/a
A constant in the gap
conductance equation CRS LN 1.2 0.42 -
l’lct_or in the porosity cozrection
to the uoz thermal conductivity B0 ] 2.5 0.5 -
Constant in the vo, thermal
conductivity [ 34 n 8.056 0.3 -
Fission energy EFIS » 200 20 NaV
AX n 1.2x10°  o.12x10° P
Zircaloy plastic deformation DELK | -1.4x10% 0.22x10° MP/x
NPL » 0.1 0.012 -
BFL " 0.4x10"2} 0.08x10"2! cw/n
iircaloy creep FCLAD LN 1.2 0.5 -
VO, creep Vo2 LN 1.7 2.5 -
Sol1d swelling Ksw " 0.8 0.08 raa}
KHTSW N a.5x1073 110} ram”ix?
Hot (gaseous) swelling { MMTSWL " 0.1 0.02 -
Poissons ratio, zircaley ny N 0.3 8.07 -
Parameters in PPRS oREP ) 20.x10° 4.x10° -
T 0.5x10"¢  0.1x10°¢ -
Stress concentration in the cladding SIGFAC ] 1.25 0.2 -
Eceantricity of the pellet ECCENT Ly 0.5 0.2 -

¢ N = normal distribution

LN = lognormsl distribution
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APPENDIX B

Complete input for the example described in Appendix A.

With this input a deterministic calculation is performed, the
mean value is used for all stochastic variables (CASE 1).

If one of the other 3 cases are wanted the only necessary change
is to insert a specification of the case in the namelist GEOTID.
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APPENDIX C

Complete output from a deterministic calculation with FRP. The
output corresponds exactly to the job yiven in Appendix B.
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APPENDIX D

Complete output from a Monte Carlo simulation. Only "CASE" is
changed relative to the input given in Appendix B.
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wEAN
nY2s

nEaN
nY2e

nEAN
NY2s

nEAN
NY2s

MEanN
nvge

NEAN
[ 241

14Y]
HY2e

nEan
nYQe

nEan
nYge

nEAN
NY2®

nEan
HY2e

PIN x

AND STDEV FOR
+1%5908E=08

AND STDEV FOR
«1718€-03

AND STDEV FOR
o7864aL*18

AND STDEV FOR
«2013C017

AND STDEV FOR
s1126C02¢

AKC STDEV FOR
+2326E+05

AND STDEV FOR
«8826€°03

AND STCEV FIR
«$4697£-08

AND STDEV FOR
¢3306E-02

AND STDEV FOR
09321E050

AND STDEV FOR
s1454Ee1?

secse C A S E 2 eotee

sseee C A S E 2 veeqe

MONTE CARLO

CALCULATED MEAN

EPSMAXY MEANS
HY3e  ,4278E=10

MEPSH MEAN®
nY3e ,2060E=08

(3ELTY NEANS®
MYda *,1279C+24

PKSTRS! MEAN®
WYl <.1128E+28

HAXSCD? MEAN®
NYls  L3721€+38

MTCENT MEANS®
WY3s  ,1580E+07

EPSSL ¢ MEAN®
HW¥3a =,1986E~07

MEPSSLI HEANS®
HY3s <,1083€C~0?

RELFG 1 HEAN®
HY3e  LJedsE=d)

S1GDAMY MEANS
MYde <,.342af024

PKOAM MEAN®
NY3e <,1818E*25

rYae

nyage

LAZY)

LAY

LAX Y

LAZ Y]

LAY

LA T]

HNYRe

LAY Y]

ALY ]

AND HIGHER MOMENTS

+48709E"0)
«8643E€~113

+13265€°02
QITTIA2R)

025246E209
«2710L+33

+33909€°09
01336€+28

«33734E+11
01242E¢49

+164833E°08
+1630E*10

*,37416E-02
02402E°09

*,25761€"02
«2043E£=09

«17016E°00
s9402€°08

0239%4£+09
«2264E€+3)

«33312€+09
W8471E*)

COEFVe

COCFya=

COEFva

CUEFva

COEFva

COEFva

COElys

COEFys

COEFye

COEFya

COEFys

$10Cvs
«8249€200

$10EVs
«8630K°00

ST0EVe
+¢3%30€°00

$TOEve
«3971E£000

$TOEvVe
99976001

STOEVe
«9328E"01

STOEvVe
*,5901E¢00

sT0EVe
e, 9312E000

ST0Eve
«43026000

sTOEVe
«8081E*00

$T10EvVe
+3J6)3E*00

+80183€-0)
sQdle  ,6694C000

+«13174E€=02
SQdl®  ,9148E000

«89124€408
3Q0i® ~.1838L+00

«182359E«09
sQuls =,3949E~01

«33722€012
$ahis  ,9845C.0!

¢15320€+02
$Q818  ,a454E000

.22970t-02
SQd1e =,1874E00!

«23989E=02
§Qdis =, 7821E000

«?73207€=01!
SQdle  ,3916C000

«97031€+08
$Q8ie =,6023E00

«12118C«09
S081e *,8602(+00

¢3382E¢01)

+3218E00])

14382801

13346E001

19801€+02

13049€°01

+11031Ce02

+6301Ee0Y

+3340E+01

+2606E901

+4009€0}

LY



VALUES FoRr

*.301€=0) =.197€-0) *.149€-0)

0.0070
232605
0.9387
«108E~0]
0,182

+187€~03
0.2480
W 264E~0)
0.3257
+328E°03
0.208,
»389€=0)
0.485])
+505€"03
0:5687

«612E-0)
0.6828
oT14€-0)
D.7281
«868E°03
°v'°’.
2 9TIE~D)
0,803%
«135€°02
0:9631

*~,300€°03
0.0070
e110£°013
0.0."
+J80€°03
0.1643
823703
0.20480
+733€203
0.3287
«918€°0)
0.4054
+109€°02
0.4081
385602
0.56a7
179£°02
0.,6804
e224E°02
0.7283
1207E°02
0.6038
vJ210°02
0.80833
+8)9L=02
0.9633

0.0189
«190E=08
0.0966
«1210€=0)
0s1783
o191E-03
042580
279E=0)
0433%7
+380E=0)
0.81%3
+828E=0)
0.89%0
+328€°0)
0.5747
+616€~0)
[ Y311
o T18E~0)
07308
0728~
0.013?
W 970€°03
0.0938
«184E=02
0.9731

*e197€°0)
0.0109
v181E~03
0.0966
¢3%%£°0)
0.1763
o827€-0)
0.,2560
«759€=0)
043287

0923€-0)
0.0183

«119€-02
0.4950
«187€%02
0.577
»380E"02
0.6500
0 226€°02
0s7303
o 268£°02
0.81137
e302€~02
0,8938
s APTE®D2
D.9733

0.0249
«831E-08
0.1J086

v121€-3)
0.138)

o193£-03
0.25659

«239€-0)
0. 3a8%6
»384E-0)
0.82%)
+450€°0)
0.3)%0
+384C~0)
0+84307

+633E£°9)
0.6083

*«720€£°0)
Q:.7040

«884E-0)
0.0237

«993E°03
0.9J38

«155C-02
0.9831

VALUES FoR

“e172€-03
0.024%
o184(~03
0s1066
+358€°03
0s146)
e838£-0)
0.20%9
«765€°03
0.3056
«930€~0)
040253
o127C-02
0.30%0
»148E°02
0.5087
0182€°02
0:5683
e2)8g°02
[ XI4 YT
o277€°02
0.0237
e347C-02
0.9034
«520€-02
0.9831

EPSHAX

=, 987E~04 =,880E=04 ~,003E-04 =<700E~08 =,2)7E=00

0.6369
+480E704
0.1165
«123€%0)
0,192
«235€=0)
0.2759

+289€-0)
0.3550

«305E°0)
0.435)

«456E~03
9.51a89

«547E-03
0.5%¢

ob38E=0)
0.4743

«T35€=03
0.7580

+888€£-0)
0.8337

«994E°03
G.%133

«177€°02
09930

nEPSH

e, 711€-04
0.,03¢9
«150£-0)
0.11083

+»363£*0)
0.19¢2

«837€°03
0,27%9
«780E£°03
03550
«9T70€~03
0.43%)

2120602
0.%109
«189€-02
0.5%a¢
e196€°02
0.67a)
0235€"02
0.7580
\297€202
0.0337
035707902
0.9133
+580€-02
0.9920

0.0400
v93VE-0N
0.1262
«13bE=D3
0.205¢2
»281€~0J
0.2857
»IVek=0
0.3655
»353E=03
0.,484%2
»863€~03
0,528
s365€~023
0,6000
»455€~03
0.60843
s758€~03
0,763
+889€~03J
0,083
+100€°02
0,923
e,
3,003V

®sTOVE=~00
0,04864
+17s£-03
0.1203
+382€~013
0.2062
892E~09
0.20%9
«709€=03
0.30%>
*981€-03
0.0082
'133€-02
09249
»1526=02
0.60a0
»200€-02
0.688)
v284E=02
0.76)9
+303€-02
«IT2E=02
0.9233
o,

1.00

0.0560

«908E-0s
0.136%
+188E=03
0.216}
W 250€E°0)
0.2¥3.
= JOVE=0)
0.3755
«339€-03
0.4552
«809E~0)
0a53a9
«57T8£°03
0.6105%5
+65TE~0)
0.8982
a7T63E-03
0.7739
«916€°03
00.’3.
0103€02
0.933)

1.0129

o, 019E~0y
0+058p

«218£-0)
2,135
«INEV)
0.2181
+635€-0)
9.2v59
«0208-03
0.3735
«301E"02
0.0552
»331£°02
0.5349
«150€°02
0.810%

0205€°02
0.,0942

W2531€%02
0.7739

3106702
0.,053¢

o378€-02
0.9333

g.
1,012¢

0.00e?
s)0of -0)
Velata
o167E=03
0.2261
+240£-03
0.3050
«31at=-0)3
Cednss
«3eaC-03
0.4851
Q"I['O’
['F3-Y Y1}
+307£=03
0.4289
1639€-0)
0.7002
o7T8E=-03
Va7
«981£=013
Ve0483%
0122E-02
V9832
o.
10229

oh17€-08
0.08607
+230£~0)
Os1408
+809€~0)
0.2261
oT00C~03
0.3098
«859€-0)
90,3095
+302E-02
0,0451
0339€-02
0:5488
+155€202
0.62038
0209C-02
G.7042
0260£-02
0s7839
9319602
[ PYP$ L]
0399£02
09432
Ue
10229

0.07e¢?
+107£-03
0.1500
«l180E=0)
0.2361
26203
0.3157
»318€=0)
0,395
«372E°0)
0.a7%1
«8865£~0)
9,554
801003
9.434%
«8726°03
0,71a1
«845€-03
0.7928
«964€~0)
0.8738
013802
9.9532

0.
1,0329

«884E"00
V.0707
+384£°0)
0.1560
+«809€=03
0,2361
o728€°03
0,3157
«859€°0)
043954
~1V6E*02
0.4751
o 183£-02
0.5580
oJ69E~02
0,625
v233~02
Ds738)
3630702
Qe7938
+320£°02
0.8738

2406C~02
90,9532

0.
$.0329



«153C°07
0.0070

«162E°09
0.0087
+100E°09
0.168)
«203€°09
0+2840
«210E°09
0.3287

«229€°09
0.808s

«239€°09
0.80%)

«2020°09
03687

«292€°09
08830

«308E %09
0.7221

»323€%09
0+8038

«J4TE*0Y
0.8835

+JOVE*0Y

o153€°07
0.0070

»375€¢09
0.00¢7
o208E°09
01082
o271C%09
002040
+290E°09
0. J2s?
e322L909
000058
+3a50209
0.0088])
«J88L*09
0e350a7
«813E409
[ F11T1)
o 807E209
0e7241
«890E°09
008030
«519L°09
0,8038
ob13L%09
009433

VALUES FoR
+612€007 o183E¢00
0.0169 0.02¢%
«170C°0 «172€209
0,0 0.1046
« 1076909 +109E°0%
0.170) 0.146¢3
¢2000°0% <206E°0Y
0.2560 0.20%9
22160909 «217E*0®
0.33%7 0. 3456
0231€°09 231E°09
0.419%) 0.82%)
2201009 200(¢09
0.49%0 0.,%950
22020909 <209€ %09
0.57a7 0.5047
«297€°09 +)300€* 09
[N }17] 0.6604)
300909 +310€*09
cnﬂu.a °0‘..°
0 J23E°09 +332€°09
08137 0.8237
35309
OQOGU.
o802E°09 <a518%09
W97 9.%1
VALUES Fom
o65afe0T 183c900
040309
+107E°09
0.9
2200€°09 +209C009
0.176) S.500)
o273E909 .273C+09
0.25%¢ 0.20%9
+300€°09 +«300C*09
0,397 0.3486
0320909 +325C09
0.,819) 0.82%)
+309€009 2 349C009
4950 0.,%50%0
0393E°09 +395L009
0.5787 0.3007
v8100%09 .822€¢09
0,058
0 853E209
0e7303
28920909 +497E%09
0,017 0.0237
0525€°09 «533C009
(-1 0.,9038
o816€209 832009
0,971 0.90)1

SIaMAX

+8352€+00
0.0)e9

«173E°09
01165

«190E%Q?
0.1%2

«211€°09
0.2759

«221E°09
0.155¢

«232E%09
08351

+209E°09
0.5109

«270€%09
0.3% ¢

«301E°09
0.678)

+J10E209
0.7%a0

¢333€°09
080337

»353C*09
0.911)

+340E°09
0.9930

PRSTRS

+666E°00
0+03¢e9
+200£°09
0.116%
o25aLeQ?
01902
o 277€409
0.27%9
«306£+09
0.3%56
e331€°09
0.43%)
+351E%09
0.5109
«397C*09
0:.9%06
+823C*09
0.678)
«860L°09
07540
2498C*09
0.0337
+55aL*09
0.9523)
o790L*09
049930

sPigE-08
00,0488
a1TaCe0Y
ve.l26%
«192€009
0.206¢
w212C029
0,205
e224E00Y
0.36%5
o232E00Y
0.0452
2 240C 00V
0,524¢
«270C+00
0.6086
s302€00Y
0.6048)
»320€+0v
V.T0dY
*338€00Y
0.04830
v35e€e09
0,923
0.
1.003

¢107C+0?
0008

+209€+09
0.126%
e 25009
0.20862
«277E¢09
0.2099
s307€0?
0.36%5
+337C000
0.,8a82
+357Ce09
0,528
0398009
0,6006
+827Ce0)
0:68a)
+868E*09
0.7623Y
»9503Ce0Y
C.0830
+857€<07
0,923

[ B
1.00

«118E09
0.0503
175009
0.140%
«195€+09
Oe2l0}]
212009
0.29%

«228K°09
0e23738

«235€209
0.8352
«233E009
0.3349
+201L209
0s0108%
«303£°09
0. 0942
« 3236209
07739
+ 3820009
0.853¢

+3580+09
0.9333

O
1.0129

s337€+0y
0,05 &
sd16£+09
041385
2203E09
0s216)
2 279L09
OUN.W.
»308C*09
90,3758
2339009
0,85%2
+303C209
0.%309

«80TE209
0.7739

+503L°09
O-OUU.

+559L209
0,933

+122€+09
0.0807
«179€+09
O.1008
«198C 09
002261
+213E009
0+30%0

2220€+09
0.304%3

0233L+09
0+,8451
1250C+00
0+5000
+209€+09
0.624%
»308L+09
07082
«324€0+09
0.78)9
* 386009
0.8433
«359C+09
0.9432
[' B
1.0229

*¢150€000
0.0067

0230€009
0+14008
0208C+09
0.2261
2201C000
0+3050
+308€009
00,3859
13028009
044431
¢363€009
05440
+8031E+09
00,6209
c.Uﬂﬂ'O.
00,7002
*47 35009
0,783
03513€009
0.0633
1577E+09
0.%32

[ 0
1.0229

«lalge0e
G.0Te?
«100E°09
0.156a
+200£ 009
0.,2361
+210€°09
0,3187
2229€°0Y
0.3954
«215€°0Y
0.4751
«258E 20V
9,5548
+290£°09
0.6345
0 JOTE* 09
90,7143
«J2SEv09
0.7938
0 JATES0Y
«8735
8L*09
9512

1.0329

0232£ 09
0.15%6
+200E°09
02303
.N..ﬂ'o.
09,3157
«310C°09
0,395
0383009
(141!
o J0LE20Y
0,5540

+808E°09
0.,6343

+807Ev09
0.7938

o$6i0£°09
0,9532

0
1.0029



o,
0.0070

«176€"°02
0.00867

o1 09E001

+815Cen1
0.2040

«102€°02
0.3297

«304E902
0.808s

«301€%02
[ TX1L1)

«820C°02
0.%55a7

«1990 03
[ ) 4

«320E°08
0.72a3

«306E%05

«100€*07
00835
«313IE0®
0.9631

«3133E°08
0.0070
«185€°08
0.08¢7
+1%31E°08
0366
o158L°008
042060
« 150908
0.3287
o J6VE*0N
0.,008s
oi016°00
0.489%)
£e08
0.@..‘
o187E°08
060408
017308
°n‘~.-
o17vE%08
0.8030
el00L°00
0.8835
o100E008
0.9634

vALUES FoR
C. 0.

0.0109 0.0289
e210€=02 .078(=02
0.0%¢ 0.1946
o178€%01 189€%0)
01743 0.180)
+817E%01 013E°01
0+2560 0.2039
«182%402 187€°02
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