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LARC-1: A LOS ALAMOS RELEASE CALCULATION PROGRAM FOR
FISSION PRODUCT TRANSPORT IN HTGRs DURING THE LOFC ACCIDENT

by

Lucy M. Carruthers and Clarence E. Lee

ABSTRACT

The theoretical and numerical data base
development of the LARC-1 code is described.
Four analytical models of fission product re-
lease from an HTGR core during the LOFC accident
are developed. Effects of diffusion, adsorption
and evaporation of the metallics and precursors
are neglected in this first LARC model. Com-
parison of the analytic models indicates that
the constant release-renormalized model is ade-
qguate to describe the processes involved.

The numerical data base for release con-
stants, temperature modeling, fission product
release rates, coated fuel particle failure
fraction and aged coated fuel particle failure
fractions is discussed. Analytic fits and
graphic displays for these data are given for
the Ft. St. Vrain and GASSAR models.

I. INTRODUCTION

In early 1975,a simplified model of fission product release

from an HTGR (High-Temperature Gas-Cooled Reactor) core during the

LOFC (Loss of Forced Circulation) accident was proposed by John E.

Foley.l

tions:
1.
2.
3.

This simplified model was based on the following assump-

The entire core is at a uniform temperature.
All coated particles fail at the same time.
Fission products are released only from failed particles

(no release from intact particles).



4. The release rate of an isotope from the failed particles

is given by the release constant from the SORS reportz.

5. There is no buildup of the isotope from precursor decay.

In December 1975 we began developing the LARC code (Los Alamos
Release Calculation) with the goal of calculating analytically the
fission product transport of noble gases and metallics in an HTGR
during the LOFC accident. We have systematically removed the as-
sumptions of the simplified model. We have also studied the simple
analytical models relative to more complex analytical models so as
to judge the relative accuracy of the simple models used as a basis
for extending the theory.

In this report we review the models developed to the present
time, discuss the data base as developed thus far, and illustrate
the workings of the LARC code with preliminary results. The cur-
rent version, LARC-1, neglects the effects of diffusion, adsorption
and evaporation of the metallics, and precursors.

The effects of precursors have been solved theoretically.

A one-dimensional analytical diffusion model has been derived,
but not implemented into this program. These topics will be

addressed in subsequent reports.
In Section II we derive and discuss the analytical models:

the Simplified Model, the Constant Release-Renormalized
Model, the Linear Release Renormalized Model, and t he Linear Failure
Self-Consistent Model.

In Section III we review and discuss the data base used for
the temperature modeling of the core, the fission product release
rates for BISO and TRISO fuels from SORS and GASSAR, particle
coating failure fraction, and the algorithm for computing the aged
fuel failure fraction.

Section IV discusses and compares the results of release cal-
culations for different isotopes. The relative accuracy of the
models is compared with the conclusion that the Constant Release-
Renormalized Model is justified for further theory extensions, for

example for precursors and diffusion processes.



The results presented here are the culmination of about 700
short computer runs. The LARC-1 code runs on either the CDC-7600
in the BATCH mode or on the CDC-6600 in NOS (formally KRONOS)
time-sharing system.

We would also like to acknowledge the usage of MACSYMA,* Ver-
sion 258 (Project MAC's Symbolic Manipulation System for symbolic
integration, differentiation, limiting and pattern recognition)
that was of great help in the verification of many of the results
presented in Appendices A and B.

The programs LARC-1 and PLOTS are discussed and listed in
Appendices C and D.

ITI. ANALYTICAL MODELS
A. Simplified Model Equations - A Review

Using assumptions 1-5, the four Simplified model equations

are given by

dN(t)
qt = A EIN(R), 0 <t < T, (1)
T
R(t) = [ r (s)N(s)ds, (2)
o)
aN' (t *
WLE ~se) - 2" N, 0 <t <, (3)
T
R'(1) = [ L(s)N'(s)ds, (4)
o)
where
N(t) is the number of atoms of the isotope in the core
at time t in the interval 0 <t< T,
Al(t) = A + rl(t), and A is the isotope decay constant,

rl(t) is the release constant for failed particles,

*
Supported by the Defense Advanced Research Projects Agency work
order #2095, under Office of Naval Research Contract N000l4-75C-0661.



R(T) is the amount of isotope released in the core

during the time interval T,

N'(t) is the number of atoms of the isotope in the con-
tainment building at time t,

R' (1) is the amount of the isotope released from the contain-

ment building during the time interval T,

*
A (t) = X + V(t) + L(t) is the total decay constant for
the containment building,

vV(t) is the containment building cleanup rate,

L(t) is the containment building leakage rate, and

S(t) is the source rate to the containment building from
the core.

In the Simplified model we assume that rl(t), v(t), and
L(t) are constant in the time interval 0 < t < t. We further

assume that the source rate can be taken as a constant average,
namely

sS(t) =

s , 0 <t<t (5)

which is valid if all the time steps are equal and small. 1In

the other models we use

s(r) = 9B{8) -, (6)

which avoids that assumption.

The solutions to Egs. (1-4), using Eq. (5), are given by

—AlT
N(T) = N(0)e ' (7)
r.N(0) -
R(T) = 2 (1-e"MT), (8)
1 K K
N'(T) = N'(0)e T+ R/(\Z) (1 - e T), and (9)
T



% *
N'(O)(l—e—A Ty LR(T) -A

R' (1) = T _(1+A71)1. (10)

>*I £

In order to find the release after a number of time steps
k1, the activity is accumulated according to

AT

A(kT) = A[(k-1)t]e "" + R(t1) and (11)

A'(kt) = Al(k-1)tle”™™ + R' (1) (12)

In addition, the values of N(¥) and N'(1) at the end of a time
step become the initial values N(0), N'(0), respectively, for

the next time step.

The release rate, ;l' the leakage rate, L, and the clean-

up rate, V, are determined by

£, =3 [£(0) + r(n)1, (13)
L=2IL(0) +L(0], ana (14)
T=2 V(0) + V(D] . (15)

Currently we use the values L and V for all time intervals.

The decay constant is an input quantity.

B. Constant Release - Renormalized Model

Whereas in the Simplified model we treated only failed
particle release, we now assume a constant release r, for failed
(i=1) and intact (i=2) particles. In addition we calculate the
release from BISO and TRISO particles separately and sum the

releases using XTOTAL = a - XBISO + (IL-a) « X where a = 0.6

TRISO
and X is a release, either R or R'. Then the differential

equations corresponding to Egs. (1-4) and (6) are



dNi(t)
It = ~ Ai(t)Ni(t), (16)
T
R, (1) = /.ri(s)Ni(s)ds , (17)
o}
dNi(t)_ * 1
—gE = Sp(8) - AN (b)), (18)
' [T '
Ri(r) = L(s)Ni(s)ds,and (19)
o
§; (t) = —&ar— = ri(t)Ni(t). (20)
Integrating Egs. (16-17), using Egs-(2) and (13-15) we find
—AiT
N. (1) = e N, (0), (21)
Ri(r) =g (1-e )N (0), (22)
i
(2t L BLT I R x
e N, (0) + — {e - e IN.(0) 1if A # A,,
i A-a i i
! _ i
—A*T ! = —A*T *
Le Ni(O) + r;Te Ni(O) if A = Ai, (23)
B * , Lr, -A,T
L e Onlo) + 2 Lf1-e 1
i AL
A A —Ai i
1 l A* *
— - T .
Rl(T) —J - T\T (1-e )]Nl(O) if A 7£ Al'
L A, _Ei * Y *
— (l-e IN.(0) + 45 |1-(1+A T)e N. (0) if A =A,,
A 1 A 2 i i

(24)



- * - - -
where Ai = A+ r. and A = A + L + V. Since r. is given as
a function of temperature and implicitly as a function of time, the
*
limiting cases A = Ai are distinctly possible and must be accounted
for.

In the Simplified model where we treated the release only
from failed particles,using the final value for N(7) of a time
step as the initial value, N(0), for the next time step was

justified. However, from a study of the intact-failed transition

(Section D) it kecame clear that matching the failed fraction
(for BISO and TRISO) as a function of time is crucial. The
failed fraction is defined as

N, (t)

F(t) = Ry (€) + N, () ) (25)

Assuming that we know F(t), which we do, then we want to adjust
the ratio Nl/NZ while maintaining the constancy of the sum Nl +
N2. This renormalization of Ni(T) at the end of a time step to
Ni(O) at the beginning of the next time step is accomplished

by the transformation
F(T) [Ny (1) + N, (1)1 » Ny (0)
[1 - F(T)TINg(T) + Ny (1)1 + N,(0), (26)

for both BISO and TRISO particles using the F(T) specific to
each type. The failed fraction is a function of temperature
which is a function of time and of core volume fraction. Thus

F(t) is implicitly a function of time.

1 )
The quantities Ni(t), Ri(T), Ni(t), Ri(T) are calculated
separately and then summed for BISO and TRISO particles, failed
(1) and intact (2) particle coating release, and various core

volume fractions.



Although we use the averaging given by Eq. (13) for the fi,
we also tried time centering Ei defined by

fi = r; [T(t/2)]. (27)

Those results were not in as good agreement as using Eg. (13)

in parameter studies involving time steps and core volume
fraction.

C. Linear Release - Renormalized Model

In the Constant Release-Renormalized model we assumed

that the release rate for failed and intact particles was
given by

1

Ei = Slr;(0) + r; ()] i=1,2 , (28)

over the time interval .

Now we approximate the release function of time over the time

interval 1, given by suppressing the subscript i)

r(e) = > lay + by (t-t,) 110 (t-t,) - 6(t-t,, )], (29)
k=1

where 0(x) is the Heaviside step~function defined by

1, x>0
6(x) = (30)

0, x< 0 .

Denoting

al
|

= r(T(t,))

-t

(31)
T =t

k+1 k

we solve for the a, and bk in Eqg. (29) to obtain



ak = rk and
(32)
By = (Typpy = 1) /T
Note that using Eg. (32) in (29), we obtain
1 _ 1
rlt + 51 T 3lEe + ree) (33)

which is equivalent to Eq. (28).

The same remarks concerning BISO and TRISO particles pre-
ceding Eq. (16) in the constant release model apply for the
linear release model. The differential equations for the Linear
Release~-Renormalized model are

dNi(t)
T
R, (1) = [ r;(s)N;(s)ds , (35)
(@]
an; (t) .
' ~T
R; (1) = j L(s)N, (s)ds, (37)
(o]
dR, (t)
Ay (t) = X + r,;(t), (39)
ri(s) = a; + bis , 1 =1,2 (40)

where a, and bi are determined for i = 1,2 (that is, failed and

intact particles) over the time interval t using Eqg. (32) as



js1]
I

bi = [ri(T) - ri(O)]/T. (41)

After solving Egs. (34-38) we apply the same renormalization
as discussed in the Constant Release-Renormalized model, namely
Eq. (286).

The integration of Eqs. (34-38) is straightforward, using
the methods developed in Appendices A and B, with the results
that

—Air
Ni(T) = e Ni(O), (42)
T
Rl(T) = [l_e - )\PO(Ai'B'T)]Ni(O)’ (43)
*
Mot = e TN (0) + [(F 4+ Ty (A -A%,8,1)
1 1 O 1
—(A,-A*)T %
+ l-e 1 le A T N, (0) (44)
' L . L .
_ ' L -
R; (1) = N (L-e T)Ni(O) + F [1-e™" T- AP (A ,B,1T) +
A* *
s.oy AT
(T+D) e Po (A=A, B, T)IN, (0), (45)
where_ b1
A, = X + a. + L ’
1 i 2
Ay = X+ a, (46)
b;
B = a5 ’
and
T 2
k -y g-
Prs8im) = [as s e YSTEST o L 2k p (g

10



with

2
1 /7 Y©/48
P (Y,8,1) = 5/F e

2V

[erf(VBT + 1—— ) - erf (—1: )1 .
2VR

(48)

Various limiting forms of PO(Y,B,T) are derived in Appendix A

where it is shown that
1 S
P,(0,8,7) = 2 4 B erf (V Bt) if vy = 0, B # O
P (y,0,1) = =(1-e %) if y #£0, 8 =0
o Y
and
PO(O,O,T) = T if y=8= 0 ,

Also involved in the integration of Egs.

derived in Appendices A and B, are the integrals

*

T _ s—Bsz
P,(y,B,1) = j‘ ds s e ' = - %ﬁ PO(Y,B,T)
(@]
2
1 -YT-BT
+ ﬁ (l—e )
T A%s 1 * -A
[as e™ % p (v,8,8) = % P AT+ v,8,1) - e
o A
and

(49)
(50)
(51)
(34-38), and
' (52)

T
P_(v,8,1)1,(53)

11



T *
as e e (v,8,9) = 25 (- e (0 v,8,7)
1 28A °

o]

* *

+ye™ Te_(y,8, 1+ 1-e7M 1, (54)

Using Ecg.(48-51), the various limiting forms may be written

explicitly as

*
Y = Ai_A + B # 0

' I A a2
Nyt = e o) + e Trap_(0,8,1) + 1-e Bt 1N, (0) (55)
A*
- T
' - (1~ ' 1 * *
Ry (1) = L {#5%— N;(0) + = [(a;~A)P_(A,B,T)
A A
*
-a.P (0,8,1) + 1-e® TIn. ()1 . (56)
1 O 1
y = Ai—A* £0, B=0 :
* (A '\*) *
1 _ ' a. - =i T -
N. (1) = e TN (0) + L [1-e 1 1 e} ™™, (o) (57)
1 1 K 1
i
l —A*T a l A* l —A'T
] o= e ] i 1 _ - T L _ 1
R; (1) =L { o N; (0) + X?[A* (1-e ) Ay (1-e ) Ni(oi}.
1 (58)
*
Yy =A-A =0, 8=0
' A* A"
_ ATt AT
Ni(r) = e Ni(O) + a;te Ni(O) (59)

12



a. *

Ri(1) = £ (85— wi(o) + &, 1-+a"ne™ Tin (o). (60)

A A

In the 8 = 0 %imit, a;, =~ fi using Eq. (41), and E?. (57)
and Eq. (59) for Ni(r) and Eq. (58) and Eq. (60) for Ri(T) are
seen to be identical with Eq. (23) and Eq. (24), respectively,
for the Constant Release model described previously, as they
should.

In terms of numerical evaluation it suffices to use the

limiting forms for PO(Y,B,T) given in Egs. (48-51) in Egs. (42-45)

since there are no singularities.

D. Intact - Failed Self-Cansistent Fuel Transition

In order to investigate the accuracy of the simple renor-
malized intact-failed models, we now develop a self-consistent
model for reference comparisons. We assume that the release
rate, r(t), the containment building clean-up system removal
rate, V(t), and the containment building leak rate, L(t), are
constant over the time interval 1. We assume that the failed
fraction, F(t), is a linear function of time over the time in-

terval T.

The transition of intact to failed fuel, including decay

and release from failed (Eqg.61) and intact (Eqg.62) fuel particles

can be represented by

an, o ]
= = _(A+rl)Nl + GN2 (failed) , (61)
an, _ .
3t = -(MT,)N, - GN, (intact), (62)

where A is the isotope decay constant and the Ei are the release

constants. We assume that the release constants are averaged

13



over the time interval 1 and are given by

= 2 [r(0) + r, (01, i=1,2 (63)

all

i

The transition rate, G , in Egs. (61) and (62), is determined

from the definition of the failed fraction

( Nl(t)
F(t) = . (64)
Nl(t) + N2(t)
Differentiating (" = é%) Eq. (64), we obtain
F(t) = [1 - F(t)] N () (t) Ny (&) (65)
= -— - F t 4
Nl(t) + N2(t) Nl(t) T N2(t)
where we have used Eq.(64). Defining
A, =X +r, , i=1,2 (66)

1 1

and substituting Eqs(61l) and (62) for Nl(t) and Nz(t) into Eq. (65),
we find

F(£) = F(£) [1-F(£)](Ay=A;) + [1-F(£)]G . (67)
Solving for G(t) we obtain

F(t)

G(t) = mr(e * (MAF () . (68)

Assuming that the failed fraction, F(t), is approximated as

a linear function in the time interval T,
F(t) = a+ bt , 0 < F(t) <1 (69)

then

14



a = F(0)
(70)
_ F(Tt) - F(0)

and Egs. (61) and (62) can be integrated, using Eq. (68) to give

3
N, (1) =z A, M (1)
k=0

and (71)
5
N, (1) =21 A, M (1)
k=4

where the functions Mk(r) are defined as

-AT
~ 1
MO(T) = e ’
T
AT _ a2
M (1) =e © [ as K7l BT g g,
O
TR 2
M4(T) = YT Bt , and
2
M (1) = e VTTRTT (72)

The constants (in the time interval Tt) o, B, vy, and Ak are

given by

a = (Al-Az)(l—a),

B8 ='(Al—A2) b/2

Y = Ala + Az(l—a) = Al -, (73)
and .

15
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A = Nl(O) r

@]
N, (0)
AL = [b+ (Aj-Ay) (1-a)] —f=5 -
N> (0) -
A2 = (Al—/\z) [b(l-a)-ab] -z '’ (74)
b2N2(0) .
Ay = —(Ay=Ry) —17— =
A4 = Nz(o) , and
bN., (0)
- - 2
Bg = -2 °

The release from intact and failed particles is given by

T
Ri(T) =g[ ds r. Ni(s), i=1,2 (75)

or

3
Rl(T) = ZS Bk Pk (t)
R=0

5
R, (1) = 25 B, P (1), (76)
R=1

where the functions Pk(T) are defined by

T
§k(r) =f as M, (s) (77)
@)

and the constants Bk are related to the Ak's by

o
IA

k < 3

- (78)
B, = r, A k = 4,5



The functions Mk(T) and Pk(T) are derived explicitly in

Appendix A. They are all expressible in terms of exponentials

and combinations of exponentials with error functions. If we

define the function Po(y,B,T), c.f. Eq. (A-8), by

T

2
Po(y.,8,1) = [ ds ¢ YS-Bs
o
1 Y2/28
= §'J%Te [erf(/ET + J_ ) - erf (X ., (79)

2/8 2VB

then by integration and differentiation [with respect to the

parameters of PO(Y,B,T)], the Mk(r) functions for B # 0 are given

by
-M.T
_ 1
—AlT
Ml(Al,a,B,T) = e Po(—a,B,T)r
M2(Al,u,8,r) = Efﬁ—_ aPo(—a,B,T)+ l—eon_BT } v
-A1T _n-2
My (Ap,0,8,T) = S |(a®+28)P_(-a,8,1) + a(1-e*TTET)
48 !
2
—(OL—ZBT)eOLT—BT
- 1—812
M4(YIBIT) = ¢ Y ’
and
—YT—BTZ
Mg (v,B,1) = Te . (80)
The functions M2(T) and M3(T) are expressible as
M (Ay,T) - M,(A;-0a,B8,T) + oM; (A;,0,B,T)
_ o1’ 471 171 !
MZ(Al,G,B,T) = 78 (81)
and

17



Ml(AllaIBIT) - MS(Al_arBrT) + aMz(AllaIBIT)

7B . (82)

M3(Al,a,B,T) =

The limiting forms are given in Appendix A. In particular we
note that the integrals for M2(T) and M3(T) in the B = 0 limit
are finite and independent of B. The contribution from AkMk(T),
k = 2,3, is therefore zero since A2 and A3 have a factor of B

in them.

Similarly, integration of Egq. (77), using Eg. (80), as derived
in Appendix A, yields for the Pk(r) functions the results

A _A T

1 1
PO(Al’T) = A_" (l'—e ) ’

1
Pl(AllaIBIT) = 7\‘1: [Po(Al—a,B,T)—e_AlT Po(—aIBIT)]I
A l _AlT
PZ(AlIaIBIT) = Erl (Al—a)Po(Al_aIBlT)'*'ae PO (—G'IBIT) ,
-(1-e7M1T)
2 2 )
A 1 [2B+(Al—a) ] (—28+Al ) —AlT
P3(AllaIBIT) = 5 - PO(Al_alBrT) + —T'— e X
4874 A 1

1 f '

-81%-(A)-0) T

_ _ _ o AT
\ P (=a,B8,1) +(1l-e ) iy (1-e "1 )J
P4(YIBIT) = PO(Y’B'T)’ and
3 Y 1 -YT—BTz
Ps(YlS’T) = - Q_g PO(YIBIT) + %‘ (1-e ) ! (83)

where the limiting forms for Pk(T) are given in Appendix A.

The functions Pk(T) are expressible as

18



Po(hysT) = —f- '

4

P4(Al—aIBIT) - Ml(AlrarsrT)
A

Pl(AllalelT) = 1

Po(Al,T) - P4(Al—a,8,1) + aPl(Al,u,B,T)

P2(AllaIBIT) = 28 ’

Pl(AllaIBIT) - PS(Al_arBIT) +u‘P2(AlIuIBIT)
28

’

P3(AllaIBIT)

P4(Y,B,T) = PO(Y,B,T) , and

~ 1 -~ YP4(YISIT) - M4(YIBIT)

~ el

In particular we note that the integrals for P2(T), P3(T), and
PS(T) in the B8 = 0 limit are finite and independent of B. The
contribution from AkPk(T) for k = 2,3, and 5 therefore vanishes
for 8 = 0. The other limiting forms are automatically accounted
for using Eqg. (84) and the limiting forms for PO(Y,B,T) given in
Appendix A.

]

The number of isotope particles, Ni(t), from failed or
intact particles released in the containment building is governed
by

dN.

i

%
—a't—=si(t) "ANi(t) ’ @85 )

where the source, Si(t), is taken as the release rate from failed

or intact particles,

- 1 _
S;(t) = 3¢ = ;N () . (86)

19



*
The decay constant, A , is defined as

+ L, (87)

=
il
>
+
<l

where V(1) represents the containment building cleanup system
removal rate and L(t) represents the containment building leakage

rate. We assume averaged values over the time interval T and

define
= _ 1
vV = > [V(0) + v(1t)] and
(88)
L=2 L0 +L()] .
The release from the containment building is given by
T

t 1

R (1) = [ ds L(s)N,(s). (89)

(o]

Integrating Egs. (85)and (89), using Eg. (86), we may express
the solutions in the form

T
' At - —A*Tf £ s
Ni(T) = e Ni(O) + r.e J ds e Ni(s)
and (90)
* T s
-A T * % 1
' _ = | (1-e ) - -A's ' As L
R, (1) =L ———K;———— N, (0) + r,; -[ds e ./ ds e N.(s )}’
o o)

- * a—
where ., A, and L are given by Egs.(63), (87), and (88),
respectively.

Substituting Eq. (71) and (78) into Eq. (90), we may express
the solutions as
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Np(r) = e TNyo) + et T > B o (1),
=0
(91)
' A" A<
_ AT -
N, (1) = e N, (0) + e > By 9 (D),
=4
and
1 *
R (1), Nt 3
— - 5 N, (0) +z B, Vy (1)
=0
(92)
1
R2(T) l_e—A*T . >
= = A* N2(0)-+:£ Bk Vk(r),
k=4
where the functions Qk(T) and Vk(T) are defined by
T A*
Qk(T) =-[ds et S Mk(s),
o
(93)

(o]

The Qk(r) and Vk(T) functions are derived explicitly in
Appendix B.

For the general case of Qk(T) we obtain the results that

*
-(A,-A )T
* 1 1
Q, (A PAyeT) = + [l-e 1

Al—A
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*
=(A-A )T

* *
0y (A" Ay 0,8,m) = L 1P (Aj-AT-0a,8,1) - e P (~o,8,1) ]
1-A
* l B * * ]
Q, (A LA ,0,B,T) = —_— (A=A -a)P_(A,-A ~0o,B8,7T)
2 1 23(A1—A*) 1 o'y
—(Al-A*)T !
+ ae PO(~a,8.T)
(A=)
- - T
-(l-e 1
* 2
o . o 1 [ [2B+(Ag-A =) 7] . N
’ 70, 0,1 = P (A -A —G'IBIT)
3 1 262 Al‘A* oM

*
2 -(A=A )T
- (e ) o P_(-a,8,1)

*
< Al"A > 7

2 *
~BT —(Al—A -o)T
-[1l-e ]

*
Q4(A IYIBIT) = PO(Y"A*,B,T) ’ and

Qs (0, y,8,7) = B (y-A",8,1) . (94)

Pl(Y,B,T) is defined in Appendix A.

The expressions for Q2(T), Q3(T) can be expressed in a

functionally simpler manner as
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* *
QO(A*IAlIT) - Q4(A IAl_aIBIT) + an(A IAlIaIBIT)

*
Q (A IA IaIBIT) =
2 1 28

* Ql(A*IAlIaIBIT)—QS(A*lAl—aIBIT)+aQ2(A*IAlIuIBIT)
0y (A" Ay ,0,8,1) = .

28
(95)

Again, the integrals for Q2(T), Q3(T), and QS(T) in the B =0
limit are finite and independent of B. The contribution from

Bk Qk(T) for k = 2,3, and 5 therefore vanishes for B = 0 since
those Bk have a factor B8 in them. The other limiting forms are
handled correctly using the limiting forms for PO(Y,B,T), Pl(Y,B,T)
and QO(T) given in Appendices A and B.

For the general case of Vk(r) we obtain the results that

*

* — -
V(A A1) = [ (1me™ Ty - L (1-eMTy g,
o 1 ® = R
Ay=A 1
A*

Vo (A AL ,0,8,7T) = —L— P (A.~a,B,7) - —% e~ T p (A, -A"-a,B,1)
'l ’ ll rOr * o) 1 rer * * fe) l e
A A -A A

1
-AqT
1
e
- Al PO(_QIBIT) ’
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*
. (A;~A" -a) *
l -—
VyhhyeasBer) = 4 —— o L [P (A-0a,8,7) —e !

T *
p Ar-A - 1By
2B(A1_A*) A O( l a B T)]

a 1

+ *
28(A=A7) A -A

= [P, (A -A"=0,8,1)

(Al—A*)T
-e PO(—a,B,T)]
1 1 A" 1 A
- % e D) - = a-eTM
28(Ay-A7) A 1
28+ (A ~A"—q) 2 2
* -A —a
V3(A IAlIaIBIT) = % [_"* C * - (28’*‘0. )* + l]PO(Al—aIBIT)
48 A (Ay-AT) Ay (Ay=A")
1 2B+a2 -A
+ 5 B+a % e ]_TP (-a,B,1T)
48° Ay (Ay=A)
28+ (A, ~A"-q) 2 *
- *
e SR S e™ Tp_(n-A"-a,8,T)
48 AT (Ay-AT)
11 2"
- = (1-e™" 1)
482 *
. A
+ 12 ® . [ié (1-e™™ 1) iL (1-e"™M1 Ty 1 ,
48 A=A A 1
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*

—_ *
Lo (v,8,1) e Tp_(v-1",8,1)1, and
A (@) O

*
V4(A 'Y B,T)

* *
-— - *
- Y—,F PO(YIBIT) + Y A* e AT PO(Y_A IBIT)
2BA 2B8A

A*
VS( /Y B, T)

) - (96)

The expressions for Vl(T), V2(T), V3(T), V4(T) and VS(T)

can be expressed in a functionally simpler manner as

*

* AT *
%* V(A ,Aj-0,B,T) - e Q. (A ,A ,0,8,T)
v, (A" AL, T) = 4 1 1 1 ,
1 Tl Al

* * *
VO(A 'AlfT) - V4(A ,Al-a,B,T) + aVl(A ,Al,T)

*
V2(A IAlIaIBIT) 28

*
Vl(A ,Al,T)

14

* *
VS(A rAl"OLIBIT) + aV, A IAlIaIBIT)

* _ 2°
V3(A IAlIaIBIT) = 7B
A~ *
- T
* P (YIBIT)_ e Q (A IYIB T)
V(AT Y., = =2 . ' ', and
A
A * * g *
PO(A fT) - YV4(A 'YsBT) — € Q4(A 1Y B,T)

I
-

*
V5(A IYIBIT) 28

(97)
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where we have used the identity vy = Al—a from Eq. (73).

Finally we remark that the integrals for VZ(T), V3(T) and
VS(T) given in Eq. (97) in the B = 0 limit are finite and inde-
pendent of B. The contribution from Bka(T) for k = 2,3,5
therefore vanishes for B = 0 since those Bk have a factor B8
in them. The other limiting forms are handled correctly using
the limiting forms for PO(Y,B,T) and VO(A*,Al,T) given in
Appendices A and B.

As we shall see in Section IV, comparison of these four models
indicates that the Constant Release-Renormalized model is adequate

for the calculation of the release to the coolant and from the

containment building.

ITI. CALCULATIONAL DATA BASE

The calculational data base for LARC-1 is composed of the
following: (a) Temperature modeling, (b) Fission product release
rates, (c) Particle coating fuel failure fractions, and (d) Aged
particle coating fuel fracture fraction. Each of these is discussed
in detail including the form and parameters used in the analytic
fits as well as the graphic representations generated from the
fits. '
A. Temperature Modeling

The temperature modeling of LARC-1 is represented as a
function of core volume fraction (x) and time (t). Four

different models are available at present.

The first three models are based on data obtained from
SORS,2 CORCON,3 and AYER.4’5 These models involve three
different calculations of the maximum and average temperature
as a function of the time from the beginning of an LOFC. The
temperature shape as a function of core volume fraction was
obtained graphically from GASSAR.6 A simple scaling law is
used to construct T(x,t) from T(t) and T(x).
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The fourth model is obtained from an inversion of the data
made available from recent AYER calculations.7 The core volume
fraction at time t with temperature above T is transformed into
T(x,t).

1. Temperature vs Core Volume Fraction

The fuel temperature, T(x), vs the core volume fraction
x, or "fraction of the fuel volume above indicated temperature at
6
That

graph was read and interpolated for a number of core volume frac-

rated power" is given graphically in the GASSAR report.

tion points, given in Table I.

TABLE I

GASSAR DATA T(xX) vs X

X T(x) K

0 1699.82
0.01 1588.71
0.03333 1479.26
0.06666 1402.59
0.1 1347.59
0.2 1255.37
0.3 1205.37
0.4 1173.41
0.5 1147.04
0.6 1127.59
0.7 1104.26
0.8 1079.08
0.9 1044.26
1.0 922.04

Originally a simple analytic polynominal fit to the data
was used. That technique had an accuracy of about 1% in T(x), but
did not have dT/dx continuous across fit boundaries, of which

there were several.
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However, with the implementation of a general one-
dimensional spline method,g—lothe accuracy of the fits is
maintained, dT/dx is smooth, and d2T/dx2 is continuous.

The average temperature T is used in scaling and is
determined from numerical integration of the spline representation

as
1
T = fT(x)dx - 1174.4 K - (98)

o}

A graphic display of the spline representation of T(x)
is given in Fig. 1.
2. SORS Data

The maximum and average temperature, TMAX(t) and
TAVG(t), are displayed graphically in Fig. 6-2 of the SORS report2
for a 3000 MW(t) reactor for lumped fuel/graphite temperature vs
time. That graph was read and interpolated for TMAX(t) and

TAVG(t) at a number of time points given in Table II.

TEMPERATURE VS. CORE VOLUME FRACTION
1700y T T T T T T T

T T

1600

1600 ¢

1400

1300

1200

TEMPERATURE (DEGREES K)»

1100

1000

900
0.0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

CORE VOLUME FRACTION

Fig. 1. Temperature vs core volume fraction.
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SORS TEMPERATURE DATA

TABLE ITI

t (h) TMAX(K) t (h) TAVG(K)
0 1227.59 0 1088.71
1.3 1644.26 1.1 1366.48
2.3 1922.04 2.5 1644.26
3.5 2199.82 4.2 1922.04
5 2477.59 6.3 2199.82
6.92 2755.37 10.0 2477.59
9.42 3033.15 14.8 2755.37
12.3 3310.93 22.5 3033.15
17.3 3588.71 ' 34.6 3310.93
26.5 3922.04 40.0 3374.42
40.0 3922.04 50.0 3459.08

We note that the SORS data as given in Ref. (2) does
not have a maximum temperature exceeding the graphite sublimation

temperature (3925 K).

9of the data of

The results of the spline representation
Table II are displayed in Fig. 2.

3. CORCON Data

The maximum and average temperature, T
are given in Table 6-4 of the CORCON report.3
produced in LARC-1 units in Table IIT.

uax (£) and T,o.(t),

This data is re-

The results of the spline representation of the data
of Table III are displayed in Fig. 3.
We note that in Fig. 3 there is a depression of the

TMAx(t) and TAVG(t) curves in the time range 1 < t < 5 h of the
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Fig. 2. Temperature vs time Fig. 3. Temperature vs time
after LOFC, SORS graphic after LOFC, CORCON
data. tabular data.
TABLE III
{
CORCON TEMPERATURE DATA

t (h) TMAX(K) TAVG(K)

0 1192.59 1052.59

0.0083 1192.59 1052.59

0.2167 1280.37 1134.82

1.45 1618.15 1413.71

5.25 2379.26 1920.37

10.25 2969.82 2338.71

15.25 3358.71 2608.71

20.25 3630.37 2793.71

25.25 3665.37 2938.15

30.25 3665.37 3026.48
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CORCON data relative to the SORS data shape, Fig. 2. In general,
after t = 1 h the CORCON data has lower temperatures, with dif-

ferences upwards of 150 K, than SORS for both TMAX(t) and TAVG(t).
4, AYER Data

The maximum and average temperatures, TMAX(t) and
TAVG(t) are reproduced in Table IV from AYER data.4'5

The results of the spline representation of the data
of Table IV are displayed in Fig. 4.

We note that for this data TMAX(t) attains and exceeds
the graphite sublimation temperature at 17 h.

Comparing the AYER to SORS temperature histories we
note that TMAX(t)AYER< TMAX(t)SORS for 0 < t < 15 h and
TAVG(t)AYER < TAVG(t) SORS for 0 < t < 20 h, with temperature
differences of the order of 50-200 K. After 15 h, TMAX(t)AYER >
T (t) until t v 20 h when the 2 models are equal.

MAX SORS
Comparing the AYER and CORCON temperature histories we

note that TMAx(t)AYER < TMAX(t)CORCON for 0 < t < 10.5 h with a
maximum difference of approximately 100 K. For 10.5 < t < 20 h,
TMAX(t)AYER > TMAX(t)CORCON with a maximum difference of almost
TAVG(t), on the other hand, for AYER

and CORCON data differ by less than 50 K over the range 0 < t <

20 h. AYER is first lower than CORCON (0 < t < 1.8 h), then

higher (1.8 < t < 4.5 h), then lower (4.5 < 5 < 15 h), and, finally
higher (15 < £ < 20 h).

5. Computation of T(x,t) for Models 1, 2, and 3

200 K occurring at 17 h.

Using the temperature vs core volume fraction data, by
spline interpolation we find T(x) for any x in the range
0 < x f'l. The average temperature is given by T = 1174.4 K from
Eq. (98).

From the spline representations of TMAx(t) and TAVG(t)
we find these quantities at any time t by spline interpolation.

In order to determine T(x,t) we use a simple scaling law
given by

TMAX(t) - T t)

(
T(x,t) = AVG [T(x) - T] + T.._(0) .
T(0) - T AVG

(99)
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TABLE IV

AYER TEMPERATURE DATA

t (h) TMAX(K) TAVG(K)
1199 1167
1278 1219
0.5 1315 1243
1.0 1461 1338
1589 1421
1704 1496
1810 1566
1908 1631
3.5 2002 1692
4.0 2091 1749
4.5 2176 1804
5.0 2257 1856
5.5 2335 1906
6.0 2411 1954
6.5 2483 1999
7.0 2554 2044
8.0 2687 2126
9.0 2815 2204
10. 2936 2278
11. 3053 2347
12. 3165 2414
13. 3273 2477
14. 3376 2538
15. 3475 2596
16. 3570 2653
17. 3663 2707
18. 3636 2756
19. 3664 2801

20. 3665 2840




This form scales the maximum to average difference of the T (x)
curve to match the maximum to average difference of a model at

time t.

The function T(x,t) and the isotherms are displayed
for 0 < x <1, 0 <t< 20 h in Fig. 5-10 for the SORS (Model 1),
CORCON (Model 2) and AYER (Model 3) data.

6. AYER Fu-Cort Data

Data was available for x = x(T,t) from recent results
of the AYER code4’7 in which the core volume was divided into
112 elements. Reinterpreting this data as the function T(x,t)
and supplying additional interpolated points, we constructed

the tabular values for T(x,t) given in Table V.

Performing a two-dimensional spline fit we calculate
T(x,t) for any (x,t) in the range 0 < x < 1, 0 <t< 20 h by

spline interpolation.

The T(x,t) and isotherms are displayed for Model 4
in Figs. 11 and 12.

Comparing Model 4 to Models 1-3 for the temperature
field T(x,t), Figs. 5,7,9, and 11, we note that Model 4 maintains
a larger fraction of the core (x = 1) at a lower temperature than
the other models. Models 1-3, on the other hand exhibit a rise
and then a decrease in the temperature as a function of time
near X = 1. Maintaining any significant fraction of the core at a
uniformly low temperature during a LOFC would seem to need further
justification. As we shall see later, it results in a consider-
able reduction in the release to the coolant for t > 9 h.

B. Fission Product Release Rates

The graphic data for fission product release rates as a

2 12

function of temperature (T) in the SORS™ and GASSAR “reports has

been fitted to Arrhenius relations of the form

(T) = qe P/T (100)

33



TEMPERATURE VS TIME AFTER LOFC
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for intact and failed particle coatings. The isotopes have been

arranged in the 10 groupings as used by SORS, and listed in
Table VI.

In the SORS data, the effects of BISO and TRISO particles have
been "added for a conservative estimate."2 In the GASSAR data,
BISO and TRISO release rates are distinguished in some instances.

The fitted parameters for the SORS and GASSAR data are given
in Tables VII and VIII, where the parameters are further subdivided
as intact or failed. 1In the case of GASSAR parameters a subscript
B (BISO) or T (TRISO) on the group index further distinguishes the
release rate parameters.

The release rates using the parameters of Table VI-VIII are
displayed graphically in Figs. 13-15. The SORS data is denoted as
the Ft. St. Vrain fuel model.
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TABLE VI

ISOTOPE GROUPING OF RELEASE RATES

Group Isotopes

1 Sr

2 Cs, Rb

3 Ba, Sm, Eu

4 Ce

5 Xe

6 Kr

7 Zr, Nb, Mo, Te

8 Pm, Nd, Pr, Y, Pd, Sn, La
9 Ru, Rh
10 Se, Br, Te, Sb, I




£y

TABLE VII

SORS RELEASE RATE PARAMETERS
INTACT FAILED

Group a(h™h) 8 (K) a(h™h 8 (K)
1 9.7733 x 1074 8.2621 x 10° 1.82889 x 10% 2.2861 x 10%
2a 5.3231 x 10° 5.8360 x 107 5.3231 x 10° 5.8360 x 10%

(3 < 5.64 x 1070 ()71 (% < 5.64 x 1074 (x) "™}
2b 4.6144 x 1072 1.3198 x 10° 4.6144 x 1072 1.3198 x 10*
[z > 5.64 x 1074(K) 1] (5.64 x 1074 < 2 < 7.59 x 1074
2¢ 9.7733 x 1077 8.2621 x 10° 9.7733 x 1074 8.2621 x 10°

(x> 7.59 x 104 (x)7h
3 9.7733 x 104 8.2621 x 10° 8.9524 x 10° 2.2657 x 10%
4 9.7733 x 10 2 8.2621 x 10° 2.2317 x 10° 2.1229 x 10%
5 9.7733 x 102 8.2621 x 10° 8.9524 x 10° 2.2657 x 10°
6 7.2751 x 1073 8.6963 x 10° 3.9423 x 10% 2.2435 x 10°
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TABLE VII (cont)

SORS RELEASE RATE PARAMETERS

INTACT FAILED
Group a(h™h 8 (X) a(h™h) 8 (K)
7a 1.7385 x 10° 3.5259 x 10% 2.317 x 10° 2.1229 x 10%
[z < 5.33 x 107 %(x) 71
7b 9.7733 x 1074 8.2621 x 103
[z > 5.33 x 1074 (x) 71
8 9.7733 x 1072 8.2621 x 103 2.2317 x 103 2.1229 x 104
9a 1.10548 x 10° 3.4207 x 10° 2.2317 x 103 2.1229 x 10%
[z < 6.26 x 1074 (%)}
9b 9.7733 x 10 % 8.2621 x 103
iz > 6.26 x 1071 (x) 7}
10 9.7733 x 107 % 8.2621 x 10° 3 2.2657 x 10

8.9524 x 10

|
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TABLE VIII

GASSAR RELEASE RATE PARAMETERS

Intact Failed
Group a(n™h 8 (K) a(h™h B(K)
1" 39.3 1.2 x 104 1.5937 x 10° 1.1861 x 10°
1p 5.40686 2.5798 x 10% 1.5937 x 1072 1.1861 x 104
25 ¢ 5.9769 x 102 2.3157 x 10* 1.6154 x 10° 2.6374 x 104
3, 1.7191 x 10° 1.7858 x 10° 1.3192 x 103 1.7782 x 10%
3g 1.2282 x 102 1.4834 x 10% 1.3192 x 103 1.7782 x 10%
4y 1.58225 x 10° 2.86525 x 10% 1.2316 x 10° 2.8319 x 104
4y 5.40686 2.5798 x 10 1.2316 x 10° 2.8319 x 104
55,7 1.0742 x 1072 1.0313 x 10% 1.74925 x 10° 1.95451 x 10
65,7 4.427 x 1072 1.0482 x 104 1.5004 x 10° 1.7662 x 10%
Tn,m 5.40686 2.5798 x 10 1.2316 x 10° 2.8319 x 104
8 4.427 x 1072 1.0482 x 10* 1.2316 x 10° 2.8319 x 10%
8 5.40686 2.5798 x 10° 1.2316 x 10° 2.8319 x 10%
9, 4.427 x 1072 1.0482 x 10° 1.2316 x 10° 2.8319 x 104
9 5.40686 2.5798 x 10° 1.2316 x 10° 2.8319 x 10%
10, 0.10280 1.0314 x 10% 2.1494 x 103 1.8175 x 104
10,, 0.10280 1.0314 x 10% 7.3605 1.3777 x 10%

*
B - BISO; T - TRISO; B,T - BISO and TRISO
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C. Fuel Failure Fraction (Particle Coatings)
The BISO and TRISO particle coatings begin to exhibit

failure as a function of temperature (T) and age (t:time of a

particular fuel rod in the reactor) of irradiation.

Analytic fits and a functional algorithm were developed
from the graphic data displayed in the SORS2 and GASSAR6 reports
for the failed fraction of particle coatings as a function of
temperature and age, f(T,t).

SORS: f(T,t)

The SORS data is displayed graphically in Figs.5-1, 5-2
of the SORS report (see also Figs. 16 and 17). The failed
fraction is approximated as a linear function of temperature in
the partially failed region. The boundaries of no coating failures
and 100% coating failures are a function of age and type (BISO,
TRISO) .

Using these assumptions we may write a simple analytic fit
of the data to obtain the failed fraction, f(T,t), as a function

of the temperature (T) and the age of the fuel (t) for BISO and
TRISO fuels.
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The temperatures for £ = 0 (no coating failure) and £ = 1
(100% coating failure) at 4 yr and 0.12 yr at the knee of the
curves, are given in Table IX. The temperatures for 0 < t < 0.12 yr
are taken to be the same for BISO and TRISO fuels.

For 0 < £t < 0.12 yr, the failed fraction can be represented

as a linear function of temperature by
£f =A + BT (101)

where the coefficients A and B for BISO and TRISO are given in

Table X.

For 0.12 < t < 4 yr, we fit the £ = 0 and £ = 1 boundaries by

aieBit (i = 0,1) and perform a linear interpolation between the

£ =0 and £ = 1 boundaries. This approximation leads us to the
form
T(t) - T (t
£(T,t) = ) ot , (102)
Tl(t) - To(t)
where
B.t
T, (t) = ase (i = 0,1) (103)

and the coefficients o, and Bi for BISO and TRISO are given in
Table X.

As is mentioned on page 6-3 of the SORS report,2 linear fuel
failure is assumed with 10% failed fuel at 4 yr. This is an amount
that is added to the fraction that fails due to temperature; 2.5%,
5%, 7.5% , and 10% failure is added to the 1 yr-,2 yr-,3 yr- and

4—yr-old—-fuel respectively.
Figures 16 through 21 were generated using the above equations

and data.
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TABLE IX

SORS TEMPERATURES (K) FOR AGED FRACTION FAILURES, £
Type/f £ =0 £ =
BISO:
0.12 yr 1858.15 1998.15
4 yr 1360.15 1599.15
TRISO:
0.12 yr 1858.15 1998.15
yr 1273.15 1663.15
4
TABLE X
SORS AGE-TEMPERATURE FUEL FAILURE PARAMETERS
Type 0 <t < 0.12 yr
A 103B K
BISO -13.2725 7.14286
TRISO -13.2725 7.14286
0.12 yr < t < 4 yr
Type 16%_ (K) 1028 (yr 1) 10734, (K) 1028 (yr 1)
o) 1 1
BISO 1.87617 8.04098 2.01197 5.74098
TRISO 1.8801 9.74459 2.00953 4.72964
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Fig. 18. Fraction of failed particles vs temperature, BISO particles,
SORS data. This figure is derived from Fig. 16.
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0-0 i i i I3 3
1200 1400 1600 1800 2000 2200 2400
TEMPERATURE (DEGREES K)
MFUEL, =1 AGE = 4.0 LAGE =T  TRISO

Fig. 19. Fraction of failed particles vs temperature, TRISO parti-
cles, SORS data. This figure is derived from Fig. 17.
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GASSAR: f£(T,t)

The graphic data obtained from Fig. 1 and 2 of the GASSAR re-
port are summarized in Tables XI and XII for various aged fuels
and particle coating failed fractions.

For the BISO particle coatings, a spline fit to the data was
used below a certain failed fraction, fo’ and temperature T (marked
with an asterisk in Table XI). Above fo' a linear fit of the

form

f(t) = A + BT (104)
was used, where £ =1 if T > Tl' The BISO parameters A, B and
the threshold for the linear fit, f are given in Table XIII.

OI

For the TRISO particle coatings an exponential fit of the
form

£(t) = aePT (105)
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TABLE XI

GASSAR BISO PARTICLE COATING FAILED FRACTIONS AND TEMPERATURES FOR VARIOUS AGES

Age = 1 yr 2 yr 3 yr 4 yr
f T (K) £ T(K) f T(K) f T(K)
0.00179 T<2073.15 0.00377 T<2073.16 0.00526 T<1690.15 0.00718 T<1673.15
0.282 2143.15 0.282 2143.15 0.0059 1743.15 0.0079 1697.15
1.0 2273.15 1.0 2273.15 0.0071 1793.15 0.010 1733.15
0.0116 1873.15 0.021 1793.15
0.0185 1917.15 0.0557 1853.15
0.046 1973.15 0.10 1893.15
0.057 2000.0 0.222 1973.15
0.0815* 2073.15 0.4039* 2073.15
0.10 2083.15 0.649 2153.15
0.23 2113.15 1.0 2273.15
1.0 2273.15

*
Linear fit above this fraction and temperature, spline fit below.




TABLE XII

GASSAR TRISO PARTICLE COATING FAILED FRACTIONS AND TEMPERATURES FOR VARIOUS AGES

€4

Age = 1 yr 2 yr 3 yr 4 yr
f T(K) f T(K) f T(X) f T(X)
0.00157 1941.15 0.00385 1473.15 0.00601 1473.15 0.00677 1473.15
1.0 2273.15 0.00566 1902.15 0.00942 1888.85 0.0109 1873.15
1.0 2273.15 1.0 2273.15 1.0 2273.15
TABLE XIII

GASSAR BISO FAILED FRACTION PARAMETERS

Age (vr) £ A 1038 (K) "
1 0.00179  -10.3454  4.99105
2 0.00377  -10.3229  4.98115
3 0.0815 - 9.4394  4.5925
- 0.4039 - 5.7751  2.9805




row of Table XII. A linear fit of the form

was used for f < fo, which corresponds for TRISO to the first

£(T) = A + BT (106)

was used above fo, where £ = 1 if T > T,. Thke TRISO parameters
and their temperature ranges are given in Table XIV.

The data described by these analytic fits are displayed for
BISO and TRISO in Figs. 22-25.
D. Aged Fuel Failure Fraction (Particle Coatings)

Different segments of the HTGR core have been subjected to
different irradiation times, or aging, due to the replacement of
1/4 of the fuel rods each year with new fuel rods.

SORS: For the SORS data, if this replacement process does not

occur, we say the fuel is not aged, and the fraction of failed

particle coatings is given by
£f = £(T,t), (107)

where t is the age in years and Eq. (107) is evaluated using
Egqs.(102) and (103) of Section C with the parameters of Table X.

On the other hand, if the fuel replacement process occurs,
we say the fuel is aged, and the fraction of failed particle

coatings is given by

4
_ 1 s . .
T = z-ES £.5 (6(t - i+ 1) - 6(t - i), (108)
i=1
where t is the age in years, i = [t] + 1, and [ 1 means "least

integer", with

a£, i=1 0<t<1
£+ 3f i=2 1<t <2
£,° = 1 2 - - (109)
£+ £, + 2£, i=3 2 <t <3
£+ £, + £5 + £, i=4 3<tc<4
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GASSAR TRISO FAILED FRACTION PARAMETERS

TABLE XIV

Age (yr) AT(K) 10% 1058 (6) 7" AT A 1028(x) "1
1 <1941.15 1.57 1941.15<T<2273.15 5.8361 0.300732
2 <1894.15 0.99966 0.915323 1894.15<T<2273.15 4.9638 0.262359
3 <1888.15 1.2240 1.08109 1888.15<T<2273.15 4.8593 0.257762
4 <1873.15 1.17176 1.19064 1873.15<T<2273.15 4.6209

0.24728
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and

fi = £[T, t mod(4)] = £(T, i-1 + x), (110)
where x = t - [t], using the parameters of Table X.
GASSAR: For the GASSAR data, if the fuel is not aged, then a
linear interpolation is performed between the two nearest ages,
or
4
= ' G G .
£ = Ei [(1-x) £+ x£.6] [0 (t-i+1) - 8 (t-1)] (111)
i-1 i ’
iy
G _ . G . .
where fo =0, 1= 1[t] +1, x =+t - [t], and fi is given by

Hh
I

f(r,t) = £(T, i-1 + x) , (112)

using Egs. (104-106) and Tables XIII and XIV of Sec. C.
On the other hand, if the fuel is aged, then the par-

ticle coating failed fuel fraction is given by

- 1 S G
=3 :S £° 10(t - i+ 1) - 0(e-1)1 , (113)
i=1
where
(ax£,© i=1 0<t<1
n 3£.C - 2x£. € + 3x£ C =2 ses2
G 1 1 2
5 Y .¢ G G (114)
£.6 + (2-x)£.C + 2xf i=23 2 <t <3
1 2 3 <
G G G G o
L £,° + 6,0 + £,° + x£, i=4 3<t<4

with

57



fi = £(T,t) = £(T, i-1 + x), (115)
using Egs. (104-106) and Tables XIII and XIV of Sec. C.

The failed fraction in BISO, TRISO, and TOTAL = 0.6
BISO + 0.4 TRISO for the SORS and GASSAR models are displayed in
Figs. 26-37 for aged and not aged fuel. (LAGE = T and F respectively)

We note that the SORS (Ft. St. Vrain) model exhibits an
exponential rise in the failed fraction between refuelings com-
pared to the linear rise of the GASSAR model in the same circum-
stance. The temperatures of Fig. 1 were used and were held con-
stant in time.

The maximum and minimum failed fraction for the SORS
data are (0.08, 0.04). The maximum and minimum for the GASSAR
data are (0.004, 0.0025). Thus, a factor of (20,16) decrease in
the maximum and minimum, in going from SORS to GASSAR data is

obtained.
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Fig. 26. Failed fraction vs age Fig. 27. Failed fraction vs age
of the fuel in years, of the fuel in years,
BISO particles, SORS TRISO particles, SORS
data, aged fuel. data, aged fuel.
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IV. COMPARISONS

1311 was made for the Ft. St. Vrain fuel
model (MFUEL = 1) with an average age of 2.5 yr (AGE = 2.5), fuel
not aged (LAGE = F). A BISO-TRISO mixture (0.6, 0.4) was used
(FRAC = 0.6). Six partitions of the core volume IC =1, 5, 10, 25,

100, 200 and five partitions of the 20 h time period IT = 20, 40,

A comparison for

100, 300, 500 were used. A typical result is displayed in Figs.
38 and 39 and compared with the uniform temperature model of Ref. 1
for the fraction in the coolant and the cumulative release. Four
temperature models SORS, CORCON, AYER, and AYER Fu-Cort (ITEMP = 1,
2, 3, 4) and the four equation models, Simplifiad Model-Renormalized,
Constant Release-Renormalized, Linear Felease-Renormalized, and
Intact-Failed Self-Consistent fuel transition (NEQ = 1, 2, 3, 4)
were used.

A typical terminal run output under the NOS system is dis-
played in Fig. 40.
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Fig. 40. Typical terminal run output for LARC-1 under NOS system.
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The most sensitive test of these 320 calculations was the
comparison of the fraction in the coolant and the cumulative re-
lease at 2 h time. These results are given in Appendix E. The
main result is that at 2 h the maximum variation between (IT, IC)
of (100, 100) and (500, 200) for the 131

the coolant is v 20% for any temperature model whereas the various

I fraction release in

temperature models differ by as much as a factor of 3.7. Similarly
for the cumulative release the maximum variation is ~ 19% for

any temperature model, whereas the various temperature models
differ by as much as a factor of 3. At times greater than 2 h

the variations decrease rapidly.

The 131

function of time and model number (NEQ) are given in Tables XV -

I fraction in the coolant and cumulative release as a

XXITI for the four temperature models with IT = IC = 100. We note
that better than two-digit agreement for the fraction in the coolant
between the various equation models occurs after 4 h for all temp-
erature models, Tables XV - XVIII.

Taking model 4, the Intact-Failed Self-Consistent Fuel model,

as a standard, we compare the 131

I cumulative release in Tables XXIII-
XXVI. Again we note that the maximum difference occurs at v 2 h
where as much as a 17% error can occur at the 0.4 Ci level. However,
comparing Tables XIX - XXVI we can estimate an approximate upper
bound on the error in the cumulative release, displayed in Fig. 41.
A good rule of thumb is that the error made by the renormalized
models compared to the Intact-Failed Self-Consistent model is " less
than 5% at 50 Ci, and less than 1% at 300 ci."

A similar set of comparisons was made for 127mTe, and is sum-
marized in Tables XXVII - XXIX for the fraction in the coolant, the
cumulative release and the comparison to model 4. We note that the

cumulative release at 20 h has only reached 25 Ci, as compared to

3500 for 1311. The maximum error, 12%, occurs at 6 h as compared to
131 . 131 127

2 h for I. The approximate upper bound for I bounds the Mre

results.
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TABLE XV TABLE XVI

131} FRACTION IN THE COOLANT 1317 FRACTION IN COOLANT AT 2 h
ITEMP = 1, IT = 100, IC = 100 ITEMP = 2, IT = 100, IC = 100
<NEQ < REQ
Ty >N, 1,2 3 4 ) ] 1,2 3 4
2 |0.000522 0.000522 0.000626 2 |o0.000157 0.000157 0.000175
4 |o0.0475 0.0475 0.0483 4 {o0.0129 0.0129 0.0135
6 |0.284 0.284 0.284 6 |o0.134 0.134 0.135
8 |o0.641 0.641 0.642 8 |o.401 0.401 0.402
10 |0.861 0.861 0.861 10 [0.670 0.670 0.670
12 |o0.93s 0.935 0.93s 12 |o0.842 0.842 0.842
14 |0.948 0.948 0.948 14 |o0.917 0.917 0.917
16 |0.944 0.944 0.944 16  |0.936 0.936 0.936
18 |0.938 0.938 0.938 18 |0.936 0.936 0.936
20 |o.931 0.931 0.931 20 |o0.931 0.931 0.931
TABLE XVI TABLE XVEII
1317 FRACTION IN COOLANT 1311 FRACTION IN COOLANT
ITEX® = 3, IT = 100, IC = 100 ITEMP = 4, IT = 100, IC = 100
N\EQ NEQ
T(H) 1,2 3 4 T(H) 1,2 3 4
2 |o.o00144 0.000144 0.000169 2 | 0.000220 0.000220 0.000269
4 |o.01s8 0.0158 0.0165 4 | o.0205 0.0206 0.0211
6 Jo.u3 0.113 0.114 6 | 0.139 0.139 0.139
8 |o0.325 0.325 0.326 8 | o0.362 0.362 0.362
10 |0.586 0.586 0.587 10 | 0.540 0.540 0.540
12 |0.791 0.791 0.791 12 | 0.646 0.646 0.646
14 |o.89s 0.895 0.895 14 | 0.717 0.717 0.717
16 |0.929 0.929 0.929 16 | 0.767 0.767 0.767
18 |0.934 0.934 0.934 18 | 0.803 0.803 0.802
20 [o.931 0.931 0.931 20 | o.827 0.827 0.827
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TABLE XIX

1311 CUMULATIVE RELEASE (CURIES)
ITEMP = 1, IT = 100, IC = 100
NEQ
T (H) 1 2 3 4
2 0.362 0.362 0.353 0.429
4 63.620 63.646 63.299 65.617
6 556.424 556.781 555.819 559,238
8 |1654.131 1655.048 1654.214 1656. 690
10 | 2687.453 2688.273 2687.888 2689.032
12 | 3232.777 3233.196 3233.047 3233.480
14 |3430.953 3431.101 3431.045 3431.212
16 |3485.639 3485.678 3485.651 3485.742
18 | 3497.822 3497.831 3497.810 3497.883
20 }3500.136 3500.137 3500.118 3500.188
TABLE XX
131 UMULATIVE RELEASE (CURIES)
ITEMP = 2, IT = 100, IC = 100
NEQ
T (H) 1 2 3 4

2 0.164 0.164 0.162 0.177
4 15.101 15.105 14.994 16.071
6 | 235.211 235.330 234.763 237.816
8 | 942.483 942.944 942.250 945.159
10 |1909.057 1909.699 1909.208 1911.122
12 |2710.293 2710.852 2710.570 2711.583
14 |3181.464 3181.803 3181.674 3182.123
16 |3386.173 3386.317 3386.296 3386.450
18 | 3455.200 3455.246 3455.221 3455.327
20 | 3474.843 3474.855 3474.837 3474.919
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TABLE XXI

1317 CUMULATIVE RELEASE (CURIES)

ITEMP = 3, IT = 100, IC = 100

NEQ
T (H) 1 2 3 4
2 0.129 0.129 0.127 0.142
4 19.972 19.976 19.871 21.152
6 212.131 212.199 211.822 214.730
8 764.819 765.116 764.545 767.487
10 1620.123 1620.675 1620.123 1622. 351
12 2468.057 2468.659 2468.291 2469.601
14 3043.649 3044.072 3043. 891 3044.513
16 3323.847 3324.050 3323.975 3324247
18 3429.105 3429.180 3429.143 3429.285
20 3463.127 3463.152 3463.130 3463.227
TABLE XXII
1311 CUMULATIVE RELEASE (CURIES)
ITEMP = 4, IT = 100, IC = 100
NEQ
T (H) 1 2 3 4
2 0.186 0.186 0.183 0.214
4 27.313 27.320 27.172 28.390
6 262.656 262.801 262.290 264.627
8 '888. 430 889.010 888. 353 890. 765
10 1610.957 1611.575 1611.152 1612.910
12 2126.310 2126.664 2126. 440 2127.661
14 2469.188 2469.388 2469.256 2470.152
16 2711.513 2711.641 2711.552 2712.238
18 2888.546 2888635 2888. 569 2889.110
20 3020.609 3020.671 3020.616 3021.063
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PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4

TABLE XXIII

1311:

I, /R, - 1] x 107

TABLE XXIV

131 2

I: [R,/R, - 1] x 10
PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4

ITEMP = 1, IT = 100, IC = 100 ITEMP = 2, IT = 100, IC = 100
NEQ NEQ
T 1 2 3 T 1 2 3
2 15.62 15.62 17.72 2 7.34 7.34 8.47
4 3.04 3.00 3.53 4 6.04 6.01 6.70
6 0.50 0.44 0.61 6 1.10 1.05 1.28
8 0.15 0.10 0.15 8 0.28 0.23 0.31
10 0.06 0.03 0.04 10 0.11 0.07 0.10
12 0.02 0.009 0.013 12 0.05 0.03 0.04
14 0.008 0.003 0.005 14 0.02 0.01 0.01
16 0.003 0.002 0.003 16 0.008 0.004 0.005
18 0.002 0.0015 0.002 18 0.004 0.002 0.003
|20 0.0015 0.0015 0.002 20 0.002 0.002 0.002
TABLE XXV TABLE XXVI
131. 2 131

I

lRi/R4 -1] x 10

PERCENTAGE DIFFERENCE IN MODELS COMPARED

1: |Ri/R4 -1] x 10
TO MODEL 4 PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4

ITEMP = 3, IT = 100, IC = 100 ITEMP = 4, IT = 100, IC = 100
NEQ NEQ
T 1 2 3 T 1 2 3

2 9.15 9.15 10.56 2 13.08 13.08 14.49
4 5.58 5.56 6.06 4 3.79 3.77 4.29
6 1.21 1.18 1.35 6 0.74 0.69 0.88
8 0.35 0.31 0.38 8 0.26 0.20 0.27
10 0.14 0.10 0.14 10 0.12 0.08 0.11
12 0.06 0.04 0.05 12 0.06 0.05 0.06
14 0.03 0.01 0.02 14 0.04 0.03 0.04
16 0.01 0.006 0.008 16 0.03 0.02 0.03
18 0.005 0.003 0.004 18 0.020 0.016 0.019
20 0.003 0.002 0.003 20 0.015 0.013 0.015
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Fig. 41. Approximate upper bound to error in cumulative release in

131 . .
I calculations using IT = IC = 100 for all temperature
models.
TABLE XXVII
127mT
e FRACTION IN COOLANT
ITEMP = 4, IT = 100, IC = 100
~~__NEQ
T (H) 1,2 3 4
2 0.000128 0.000128 0.000128
4 0.00114 0.00114 0.00126
6 0.0435 0.0435 0.0484
8 0.205 0.205 0.210
10 0.324 0.324 0.327
12 0.405 0.405 0.408
14 0.475 0.475 0.477
16 0.539 0.539 0.541
18 0.594 0.594 0.595
20 0.642 0.642 0.644
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TABLE XXVIII

127m e CUMULATIVE RELEASE (Ci)
ITEMP = 4, IT = 100, IC = 100

NEQ
T (H) 1 2 3 4
2 0.002 0.002 0.002 0.002
4 0.019 0.019 0.019 0.020
6 0.627 0.629 0.627 0.713
8 5.063 5.071 5.067 5.269
10 10.573 10.571 10.577 10.733
12 14.597 14.601 14.600 14.717
14 17.746 17.749 17.748 17.847
16 20.517 20.519 20.519 20.605
18 22.970 22.971 22.971 23.039
20 25.102 25.103 25.102 25.160
TABLE XXIX
127mp, . [R;/R, - 1] x 102
PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
ITEMP = 4, IT = 100, IC = 100
NEQ
T (H) 1 2 3
2 0.0 0.0 0.0
4 5.00 5.00 5.00
6 12.06 12.06 12.06
8 3.91 3.76 3.83
10 1.49 1.43 1.45
12 0.82 0.79 0.79
14 0.57 0.55 0.55
16 0.43 0.42 0.42
18 0.30 0.30 0.30
20 0.23 0.23 0.23
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Results for three representative isotopes, l3lI, 135Xe, and

l38Xe, are displayed in Figs. 42 through 45. On each figure four
temperature models are displayed . The SORS (ITEMP = 1) model gives
the largest release and the AYER-Fu Cort (ITEMP = 4) model the
smallest.

The sensitivity of the accumulated release to fuel modeling where
the fuel is the Ft. St. Vrain (FSV) or GASSAR model is illustrated
in Figs. 42 and 43, respectively, where there is a 50% reduction at
9 h in using the GASSAR model.

The sensitivity of the temperature models and the effects of

135 lBSXe

larger A's is illustrated in Figs. 44 and 45 for Xe and

135

r

respectively. For Xe the different temperature models predict

a 30% difference in fraction released in the coolant with a 4-h

135

time spread in the maximum. The Xe decay constant causes the

decaying tail after the peak release.

The double peak exhibited by 137Xe in Fig. 45 was investigated
in detail and is explained as follows: the first peak is formed
because of release from intact particles. Decay causes it to fall
because most of the amount available for release is depleted by
decay. During the fall, the rise in temperature of the SORS model is
sufficient to cause a large increase in the failed fraction before
decay again causes the second peak to fall off. In the CORCON and
AYER temperature models. The temperature-time behavior is such that
decay overrides the increased failure and a leveling off of the

second peak is expected.

V. CONCLUSIONS

We have developed and compared four analytical models of fis-
sion product release from an HTGR core during the LOFC accident.
We have also developed a numerical data base for release constants,
temperature modeling, fission product release rates, coated fuel
particle failure fraction and\aged coated fuel particle failure
fraction. Analytic fits and graphic displays for these data were
given for the Ft. St. Vrain and GASSAR models.
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The assumptions of the simplified modell have been systemr

atically removed. However, the LARC-1 program neglects precursors,
diffusion, and absorption and evaporation of the metallics. These
topics will be treated in subsequent reports.

Comparison of the various analytic models indicates that the
use of a renormalized constant release model is sufficiently accu-
rate to warrant the extension of this method to more complex theo-
retical modelings.

Comparisons of the various temperature and release models in-
dicate that these are the most sensitive LARC-1 parameters in that
order. The need for detailed accurate temperature calculations
and physically realistic release models, that are validated by

experiment, must be emphasized.

REFERENCES

1. J. E. Foley, "1311 Release from an HTGR During the LOFC Ac-
cident," Los Alamos Scientific Laboratory report LA-5893-MS
(March 1975).

2. M. H. Schwartz, D. B. Sedgley, and M. M. Mendonca, "SORS:

Computer Programs for Analyzing Fission Product Release from
HTGR Cores During Transient Temperature Excursions," General
Atomic Company report GA-Al2462 (April 1974).

3. K. E. Schwartztrauber and F. A. Silady, "CORCON: A Program
for Analysis of HTGR Core Heatup Transients," General Atomic
Company report GA-Al2868 (July 1974).

4, R. G. Lawton, "The AYER Heat Conduction Computer Program,"
Los Alamos Scientific Laboratory report LA-5613-MS (May 1974).

5. J. H. Fu and G. E. Cort, "Fuel Failure Fraction and Iodine
Release Calculation from GASSAR July 18, 1975 Models," Los

Alamos Scientific Laboratory internal document (December
1975).

6. GASSAR-6, General Atomic Standard Safety Analysis report,
GA-AT13200, vol. II, Chap. 4, Fig. 4.4-8 (July 1975).

74



7.

10.

11.

12.

J. H. Fu and G. E. Cort, "The Fraction Fuel Volume Above
Certain Temperature Levels During an LOFC Accident," Los
Alamos Scientific Laboratory internal document (March
1976) .

J. L. Walsh, J. H. Ahlberg, and E. N. Nilson, "Best Approxi-
mation Properties of the Spline Fit," J. Math. and Mechanics,
IT No. 2, 225 (1962); J. H. Ahlberg, E. N. Nilson, and J. L.
Walsh, The Theory of Splines and Their Applications, (Academic
Press, Inc., New York 1967), p. 296. .

T. L. Jordan and B. Fagen, Programs E102, E103, "Spline In-
terpolation and Function Evaluation," Los Alamos Scientific
Laboratory Computing Division Program Library (April 1969).

T. L. Jordan, "Smoothing and Multivariant Interpolation with
Splines," Los Alamos Scientific Laboratory report LA-3137
(June 1964).

T. L. Jordan, Program E104, "Two-Dimensional Bi-Cubic Spline
Interpolation - Coefficient Calculation," Los Alamos Scien-

tific Laboratory Computer Division Program Library (December
1967) .

GASSAR-6, General Atomic Standard Safety Analysis report,

GA-Al13200, Vol. I, Chapt. 2, Appendix 2A, Amendment 3

(July 1975).

75



76

APPENDIX A
EVALUATION OF THE Mk(’r) , and Pk('r) FUNCTIONS

The Mk(T), Pk(T), and Pk(T) functions are defined by

—AlT ’
Mo(Al,T) = e (A-1)
—A1T
Mk(Al,a,B,T) = e Pk_l(—a,B,T), 1 <k <3 (A-2)
2
M, (v,8,7) = e YTTBT (A-3)
2
Mg (v, 8,7) = te VTTET (A-4)
T k - s—Bs2 (A-5)
Py (ly,B,1) = j-ds st e ¥ , and
o
T
Pk(T) =.[ ds Mk(s), (A-6)
o

First, we investigate the function Pk(y,B,T) given by Eq. (A-5)

as

T 2
Pk(Y,B,T) =j~ds sk e—Ys_BS
o)

— 3
- (_ ) PO(YIBIT) . (A'7)

Thus, Eq. (A-5) need be integrated only for k = 0 as the other
forms may be found by differentiation. For R # 0, we find

. - s—852
PO(YIBIT) =[ ds e Y

o]

2

Y /48

= %.V%. e [erf(/ET + ) - erf (=) . (A-8)
2/8 2/B



For 8 = 0, Eq. (A-8) becomes

- 1 - oY1 -
PO(YIOIT) = ? (1 e ) (a-9)
and for B = vy = 0, we have
PO(OIOIT) = T e (A—lO)

Using Eq. (A~7) we find for Pl(Y,B,T) and its limiting forms

2
- - X 1 - o YT-BT -
P (¥,0,7) = 5 [1 - (1+yne ¥, (a-12)
Y
and
T2
Pl(OIOIT) = T B (A—l3)
Similarly, for P2(Y,B,T) we have
1 2 ~y1-812
Py(y,B,T)= —=5 [(y*+2B)P_(Y,B,7) - y(l-e™ ¥ )
48
—YT—BTz
+ (Yy-2B1) e | (A--14)
P,(v,0,1) = 33 [2 - (2+2yt+y2c?) &7YT) , (A-15)
Y
and
T3
P2(0,0,r) = - - (A-16)
Using the results of Eqs,(A-7) - (A-16), we may determine the

Mk(T) functions as given by Egs.(A-1) - (A-4). Specifically, for

B#0

77



78

My (A 0,8,7) = e T P_(-0,8,1), (a-17)
e-Al'r aT—BTZ
Mz(AllarBrT) = __jg— [aPo(_alslT) +1-e ]I (A-lS)
and
—Alr , g 5
My (A, 0,8,1T) = EZEZ_ [(a“+28)P_(-a,B,T) + a(l - e*T7FT )

2
~ (a-28T)e*T"RT 1. (a-19)

For 8 = 0 and B = a = 0, the Mk(T) functions for 1 < k < 3 are

found from Eg. (A-2) and the limiting forms of Pk(Y,B,T).

Next we address the evaluation of Pk(T). For k = 0, 4, and
5 integration of Egs (A-1),(A-3), and (A-4) yields

~ —A T
1 1
Po(Al,T) H (1L - e ) (A-20)
P4(YIBIT) = PO(YIBIT) ’ (A_Zl)
and
Py (v,8,7) = P (Y,8,7) , (a-22)

where we have used Eq. (A-7). For 1 < k < 3, using Egs.(A-6)
and (A-2),

a kA
(— g?) Pl(AIYIBIT)I (A-23)

Pk(ArYIBIT)

where



T
Pl(AIYIBrT) =/dS e_AS

o

PO(Y,B,S)

-A

= § [P, (A+y,8,1) - e TR (v,8,1)], (a-24)

which can be proved by direct integration using Eqg. (A-8). Dif-

ferentiating Eq. (A-24) ,according to Eq. (A-23), we find

T
5 -A
B, (A, v,8,7) =[ds e B (v,8,8)
o]

- (At+vy) - Y AT
= + 281 PO(A+Y:B,T) Z—BA—e PO(YrBrT)
1 -AT

and
T

P3(AIYIBIT) =[ ds e—AS P2(YIBIS)
[0}

2
L_(_[28+(y )]
432{ A P (A+y,8,T)

+ 0Q8+y2) -AT e—BTz—(A+Y)T

e PO(YIBIT)+(1 - )

(1 - e ATy, (A-26)

+
=<

Substituting —-a~»y and A1+A in Egs(A-24) - (A-26), we have the results
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P (Ap,0,8,1) = f%'[Po<A1 - a,8,0- e M7 p_(-a,8,1)1, (a-27)

P, (A ,a,8,7) = + zery [(Ay-o)P (hy-a,8, 1) vae ™% 2 (0,6, 1)
-1+ e M1ty (A-28)
and
2
A ) 1 { [28+(Al_a) ] )
P,(Ay,a,B,1T) = P (A,-a,B,T
3'71 482 Ay o'l
2
(-28+a7) -
———— ™" p_(-a,8,1)
1
2
Bt =(A,-a)T _
fl-e P& - e™T) (a2
1

For the case B = 0, Ek(A,a,O,T) and gk(A,0,0,T) are clearly
integrable and convergent for k = 2,3 using the limiting forms
for Pk(Y,B,T). However, since for k = 2,3 these gk(A,a,O,T) and
gk(A’ 0,0,7) are multiplied by me/g in thf modelAsolution, Ehey
are not needed. On the other hand PO(T), Pl(T), P4(T), and PS(T)
are needed since their coefficients in the model solution are (or

can be)nonvanishing even if B = 0.

For B = 0, PO(Al,T) is still given by Eg. (A-20). For

Pl(A,a,O,T) we may use

Py (A ,0,0,1) = fL [P_(A;=a,0,T) - e

1

~A1T P (-a,0,T)] (A-30)
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where Egs. (A-12) and (A-13) are applicable for PO(Y,O,T).

Similarly,
P = =1 (1-e7T A-31
P4(YI0IT) - PO(YIOIT) - .Y (l e ) ( )
P (y,0,1) = Py (v,0,7) = =5 [1 - (L+yne '], (a-32)
Y
APPENDIX B

EVALUATION OF THE Qk(T) AND Vk(T) FUNCTIONS

The functions Qk(T) and Vk(r) are defined by

Q. (1) =des eA*s M, (s) (B~-1)
o]
and
T *
- v (1) = [as e %o (s), (B-2)
(0]

where the Mk(T) functions are given explicitly in Appendix A. We
shall need these functions for the parameters A , Al, o, B, and Y
non-zero and zero. However, knowing the limiting forms of the
Pk(Y,B,T) functions, using the fact that some functions [Qz(T),
Q3(t), Qg(T), Vy(1), V5(1), and V5 (1)] have finite B = 0 limits

and are multiplied by B8, and that these same functions are expres-
sible in terms of QO(T), Ql(T), Q4(T), VO(T), Vl(T), and V4(T) leads
to considerable simplification in that limiting foxms are needed
only for the latter functions.
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Evaluation of Qk(T)

QO(T): For Al # A* using Egs, (B-1) and (A-1l), we have

*
T * - (A=A )T
* -
0 (M A1) =fas et S e Lo L 1 (B-3)
o) 1 A=A
o) 1 -

and for Al = A*, Egq. (B-3) becomes

0 (A A ) = 1. (B-4)

*
Ql(T): For Al # A , using Egs.(B-1), (A-17) and (A-27) we have

T
A%, A - fas & 5 (A
Ql( ’ lIOLIBIT) "f S e Ml( lIaIBIS)
o

T *
=_[ds eA S e_Als P (-a,B,s)
o

1 % —(Al—A*)T
= T i% [Po(Al—A -a,B,T) -e Po(—a,B,T)]. (B-5)
1"
For Al = A*, we have from Eq. (B-5)
T
* *
0 (A", A7 ,a,8,7) = [ds P_(-a,8,s) , (B-6)
O -
where
2
Po(v,8,1) = 3VE &V /48 fere(vBr + L) - err (X)) (B-7)
2/8 2/8
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and

T 2
1 -Y1-BT _
[ as Py (v,B,s) = 55 [(y+28T)P (v,8,T) = 1+ e 1, (B-8)
o)
Thus,
* % 1 aT—Brz
Ql(A IA lalBlT) = '§‘é‘ [(—a + ZBT)PO(-G,B,T) -1 4+ e ]. (B"9)
Now for Al = A*, and 8 = 0, using Eqg. (A-9) in Eq. (B-6) we find
T
* % _ 1 oT
Q (A" ,A ,a,0,1) = f ds P_(-a, 0,5) = = [*T - (l+aT)1.  (B-10)
o o
*
Finally, if A1 = A, and o« = B = 0, we have
* * 1_'2
Ql(A IA IOIOIT) = T ’ (B_ll)

which follows from the limit of Eg. (B-10) as o - 0 or from using
Eg. (A-10) for PO(O,O,T) in Eg. (B-10). The limiting forms for

Egq. (B-5) for a = 0 and B # 0 follow from Eq. (A-8), namely

P_(0,8,1) = %Jg erf (VBT) . (B-12)

Q,(T): For A # A" and B8 # 0 , using Eqs.(B-1), (A-8), (A-18) and

(A-24), we find

%

S

T
* A
Q2(A ,Al,a,B,T) =dfds e M2(A1,a,8,s)
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*
1 * * —(Al—A )T
= —_— (Al—A -a)PO(Al—A -0,B,T) + ce
ZB(Al—A )
. (B-13)
—(Al-A )T
X Po(—a,B,T) - [1-e 1] .

Further limiting forms are not needed explicitly. For the

cases

(@) Ay = A", 8 # 0,

_ * *
() Ay =A, B=0, o« # AN,

ok B B o *
() Ay =A", B=0, a=A-A",
(@ Ay =A", B=0, 0 #0,

*

(e) p = A, B=0, a=0,

*
the integral for Q2(A ,Al,a,B,T) is finite. In addition for
g = 0, Q2(T) is independent of 8. Since B2 has a coefficient
involving a factor B, the B = 0 contribution from Q2(T) vanishes.

Re-expressing Q2(T) as

* * *
QO(A lAllT)"Q4(A lAl—aIBIT)+an(A lAllalBlT)
28

Q, (A", Ay a,8,7) =

(B-14)
*
eliminates the necessity for the Al = A limit since it is
automatically accounted for by the limiting forms of QO(T),

Ql(T), and Q4(T). In Eqg. (B-1l4) we have used the identity

Y = Al—a from the definitions given in the text.

Q4 (1) 2 For A, # A" and B # 0, using Egs.(B-1), (A-7),

(A-8), (A-19), and (A-24), we find
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T

*
* _ A s
0, (A" 8 ,0,8,1) = [ds e

My (A ,0,8,8)

[28+ (A, ~A"~0) ?]

l £ 3
= P (A,~A -a,8,T)
482 Al_A* o1l
2 T
- - T
- EEiE; e 1 PO(—a,B,T)
A=A
2 *
-BT —(Al—A -a)T
- [1-e ]
(A, -1")
- - T
+ 2 - [l-e 1 1t. (B-15)
A=A

Further limiting cases are not needed explicitly, Jjust as for
the Q2(T) function. The coefficient B3 has a coefficient B,
and all the limiting forms involving B = 0 for Q3(T) are finite
and do not involve f. Thus, the B = 0 contribution from Q3(T)

vanishes.

Re-expressing Q3(T) in Eq. (B-15) as

* * *
Ql(A IAlIaIBIT)—QS(A IAl_aIBIT)+aQ2(A rAervrBrT)

*
Q3(A rAlIOLIBIT) = 28

(B-16)

*
eliminates the necessity for the Al = A limit since it is
automatically accounted for by the limiting forms of Ql(T),
Q, (1), and Qg (7).

Q4(T): Using Egs. (B-1), (A-3), and (A—7)7we have
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T

* A*s *
QA ,v,8,1) = [as e ® M, (y,8,5) =p_(y-2",8,7). (B-17)
o
The limiting forms are given in Appendix A. .
QS(T): Using Egs. (B-1), (A-4) and (A-7) we have -
T *
* A s *
QS(A 'Y B,T) = [dS e MS(YIBIS) = Pl(Y_A +B,T). (B-18)
o

For 8 # 0, from Appendix A we have

* 2
Q5 (A", ¥,8,1) = 5 [-(v=A")B (y=0", 8, 7)41-e” (VTR T-BTTy (53,

Using Eq. (A-12) for B = 0, v # A* find

*
0 (A%, y,0,1) = — 2 (1-[14(y-0")1] e~ (YA )Ty (B-20)
> (y-0")2

*
For 8 = 0 and vy = A , Eq. (B-20) limits to

% * 2
T
QS (A IA IOIT) = 5 . (B“2l)

Since B5 has B as a factor, the B = 0 limits will not contribute.

Evaluation of Vk(T):

* -

VO(T): For Al # A , using Egs. (B-2) and (B-3) we have

* T A" * .
Vot oAy, = [ds e % o (A7, 4y,s)
o]
1 1 A" A
= —— [ 1-e* 1) - L a-e™MT), (B-22)
Al—A A 1
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*

For Al = A, using Eq. (B-4) in Eq. (B-22) we find

*
* * * -
v A", = 3 -t et T

A

(B-23)

Vl(T): For Al # A*, using Egs. (B-2), (B-5), and (A-24) we find

T
* _A*S *
Vl(A ,Al,a,B,T) =f ds e Ql(A ,Al,a,B,S)
O
= 15 P_(Aj-0,8,7)
M A
A*
- L & P (AN -0, 8,1)
Al—A A
e-AlT
- = P (-a,B,1)]
1
One could use the identity
T
fd “As b (y,B,8) = - & [Py (A,Y,8,1)]
S S s € o YI ’ - H l 7 7 7
- -A
= 280 Y) 5 (avy,8,1) - EESE TR (v, 8,1)
28A A
2
+ 1 [l_e—BT —(Y+A)T] ,

2BA

(B-24)

(B-25)
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* *
to solve explicitly for Vl(A ;A ,0,8,7T). On the other hand, one

can rewrite Eg. (B-24) as

* -A*T *
* V4(A ,Al—a,B,T) -e QL(A ,Al,a,B,T)
Vl(A lAllaIBIT) = (B-26)

N

and incorporate the limiting forms from Ql(T) and V4(T).

*
VZ(T): For Al # A and B # 0, using Egs. (B-2), (B-13), and

(A-24), we find

T A* *
- S
jads e Q2(A IAlIaIBIS)
(o]

I

*
VZ(A IAlIaIBIT)

*
A=A -o *
= + —  Lp_(hj-a,8,1)-e"h

* TPO(Al—A*-a,B,T)]
2B(A1—A ) A

(A,-A)
+ 2 * L * [P (Al—A*—arBlT)‘e 1 ' X
28(Ay-A") Aq-A °
Po(‘alBlT)]
l *
- e T - L -e™MTyy (827

28(A-A7) A A

Further limiting forms are not needed explicitly. For the cases
given in connection with Q2(T), all the V2(T) integrals are also
finite. 1In addition in the 8 = 0 limit they are finite and inde-

pendent of RB. Since B2 has a factor B, the contribution B2V2(T)
is zero.
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We may re-express Vz(r) as

% * *
* VO(A ’AllT) - V4(A IAl_aIBIT) +avl(A IAlIOvIBIT)
Volh yAy,0,8,T) =

28
(B-28)
which eliminates the necessity for using an explicit Al = A* limit
except through the limiting forms for VO(T), Vl(T), and V4(T).
*
V3(T): For Al # A and B # 0, using Egs. (B-2), (B-15) and (A-24),
we find
T *
A%, A y = [as e S o %, )
V3( ’ lIaIBIT - ]- S e Q3 7 lratBrS
o
[28+ (A, -A"~a) 2] 2
-A -a
- L 1 - 2Bta 1P (Ay-a,8,7)
48 A (Al—A ) Al(Al—A )
1 28+a2 =M
+ e

P (-a,B8,T)
2 * o]
48 Al(Al—A )

* 2 *

1 28+(A1—A -a7) A1 *
- ) * * e PO(Al_A —aIBIT)

48 A (Ay-A )

A*

- —lj j% (1-e™ 2 Ty

483 A

* A

+ ) ¢ * [j% (l-e—A T)— J; (l—e_ lT)] (B-29)

43 Al—A A Al
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Further limiting forms are not needed explicitly, just as for the
V2(T) function. The coefficient B3 has a factor B, and all the
limiting forms involving 8 = 0 for V3(T) are finite and do not

involve B. Thus, the B3V3(T) contribution vanishes for B = 0.

Re-expressing V3(T) we have

* * *
Vl(A lAllaIBIT)_VS(A rAl—alBrT)+aV2(A lAllaIBIT)
28

*
V3(A IAlIa‘IBIT) =
(B-30)
which eliminates the necessity for using explicit limiting forms
*
for Al = A except in Vl(T), Vz(r) and VS(T). Of course,
VZ(T), as given by Eq. (B-28) is expressible in terms of VO(T),

Vl(T), and V4(T).

V4(T): Using Eqgs. (B-2),(B-17), and (A-24), we find

T *

-A *
[dS e S Q4(A IYIBIS)
(o]

*
v4(A IYIBIT)

*

-A T

LA XIS LI (B-31)

The limiting forms for V4(T) are accounted for by the forms given

for the PO(Y,B,T) function in Appendix A.

VS(T): For B # 0, using Egs. (B-2),(B-18), and (A-24), we find
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T
VS(A*,Y,B,T) =“/ds e
@]

Y
2BA

1
2BA

+

*
A

*

*
S QS(A IYIBI

PO(YIBIT) +

*
-A T

(1-e )

s)

* *

-0 T

Y-A* e

2B8A

*
PO(Y‘A IBIT)

(B-32)

The limiting cases for 8 = 0 yield finite integrals for VS(T).

Since B5 has a factor B, the 8 = 0 limit contribution from VS(T)

vanishes.

The necessity for writing the other limiting cases for

VS(T) is removed by re-expressing Eq. (B-32) for B # 0 as

1

*
- *
= (l-e A T)-YV4(A ' YeBsT) - €

*
- *
Mo, yv.8,m

*
Vg (A, Y, 8,7)

28
(B-33)

and using the limiting forms for V4(T) and Q4(T).
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CNPYSF 32 FILES FROM COMPILF

10

APPENDIX C
CODE LISTING FOR LARC-1

PROGRAM LARC1 (INPsQUTFILMIFSET123FILM)y
PARAMETER (NS00=500)4 (N501=N500s1)
REA1 NPRIMEsLeN1IN2+N2¢NGoNZERNZERDILAMARDA

DIMFNSYON NPRIME(NS500y+ L(NS00)s TI(NSOLly, RPRIMFINGO00)s DSIMINSAN)
1y VINSAN), FF(NSO1), 7N(NSnO0y, ZR(NS00), ZA (NS00, ZF (NSANY . ZN1 N
25001 7N2(NSQ0)s ZN3IINSQ0)+ ZMG(NG0Q0) 7R1INSOOY 792(Nqnn\c RN

350017 724 (NS00)s ZALINS00) s Z2A2(NS0N) s 7AUNGONY, 7A4(NSAAY,

7F1N

4500y 7F2(NS00)y 2ZF3(NGOD}, 2F4(NSOQ)s TARLE (NSaR,4), TADI'¥(NS00,4

S)

DIMFNSTON TITLELI(7)y TITLEP(6)9 TITLE3(GY), X{ IM(2), YLIU(D)
DIMENSYTON ISET(6)y NSET(D)

COMMUN /LUNEW/ TXASAVE «TYSAVE1X2e1Y2

LOGTCA; LAGEsSBISUWNNRGAS

REAL NJOLO,N2OLNDyNIOLNMN4OLD

COMVON ZLA/ LAGE(AGE 4mFUELSISOIKBISO

COMWMUN /TMODEL/ MADEL

MOpFL a 1 SORS DATa FROM TMAXs TAVE GRAPHS
MODFL . 2 CORCON TanULAR DATA

MoDrL = 3 FU =« CORT TARILAR DATA

DATA IQET/1,45410425,100,200/

DATA NQET/205404+1004300+500/

INUM=g

NALv=g

NEQ=4

NE! INnICATES WHICH EQUATINN SET TO USE

NER = SIMPLE EQ FIRST HALFs OLD E0 SECONM MHALF
NEQ = 7 SIMPLE EnN ROTH HALVES

NEQ = 1 LINEAR RFLEASE BNTH HALVES

NEQ = LINEAR FAILURE 80TH HALVES

NZED’B 1#3.E973.7

CALL GrTQ (4LKJ3NyJOBNAME)

CaLl DATEQ (DATE)

Z=FoAC00(0,0)

ITEMP =4

ITEUP =y

IF (1TEMPJEQe&) Z3SPLINE(0eD0eDe0)
CONTINNE

REAN 3404+ NAME,LAMBDA,1S0,vlELDAGE ,MFUEL ,LAGE ,FRACNORGAS
NZEQU=nZER®YIELD

UNITS AF NZERO ARE CI (CURTES).

PRINT 220y NAMEJLAMBDAISO,YIELDINZERO
PRINT 5300 -AGEWLAGEsFRAC

IF (NORGAS) PRINT 240

VSET=),9

1IF (MNNQRAS) VSET=0,0

I a<dmED RELEASED AS 91 PERCENT ELFMENTALs 5 PFRRCENT PaARTTCULATE

AND & PERCENT ORGANIA,

FOR THrSE MATERIALS THE CLFANUP SYSTEM FI1.TER EFFICIENCIFS ARE

«3N?Y _99s AND ,70 RESPECTIVELY,
THEREFARE EACH RELEASF 1S REDUCED BY
(.90) 4,91 ¢ {,05),99 ¢ (,04)},70 = ,80K5
RELFASED FRACTION IS THEREFORE ,1035

Lavaua IS THE RADIOACTIVE DECAY CONSTANT IN UNTTe AF PER HNAIIR

IVFvwAXe1060

NTOT=1a0

PRINT 210, NEQ

IPRTF=,TUT/20

Parul 250, NTOT

NTOT 1< THE TOTAL NUMARER OF INTERyALS

LASI, Identification:

LaRC1
LARCI
LARC]
LARC]
{LARC1
LARC]
LARC!
LAaRC]
LARC1
LARC]
LARC1
LARC]
1LARC]
{_LARC]
LarCl
LARC)
Larcl
LARCl
LARC]
LARC!
LARC]
LARC1
LARCY
LARC
LaRC!
L ARC]
LARC1
LARC1
LaRC1
LaRC]
LaRC1
LLARC1
lLARC1
LARC1
LARCl
LaRCl
LARC)
LaRCY
LARC]1
LaRcl
LARC1
LARC]
LaRC1
LARCY
LLARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LaRcl
L ARC]
LARCI
Larcl
LARC]
LARC]
LaRc1

LP-0721

O DN AL WN
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OO0

20

30

50

ODT=220,/NTOTY

NTOTl=nTOTe)

DO 2V 1=14NTOT1
T(Iy=(1=1)#DT

D0 170 NR=1+ITEMP

MODFrL=MR

PRINT 2604 MODEL ¢MFUE| NAME
IF (NR,EQ,s)
CALAYI ATE SECOND DERIVATIVES FOR SPLINE...®

Z=TiAXA{(0,0)

L=TAVEQ(0,0)

Z=T7r™pn(0,0)

Ttly ant THE TIMES OF THE INTERVAL BOUNDARIES (Tm HOURS)
TDE) T=tFMP({0e0)=117444

DN W =1 4NTOTY

TIvMe=T,1)

FF(T)=(TMAX{TIME) «=TAVE(TIME) ) /TDELT

CONTINUE

XLImGy1y=T ()
XLiM(2y=T(NTOTI)
DO 50 71=1,NTOT

INY 1) =040
INS(1)=0,40
ZN3¢Iyz0,0
INgtIy=n.0
ZR1¢1)=0.0
ZR2(1’=900
ZR3(1)=zneo
ZR4(1)=0,0
ZA1¢l)=0,0
ZA2(1)=0.0
i83:1y20.0
a4 ¢1Y1=0.0
ZF1(1)=0.,0
F211y-0,0
2F3t1)=0.0
ZF“(I)=0-0

1 Re¥FEQeS vo FAILED BISO

2 RFFreERS TO FAILED TRISO

3 REFERS TO INTACT 8180

4 ReFEQS TO INTACY TRYSO

NPRIMF (I) IS THE AMOUNT OF THE ISOTOPE PRESENT IN THE CONTATNMENMT
22523;??,23,2“5 END OF THE ITH TIME INTrevAL (t.r. AT Tiup T(I)),
RPRIME(1)=0.0

RSyui(1y=0,0

L(I)=.n01/24

VIIYSVQFT

L Is T4HE CONTAINMENT sgUILDING LEAK RATE, aSSUMENn Tn BE _agi/NAY
FOR Tyr FIRST 24 HOURS AND +0005/DAY THEREAFTER,

VSET=,a96S

VSET AQSUMED TO HE

CONTINUE
PRINT 270

PER=1, /IVFMAX
DO 120 IVF=1yIVFMAX
BIN=FPEQ® (1VF=0.5)

IF (NR_NE %)

«9 BY FOLEY.

Ie L RNE INYE?=TEMP(RIN)

E ITIAL AVERAGE TEMPERATURE OfF ONE PER Y
CORF INVENTORY B PERCENT OF TuF TOTVAL
IF (NR _NE 4)
IF (NR_FQ,.4)
F82FRACB(TE)

TE=FF (118 {TEMa1174,4) ¢TAVE (T (1))
TE=SPL(0,.'BIN)

LARC]
LARC1
LARC]
LARC1
LARC1
LARC1
LARC]
LARC]
tarcl
LARCY
LARC1
LARC]
LARC1
LARC]
LARC]
LaRCl
LARC1
1LARC1
lLARCY
LaRcl
LARC1
LARCY
LaRcl
LaRC1
LARC]
Larcl
LaRCl
LARC]
LaRC]
LaRCl1
LARCY
LARCY
.ARC]
LARC]
LaRc1
LARCY
LARCL
t.aRC1
LARC]
LARC]
L.ARC]
LARC]
LaRcl
LaRC1
LARCI
I.ARC1
LARC1
LARC1
LaRC1
LARC1
LARC1
LaRC1
LARCI
.ARC]
LARCY
LARC]
LARC1
LARCI
LARC1
LARC]
L ARC]
LARC]
1 ARCY

11
112
113
114
115
11s
117
118
119
120
121
122
123
124
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OO0

OO0

(9]

94

60

FT=rRARTI(TE)

FRacH » FRACTION OF RTSO PARTICLES WITH rFaAlLFD

FRACT « FRACTION OF TR1SO PARTICLES WITH ﬁaxfsn°?32$?3§s

FRAC = 046 = FRACTION OF BTSO FUEL IN THF LOADtNA

BISNZ.Te

Rlznt (TE)

R3=nI(}E)

81Sn=,FALSE,

R2z=nfF (TE)

Rezpl (TE)

N1=NZEPO#PER#FRACYHFR

N2=NLFHORPER® (1 ,0=FRAC)OFT

N3=NLFPOYPER*FRACH (] 40=FB)

N4=NLEPOHPER® (1,0=FRAC)#(1,0aFT)

AlzneQ

A2=aep

A3=Ne0

Ab=n,0

NI 13 THE AMOUNT OF THE ITH COMPONENT REMAINING TN TH "

KR 1s THE AMOUNT OF THE ITH COMPONENT RE|EA<E8 0 ;HE gn:EANf

AT 1S THE AMOUNT OF THE ITH ‘COMPONENT IN THE Cani'anT

Qbh 6H;SE REFER TO THE GIVEN TIME STEP AnD CORF FRACTION
=.0 )

Pleo.a

PN?gU.a

PN3=0,4

PNQ:U.h

00 110 1=1,NTOT

DT=T{1al)=T (]}

FBO| V=zFB

FYO) U=pT

TIME=T (I+1)

IEMpz=rsgPERATURE AT BOUNDARY TIMES
{NR_NE.4) TEMPBSFF (Tel)#(TEM=1174.4 v T™ME

IF (NR_EQ.4) TEMPB=SPL(TIMEaBIN)11 $e8) eTaE(TIMED

FR=FRArB {TEMPB)

FT=FRACT(TEMFB)

R10; U=zo}

R20) V=p2

R301 V=03

R401 U=n4

BISN=,TRUE,

Rl=of (TEMPR)

R3=rI(TEMPR)

BISn=,rFALSE,

R2=nt (TEMPR)

Ré=pl (TEMPR)

R(Iy 1s THE AVERAGE RELEASE CONSTANT OF THE ISOTAPE DURTMA THE TTH

INTERVAL

N10{ U=N1

N?0|U=q?

N30y Uan3

N&4Q| Dxnég

DECAY=) AMBDASV (1)L (1)

GO TO (60,570+80990)¢ NEQ

CONTINNE

Calt CalCl (N1 ,N3,R14R3,LAMBDA,DT ,FByN) N3sRR]1,RR3,RIOLD, P
CaLl. caLCy (Na.Nq.Rz.naoLAMBOA-oT.FroNz:Na-nnz:noz:néotg:n::fg;
CALI FYN (PN1sRP14RR1 41 AMBDALDECAYsNToL (1)) )
CaLt FIN (PN24RP2,RR2,LAMRNDA ,NECAY DT oL Ty}

CALL FIN (PN3+RP3sRR3.LAMBNASDECAYIDToL (1))

CALY FIN (PN4sRP44RR4 | _AMBNADECAY+DTsL (1))

G0 *0 joo0

LARC1
LARC]
LaRC1
LARCY
LARC
LaRcl
LARCY
LARC}
LARCY
LARC]
LaRC1
LARC]
{.ARC1
LARC]
LARC1
L aRC}
LaRC]
Larcl
LaRC1
LARC]
LaRCl
LARC]1
LARC]
LARC)
LaRrcl
LARC]
1.ARC1
LARC!
LARC1
LARC]
LaRC]
LARC1
LARC]
LARC]
LLARC1
LARC1
LARC1
LARC1
LARCY
LARC]
LARC1
Larcl
LaRrcl
LARC)
LLARC1
LARCY
LARC]
LARC1
LARCY
LARCI
Larcl
Larcl
Larcl
Larcl
LLARC!
LARC]
LARC1
LARC1
LARC1
LARC!
LARC1
LARC]
L. ARC]

125
126
127
128
12q
130
131
132
133
134
135
136
137
133
139
140
141
14?7
143
144
145
146
147
l4g
lag
150
151
152
153
154
155
154
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
174
175
17¢
177
lyg
179
180
181
182
1813
184
185
184
187
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70 CONTINYE
CALL CalLCl (N1sNIsR19RI+LAMBDAYOT sFRBeN]1¢NI'RRI4RDIGZRIOLN.B20 D)
CALL CALC1 (N2yN%,R2¢R49LAMBDAINT 4FToN2 N4 IRR2¢ROS4R20LNP4NI D)
CALL FIN1 (PN1,RP1,LAMRDALDECAY NTHL (1) Nn10LNIRY 210LD)
CALI. FIN1 (PN2+RP24AMBDAWDECAY «DTo (1) 4N20LNePP,R20LD)
CALt. FIN]1 (PN3sRP3y| AMRDASNDECAYsDToL (I)4M30LNIRIRIOLD)
CALL FINL (PNGyRP44LAMRDALDECAY+DTsL (1) ¢MaOLNyR&,R4OLDY
Go +0 700
80 CONTINIE
CALL CaLC2 (N1sN3sR1+R3sLAMBDASDT+FBIN]¢N3I*RR]1sRRISRIOLN,RINLD)
CALL CaLC2 (N2yN4sR2¢04sLAMBDASDT sF TeN24Nb sRR2¢RRE yR20LD ¢ 54NIN)
CALI FTIN2 (PN1,RP1,LAMARDANECAY,DTyL (1) ,n10LNyRY,R1OLD) )
CALIL FIN2 (PN2+RP24{AMRDAIDECAY+DToL (1) 4ro0LNer2,R20LD)
CALL FIN2 (PN34RP3JLAMRDAWNECAYDToL (1) 4n30OLNIRT,RAOLND)
CAL). FIN2 (PN4yRP4 4| AMBDADECAY DTy (I)4M40LNIRS (R4OLD)
GO 0 j00
90 CONTINHE
1EALL CalC3 (N1 yN3sR11P3sLAMBDAIDT+FBsFBOI DIN]9N3sRR}9RR34RJNIDIRAN
o}
1ESLL CALC3 (N2,N&4,R2,R4 ,LAMBDA DT FT,FTOI NyN> N4 ,RR2,RR4 ,R201NyRAN
)
CaLL FYN3 (PN1,PN34RP)yRPIJLAMBDASVUECAY oDToL (1) «N1ALDIN3NI N,R19RTN
1LD¢P3,R30LD4FB,FBOLD) |
CALL. FIN3 (PN2sPNGyRP2yRPG | AMBDADECAY ,NToL (I} 4nPAILDeNGAI N, 020020
1LDeR4+n40LDsFT2FTOLD)
100 CONTINLE
Et D=t Xp («LAMBDA#DT)
Aj=paledLD+RR]
A2=alap|.DeRR2
A3=adsrLDWRR3
A4z=p4erDeRR4
INTtJ) IS THE TOTAL AMOUNT OfF THE ITH COMPONgNT mEMAININa TN THE
CORF AT THE END OF THE JTH INTERVAL B
ZRI(JY IS THE TOTAL AMOUNT OF THE ITH COMPONENT g FASED Tn THE
(00| ANT DURING THE JTH INTERVAL
ZAT (J9 IS THE AMOUNT 0F THF ITH COMPONENT IN THE CAOLANT AT TWE
END UF THE JUTH INTERVaL
ZF1(J) IS THE FRACTION OF THE ITH COMPONENT IN Yur COOLANT AT Tue
END UF THE JTH INTERVA(L
PN=pN] « PN24PN3+PN&
KPz=aH 1 JRP2+RPI¢RP4L
NPRIMF (1) =NPRIME (1) +PN
KPRIME (1) =PPRIME (1)4Rp
SUM=aSUme P
RSUM{T)=RSUM(]) +SUM
IN1¢L)=2N1 (1) N1
INZ2 (ly=ZNh2 (1) eN2
AN3t1)Y=/N3(]) eN3
ING 1) =2N4(T) eNG
ZR1 (1) =2R1 (1) eRR]
ZR2 (1) =2R2(1) +RRZ
ZR3 (1) 2ZR3 (1) *KRR3
ZR& (1) =/R4 (1) +RR4
2ay1¢l)=7A1(1)ea]
202 (1)=2A2(1) eA?
Za3¢1)a283(1)+A3
ZAGt1)=7R411) 404
ZF1 eIV =ZF1 (1) +A1/NZERD
ZF2(1y2/F2(1)+A2/N2ERN
ZF3(1)=22F3(1)+A3/N2ERQ
ZF4 (1) =2ZF4 (1) »A%/NZERD
110 CONTINNE
120 CONTINYE

LARC1
L.ARC]
LARC!
LARC1
LARC1
LARC]
LARCY
LARC!
LARC]
LARC]
LARC1L
LARC]
LARC1
LARC1
LARC1
LARC1Y
LARC1
LARCY
LLARC1
LARCY
LARCY
LARC1
LARC1
LARC1
LARC1
LARC]
LARC]
LARC1Y
LARC]
LaRc1
LARC1
LaRCl
La®c1
LARC1
LARC!L
LaRCl1
LARC]
LARC!
{.ARC1
LARC]
LARC]
LARCI
LaRCl
LARC]
LARC!
LARC1
LARC1
LARC]
LARC]
LARC1
LARC1
LARC]
I.ARC]
LARC]
LLARC]
LaRcl
LARCY
LARC]
LAaRC1
LARC1
LARCY
LaRcCl
l.ARC]

188
189
190
19y
192
1913
194
195
195
197
198
199
200
201
202
203
204
205
206
207
208
209
210
21
212
2113
214
21s
216
217
218
219
220
221
222
223
224
225
226

227
228

229
230
231
232
2133
234
235
234
237
238
239
240
241
242
2413
264
245
246
247
248
249
250

95



96

130

140

150

160

170

00 130 I=1,4NTOT

ZN(T)=pNLI{T) #2N2(T)+ZN3 LIV +ZNG(T)
ZR{T)=7R1(I)*ZR2(T1)Y+2Z2R3(1)+ZR4G(T)
ZA(1’27A1(I)‘ZAZ(I)’ZAa(I)OZAA(I)

ZF(T)=2F 1 (1) *Z2F2(T)+ZF3 (1) «ZF4 (1)
TAELE (T oNRY=2ZF (1)

TAB! X (1 oNR)=RSUM(T)

CONTINNE

PRINT a10

PRIMT 9209 (IoT(I+1YeZR(T)eZN(I)9sZA(T) 22F (1) IntPRTFINTOT,FPRTF)
IF (NR_NEJITEMP) GO Tn 160

10P=l

LINFAR_LINEAR PLOT x,Y AXES

NCHAK=7

CHARACTER WILL BE

ICoN=]

POINTS WILL HE CONNECTED

YLIM(I)31000

YLIM(2y=0,

DO 140 TI=1eNTQOT

DO 140 JUy=l,yNR

YLIMU] )y =AMINLI(YLIM(1) 4 TABLE{IT+JI))

YLIME2) SAMAXLI(YLIM(2) o TABLE(ITvJJ))

CONTINUE

CALL SPLOYT (IOPs29XLIMyYLIM14B0)

ENCOUE (674280 TITLEI)NAME ¢ 1SOsMFUEL sAGE ,LAGE9FRARLYIELD
ENCOUE (604290, TITLE2)NTOT TVFMAYX,JOBNAME ;DATE
ENCNDE (354240 TITLES)

DO 1°0 IPalsNR

CALI PLOT (NTOT4T(2)41,TABLE(191IR) s14NCHARICON)
ENCOVE (543509 TSAVE) IR

CALI W CH (IXSAVE=1S«1YSAVE1S5¢TSAVE,})

CONTINIIE

CALI. WLCV (50+800+20¢20HFRACTION IN COOLANT L1)
CALI Wi CH (3004940+36436HTIME AFTER ONSETY OF ACATNENT (HAIBS) 41}
CALL WLCH (100+965467,TITLE1,))

CALL WI.CH (10099904604 TITILF241)

IF (NEn.EQelY CALL WLOH (1Nn04+5964464HNEN=Y CONSFANT RELFASF RATFE,

1 CONSTANT FAILURE, AVERAGEN RELEASE,1).

IF tNEnJEQ.2) CALL WLeH (10095946946HNEN=2 CONSTANT RELFASF RATE.

1 COMSTANT FATILURE 1)

IF (NEA,EQ,3) CALL WLCH (100,5+44,44HNENx3 | INFAR RELEASFE PATE, ¢

10NSTANT FAILURE1)

IF (NENJEQe4) CALL WLCH {100+5+44,44HNEQ=4 CONSFANT RELFASF RATF.

1 LINtAD FAILURE.1)
CALL. AnV (1)
CONTINNE

PRINT 140

PRINT 2309 (IsT(Ie1)eNPRIMELT) sRPRIME (1) ,RSUMIT) T2IPRTFNTATIPOT

1F)

IF (NR_NEITEMP) GO Tn 190
YLIm(ly=l00,

YLIM(2y=0¢

DO 170 II=1sNTOT

DO 170 JJ=14+]TEMP
YLIM{1y=AMINL (YLIM (1) ,TABLX(IT9JJ))
YLIM2y=AMAXYL(YLIM(2) s TABLX (1T 0JJ))
CONTINIE .

CALI. SPLOT (I0Pe2¢XLIMsYLIMI4R0)

00 180 1S=1,1TEMP .

CaLL P OT (NTOT,T(2)¢1,TABLX(1+1S)91eNCHARSICON)
ENCAUE (5¢350+TSAVE) TS

CALY W CH (IXSAVE=~1591YSAVEsS4TSAVE.1)

LARC]
LARC1
LARC]
LARC1
LARC]
LaRCl
LARC1
LARC]
LARC
LARC1
LARC]
LARCY
LARC]
LARCY
Larcl
LARC1
LaRcl
LARC]
LARC}
LARC]
LARC]
LARC1
LARC1
LLARC]
LARC1
LARC]
LARC]
LARC1
LARCI
LARC]
LARC1
.ARC1
LARC]
LLARC]
LARC]
L ARC1
LARC]
LARCI
LARC1
LARC1
LARC1
LaRcl
LAaRC1
LaRC]
LARC1
{.ARC]
LARC]
LARC]
LARC1
LARCI
LARC]
LARC!
LaRCl
LARC1
LARC]
1 ARC]
1 aARC1
LARCY
LARC1
LARC1
LARC1
LARC1
LARC]

251
252
253
254
25%
256
257
254
259
260
261
2hr?
2h13
264
265
266
267
2h8
249
270
271
212
273
274
278
216
21
278
279
2Ap
281
282
283
284
285
286
2R7
288
289
290
291
292
293
294
295
294
297
29a
299
300
301
302
303
304
305
304
307
308
309
31n
3N
312
313




180 CONTINYE
CALL. WLCV (509800¢26+26HCUMULATED RELEASE (CUR7EQ),1)
IF (NEn+sEQel) CALL WLCH (10095964964HNEN=1 CONS+ANT RELFASF RATFE,
1 CONSTANT FAILURE, AVFRAGEN RELEASE,])
IF (NFn,EQ,2) CALL WLCH (100,5+66446HNEQe? CONSTAMT RELFASF RATE,
1 CONSTANT FAILURE.])
IF (INFN.FQR.3) CALL WLEH (100,5144,%4HNEQO=3 | INFAR RELEASF OATE, ¢
JONSTANT FAILURES1)
IF INENEN.4) CALL WLCH (10n045044944HNEN=4 CONSTANT RELFASF RATE,
1 LinvbAL FATLURES])
Catt WiCH (300,940,34,36HTIME AFTER ONSET OF AGCTINENT (HAIRSy 41}
CALI WLCH (1009965587, TITLF1,s1)
CAL), wiCH (1004990460, TITLF2,1)
IF (NORGAS) CALL WLCH (100,1023435+TITLES, 1Y
CaLr Anv (1)
190 CONTILINDE
60 TU 4y0
200 CALI ExIY

210 FOKMAT (® NEQ =#e11)
220 FORMAT (1XsAl0¢5Xy16HNECAY CONSTANT S9E10.398XTUBROUP =, 72,5X» Ti2Y
IIELN =,E10,395Xs7THNZERQ =+F10,3)
230 FORMAT (6H AGE =9FG,24GX96RLAGE =9l 1 95XsgHFRAC =eFge2)
240 FORMAT (¥ NOHLE GAS.s, .CLEANUP RATE ZERn o)
250 FORMAT (o NTOT aza,15)
260 FORMAT (¢ TEMPERATURE MODEL USED =%321295x+#*MFUFL =tel1e5v,21S50TnDF
1 =¢,81n)
270 FORMAT - (& IVFMAX =o,lq)
280 FORMAT (A1092ISO=9eT242X00MFUFL=%9 192X 48AGER®eFa,192X08) ABF=®oLy,
12X1aFRAC=04F4,1 42X #YIELD=84F5,2)
200 FORVAT (ONTO!=041442XalVFMAX299131]10X9810Bs0a1nePXedNAT g0 ,AB)
300 FORMAT (A10+E10e39T1N00EL10.30FR25TLsL19F10e3,9%4)1 1)
310 FORMAT {® INTERVAL NO, T IME AMOUNT PE) FASFD AMOUNT R
IEMATNING AMOUNT N COOLANT FRACTION IN Cnnj aNTa,/y
320 FORVAT (I10+,0PF12,24104F21,2)
330 FORMAT (1104F12.211PE25.5+0P2F25.5)
340 FORMAT (/13H INTERVAL NOesSXeaHTIMEySX929HAMT TN CANTAINMEMT RLDAL
113X4124AMT RELEASED 8%+ 1 THORUMILATED RELEASE s //)
350 FORMAT (11,4X)
END
FUNCTIAN RI (T)
LOGTCAp LAGEBISU
COMMUN /L A/ LAGEs»AGEsMFUELYISOIBISO
IF (MFEL,EQ.1) GO TO 160
GO TO (10930740960980¢909210051109130+150) ISO
10 IF (81g0) GO YO 20
RI=6¢4n6860EXP (~25798 /T)
RETURN
20 RI=19,4%EXP(=12000,.,/T)
RETUHRN
30 RI=GYT 6FHEXP (=23157./T)
RETHRN
40 IF 8150) 60 To Sp
RI=,012282¢EXP(=14834,/T)
RETIHN
50 RI=171 ,914EXP («17858,/T)
RE TUKN
60 IF (Bfg0) GO TO 70
R1=6+4A6B68EXP (=25798, /T)
RETIHKN
70 RIz]eSa225E5%EXP (=28682,5/T)
RE TURN
80 RI=,U1774624EXP(«10313,/T)

LARCY
LARC]
LARC1
LaRC]
LARC]
1_.ARC1
LARC)
LARC]
LARC)
LARC]
LARC1
LARC]
LARC1
LARC]
LLARC]
LARC}
LARC]
LLARCY
LARCY
L ARC1
LARC)
LARC]
LLARC1
Larcl
LaRcl
LARC)
LARC1
LARC]
LARC]Y
LARC]
LARC]
LARCY
1.aRC]
LARC)
LARCL
LARC)Y
LARC1
LaRC1
LARC]
LARC]
LARCY
Larcl
LARC]
LARC]
LARC]
LARC]
LARC)
LARC]
LARC1
L ARC1
LARC]
LARC]
{.ARC]
L.ARC1
LARC]
LARC]
LARC]
LARCL
LARC]
LARC]
LARC]
LARCY
LARCY

314
315
316
317
318
319
32n
321
322
323
3?24
328
326
327
328
32q
33¢
3N
332
333
334
338
336
337
33A
339
340
341
342
3413
344
345
344
347
348
349
35n
35y
35>
3513
354
358
354
357
358
350
369
361

363
3h4
368
364
367
368
369
370
3an
372
373
374
37s
376

97



90
100

110

120

130

190

200
210
220
230
240

250

260
270

2A0

290

300

10

30

40

98

RETHRN

R1=.,04427T9EXP (=10482,./T)

RE THKN

R1zR4406864#EXP (=2579R /T)
RETURN

IF (H150) GO TO 12n
RI=5e4n686%EXP (25798 ,/T)
RETURN
RYI=,0442T4EXP{~10482,/T)
RETIIRN

I¥ (B1s0) GO0 TO 140
RI=5+6/686%EXP (=25798,/T)
RETHRN

Riz, V44279EXP (=10482,/T)
RETURN

RIx, 100ROPEXP(=10314,/T)
RETHRN

GO TO (17041809210+220+230+2409250927092:209300y, 150
RUx0e7733E<4¢EXP (=8262,1/T)

RE TURN

IF (1,/TeGTe5464E=4) A0 TO 190
R1=5¢3231E94EXP (~58360./T)

RE TURN

IF (1,/T4GTe7.59E=4) a0 TO 200
RI=2,Y441464%EXP(=13198,/T)
RETHIRN

RI=0e7733E=4%EXP (=8262,1/T)
RETHURN

R1=0e7733E=4EXP (=8262,1/T)

HE TIIRN

R120,7733E«4%EXP (-8262,1/T)

RE THIRN

RIz=Ne7733E~4%EXP («8262,1/T)
RETURN

R1=742751E=34EXP (=-8694,3/T)
RETIRN

IF (1./TeGTe5433E=4) 60O TO 268
RI=) {30 ,59EXP {=35259,/T)
RETHRN

RI=0e¢7733E=4%EXP (=826241/T)
RETURN

R1=2Qe7733E=4%EXP (=8262,1/T)
RETURN

IF (1, ,7.67,6,26E~4) 60 TO 299
RI=1e1nS548E49FEXP(=3642074/T)
RETHRN

R1=2,7733E~4%EXP (£8262,1/T)

RE T1RN

RI=9e7733E~4EXP («8262,1/T)
RETIHRN

END

FUNrTTAN RF (T)

LOGTCA; LAGESRISO

COMMUN /LA/ LAGEIAGF yMFUEL s I1SO9HISO
IF (MFIIELLEQ.1) GO TO 120

GO TU (10,20930,40,50,A0370s80ns%90,100)s 1S5S0
RFz1509 37%EXP(=11861./T)
RETHNN

RF=1e6154E6%EXP (=26374,/T)
RETUHIRN
RF=1J31Qe2%EXP(=177832./T)
RETURN

RF=1+2316E60EXP (~28310,/T)

{.ARC1
LARC]
LARC!
LARC1
LARC1
LLARC)
LARC1
LARC1
LARC1
LARC!
L-ARC1
LARC1
LARC1
LARC1
LARC1
LARC]
LARC1
1.ARC]
LARC]
LARC1
LARCI1
1.ARC1
LARC]
{_LARCY
LARCY
Lafcl
LARC]
LARC]
LARC]
LARC!
LARC)
LARC]
LARC1
LARC1
1.ARC]
LARCI
LARC]
LARC1
LARC1
LARC1
LARC!
LARC)
LARC1
L.ARC]
LARC1
LARC1
lLARC1
LARC1
L.ARC]
LARCI
LaRct
LARCY
LARC]
I.LARC1
1LARC!
LaRCl
LARC!
LARC]
LARC]
LARC]
LARCY
LARCY
LARC1

377
37a
379
390
38y
38>
383
384
385
31%
387
3848
389
399
391
392
393
39,
395
39y
397
398
399
400
40
402
403
604
408
406
407
408
409
410
411
412
413
41a
415
416
417
418
419
4290
a2y
422
423
424
425
424
+27
428
429
430
431
4132
431
434
435
434
43
PEN
439



50
60
70
80
90

lo0

110

120

140

150

160
170
180
190
200
210

220
2390

240

RETIRN

KF=1740,25%EXP (=19545,1/T)

RETiRN
RFz19074*EXP («17662,/T)
RET1RN

RF=1e2916E69EXP (=28319,/T)

RETURN

RF=142116E6#EXF (~28319,/T)

RE THRN

RF=1+2116E6%EXP (~28319./T)

RETINN

IF (8Br=0) GO TO 1llo
RF=27¢3405#EXP(=13777./7T)
RETHINN
RF=2140.,4REXP(=18]175,/T)
RETHRN

GN YO (13091409170918091909200°210%2209230°240)
RF=1+8289E48EXP (22861 ,/T)

RETIIRN

IF (1./Te6T,5e64E=4) 20 TO 1S0
RF=5e3231E9%EXP (=58360,/T)

RETUMN

IF (1./TeGT474%9E=4) a0 TO 160

RF=,U0441448EXP (=13198, /T)
RETIRY

RF£Qe7933E=4%EXP (=8262,1/T)

RETURN

RF 289525 44EXP (=22657,/T)
RETHRN

RF=2237+T*EXP (=212294/7)
RET1KN

RF 20952 ,40EXP (-22657 ,/T)
RETURN

RF =174 03¢ #EXP(=224354/7)
RETUMN
RF=2231 (THEXP (=21229, /1)
RETHRN

RF=0237+T*EXP («212294/T)
RETIIRN

RF2p23{,7#EXP (=21229,/T)
RETURN

RF=YG 5 4#EXP («22657./T)
RETURN

END

FUNeTIAN FRACBO (T)
DIMFNS{ON 10P{2)y TAB(3)
LOGYCAT LAGESBISO

CoMMUN /LA/ LAGE+AGEWMFUEL+1IS0O9BISO

CoMHON /F/ FlyeF2+F34F4

DIMFNSTON W3(B)y A(B)y B(B)y C(B)y 44(B), FRACI(R), T3(R), FRACA (R
1)y TO ()
DATA FRAC3/4005269400599e00719001169e0185¢00464.n58790081%7

DATA 73/169041591743,15,1793,1591873.15,1917,158,7873,15,2000,092A7
13,18/
DATA FRAC4/,00718,4,007944019,0214,0557y,10+4222,,4039/
2ATA5T4/1673q1591697.1%»1733.]501793.13.1R53,15.?803.15,;071.15,90
173,12y
SPLTNE BOUNDARY CONNDITIONS ETC,

1Js=1
Iop¢lyzs
10p (2325
N3=R
N4=q

LARC}
LARC1
LARC1
LARC]
LARC]
LARCY
LARC]
LARCY
LLARC!
LARC]
LARCI
.ARC1
LARC]
LARC]
LARC]Y
LaRCl
LARC]
LARC]
LARC1
LARC1
LARC]
LaRcl
LARCY
LARC1
LARC]
LARC1
LARC1
1LARC1
LARCY
LARCY
LARC!
LARC]
LARC]
LARC]
LARCI]
LARC]
LARCY
LARC1
LARC]
LARC1
LARC1
LARC1
LARC]
LARC1
LARC]
LARC]
LARC1
LARC]
LARCY
LARC]
LARC1
t ARC1
LAaRC1
LARC]
LARC]
LARC1
LARC]
LARC]
LARC)
LaRcl
LARC1
LARC]
LARC]

440
441

442
443
444
64
44¢
447
44R
449
4Sg
451

4S?
4513
454
458
456
457
4S8R
459
460
461

462
463
464
465
46h
467
46R
469
470
47y
472
473
474
475
476
477
47g
479
48n
481
482
4813
484
485
48¢
487
48R
489
490
491
492
4913
494
495
496
47
498
4399
500
501

502

99



CALL SPLID1 (N3,T3,FRAC3,W39I0P.1JsA,B,C) Larcl 503

CALL SoL1D1 (N4sTAFRACAIWLIIOPs LI JsABC) LARC] 504

RE THRN LARC] 505
ENTRY FHACB LARC] 506
IAGF=AGE LARC] 507
1aGFizTAGEs1 LaRcl 505
Flzn.0 Larcl 509
F2z=neg LARC1 Stn
F3=nen LARC] 51
Fa=0a9 LARC! 51>
F23zY,.n LARC! 513
X=AAt «-TAGE LARCY 514

IF (A.NEWY,0) 6O TO 10 LaRcl 51g

IF tAGF.EQ,040) GO TO 10 LARC] 516
X:I.U \,ARCI 517
IAGFl=1AGE LaRCl S1AR
IAGF=1aGE=1 Larcl Slg

10 CONTINYE Larcl 520
IF (MFHELLEQel) GO TO 160 LARC1 521
Fl=1.0 LARC1 522
F221.0 LARC1 5213
F3=1.0 LLARC1 524
F4=)el LaRC] 52g

IF (7,8E42273.15) GO T0 S0 LARC1 526

IF (1,aE«2073,15) GO TO 40 LARC] 527
F1=,90179 LARC] 528
F2=,00277 ILARC1 529

IF (T.1.T«1673415) GO Tn 20 LARC] 530
CaLL SoL1ID2 (N4sT44FRACSIWAITJrTeTAR) LaRc] 531
Fa=TRg,1) LARC1 532

IF (7.1 Te16904+15) GO TO 30 LARC] 533
CALL SoL1D2 (N3+T33FRAC3IsW3eTIJ»THTAB) LaRrcl 534
F3=TAR 1) LaRC1 535

GO v0 50 LARC1 S36

20 F4=,00718 LARC1 537
30 F3=,Y0g28 LARCI 538
GO TV g0 LARC1 539

4n CONTINYE LaARC] 540
F12=10,3454¢4,99105€=34T {.ARC1 541
F2=-10_3229+%,98115g=30T LARC] 545
F32.9,43944144,592500F-3%T LARC1 5473
Fa=ab,77512442,98050E=34T LARC] S44

S0 CONTINLE LARC1 545
F23=0,52(F2+F3) LARC1 546

IF (eNAT.LAGE) GO T0 100 LARC} 547

IF (lagFeLT43) GO TO a0 LARC] 545

GO 10 (60,70980990)s TAGE] LARC1 549

60 FRACB=4,GE®F)] LARC] 550
GO v0 7150 1.ARC1 551

70 FRACHSA«25%(3e%F1=2,4x#Fl43,8X%F2) LARC1 552
60 10 750 LARCY 5519

80 FRACHE=z=A.25#(Fle(2,=X)aF2+2,0X0F3) LARC] 554
GO YU 150 LARC] 555

Q0 FRACMBzA 256 (F1eF2+4F3exaF4) 1.ARC] 556
6n vV ys0 LARC] 557
100 IF (lARECGT.3) GO TO 140 LARC1 554
GO 10 (110412041304140)s TAGE] LARC] 559
110 FRACB=AGEaF] LARC] 560n
Go 0 50 LARC1 561
120 FRACB=F1+X#(F2<F) LARC1 S6p
GO YO 150 LARCI 567
139 FRACB=FR+Xs (F3=F2) lLARCY 564
GO 170 15) LARC1 565

100



149
150

160

170

180

1590

200

210

220

230

260
270

280
290

FRACI=F3+ (AGE=3,) #{(F4=F3)

RETIKN

SORS FIIEL AGE MODEL-=Rr7SO

IF (LageE) GO TO 200

FRACB=1.0

IF lAGroGTOOOIZ) GO ToO 180

LF ¢T,.AT.1998,1%) GO 0O 190

IF (T.| Te«1858,15) GO T™n 170
FRACB=2.13,2725%+7.14284F =307

G0 TO 790

FRACUYzALO

GO tU 90

B1SA CANSTANTS
TONF=2011e9T7REXP (=, 05740984AGE)
IF (T,aF.TONE) GO TO 190
TIERU-7876,172EXP (= ,08040982AGE)
IF (T, E+TZERO) GO TO 170
FRACB=(T=TZERQ) /(TONE=~TZERN)
FRACE=FRACR*025%AGF

FRACB=AMIN] (FRACH1,0)

Re TiKy

F]:]n()

F2=1.0

F3=]'0

Fa=100

AGE1 =Y

AGE?=1 _eX

AGE3IZ2 X

AGEA=3 +X

IF (A.AT+0,12) GO TO 220

IF (T,nT.1998,15) GO T0 23n

IF (7, T.1858,.,15) GO 7O 210
Fl=.13 _272547,16486F=3aT

GO TV 230

Fl=neo

G0.v0 »30
TONFLl=o011497#EXP (e 057409R#ABE])
IF (T,AT.TONE]) GO TO 260
TZER0121876.17%€XP (=,0804008%AGE])
IF (T, F.TZERUL) GO To 210
Fl=¢T=7ZERO1)/(TONE1=Y?FRO1)
TONF2=o011497%EXP (= ,0574098%AGE2)
IF tT.aT«TONE2) GU TO 250

TIERU2 1876, 174EXP («,0A0409R8AGE2)
IF (T4 E«TZERO2) GO To 240
F2=(Twt/EROZ) / (TONE2=TZERO?)

GO TU 50

F2=nep

TONF322011,97%EXP (=,057409a%AGE3)
IF tT,aT.TONE3) GO TO 290

TZEQU3_ 1876, 1T4EXP («,0R040988ACE3)
IF 7.1 E«TZERO3) GO Tn 260
F3z(T«1/ER03)/(TUONE3I=TZER0O3)

60 YO 70

F3=000

TONF4=5011,97%EXP (=,05764092%AGE4)
IF (T.aT.TONE%4) GO TO 290
TZEpU4L=18T6,17#ExXP («,0R040084AGE4)
IF (T, FeTZERV4) GO Tn 280
Foz(T«vZERN4}/(TONEG=T7FEROS)

60 T0 590

Faznep

IF (lagE«GT.3) GO TO 1230

LARCI
LARC1
LARC]
LARC1
LARC}
LaARC])
LARC]
LARC1
ILARC1
LaRCl
LARC]
LARC]
LARCY
LARC1
LARC!]
LARCY
LARC]
taRcl
LARC]
LaRC]
1.ARC1
LARC])
LARC]
LARCY
LARCY
LARCl
1LaRC)
LARCl
LARCI
LARcl
LARC1
LARC1
LARC]
1LARC1
LARCY
t.arcl
LARCY
LaRCl
LARC]
LARC1
LARC]
LARC]
LAaRC]
LaRel
LARC1
LARC]
LaRel
LARC]
LARC]
LARC]
L.ARC1
LARC1
{.ARC1
LaRCl
LARC1
LARC1
LARCI
LARC1
LARC]
LARC]
LaRC1
L.ARC1
Larcl

566
567
568
569
S7n
571
572
5713
574
575
S57e
S77
578
579
580
581
582
583
584
sas
586
587
58a
589
590
591
592
593
594
595
594
597
593
599
600
6M
602
601
604
6095
604
607
608
609
61n
611
612
613
614
618
616
617
618
619
620
621
622
623
624
625
626
6217
628

101



141

300

310

320

330

340

102

10

20

40
50
60

GO v0 (3004310¢4320%330), IAGEL
Fl=rle 02S4AGE]

FRACB=p])

GO TO 40

Fl=rle 0254AGE]

F2=F€s 025#AGE2
FRACHB=A,25# (Fle3,0F2)

GO TU 240

Fl=zrle n25¢AGE]

F2=r2e 0259AGE2

F3=F34 0250AGE3
FRACB=n 258 (F1+F242,%F3)
GO r0 2490

Flzrle_025#AGE]

F2=rd+ 025%AGE?

F3=F3s _n25sAGE3

Fazr4s n252AGEs
FRAFB=n 259 (F14F2eF3eFs)
FRACHB=AMINI (FRACB,y1,0)
KETHRY

END

FUNCTIAN FRACT (T)

LOGICA LAGE41SO

COMYUN /LAy LAGE yAGE ¢MFUEL 4 ISN4BISO
COMUUN /F/ F1leF21F3,F4
IAGE=AnE

IAGF1=71AGEe*)

Fl=n,0

F2=.0

F3=0,0

Fa=peg

F23:z0,A

K:Af:t.-rAGE

IF tA,nEW0,0) GO 1O 10

IF (AGF.EQ.0.0) GO TO 10
X=]1,0,

laGrlxrAGE

IAGF=IAGE=}

CoNTINNE

IF (MFIIEL4EQel) GO TO 170
Flz1e0

F2=1e0

F3=yen

F4=1e0

IF (T.nE2273.15) GO TO 60
IF (T.rE«1941,15) @0 10 20
F1=2,00757

IF tT./F+1902415) GO TO 30

THIS 1] A CHANGE IN CAl.CULATION OF F2 IN fFRAeT

F2z0¢90665E=44EXP (9,15123F44T)
IF (T,nE.1888.85) GO TO 40
F321e20240E=3%EXP {1,0R109F=3087)
IF tT,rE.1873,15) GO T So
F4=1017176E=3REXP (1,10064F=34T)
GO YO 40
F12~5,83614,200732E=24T
F22.9,49224,258005F 20T

Flz.4 ,0593¢,257762E=2a7

Fazab ,62094+,24T28FE-287
CONTINIE

F23=0.,g%(F24+F3)

IF (eNNT.LAGE) GO TO 110

IF 11AREGT.3) GO TO 110

LARC}
LARC)
LARC1
LARC1
LARC)
LARC]1
LARCY
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
L ARCY
LARC1
LARC)
LARC1
LARC]
LARC1
LARC1
LARCY
LARCY
1LARC]
LARC)
LARC]
LARC1
LARC)
LARC!
Larcl
Larcl
LARCI
LARCI
LARCY
.ARC1
LARCI
LARC1
1.aARCY
LARCI
LARCY
LARCY
LARC1
LaRcl
LARCY
Larcl
LaRcl
1.aRC]1
LARC]
LARC]
LaRrc!
LARC1
LARCY
L ARC]
LaRCl
Larcl
LARC]
LARCY
LARCI
LARC!
LaRCY
LARC1
1.ARC1
LARC]
LARC1

629
630
634y
632
633
634
638
636
637
63Rr
639
LLY)}
64
642
643
644
645
646
647
648
649
65n
651
652
6513
654
655
656
657
65
659
660
661
66?7
663
664
665
666
667
66AR
669
670
671
672
671
674
678
678
677
678
679
680
681
682
6819
684
68%
6R&
687
6An
6AR9
690
691



70
80
90

100

110

120

139

149

159
160

170

180
190,

200

210

220

230

2490

GO vV (70+4805904+100)y YAGF)
FracT25GE®F]

GO 10 760
FRACTRA25# (3e¥F 1 w2 HyaFle3#X¥F2)
GO v0 60

FRAAT A, 258 (Fle(2,aX)8F2¢2 ,8x8F3)
GO 10 j60

FRAAT=q 258 (FleF2eF3exaF4)

G0 TU 60

IF (lasF.6T,3) GO TO 150

GO TO (12V¢1309140+150)s TAGEL
FRACT=AGESF])

GO 792 60

FRACT=Flexe(F2=F})

GO TO 169

FHACT=F24x# (F3aF2)

GO 10 169
FRACT=F 3¢ (AGE=3,) # (F4=F3)
KETIIRN

SORS FUEL AGE MODEL=~TRISO

IF (LAgE) GO TO 210

FRacT=z1,0

IF (AGF.6T,0412) GO Tn 190

IF (T.AT+1998,15) GO TN 200

IF 1T,1 Te18%8,.15) GO 10 1An
FRACT=.13,2725¢7,14286E=367T

G0 70 »o00

FRACT=A40

Go U 200
TONF=2A09453%EXP (=, 04729646 %AGE)
IF (T.cE.TONE) GU T0 200

TZERV=Z 1880, 1REXP (=, 09744594AGE)
IF (T E«TZERO) GO TO 180
FRACT=(T=-TZERO!/ (TONE=TZERQ)
FRACT=FRACT ¢ ,0259AGE
FRAFT=AMIN] (FRACT 91,0}

RETIRN

Fl=1e0

Fa2=1.0

F3=1+0

Fé=1e0

AGE1 =X

AGE®=1 _eX

AGE=2, *X

AGE4L=3 X

1IF (X,aT«0,12) GO TO 230

IF (T.AT.1995.15) GO To 240

IF (T, T.1858,15) GO TO 220
F1==13.272547.14286E=3#T

GO TV 240

Fl=ne0

60 10 540

TONF1=200953%EXP (=,0472964%AGE))
IF (T.aT+TONELY GO TO 300
T26r01.21880.1#EXP (=,097464598AGE))
IF (T.1 E«TZERO1} GO Ton 220
Fl=tT=+ZEROL) /7 (TONE1=T7ERNY)
TONF222009,534FXP (a,0472964#AGE2)
IF (T,aT«TONE2) GO TO 300
TZERV2218B8C,1%EXP (=,097445Q246E2)
IF (T, E.TZERD2) GO Tn 250
FP=(T=vZ7ER02)/ (TONE2=T?ER02}

GO 10 »60

LARC]
LARC1
LARC]
LARC]
LaRC]
LARC]
LARC1
LARC]
LARC1
LaRCY
LARCY
LARC!
LARC1
LARC1
LARC]
LARC1
LARC1
LARC}
LARC1
LARC1
LaRC1
LARC]
LARC1
LARC]
LARC1
LARC1
LARC1
LARC1
Larcl
LARC1
LaRCl
LARC1
LARC1
LARC}
LARC]
LARC1
LARC1
LaRC]
L ARC]
Larcl
tLARC1
Lawcl
Larcl
LARC]
LARC]
1.LARC1
LARC]
LLaRC1
LARC1
LARCY
LARC]
LARC1
L ARC]
LaRCl
LARC1
LARC]
LaRCl
LARCY
LARC1
LARC]
LaRCl
t ARCY
LARCI1

692
6913
694
695
694
697
698
699
700
701

7062
703
7064
708
704
107
709
7009
710
T

T12
711
Tl4
T8
716
717
718
719
120
T21
122
723
T24
725
726
727
728
129
730
731
732
733
734
735
136
737
138
739
T4q0
741

742
743
T44
745
T44
T47
T41q
749
75n
751

757
7513
754

103



250
260

270
2890

290
3190

310

320

330

340

350

10

104

F22he0

TONF3=5009,53%EXP («,0472964%AGE3)
IF (T.AT.TONE3) GO TO 1300
TZERU3=18R0,1EXP (=, 0974459#AGED)
IF (T, EsTZERO3) GO TN 270
F3=2tT«72ER03) /(TUNE3=TZERO3)

G0 10 280

F3=nep
TONF4=2009,53%EXP (=, 0472964 7AGES)
IF (T,aT<TONE#) GO TO 300

TZERU4 21880, 1#EXP (=,0974459%AGES)
IF (T, E«TZERV4) GO To 290
Fa=(T=rZERQ4)/ (TONE4=T7ERNG)

GO TV 100

FQ:noo

IF (lAGF«GTe3) GO TO 3490

60 TV (3104320,330,340), TaGE}
Flz=Fls _0258AGE)

FRacT=F1

GO TU 250

Flz=rls _025#AGE1

F2=F<es _0254AGE2

FRANTzn,258 (Fle3,8F2)

GO TU aS0

Fl=rle 025%AGE1L

F2zpce ,12S#AGE2

F3=rF3+_,0254AGE3
FRACT=n 258 (F | +F242,%F3)

GO Y0 380

FizFls 0258AGE]}

F2=F2e¢ n2SBAGED

Fa:FJQ.OZS“AGE3

Fa=F%s 025#AGE4

FRANT=A,250 (FleF24F3eF4)
FRACT=AMIN] (FRaCT,1,0y

YETUKRN

END

SU4ROUTINE PLOT(NsX9yMXsYsMYyTCHAR Y ICON)

DIMENSTION X(1)s Y (1)

COMMON /CUEQT/ IXLoIXRyIYT,IvReXL,/XR,YT,vq

COMMUN /LJNEW/ IXSAVE,TYSAVE,TIX2+1Y2

THIS SUBRKOUTINE IS MONTFIEN BY THE INCLUSTON OF | JNEW

IvySAVE MAY BE 1JSED FOR TTYTLES

LUNFW 1S INCLUDED S0 THAT YXSAVE,
INTFGER HMLANKIPLTDOT

DATA B| ANK4PLTDOT/60B,52B/
IXSAVE=X(1)

IvysavVes=Yy (1)

YNGzULg®Y {N)

IF (N,gQe2) YNB==2,0
FXzxRaxl

IF (Fx_NE.Q) FX=(IXRerXL)/FX
FY=yBeyT

IF (FY_NE.O) FY=(IYR=TYT)/FY
K=1

MaNal

I=0

J=0

L=0

JCONSIAON

IF (TIGHARGEG.RLANK) ¢ R ({ ICHARLEQePLTDOT) ¢ AND, (M8 JCONNF . N) ) ) Kud
IX2aMINO(MAXO (IXLOIFTIx ((X(To2) XL ) ®FX) 0 TX| ) 9 TXD)
IY2=MINO(MAXO(IYTOIFIXI(Y(J+1)=YTI®FY)?TvT)oyvn)

IF (KoNEe«O) CALL PLT (IXZ241Y2,ICHAR)

L ARCY
LARC]
LARC)
LARC]
LARC]
LARC1
LARC1
LARC}
LARC1
LARC1
LARC]
LARC]
LARC]
l.ARC1
LARC1
LARC1
LARC]
LARC!
LAKRC1
LARC]
LARCY
LARC1
LARC1
LARC]
LARC1
LARC1
LLARC]
LARC]
LaRC1
LARC1
LARC}
Lt arcl1
LARC]
LARC]
LARC1
L.LARC]
L.ARC1
LARC}
LaRC]
LaRC1
ILARC]
LARC]
LARC1
LARCY
LARC]
L ARCY
LARC]
LARC)
LARC]
I.ARC}
LaRC1
Larcl
Larcl
LARC)
LARC!
1.ARC1
LARCI
LARCI1
LARC1
L ARCl
LARCY
L.LARC]
LARCY

iA-11
756
757
758
759
T60
761
T62
761
764
765
766
767
768
T69
770
N
772
773
774
178
776
777
T7a
779
780
781

782
783
T84
785
786
787
788
789
790
9

792
793
794
79
796
797
793
799
800
801

802
801
804
80s
80¢
807
a0n
ROS
Rlo
-39

81>
811
8ls
81s
814
817



IF (L,nE.0) CALL DRV (IX1,1Y]1sIX2,1v2) LaRC1 81R

IF (M, E.0) GO TO 130 LARC] 819
IF tY()+1),6TaYNE) GO 10 2n LARC) 820
IXSavVeEaIX2 LARC] 821
IYSaVeaIY2 LAaRC1 822
20 CONTINNIE LARC] 823
M=Mal L ARCY 824
I=T.Mx LARC] 82
J=JgeMy LAaRC1 826
L=JnON L.ARC1 827
IX1=1x%x» LARC1 828
Ivlzly> Larc! 829
GO TU 10 1 ARC1 83n
30 KETIIKN LLARC1 831
END t.aRC1 832
FUNFTIAN TEMPD (VF) 1 ARC1 81313
DIMENSTON I0P(2)s TAB(Y) Larcl a4
UIMENSTON x(14), TEMPF(14), W(l4), A(14), B(14), C(14) LaPC] 813§
COMMUN /SPEC/ TEMPF ¢ X L.aRC1 834
DATA X/0094019,033339,066H00,19,29e304%,,50,60,7,,85,941, |LARC] 837
DATA TFMPF /1699 ,82,158R,71,1479,26,1402,59,1347_59,1255_27,1205,27 LARC] 838
1111734419216700691127,59917044269107960641044024,922404/ LARCY 8139
SO TNE BOUNDARY CONDITTIONS ETCe {LARC1 840
1U=1 LLARC1 841
10P (1) =8 L.ARC] 847
10P (%) =5 LaRCl 843
Ni=z14 LaRC1 844
CalLl. SPL1IDY (N1 sXeTEMPFoWeIOP,1JsaIRIC) LaRC1 845
HE TIIKN |.ARC1 846
ENTRY TEMP LARC] 847
CALL SPLID2 (N1 eXsTEMPFeWeTJyVF»TAL, LARC1 84n
TEMPSTAR (1) LARC] 849
HETHHN LARC) 850
END LARC1 851
FUNCTIAN TMAXD (T) LARC1 852
DIMFNSTON TOP(2)s TAR(3) LARC1 851
DIMFNSTON TT(29)e TMAXF (29)s W(29)s A(29), B(29), €(29) LARCY 854
CoMMUN /TMODEL/ MODEL LARCY 8545
COMMUN /SPECM/ NTsTTeTMAXF LaRcl 854
THIS CAMMON CONTAINS NIMENSIONS IN MAIN PPOGRAM 1.ARC] Asy
SORS DaATA L ARC) 858
DIMENSTON T1(11)s TMAXYI(11) LARCY 859
DATA T1/00910392¢313051500609209.42912¢3¢17¢3926.5940./ LARC] 869
DATA TMAX1/1227,99,1644,26,1922,0492199 8242477 ,56,2755_,27,2033,1% | ARCI 8h1
143310,03,43588,7143922,04+3322,04/ LARCY 862
CNRAON TABULAR DATA LLARC1 863
DIMFNSTION T2(10)s TMAX2 (1) LARC) 864
DATA 72/0,449,0083+,2167,1,4545,25410,25,15,25,29,2%,25,25,30,25/ LARC] 865
DATA TMAX2/1192,59,1192,59,1280,37,1018,15,2379_26,2969,82,3358 77 | ARC] 864
113610,17+43665,3793665,97/ LARC] 867
FU « CnRT DATA LaRC} 86na
DIMENSTION T3(29)s TMAY3(29) | ARC] 869
DATA 71/020.It'.5’].0,1.5’2.0.205'3:093_0%94-004.%05.0’5.%06.(\06-%07 t.ARC] 870
IQ-B.'9.0]0.’11.012.'1?.'1“.’150'16:!]700130'19..90./ LARCI 871
DATA THAX3/1199441278,41315¢41461491589,,17042,1810.+1908, ,72002,,2 LARCI 872
1091,92176492257492335,¢24110924R3,90554,¢2687442215,92936,¢3053,¢3 LARC] 873
2165,93573,43376,03475_,3570,,3663,43636,,3664,,3465,/ LARC1 874
SPLTNE BOUNDARY CONDITIONS ETC. LARC1 87s
I1J=1 LARC] 876
10P (1) =5 L ARC1 8717
Iop(2)=5 1.aRC1 87a
GO YO (10430+50)s MNOFL LLARC] 879
10 N2=y1 1.ARC1 885

105



e XeXe]

106

20

30

40

50

60
70

19

20

30

NT=9

DO 20 p=1,4N2
TT(t)ar1(])

TMAYF {(1)1=TMAX1 (1)

CONTINIE
Go 0 70
N2=1V
NT=g

UO 4V ¢=1yN2
Trirt=3201)
TMAXF (1) =TMAX2(])

CONTINGE
60 10 =0
N2=2Y
NT=29

00 AU y=1yN2
TT(r)=13(1)

TMAXF (1)=TMAX3(T)
CONTINNE

CALL SpL1D1 (N2, TT,TMAXFsW,I0PsIJsA,BsC)

RE TN
ENTRY TMAX

CAlLt SoLIU2 (N2+¢TTsTMAXFeWelJsTsTAB)

TMAx=TaR (1)
KETHRN
END

FUNATTAN TAVEQ (T)

DIMENSTION I0P(2)

TAB (3)

LIMFNSYON TT(29)s TAVEF(29)s W(29)s A(29), B(29). £129)
COMUUN /TMODEL/ MODEL
COMMUN /SPECA/ NTsTTeTAVEF
THIR CAMMUN CONTAINS NIMENSIONS IN MAIN PoOGRAM

IN THE MAIN PROGRAM, TT IS CALLED T3 IN THIS Camuan STATEurNT

SORS DaATA
DIMFNSYON T1(11)

TAVEL(1])

DATA T1/04914142.594,24603410,914,89P2,5,34,6940,4¢5047/

DaTaA ngE1/1osa.71,1366.48.1644:26.1922.04,219°_92.2¢77,=°.>755.17
193033,759331049393376,42+3459,08/7

CORCUN TABULAR DATA

DIMENSTON T2{10)s

TAVF2(10)

DATA T5/70600000B830.21670106515,25110425915,25620,25925625+30,257
UATA TAVE2/1052¢5941057.59¢1134,8291413,7101927,.17+2338,7142608.71
142793,7142938,154,3026,48/

FU « CnART DATA
OTHMENSTION T3(29)

DATA T1/.2|.“l.Sl1.091.59?.0,2-593:0'30504000‘.q05.0!5.<o6.006.q.7

TAVF3(29)

1aoB .99 9010001100 120913,914091540164917091Re919,,20,/

DATA TAVE3/1167¢91219.0124630+1338
1749 91004, 1856,41906, 41954,41999,92044,,212A¢,22304,4227R, ,2347,,2

0914214014960415664191637,01492,44)

2414 92477,,2538,42596,,2652,,2707,,2756,,28014,72R4p,/

SP{ TNE HBOUNDARY CONDITTONS ETC.

1J=1

Inptl)=5

10p(2) =5

60 vO (1043050
N3=11

NT=7

Un 52U y=1,N3
TT(t)=v1il)
TaveF (v)=TAVEL(])

CONTLINIE
Go vV 70
N3=1V

MODFEL

LARC)
LARC1
LARC]
Larcl
LARC1
LARCY
LLARC1
Larcl
LARC}
1.LARC1
1.ARC1
LARC1
LARC]
LARC})
LaRCl
LARC1
LARC]
LARC1
LAaRCY
I.ARC1
1 ARC1
LARC!
{ ARC1
LARCI
LLARC1
I.ARC1
LARCY
{ ARC1
LarCl
LARC1
L ARC1
1.ARC]
LARC)
lLARC1
Ll ARC1
LARC]
LARC])
1 ARC]
1LaRC1
LARC]1
LARC1
LARC1Y
LARC1
L aARC1
LARC1
ILARC1
LARC1
lLARCY
LARC)
LARC1
1.LARC]
LARCY
1.ARC]
l.ARC1
LARC1
LLARC1
LARC]
LARC1
LARC)
LARC1H
LARC]
{.ARC1
LARC1

881

882
8813
884
88s
884
887
888
889
890
89
892
893
894
895
894
897
89A
899
900
901
902
903
904
908
906
307
9NA
909
91n
911
912
913
914
915
916
917
918
919
920
921

922
923
924
928
926
927
928
929
930
931
93>
933
934
935
936
937
93a
939
949
941
942
9419




NT=q LarCl 944

DO 40 yslyN3 LARC] 9458
Triv)=v2t1) LARC] 94K
TAveF (r)=TAVER2(D) LARC] 47
40 CONTINpE LARC1 94R
GO t0 70 LARC] 949
50 NI=pY LARC] 9S50
NT=2Y Larcl 951
00 Y r=lyN3 Larcl Y52
Tr(r)i=v3(1) LARC] 953
Tavel (7)=TAVE3(]) L.ARC1 954
60 CONTINNE t.ARCY 955
70 CALIL SoLIDY (N34TT,TAVEFsW,oI0PsXJyA.B,4Cy LARCl 956
RETURN 1.ARC] 357
ENTRY TvAVE LARC1 958
CaLt SPL1IVU2 (N3sTTeTAVEFIWsIJeTsTAB) LARC1 959
TAVFSTAH(]) 1.ARC1 960
RETURN 1.ARC1 961
END LARC] 967
SUANPVUTINE FIN(PN,RP,RR,LAMBDADECAY DT ,pIEAK) LARCY 963
ORIAINAL ANSWERS 1.aRCY 964
HEA| LaMbDA lLARC1 965
E=EvP (JDECAYHDT) LARCI 964
RN=oX/(DECAY#DT) Larcl 967
Rp=RLEAK® ( (PNaRD)#(],.E)/DECAY+RD#DT) LARC! 968
PNz=pNageRD# (] 4=~E) LARCI] 969
RETURN LARC] 970
END | ARC1 971
SUBRUOUTINE FIN] (PNsRP.| AMANAYNECAY sDTIRL_EAK AL eR,ROLD) LaRC1 972
SIMPLE EQUATIONS SECOND HALF 1.ARC1 971
HEAI, LAMBODA LARCI 974
E=EXP (_DECAY#DT) LARC1 975
El1=)emf L ARC1 976
S=0,58% (R*ROLD) LARC] 977
ALA=LAGRDA+S LARC] 978
EL=FXP =ALASBDT) LaReC) 979
EM=teapl LLARC) 980
IF (UERAYLEQ.ALA) GO Tn 10 . LaRCl 981
RP=nbLEsK* (PNYE1/UECAY+S*OLN® (EM/ALA=EL/DECAY) 7 (NFCAY=ALAY )Y LaRCl 98?2
PNzroPneSa0LU# (EL=E) / (DECAY=ALA) LaRCl 983
60 t0 »o0 LARC1 984
10 RP=oLEAKY (PN®E1/DECAY+SHOLN? (E1=DECAYRDTHE) / (DECAYSDECAYY) LARC] 98¢5
PNz S (pNeS#OLD#DT) ’ LARCL 986
20 KETIHRN LaRCl 987
END LLARC] 983
SUBRUUTINE FIN2(PNyRP,LAMRNDASNECAYIDTIRLEAK soLNeponOLD) LARC]Y 98¢
LINFAR RELEASE SECOND HALF LARC1 990
REAl LaMBDA LARCY 991y
E=ExP (DECAYH#DT) LARC1 992
El=1e=r ILARC1 9913
$=0,54 (PeROLL) LARC] 994
ALA=LAUHDAROLD LARCI] 995
BH=neS5s (R=ROLD) /DT LARC1 996
PTEQM=(DECAY~LAMBDA) *P2ERO {ALA=DECAYs8BHsnT) LARC1 997
RP=RLEsK* (PN®E1/DECAY+NLD® (E1~LAMBUA®PZERO(ALAVRHeNT) =ESDTERM) /nere LARCY 998
1AY) taRc1 999
PN=F* ({oNeOLDY(PTERMe 1, =EXP ({ (DECAY=LAMBUA=S) #nT) Y} t.ARC] 1000
RETUKRN LARC] 1001
END .ARC1 1002
SURROUTINE FIN3(PNFsPNTIRPFIRPIvLAMBDASIDECAY +DTsnLEAKINFEAI NeNTOLA. LARC] 1003
1RkA,0F0) DeRByRIOLD,F4FOLD) LARCL 1004
LINFAR FATLURE SECOND WALF LARC] 100
REA(. LAMEDASNFOLDWNTOLD ¢MO4M4 LARC] 1006
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108

10

20

30

40

S0

E#ExP (DECAY*DT)

Elztear

RF=neSa (RASRFOLD)

RI=neSs (RB+RIOLD)
RFP=LAMRDA ¢RF

RIP=LAMBDASRI

A=l D

Ao=NFO D

DF=F=FnALD

DFOTY=pr/0T

NQ=pFenl

F101 U=7.=FOLD

AL PwA=¢ 10 D®DR

GAMNFPeAL PHA
GAM=RFPaFOLD+RIP#FIOLD
BET<URaDFDT

BErAa=8FT/2,

1F fFIﬁLDoEQOOOO) AS=0.0

IF (FIALD.NEWQ.0) AS==DFDT#A4/FIOLD
Alz A5, DR#FOLD#*A4

A2=-URs (FINLU=FOLD)®Ag
A3znRanFDT#AS

DT2=0TaDT

Mé=rAp «GAM#DT=RETA®DT2)
MO=F AP («RFP8UT)

GE=MU /¢

DL=nkCAY~RFP

ADL-ALpHALDL

Q4=0LFo0 (GAM=DECAYsBETASDT)
IF (BETWNEL0,0) Q9x'(] ~MO/E+ADL®Q4) /BET
THIS 1s Q5 FOR BETA .NE, 0,0
IF (UL ,FQenea0) GO TO 10
WO=(YWEal,40) /0L

G1=/YELPZERO (~ALPHALBFTAWDT)=04) /DL
6O rU 40

wo=nl

THIS 79 00 FCR DL ="n,0

IF (BFET.EQ.0.0) GO TO 20
Wl=nTéne=Q5

THIS 1< U1 FOR BETA ,NE, 0,0s OL = 040
GO TV 40

1IF (ALPHALEQe0.0) GO TO 30
Ql=(W4.,00) /ALPHA

THIS 1S 01 FOR BETA = 0,0, DL = 0,0, ALPHA NE, 0,0

GO 0 40
Gl=neSabT2

THI] 1< O FOR BETA = 0,0e D_ = 0,0y ALpnA = 0,0

VO:(tl/UECAY'EOQO)/RFP

V4ez tPZePO(GAMIBETAINT)=E®*N4) /DECAY
VI= (V46 E®Q1) /RFP

IF (BFT.£Q.0.0) GO TO S50

W2x (U004 ALFHA®QL) /BFTY

Q3= (U1.05+ALPHA®Q?) /REY

V2= (Vp.V4+ALPHA®V]) /RET

Vo= (b1 /DEVAY=GAMRVGaEnQ4) /RET

Viz (V1.VS+ALPHASV2) /RETY

RPF=NLFAK® (PNFOE)L /DECAY+RFH (ANTVO+A18V]14AP8Vepq8V]))

ROLI-M Fake (PhIsEL/DECAYSRI® (A4BVLLASHVS Y,
PNF=L o (PNFeRF®(ANPQN+A 1201 ¢A28064A3203))
PNT=Eo (PNT+RI® (A4®Q4+AS2Q5))

60 TvU 40

CONTINNE

HPFaRLFAK® (PNFOE] /DECAY+RF® (AQQVO+ALI#V]))

LARC1
LARC)
LARCY
LARC1
LARCL
LARC1
LARC1
ILARC1
l.ARC!
LARC]
LARC1
1LARC1
LARCY
LARC1
LARC]
LARC}
LARC1
LARC1
LLARC1
LARC])
LARC1!
lLARC1Y
LARCY
L ARCY
LARC]
LARCI
LARCI
l.ARC1
LARC]
LaRcl
{.ARC1
LARC]
LARC]
LARC1
LARC1
LARC]
ILARC1
LARC]
LARCI
1.aRC1
LARCI1
LLARC]
LARC1
LARC]
LARC]
LARC1
LARC]
LARC1
LARC1
LARC]
LARC]
LARC]
1.ARC]
LARCY
LARCY
1.ARC}
LARC]
LaRC]
LARC]
LARC1
LARC1
LARC]
l ARC1

1007
1008
1009
1010
1011
1017
10113
1014
1015
1016
1017
1018
1019
1020
1023
1022
1023
1024
1028
1024
1027
102R
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1339
1040
104y
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1058
1056
1057
1058
1059
1060
106y
1062
1063
1084
1068
1066
1067
1068
1069



RPIxR rAK® (PNISE] /DECAY+RIBALBVS)
PNF ko (PNFeRF® (A02Q0441%01) )
PNI-ta PNTI+RI®A4®Q4)

60 RETIRN

10

20

10

END

SURROUTINE CALCIINFOLNeNIOLDsRAIRBILAMBDASDTFonroaNT+RREIRAT 4RFOI'R

1.R1nLD,
SIMPLE EQUATIOUNS FIRST HALF
®EA] NrFPINIP

REA| NFOLDONIOLD'LAMBDA|NF.NI.M0.M1.M2'M3.M“.M§

IF ((NcOLDeNIOLD),
e ) oEQ.n,0) 60 TO 10
As=niIO) D

HF=neSe (RASRFOLD)
RI=neSs (RBe+RIOLD}
NFp-HF  LAMBDA
RIP=KT,LAMKDA
RFL=RFpeDT
RiL=HTo2DT
MO:FXP(-RFL)

El=rAp (=RIL)
NFP=NFALD®#MO
NIP=NInlLD®EY
SUM=NFpeNIP
NF=fF®*S 1M
Nl=t(l,-F)resum
RRF=MF o (A0=NFP) /RFP
KRI=K1ua (A4=NIP)/KIP
GD TO 5o

NF=nep

Nt=Ne0

kRF=ut5

Rp]=u.ﬁ

RET'IRN

END

SUBROUTINE CALC2(NFOLNSNIOLDIRAYRARILAMBDAIDTsFoMryNT s RRF4RRYRF Ol

lyrInlny
LINFAR RELEASE FIRST WALF
BEAL NePoNIP
REAl NrFOLDJNIOLD¢LAMBDAINFNT
;§=é£NrOLo.N10L01.E°.o.0) RO TO 10
Kl=pt
Ag=nFO D
As=nIOI D
Eq:;ip(-t:MQgAioT-O.5°(RFOLDORF)“DT)
=FAp (= Ao -
NFP:NFALB“ES P1=0.5¢ (RTOLDeRTYEOTY
NIP=NINLD®ET
SUM:NFp‘NIp
NF =g ® Q1M
Ni=(l,.F)eSUM
GAMF =Ry OLD«LAMBDA
GAMI=RIOLD+LAMBDA
BETF=(pF=-RFOLD) 70T
SSTAF=QETF/20
(RF =An oL AMBDASPZERO (GAM
BETI=(e]I=RIOLD)/DT @ F'RETAF,DT)‘Ao“‘l.-EF)
SSIA1=REYI/2.
- ®
- ;OA;OLAMBOA»PzERo(GAMI.BETAI.DT).Aao(y,-Er)
NF=z=ne0
NIz=Mel

LARCY
LARCL
taRcl
LARCI
LARC1
LARC!
LARCl
LaARC!
LARC]
LARC1
LARC1
LLARC}
LARCY
LARC1
LARC]
L ARC1
LARCY
Lakcl
LARC1
LARC1
LARC1
LARC]
LaRCl
LARCI
LARC1
1.ARC1
LARC1
LARC]
LARC1
LARC]
Larcl
Larcl
Larcl
LARCl
LARC1
t.aARC}
LARC1
LaRcl
LARC1
LaRcCl
.aRC1
LARC)
LARCY
LARC]
LARC]
Larc!
LARC1
LARCI1
LARC]
LARC1
lLARC]
LARC1
LARC1
LARCY
Larct
LARC]
LLARC1
LARC1
L.ARC]
LaRC]
LARC]
1.ARC]
Larcl

1070
iomn
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1087
1084
1085
107”6
1087y
1088
10849
1090
109
1092
1093
1094
1098
1096
1097
109R
1099
1100
110%
1102
1107
1104
1108
1106
1107
110R
1109
1110
1111
1112

1111
1114

111g
1116
1117
111R
1119
1120
1121
1122
1123
1124
1128
1126
1127
1128
1129
113n
113
1132

109



20

10

20

30

C
10
10
2N
30
c

110

RRF=U, A

HRI=Y,n

RETURN

END

SUBPOUTINE PZERO(AB ()

DATA SoPI/1.772453850905514/
CENFY (79D)=RERFCID) =EXP (2872, #D%2) HERFC (D=?)
IF "B,rR.0,0) GO TO 1n ’
1IF B,) T+0,0) GO YO 30
SNR=5QRT(B)

SQR?=5nH+508B

4RPG1=SAReC

ARGo==~p/SQR2
PZERU=qUPI#FNEW (ARG yARG2) /SQR2
RETURN

IF l"\.rQo0.0) GO TO 20
PZERVa(le=FXP (=A%C) ) /A

KE TuRN

PZERUze

RETHRY

CONTINIIE

508z5ApP T (=R)

SQR>=SnB+SQB

ARG1=SnB#¢

ARG1=Z (ALWAYS POSITYV
ARGo=jp ,SUgp TTIveD
PZEPVU=QOPI#CFNEWLARG] +ARG2) /S0B2
RETURN

END

FUNPTIAN RERFC (7)

IF (ARQ(Z) 4GTa4,90) GO TO 10
RERFC=nERFC(2)

RETUNMN

RERFC=AERFC (Z)

RE TIIKN

END

FUNeTINN QERFC (ZTEMP)Y
COMPLEY SeTHZ

DATA EPS/1,0E=15/

DATA SnPI/1.772453850905516/
1IF (LTEMPeEQLO0,0) GO To 30
£=CMPLY (0,042 TEMP)

h=saP1 /2

Taz/V0

S=T+l,qn

L=}

K=l

CONTINIE

K=K+l

T=Taloy

U=2,7((K+1)°D)

S5=S.7

1F (CAnS(S)EQ,0.0) Gn TO P20
IF fTAQS(r)/CABS(S).GT.EPS) 6N TO 10
.=l +

[F (L, Tes) GO TO 10
QERFC=AIMAG(S)

RE T1RN

PRIMT 400 2oL

GO YV j0

QERFCza,0

RETURN

LARC1
LARC1
Larcl
LARCY
LARC]
1.ARC1
LARC1
LARCY
LARC]1
LARC!
LaRCl
LaRCl
LARC1
LaRrCl
LARC1
LARCY
LARC]
LARC]
LARC1
LaRc!
1.ARC1
LARCY
LARC)
LARC]
l.aRC1
LaRCl
LARC1
LARC1
LARC1
LARCI
LARC1
LARC1
LARCY
LARC]
1.ARC1
LARC1
LaRCl
1.ARC1
LARC1
LARC1
L.AaRC]
LARC]
LARC1
LARC]
LARC]
1.ARC1
L ARCl
1.ARC1
LARC]
LARC!
LARC]
1LARC1
LARCY
Larcl
LaRcl
LARC]
tarcl
LARC]
| ARC1
LARCH
LARC1
LARC]
LARCY

1134
1134
1135
1136
1137
1133
1139
1140
1141
1142
1143
1144
1148
1146
1147
1148
1149
+150
1151
1182
11583
1154
1158
1156
1157
11658
1159
116
1161
1162
1163
1164
1168
1166
1167
1168
1169
1170
117
1172
1173
1174
1178
1176
1177
1174
1179
1180
1181
1182
1183
1184
Y185
1188
1187
1188
1180
1190
1191
1192
1193
1194
1195



40 FORMAT (% S30,0 FOR Zx4+E10e3+% Ka®ell0,s Letsi1A) LARC! Y1964

END LARC1 1197
FUNCTINN AERFC (2) LARC] 1198
DATA EnS/1.0E=15/ LARC] 1199
DATA SaP1/1.772453850905514/ LARC! 1200
If (£,F0,0,0) GO TO 49 LaRCl 1201
CON=zl,n/(Z2°5QP1) LARC1 1202
U=zZslZ LARC1 1203
v=0,5 LARC] 1204
T=nsV LARC1 1208
$=1,0e¥ LARCY 1204
L=1 LARC] 1207
K=l LARC] 120qg
10 CONTINUE LaRrcl 1209
KzKel LaRCl 1210
V=KaV,5 LARC] 1211
rsave=v LARC] 1212
T=Tab/ LARC1 1213
S=S.T LARC1 1214
IF (T,aT,TSAVE) GO TO 20 LARC1 1218
IF (S.FQe040) GO TO 39 LARC1 1216
IF (ARSI(T/S)«GTEPS) g0 TO 10 Lafcl 1217
L=l LARC1 1218
IF (Le Ted) GO TO 10 LARC1 1219
20 CONTINNF LLaRC1 1220
AFRFC=cON®S takcl 1221
RETHRN LARC] 122>
30 PRINT s0e ZeKol LARC1 1223
G0 t0 10 LARCE 1224
40. AERFCz4,0 LARC1 1225
RETURN LARC] 1226
LARC1 1227

50 FORMAT (# S20.0 FOR Z=299E1Ne39% Kx*9I20,8 Lm#etin) LARC] 1228
END . LARC1 1229
SUARUUTINE CALC3(NFOLD,NIOID,RA,RByLAMEDA,OT,F,FALN,NF,NT,ORF,RRY, LARC] 1230
1RFQ1 VenIOLD) LARC1 12N
LINEAR FAILURE FIRST WALF LARC] 1232
REAL NFOLDNIOLDJLAMBDA NF NI ,Mg M1 ,M2,M3,M4 Mg LARC1 12313
DATA SaPl/1,772453850905514/ LARCY 1234
IF (INgOLDsNIOLD! EQsD0) 6O TO 70 LARC! 12135
AN=NF O, D LaRcl 123,
A4=n10 0 LaRCl 1237
KF=neSa (RASRFOLD) LARC] 1238
Rl=neS5 (RB+RIOLD) LARC] 1239
RFP=KF+LAMRDA LaRCY 1240
RIP=RT.LAMBDA LARC] 124
RF{ =HFoeDT Larcl 1242
RIL=HIo®DT LARC! 1249
MO=F AP  =RFL) LLARC1 1244
LI1=eXp¢=RTL) L.ARC1 1245
PO=¢(l,.M0)/RFP L ARC1 1246
DF zc=FAlLD LARC] 1247
UFNTENE /DT LARC1 1248
Flzlear LARC1 1249
F10{U=y.=FOLD LARC] 1250
IF «KF _NE,RI} GO TO 30 Larcl 1251
IF (FeTe040) GO TO 1n LARC] 1252
NF=ne0 LARC1 1253
RRF=U,.4 LARC] 1254
WIzp%ecl] LARC! 1255
RRI=0)  =EI1)#RI®A4/RIP LARC 1256
G0 10 an LARC] 1257
10 IF (FOIDelLTele0) GO Ty 20 LARC1 1258

111



112

20

30

40

50

60

NI=ned

RR1=20,4

NF=2a08u0

RRFaRF3A0#P0

GO vU no

NI=spaGspI®FI/FIOLY

2F=MU°¢A000FﬂA6/FIOLD)
ART=DcPTHRIBALS -

RRF:PAQTORFiAozPéI. (1., +RFL)oM0) / (FTOLDSRFPORFp,

HRI="PART+RFRALHPY

GO rL R0

IF (F.ATeDs0) GO TO 49

NF=ne

NRon.ﬁ

NizFleas

RRI=RTs(A%aN]) /RIP

GO YU o

[F (01 DeLLTole0) GO TO SO

Hil=ne0

RR1=U,qn

NF:AUGMO

RRF=RFA4A0%P0

GO 70 RO

DT2-0T 40T

UR=pfF=nt

Al=(UFNTeDR*FOLD*FIOLN) ®AL/FIOLD

A5z UFnT#A4/FIOLL

AP=_DUR4 (FIOLO~FOLD)nAS

A3=nR4nFDTSAS

ALPHA=FTIOLD#DR

GAM=RFR®FOLD+RIP®FIOLD

IF (UF _EQ.0.0) GO TO 40

BET2UR4DFDT

BETA=RFT/2,

IF (BETALLT.040) PRINT 90+ BETASDFsDR

IF (HETA,LT,0.0) BETA20,0

SAR=5QpT(BETA)

SQR?=SqH+SEB

SNART=SANDT

SAC=ARLNHA/SQR2

SNE="GaAM/SOB2

WhENFY (SQBTSQE)

wT7zMUaseNEW (SQBT'SQC)

Ma=ehp (=GAMPOT= P

MS:nT»LQ MPUT-RETADT2)

M1=sQprow7/Sub2

M2=(MO_M&sA|PHAS®M]) /BrY

M3z (A DHA®MR +M]=M5) /BET

P4=<UP1oWE/SCR2 ’

Pe=(l  ~GAMPPA4=M4&) /BET

Pl=(P4.M1) /RFP

PPz (Po.PssALPHA®PY) /8T

P3Iz (AL OHA®P2+P | «PS) /BET

NF=ADBau0eARIRM]l s A28M24A30M3

NIzA%3 4 e AGHMG

RRF=RFa (AQRPU+AL P +APBP2+A34P])

RQTsKle(AbapdASapS)

60 v0 RO

M4a=pAp (=GAM®DT)

M=z (M4 _M0) JALPHA

Poz¢l, Me) sGaM

P1=(P4.P0) /ALPHA

NFzplan0enlom]

LARC1
Larcl
LARC]Y
LARC]
LARCI
LARC1
LARC]
LARC1
LARC]
1.aRC]
LARC]
LARC]
LARC]
1.APC1
LARC]
LARC]
LaRCl
LARC1
LARC1
LARC1
Larc!
.ARC]
LLARC1
l.ARC1
LARCI
1.aRcl
LARC]
LARC1
LARC]
LARC1
LARC1
1.aRC1
Larcl
LARC1
LARC]
LARC)
LARCY
LARC]
LARCY
LARC1
LARC]
LARC1
LaRcl
LARC])
LARC]
LARC}
LARC1
LARC]
LARC]
LARC}Y
LARC!
LARC]
LARC]
LARC1
L ARC]
LARC]
LARC!
LARC]
LARC]
LARC1
LARC]
LARC]
LLARC]

1250
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
127)
1272
1273
1274
1275
12764
1277
1278
1279
1280
1281}
12R2
1281
1284
1285
12864
1287
1288
1289
1290
1291
1292
1293
1294
12985
1296
1297
1298
1299
1300
1301
1302
1309
1304
1308
1306
1307
130R
1309
1310
1311
1312
1313
1314
1318
1314
1317
13118
1319
1320
1324



Nl=a%ous
RRF=RFus (AO#PO+AL#P]))
RR1zRTaAGaP4
GO0 10 A0
70 NF=nen
Ni=ne)
RIF=Y, A4
RRT1=2V,n
80 KETURN

9n FORUAT (# BETA NEGATIVE IN CALCs BETA =4¢Elpeles DF =o,r19,30%

10 =%,r10,39% BETA ST TO ZERO#®)

END

FUNCTIAN FNEW (240)

IF (Vi Ta0,0) GO TO 20

IF t£.aT«D) GO TO 10

CASr 1 D.GT.O. O.GT.Z

FNEWSEYP (=28242,8260) 8PQERFC IN=2) =PQERFE (D)

RETUKN

casr 2 D,6T,0, Z,6T,n

10 FNFWT2 #EXP(D#D) ~PQERFC (D) =EXP (=282424%74n) #PQAERFC(2~D)

RF T1HRN

casSs 3 DLT,0, 2Z,67,D

20 IF (D.aT«Z) GO YO 30

FNEWSPQERFC{=D) =EXP (=782+2,8250) 4PQERFC(Z=D)

RETURN

CaSE 4 DelLTa0e DWGT,27 )

AN FNEWT=2.2EXP (L#D) sPAERFC (=N) ¢EXP (=28242,47%D) *0AcRFC (D=7

RETuRN

END

FUNCTIAN SPLLINE (TIME.QIN)

DIMFENSTON IBLUI(6)s 21(113)s Z2(113)s Z3(113)s FX(20,113), FY (209117
1), £Xy(20,113)

DIMFNSTON TE(20+113)9 T(20)s F(113) . )

VIMFENSTON T1(200)s T2(200)¢ T3(200)s T4(200), T5(200)s TA(2NN)e *7
1(20n)

DIMFNSTON T8(200)y T9(200), T10(200)s T11(200), T12(60)

DATA T4 /14550,16964,12954,2073¢42236¢423R7¢,252h,,26587,,2785,,294]
le93n1A _ 93126e93232493233693431¢93525e93616693624,1913630,4243%,91484
2,91691 01891,42070,42232,92380,12521,42650,¢2775_,2R96,,20n12,,4312p
3‘,3925.,3323.,3420.,35]7.,3610..3620.,3527.,3611..16Q2.,?Aﬂﬂ_,18°6
4092n05, 0222749237 2492514092640402T7040%2RAT093040.231100°3212,¢3 17
50103410.73506093600093612093622e93631091450091685,423RB1eonan, 2722
6,42164 22507,42630,42752,47872,¢2987.93100497200_ 43300, 42304, 43407
7403584 43602,,3618,,3409,,1448,,1687,,1R77,,2052 ,2214,,53587_,249K
Beophneg 2741092857 ¢0294T7e03075e93180e930R5093305,¢94R1492547,93597
De03al6,93626091846,01479.¢1872.920%4,¢2207492350,¢24690,02610,92720
$,02850 92956 ,43002,¢3167,,3271,93371,93466,93580_,15R4,,2614 435213
50.1&“6.0107600]868.02n3600?200a!£3“0-'ééﬂoo'?600.07719.v?a17.0?94<
3,93N50,43155493257,9338741344Re935344935786073612,43620,41442,91677
$0118073 42027442185 ,42330.4247049259040€770442825_,2935,42040,,314%
5093945 ,033436+3631493517¢0356749361Nne9361709144n,01670.91R89,420 1R
$402170,92315,42460,425R0,47699,42R817,+29725,442075,_,3135,,32358,,3329
% .3/415,035.000'3550..36000QaﬁlsoOI‘JBOQXAA."QXB‘:Q.Q,OOQ. ’QY':Q.'Z:"\;
5..2&50.'2572.'2636.,2“00.,?910.,3020,'3120.'1290‘,3315..1400..3641
$,03237_03590.93612,/

DATA T5/1636,916664,91850692000692151492297¢92445,42564,42478,02790
1.v2°00.v30l0.03110.o3?05.01295.03383.934‘700’51ﬂ.01530.0550°.0149ﬁ
Cool1h0] 11846491086, ,216664229204264009855h¢e267n, 40T8G,4,7004,,30A0
Je03100.93192¢93281403366e92450e935224938700926nk_91432,9745R,0184
$,01092 92181,92287,42433,4254R,426613,42778,442828_ ,2990,,300%, 43178
5443965 _93350493433,43515¢493560093603091430e01685_,18B3h,,7088,,21¢
6eg2582 024250925404 92655¢42TT0N0es2880+429R0093071,431024,3252,,43326

LARCE
Larcl
LARC}
LARC1
LARC1
LARC]
LARCL
LARC]
LARC]
LARC]
LARC]
LARC]
1.ARC]
LARCY
1LARC]
LaRCl
LARC1
LAaRc]
LARC]
LARC]
LARC)
Larcl
L ARC1
LARC1
LARC]
LaRcl
LARC]
1.ARC]
LARC]
LARC]
LAaRC1
LARC]L
ILARC]
LARC]
LARC]
LARCY
LARC!
L ARC)
LARC]
LARC]
LARC)
LARC)
LARC)
LARC]
[LARC
LARC)
LARCY
LARC)
1LARC]
L ARC]
LARC)
LARC)
LARC]
LARC]
LARC1
lLaRC]1
LARC]
LARC!Y
LLaRC1
LARC1
1.ARC]
LARC]
LLARC]

1389
138y
139>
1383
1384

113
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T4i3416,43498,93557,43600e91%28491652.01832¢919R4,42130.¢7277.42416
Be12531,9264609276049287092970093060¢93150093240.93320+92400,0349)
9,.3%“6.o3586.’1627..1649,,1827..1980.y2]26..2277.,7408.,7<90..25\5
%, '2740.028500 22960693040e93120¢ 932203308 03380 ,03464,92520,.0357
So’lA?S.v1646.v]823.,1975.'?]?2,.2267.,2400.,?S‘O..gﬁln..p7qn.'2q;6
$442950,+3020,93100,43200443268,93360,93433443510,,3557,,7421,,1641
3.01818,41971¢92118,4226241239349250047260009272n,+2830,92971,93017
S..3n98,o3187.,3271..3160..1400..3500..3541.,14;1.,,640.,;q14.,1q47
500?115.'22570’?386002493.075930127100'232009297’.91000.01077;03‘7=
So'3;56.O33200’3357.v34R3o0152Ro'1419.'163600]809..196?..7119..2?:7
$,92780 92486,02566,49270044281N,¢2903,0299049304K,43162,43755,43340
3,03375,03467403514,/

OATA Ta/1617,91632,41R05.9195R,4210B,92247492373,,24R0,,42579,,2694
1002300,92900492950,430550431504032%44.932674972362_,3450,¢25AN0,,1415
2,01588 31800,01993,,421064¢2261,12366,48473,42572_,36Rn, 2790, ,28q0
3092070, 03064¢931374932330932854933506134330938A7,41413491A24,01707
4.010“9.02100,0?236..2360-0?467..2566,.2&71,.977q..987g..90g0..301§
5493125 ,93222,+3277,,396R, 43617 ,,3475,91410.41620, 41794, ,7045_, 2008
0002031 ,7235361246049255T09266740276F¢1284792950,¢3022,021172,¢32i1
7.93969.’3336.93400.,366?..190R,.]616,,179).,‘94‘..7090..9,9<.’2156
8.02656.02550.'2652..2748.,?856.'29“0.'30]].,3]60..1200.‘1559..31,£
9493787 934500914059 161209178Re01937a92nR4e1221K,9234009244R,42524
$,026%3 92747 ,47845,,29304930004¢308R,33109)493246,43312,43377,,3427
s.'lauz..1608,.1769.,1o13.;?079,,2211.,;331,,;44,..,537.',A,,..27,7
so02934.029?0.’2993.,3ﬁ75.'1172..3231..4300.'13An..1“25..1400..1‘na
30,1781 .,19280,20744,22060,73266,24364,€5319,2624,,27264,2°27,,2914
$.102086,93063¢93143403215603283003349493412¢3130R,_01A00a97777,.41924
9,209 42200,92320,,2430,97525,,2615,92715,42B12 42900, 47975, ,30%4
5003‘29_03200.)3267..3133..1“00..1396.'IRQR..]771.'iQ20..’0A1.‘2101

Se02316.02425472515092610092710992810¢ 1288509590, 930340+3170.03171

$.932°0_,93317,+3390,/

UATA T47/1394¢91596491769¢9191R0920584121R6092310.¢0420e9250%.92A45
1,¢2705 42R05,92870,02967443023443100.931674572233_,3300,92375,41302
2..1=94,.1765.,191?,.20=3.,2180..2305..3419..;Sqn.,;AOO,,avnn..zann
3e92R95,92930093010+93n85093153e93222.132R0¢93360,97390.97575,0174%
4.9190Un _ 92068,92174,523004942%1041246974912503492680,42775,47860, 42§24
5.¢3000,93070,93140,43711,443260,43340,913R8,41590_,7757,,7"04,.2042
0092157, 02290092400¢92493¢975B6e9267TR12TRPe9282A_ 42900.¢77R2, 43084
Tee312R _93200,93240,4332009138A¢0158R491784,4419A0,.203R,42140,42204
8.0?136,o2A79.'2573..2667..?740..2813.,2RR7,.;9&G.,1060,.11fn,.315<
Fe9392n,903300001384,015R6491750e91895412022+902152,92270,92379,02444
5,92500,42655,42733,,2800447873,42948,43026443100,,3150,4220n, 432729
$.01382,01584,41746 ,1R890,,2027 42147, 42200402359, 42453, ,5547_,2644
5.0272?.l2789.02860..?030.93000.13070.'311%.011kn..1?6o..?190,.]qn;
500]7“2.'1895.0?02?.021“0.'7250.'?345.02660.'?514.,?633..?715..2779
5092R46.02909"2975.'3050.|3080.!3133.93?600'137q.QiqR0.o;71q.']a°0
5.-9016.v2134.’2240.92335.02k30.-2525.vd6?7-.?7n=,.:769.oaaqq..gqno
$,02990,93025,12060,93117,93220,91376,9157R,,1735 _,1875,,2011,471>7
$,02230_,42325,42420,42515,42612,,2695,,27580,,2814_,2875,,5025_,304q
2443090.93100693200,7

DATA Te/1374¢9157S,91731491870692005,92120092275,42318.42412,42646
1492A00_ 02673,42736,,2800447850492900.902973,53075,,43079,¢21%0,,137>2
2e91873,91727491866,920)00¢92110002220.923100924N00.¢2500e¢257G 02644
3.02712_42781,42837,,2R90,42946,43000,93059,0314N0_,137)1,,1871_,172%
94410052 01992,442105,427154173056197390424R74425R9, ,2629,,2700, 42742
5¢92R2G, 128780929324 429R5093043093120+2126090915A9, 47720+ 7R6A,4]1Qa4
6, 4P1Un 42210,92300,42300442475,4256R,42600,42670_,2741,,2812, ,2R%4
T4 42916 ,02970403026,43)100e01367,41566.917164918%6_,41975,,20%n, 42248
Bev2o0, 92370092463, 125364905900926604127300958an,42860.42%90n, 929864
90'3011.’30800'1365.Olqﬁal!171?001“50001°6709?0ﬂﬂ..??00.0,9“0..21‘6
$,42420,92524,12580,426504+2720,+2785,92R37,,28039_,2945,,9n40,,3040n
} e 103,91560091T0B¢91R464119580120T0e221R2e9227n.9235060247,¢7512
3.02673,.9264001271009277001282392877¢92933¢029A8, 4306007 2A] 01887

LARC]
LARC]
LARC1
LARC1
LARC1
LARC1
LARC]
LARC1
LARC1
LARC1
LARC]
LARC]
LARC1
LARC!
LARC1
LARC]
LARC]
1.ARC1
LARC}
LARC1
LARC]
LARC])
LARC1
LARC]}
LARC]
LARC]
ILARC1
LARC}Y
LARC]
LARC)
L ARC]
LARC]
L ARC1
LLARC]
LARCY
LARC]
LARC]
l.ARCY
LARC1
LARC}
L ARC1
LARC]
LARC]
LARC1
LARC]
LARC1
| ARC)
LLARC1
LARC1
L ARC]
LARCY
LARC]
LARC]
LARC]
LARC]
I.LARC]
LARC]
L ARC}
LARC]
LARC]
LARC]
LARC]
LaRC]1

1388
1386
1387
3383
1389
1390
139
1392
13913
139
139K
1394
1397
1398
1399
1400
1401
1407
14013
1404
1408
1406
1407
140R
1409
1410
1411
1412
1413
1414
1418
1416
1417
141R
1419
142n
1421
1422
1423
1424
1428
14264
1427
1428
1429
143p
1431
1432
1433
1434
14358
1436
1437
143R
1439
1440
1441
1442
1443
1444
1448
1446
1447



$e01704 0184)091948,42n05601216440226069224009P828, 42500, 02%547, 62679
£.02700,02755,12808,,2966442921442%70.9302091389,,15564,,17A0,1R27
491939 4204824 12146,,2750492330e92417¢0C64RA 42588, 2422, 45407 ,,2741
$092000,92855412910,9295549300N0a¢135B.916R149160%,41832,47274,+2024
$002138,02260092320092400092475492542:926110926A09,¢2726,+2724,492842
$,92000,02945,42980,/

DATE T4/1356441548,,1490,41828,¢1929,42030492120,42230,+2310,02322
1e02400,92525492600.92056092713402767492R21612878,42922,429AR.011%4
2,91545 41685,91826,91026.92024,12120,92220642300,,2367,,2434,,251n
3002586, 92643.92700,42750497800492B504929000+2%60,,1352,,1543,,1480
4,01820 91920412020,42115,47210442283,423580,92%17, 42505, 2573, ,2A27
Bey2680,02735442780,4,2R35,2880¢4P920044250041510, (1675,,7R814,,1917
6..2015.021100'2200.02967.9?333.-2600.’2050-09560.0?620.~?66n.v2796
792750, 02820,192860,42900.41348,41536,51670.01812, 41915,.2014, 42188
8e02170,922604192325,42390,42465,42530,9€500442640,42690,,274n, 42800
FerpRb) 9288049 ]1346,015330¢166549130849190Re02n000.92095,92180.922%0
5-v2715.|2380.9?450,.?qnﬂ.’?550..2600.’Zﬁﬂo.'?7nh..?750,.9an..29&n
$0017%4 9153091660018 04+918098441985,0200ne9217n, 0224002710, 027
4024630 ,02480,492530,92590,92637,42683,42733,9278A_,PR4N, 41342, 41627
441655, 4180645 1R85,,1070,,205%442150,9€230¢92305,.2360,4741n,,2440
5.o?qlo.92560.02623.9?667.02717.02768.vaa?oot]340,.i524.o§6&n..1701
3,91875 41966412045 ,42130497215,42290,9€350002%00 424650, 42500, 42580
$.02AL0,02650492700,¢27504+2800401338,91521491645_417R4,,1847_,195p
$e1on33,92116092000092062002341e9P387.92440092690,125604926n0.92648
$,402870 02760 ,12787,/

DATA T7/1336,41518,,1640441774,41858,419424492098_,2110,,21R2,,22%0
1602312,92375¢12430492480¢12530+925BRa12h4ne92h8n 4273005778, 01324
?,91515 41635,41765,,1869,,1933,42016,4921004¢2147_,2233,,2300,,2349
3042020.,024T0¢525206,2575¢,203004267004€7p0092762,,13324,15124,41h24
“.v]755,0]840.01924..2nnﬂ.o7086..?150.04716.o;2Ra,.p3sn..94in,.24&ﬁ
Se0251(.925654126204026F0e12710e92750621730¢91500,471625,07745,51R2p
O 1915 92000,92007,,2133,4P200.+2207,92337,92%0n, 42650, ,254%, ,2588
Tae2h16,42650,42700,42737,,1328,,1506, 41620441735 _,1827,,191n_,199;
BevpnD7.02123092170602255092300+¢237509243R095490,¢2550e02Anna9PhR%N
9.,2683.,2725.,1326.,1Rn3,.]6]‘.,1725',192<..1Qq=.,]980.,?047',?]\6
$e121¥0.922350920854092355042400012667492537092575,42620.92667,92T13
3,013€4 91500,91610,41720,01820,91900,+1970442037,,210R,,2170n,,2224
$092270,02332442375,42637442500412550002600042650, ,2700,,1322, 1406
5~'160%.'1715"1910-';ﬂ°o-~1960-'2030-'21nn-'?16n.-2?10.-9?en.o21i¢
$,02360_02410,02400,42510442560,426104126R7441320,41490,,7400,+1714
See1alU0, 91RR0,91955,42N275,4209241215441220150972265_42304,979GR, 12405
$4924°0_,92500,12550,42600,42675,41318,414R6,441598_,1705,,179%0,,187p
D1 )745,92020012083612147092200092250092303002382,02400492447.924606
$442532 92879,926062,/

DATA 78/1316,01479 ,41890,41700,01780,91RAN491935,,2010,,2075,42140
1002195, 02265¢923000¢¢2363007387442430.42672¢42514, 42557 4,26%0,,1314
2.'14,3.01584.01690..1770;;]850..1925.|2n00.'?067..9133..?1Rq.02?1‘
3,,298%3_,2328,,2375,,2420,,7461,42502,+2547,,2637 1317, ,1449_,157n
40 y1A800417600518604,1913¢,198R¢,2053¢0811404216R,,2220.,7267.,2214
50'?392.'2“100'2‘050.’21‘99.'?.52“.02({(50’{3]0.0]4&?.oi572..'{f\7n.'17!‘b
6er1R3N 41901,11975,42040,52100.42150,92200,92260 42300, ,427%0, 42370
Tee2ad5 426465,42510,42612,41308,¢1457,91565,41689_ ,1740,.1220, ,1R27
8o 1057 ,12026¢920824921360921R44122340922R2292330,42365,054A40,92440
9e02683 02600,01306,,1452,91559,41669,91732491810,,1875,,704n0, 42011
042063, 421170921074 42217042267 042310092351,2387,,2630,,2477,,25%
5401304 01466,491553,91678491724.91R00,91RcNa11925,42000,42045, 42140
352150, 92200,92250,+2300,97337,42376,926)6,9245R0 ,2560,.1302, ¢ 1447
3.!1%67.01631.!1716.9]789.9184%.01Q16.’10Ro.0;010..poﬂ7..9111..Z]QQ
$,92737 _92275,42317 [ 423A0,47403,02445,9254040130N0,41635,,1541_,1624
Peel7UB 41779 ,41860,,1908,41960,+2015,92068,42115_42166,,2217,,2749
30192300,92350092393492437092520091296091420031535,01617.9170n.¢1740
$,41833 01900441952, 42010¢42060422107 402153442200, ,2244,,2290_,2398
5-02152.12‘220|2q00./

1.ARC]
LARC)
LARC}
LARC)
LARC]
LARC]
LARC]
1LARCY
ILARC1
LARC)
LARC!
LARC]
L.ARC]
L ARC]
LARCI
L ARC)
L ARC)
LARCY
LARCL
LARC]
LARC1
LARC]
LARCI
L.ARC]
1.ARCI
LARC]
LARCY
LARC)
LARC)
LARC)
LARC)
t ARC)
LARC]
LARC]Y
LARC1
LARC)
LARC])
L ARC]
L.ARC}
LARC)
LLARC}
LARC}
LARC)
LARC!]
L.ARC]
LARC)
LARC)
LARC)
L.ARCY
LARC1
LARC]
LARC]
| ARCY
LARC]
1LARC)
LARC)
LARC)
LARC)
LARC1
ILARC1
LARC1
LARC]
lLARC]

1448
1449
1450
1451
1452
1453
1454
145%
1454
14657
1458
1459
1469
1461
1462
1463
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DATA T071292431624,4,158286,1609.016964317694,1825, ,1891,,7048, ,204%
1e92n58 ,92100692146,02192+9223%20227Re92321e92364,92407.92420,9122n
2491418,91520491600,916RR7¢91751,41816.918R1e91942,,42000,420%0,92002
3.02139 52184,52227,422700+1731%442356,924004926A0_ 1 12R%,¢T412.,1815
ﬁov]ﬁ9k.'1680.’1746.o]ﬂ08oo137?.u1936.019900’2061.0?0R6.o?1?°.02]7q
§,02217,92260,92305,42348,42387,42640,912R0.0140F,41505,.7538,,1674
6.91737.018000’[863.p19?300‘980.02026."077007120.02170.o?"?.'z’ﬂﬂ
Te92295,_ 02337 41237649262009)12T7he1400.2150ne91582, 01667 ,01720.91797
Beg1854 11910491960,42015402065,02115,42165442200,42P40,42204,42324
9"2160o'2a0°")?720'11q5°’1“94-'15,60'16600917?1,01737.0in£Q.01905
$e01995,02010092000402110002160612190472P3009227n0,92310,02245,5239)
5.!1?63.01359.ll433.01q7).01654.o1716,'1790..]RAQ.,iRQ7..i045"2nAn
5402020, 0210000P160,4218044222049226049230N092330,42360,41244,,1306
$001487 11565091647 ,91710e01773491837.91R0Ne21940,+719R702n27, 12071
$.v?120.02165.02210.0??67.,?281.n?315.,Z}an..|aﬁn..j170..;A7q..lqio
$"1540.'1705-’1766.'19?5001979-~19£7.'1°74o0?070,.706?..9‘ha..2\=5
$,42200,42233,02267,42300,92320,01256,91774,4414h0_,1553,,7422,,17n0
$0417°07, 418050318574 ,19100419620,2017¢42047+,208%,.,21314,2177,,2216
$49P247 _92276,+2300,/ )

DATA T70/1252,91368,41463,,1547,41627,,1484,,1745,,1795,,18c4 4199
10441950092000092033442067,,21124+2156,,7200.,2325,,2254, ,9534, 4124
2B0913A2021457091541491620001675¢017300917R5,e01RAR,¢1RB7,,1937,310R
30.0’000.'2050.'2100;’?130,.21&0.'2100.'?9?0.’2,ﬁﬂ.'1?a4..;1:7.’1A§
41 ,01935,91613,91665_41717,,1769,,1821,,1873,,1025,,1960,,1005,,2n3
5049206249 2100¢921354921700¢2205.92240091240601257,41445,,7559,01445
67441650 ,31703,91760,91R11,,1862,91912.91046,,410an_,2015, ,PNR55,9200
Ta,4212R,92163,+2191,42220,,1236,5134h,41439,,1522,,1600,,7450,4174
80e01753491R00491850.91900641933¢91967042000002044.020RR, 4212149218
95.0?17?.v2200.’]232.|1140..]¢12.'151I.,1QAI..1661..1606.,5747.,170
$2,91830.0)1876,01909,91662,41075,42022,12060,4210N0,,2128,.2167,421p
$3.0122R491334491425.901511401575491637441630.+1722.+1776,.1815,910%
33, 01BRR 91917 491950,92000,42033,92066,,2100,42132,,2166,,12246,9¢1727
38 ,41%)8,91505,91562,41615,416A7,4,1700,+1760,,1784,,1R25_,19240,91%0
30.o19?=-o197o.ozooo.o?044..2075.o?122.o?\qo..19:n..132?..14\1..1:0
30,01550,91600,91633,41467,,1700,+1740,,1780,,18%4_,1860_,720n,4104
$0,y19ﬁn.920?2.02050.,?1ll..2]34..1216.,]317..14ng..1475..1q77'.1qg
50.nyb?n.91663.016955o1730o01770.01810..1949..1ana.,lq?6.,|q‘o..?né
30,¢2V25,92100,92116,/

DATA T11/1212441311,91600441450,+91500491850,,1405,,1660,,1A90,,172
19,41760,+1800,+1538_,1876,,1913,,1940,,41978,,24nn,,2050,,2107, 9120
28,9130/0913730914000914681421540,91987¢91635¢91875,917)0ee1745¢0170
31.01514.!1850.’]900.0]q?0,.1955.,]990.,20?5.,20Rn..]?on.‘f105..11¢
47c'13940']‘63-'15?0-’15650°1610-'16950~17no.'171f..176;..,7o¢.o1n?
55."861.’1q00.'1933.']067.'20n0;'?060.'11R9..IQQQ..133q.."Qﬂ."A4
65, 91900,91550,91600,41637,41615,41710,91745,41780_,1810,,1842, 4188
70001714¢019%00 41983, ,2040041178.412686,13214,1374,,1427,,14RNes157
80.91507.11600091650,91700401733.91767¢91796,41827,41R860,.19A0.91917
930 017A70420200,11674412514433004913500¢34100,18A0,,1510.,1540049157
35 ,01625.91666¢91700¢91733¢917A7.91800091P33,01847,41900..3950,9708
30,+1154,41234,41280,41335,,1393,01440,47690,4154n,,1550,,74n00,41k2
$2n.1667.'170°o’i733. ’17670 01800.’1333"1967.qlon'\..IQ‘*O..!féﬁ.,]-n
37 .9126A¢91318491375,4142004164506915200915835491685,4159R,.1623,914K6
sbo’17060’l733-’1765o'1775.01833.'1865001“95-01116..11°0..‘?4“."’6
50,91350,91400491430.91465441500,915304018A5401AN0,41632,..7668,9]170
$0.91730491765,¢1800,41830,,1850,01123,91170,41224,,1270,,7324,4175
&5.',JQ&.'16?‘0’1“58.’]692..1520.’1550.ylgﬂo.'lﬂn7.’l635..;“q..“q
$2.91720491750.91800,7/

LATA T12/11100¢11404917006¢412400912B800413200413%0,4,1380,,.7410,0144
1091470 e?1500011525491550491575¢01600611425.91AG0,01675,41730,91N%
20,9111A.901150401190,41270,41245,91270,91300,,1326,,1350,,7280,9141
30-01“3:.01455--)“90o,19?0-.1545..1570.,1500,.151n..]000.;§ng0..1n7
45,41000 11125031150 ,91175.41200,43225491250,4127%,,12300,,.122%5,917c
S0,v1375,414060,+1425,41450,,1475,51500,7

LARCY
LARC1Y
LARC])
LARC)
ILARC)
LARC1
1.ARC]
LARC]
LLARC}
LLARC]
LARC1
LARC]
LARC]
LARC)
LARCY
LLARCY
LARC)
LARC)
LARC]
LARC]
I.ARC]
LARCY
1.LARC]
1.ARC)
L ARC)
LARC1
ILARC)
LARCY
LARC]
LARC]
LARCY
LARC]
LARCI1
LARC]
LLARC!
ILARC]
LARC)
LARC1
L ARCY
LARC)
ILARC)
LARC]
LARCY
LARC]
LARC]
LLARC]
LARC]
LARC]
LARC]
LARC]
LARC1
1. ARC}
L ARC1
LLARC})
LLARC]
ILARC)
1.ARC])
LARCY
| ARC)
LARCI
L. ARC)
LARC]
LARC)

1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
16827
1523
1524
1525
1526
1527
1528
1529
1930
1531
1537
1533
1534
1535
1536
1537
1538
1534
1540
1549
1542
1543
1544
1545
1544
1547
154R
1549
1550
15851
1552
5
1882
1555
1554
1557
1558
1559
1560
1561
1562
1563
1564
1568
15664
18567
156R
1569
1570
1571
1672
1573



1$°“‘VALENCE (TLOL) o TE Y0100 (T2U1YWTELIL113)s (P3PL)4TRIT421Y )6 ¢
21?;1);;Szi;?#éii’;l?;xa1:5(1.4%)). (TOL1) o TELL 8Ty ) e (T7/T1aTEL1 (R
T (712(1):75(1:1;;)5(1,81),. (TLO(YY o TE (1993 ) )6 (T1Y(}
00 10 ¢T7=1,10
VO 10 152919
go 10 j=2,1182
[] = %
10 cgéllslso.zs (TE(Ta1 s ) STE(Te1 90U} 4TE(I o a1 )+TE (T4 =1))
SAthAnV (1)
RITE (12060} (U (TE(LoS)o I '  J=
RiTe (a2 JVelzle20) 94719113}
Do 20 r=1y20
20 T(Iy®1
DR=ye/y12
VO 3V y=1,113
30 F(IyS(1=1)aDB

IRD (1) =3
Iap (%) =3
I18D0¢3).3
I]8014) =3
IR0 ¢2) =1

FXY(lvij.)=000
FXY(le113)20,0
FXY(20,1)=040
FXxyt20.113)=0,0
DO 40 1=1.20
FX(T'){=(TE(192)-TE(Io1))/nB
FX(Y'{13)=(TE(Ioll3)-TE(I.112))/DB
40 CONTIN|E
DO sV t=1,113
FY(191y=TE(2¢1)mTE(1sT)
FY(2VU1)STE(2001)=TE(1Ge])
50 CONTIMIF
Cap|. spL2D1 (1139F 420, TeTEGFXFYsFXY92041RD421,72,73)
RE TUKN '
L=5SP 202 (BIN,TIM F
M Eol130F 3209 ToTEWFXeFY(FxYe20,40.0)

60 FORMAT (/1Xs13+420F640)
END

COPYSF +ENn OF FILE

LARCY
tARC1
LARC]
LARC]
LARC]
LARC])
LARC)
LARC)
LARC]
LaRCl
1.ARC]
LARC)
LARC]
LARC1
LARC)
LARC]
LARC)
LARC)
LARCY
LaRecl
LARC)
LARC]
LaRcl
LARC]
LARC1
LARC]
L ARC)
LARC]
LARCY
LARC]
1LARC)
LaRcel
LARC]
LARC]
LARC]
LARC]
LARC]Y
LARC1
LARC]Y
LARC]
LARC]
LARC]
LARC]

1574
1578
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1890
1591
1592
15913
1594
159%
1596
1597
1288
1599
1600
1601
1602
1607
1604
1608
1606
1607
1608
1609
1610
1611
1612
1613
1614
1618
1614

117
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FUNCTION ERFC(2)
DIMENSION A3 »B(2»T(S) DSy
DATACACI) s 1x193>/333.473242503425, 1542.67231240372
CT1347.124134027525723. 040002777522, 255. 500424524253,
C352.2400101122141,3.376531031412705.554132552442510/
DATACBC(IY » Ix1y2)>,333.473242560342242545,. 57334330275,
C3337.2213522822612606. 712015265115 1333.56222567228y
C4560.23512356216015103.35300254327683914.23497012237523491.0/
DATACKC (1> s 1+155>/1.6327161351262352.353601432335567
€3.031335304244322y.3235157132255506s . 564132533547236~
DATACDCI> yI=-1+6>71.2231437303342255, 030302104356232y
C4.256426300326308»5.37332345642704391,53486247242462751.07
DATARCE (1> s I=1+4>7/-.55.759y-1.375»1.772453350205516~
ERFC = 0.0
IF (2 .68. 26.> RzTURN
Ir ¢ 2.68. 0.3 GO 10 1
TRFC = 1.0 - ERF (D
RETURN
1 ERFC = EXP (-2
50 Td o
eNTRY PRERFC
IFf ¢(Z .5E. 0.5 50 73 7
ERFC = EXP(2e2) & (1.0 - ERF (2D
RETURN
7 ERFC £ 1.0

IFr ¢(Z .52. 100.> &3 7O 3

O

IF (2 .G€. 3.0 &3 Ta 2
Pr(A1)+2¢ (AR +Z¢ (A +Z2¢ (A +26 (A(S) +2¢ (RS> +2¢ (R(7) +20A(3I))1)>
CI)X/7 (B> 420 (B(2) 426 (B(3)+2¢ (B (4> 420 (B(3)+20 (B(S>+2¢ (B(7)+Z2¢(B(3>+
CTZ2eB(2))53)333)>)»)
53 T3 4
2 P(C(1)420(C (D +20(C(3)+26 (T (4> +26T(SHIIDD>
TDC1Y+2e(D(2>+2¢(D(3>+2o(D(4)+2¢(D(5>+2¢DCE>)I>>
60 T4 4
3 W 1./7(2eD>
P (1. +de (E1) +WS (E (R +WSE(IIID I/ (ECA) o>
4 ERFC = ERFCeP
RETURM

eND

C3335A
C333A
C335A
c333A
£333A
£333A
£33%5A
C333A
C333A
C333R
335
£333A
£333A
€3335A
C333A
C335A
C333A
£3335A
£335A
T333%A
C333A
£335A
C33%A
C333A
C3335A
&335A
C333A
<3335A
C3335A
€3335A
C335A
C335R
C335A
£33%A
C333A
C335R
C333A
C333A
T333A



10

20

APPENDIX D

PLOTS

PRORKEAM PLOTS (INPyOUTFILMir SET122FILM)

DIMFNSYON X(14)s TEMPF({14)

UDIMFNSTON BIN(10Y)y TIME(101)y TPLOT(L01)s TMI1AY)e TA(YAY)
COMMUN /SPEC/ TEMPF, X

COMMUN /SPECM/ N249TTIn9) s TMAXF (29)

COMMUN /SPECA/ M3,T3(29)sTAVEF{29)

IN TAVEQy T3 IS -CALLEPD TT IN THIS COMMON STATEMENT
COMMUN /CJUECT/ TXLeTXReIYToIYRIXHNIXMXoYMX s YHN
COMMUN /CJUF08/ XMINeXMAXS INTVALX KXy YMANSYMAX S INTVALYIKY
corulUnN ,TMODEL, MODFL

COMnUN /LIUNEW/ JTASAVETYSAVE,TX2+1Y2

NCHAR=27

Z=TFM90100°)

NTOT=1A)

DR=1+/(NTOT=1)

UT=20,/(NTOT=))

00 1U 1=1sNTOT

BIN(IY=(I=1)%0B

TIMeE(Iy=(1=))enT

TPLNT (r)=TEMP (BIN(I))

CoNTINKE

PRIMI 40

PRINT c0s (I+BINII)TPLOT(T),T=1,NTOT)

CALI. PLOPB (BINsTPLOToNTOTs100sNCHARI0vans?749a4uTEMPERAT!IRE VS, ¢
10RE V01 UME FRACTIONe36420HCORE VOLUME PRACTION?0«23HTEMPERATURE ¢

0EGREES] K)92390900242)

CAL1 Pl OPB (XITEMPF9l4919m19alRX9009HesT _ 10000000s0¢000004242)

CALL. ANV (1}

DO AV MODEL=193
Z=Tulh X0 (0.0)
T=TAVEN {00}

DO 2V 1=1eNTOT
TM(T)=YMAX(TIME(T))
TA(Y)=+AVE(TIME(I))
ConvinnE

PRINT 40+ MODEL
PRINT 900 (I9TIME(I)9TM(I)eTACI}oI=)sNTOTY
XMINZO,

XMAY=2Aa

INTVA x=10

AX=n

YMIN=]1na00,
YMA¥T300,

INTYAL y=7

kysh

CALi PLOPB (TIMEsTMoNTOT914051RMs=2,4B448,931HTEMPERATURE V&, Trme
1 AFTER LOFC931¢12HTIME (HOURS) 9=12923HTEMPERATHRE (DEGRFFS K) 923,60

2909202

CALI pL()PR (TT'TMAXF,NZ,IQOIQCIRXQ“.08..“.'0000000’00090000902)
CAL| PLOPB (TIMESsTAGNTOT1a0,=1RA4=2,98_ ¢Re9090eN0a1290400Na0024%)
CALL PLUPR (T3sTAVEFeNAslemlo=lRX90,98048,%00090e0509090e00297)

CALI COMVRT (9,0s7XsXMN9XMXsTIXL v IXR)

IF (MONFLEQel) CALL CONVRT (320049 IY*YMNeYMYITYR,tYT)
IF (MONRELMEWS1) CALL CONVRT (3050,9IY9sYMANyYMYPTIYQ,TYT)
CALL DLCH (TXsIY b yaHTMAX,Y)

CALL CANVRT (12.9T1XeXMNoXMYTXL o IXR)

IF (MONELEQ.1) CALL CONVPT (2750, 1Y YMNYMY,Tva,TYT)
IF (MONELJNEel) CALL CONVRY (26005 IYsYMNeYMYysTYn,1YT)
CALI Dy CH (IXsIYsbo4HTAVEST)

IF (MOPEL.EQel) CALL DLCH (160+110004999HSORS DaTh,2)
IF (MONELJEQe2) CALL NECH (1009100051191 1HCORCAN NATA2)
IF (MONELLEG«3) CALL NLCH (1005100099 9HAYER DATA,D)

PLOTS
P1LOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PILOTS
P.OTS
PLOTS
PLOTS
PLNTS
PLNTS
PLOTS
P OTYS
Py OTS
PLOTS
PLOTS
PLOTS
P| OTS
PLOTS
P OTS
PLOTS
PLOTS
Py OTS
PLOTS
P 0TS
P OTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PI.OTS
PLNTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PILOTS
P{.OTS
P{ OTS
PLOTS
PLOTS
PLOTS
P1.OTS
P 0TS
PLOTS
P 0TS
PLOTS
PLOTS
PI.0TS
PLOTS

119



120

30

40 FORMAT (SX91HIs7Xs3HATNG3X 16HTEMP HIGHED THAN /)

80
60

70

10

CALI ARV (1)

CONTINIIE
cag) PLOTA
CaLr pLOTL
CaL PLOT2
CAaLr PLOT3
CALr FExIT

FORMAT (///5X91HIsOX14HTIMF I 11 X9 4HTMAX 011X 94RTAVE 10X s OHMANELES T1 /

FORMAT (1X91595X9F5,2,8X9F10,2)
n

FORMAT (1Xs1595X9F84242F15,2)
END

SURROUTINE PLOT)

DIMFNSTON FB(131)s FIR(131)s F2B(131)s F3R(131). FaB(131), TT(137)
Lo Frigaldy FIT(131)s F2T(131), F3T(131), F4T(17],

DIMENSION TITLE (%)
LOGTCA; LAGEBISO
COMMON /F/ FlesFZ2eF34F4

COMMUN /LA, LAGE (AGEMFUEL,ISNIRISO

COMUUN /L JNEW/ TXSAVE (TYSAVE,1X2+1Y2

COMMUN /CUEOT/ IXLeIXReIYToIYROXMNSXMXIYMX s YMN .

COMMUM /CUEOB/ XMINGXMAX I TNTVALX oKX 4 YMINGYMAX s INTVALY oKY

INTTiA) T2E PLOTS
NCHAR=»7

INTTLIA) IZE SPLINE
Z=FoACAN{V,0)
NN=131

LAGc=.Tl

AGE=%,0

oo V10 MFugL=1,2
PRINT 140

PRINT {50, MFUEL,AGE,LAGE
Iopr=y

Do 1Y ¢=l,nN
T=1100,¢(2=1)®10,
FR{1)=pRACB(T)
Fintl)=F1
FPR(ly=F2
F38¢1)=F3
Fag(l)yoFa

1Ti{r)=7
FT{1)=gRACT(T)
Fit¢l)=F1
F2Tt1)y=F2
F3Tf1)=F3
FaTtl)=Fa
ConTIMIE

PRIMT 760

PRINT 709 (IsTTC(I)eF1R(I}oF2R(T)sFIBII) oF4B(TI) oFRIT) o miorin)

XMIN=12004
AMAY=2,00,
INTYA[ ¥=6
KX=n
YMIn=0,0
YMax=1_0
INTVALy=10
KRY=l

CALL PLOPB (TTIF1BaNNsT»0sNCHARD,97.98,4090,234FEMPERATURE (DEROFE
1LS k) ,.23,28HFRACTION OF FAILFD PARTICLFS,28,0,n,2,2)

CALY PLOPB (TToF2BoNN1+00=NCHARID007698,9000000a23900090¢0eP¢2)
CALl PLOPB (TT’F3R.NN.1.OgoNCHAR.O..7.98..09090..?1,0.000.0.?.2)

PLOTS
P1.OTS
P OTS
PLOTS
P{.OTS
PLOTS
P OTS
PILOTS
PLOTS
PLOTS
PLOTS
P OTS
P 0TS
PLOTS
PLOTS
PLOTS
P OTS
P1 OTS
PLNTS
P OTS
P) 0TS
PLOTS
Py NTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
P OTS
PI.OTS
PI.OTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
Py OTS
PLOTS
pLOTS
PLOTS
P OTS
P{.OTS
P OTS
PLOTS
eL.NTS
Py OTS
PLOTS
P{.OTS
PLOTS
P OTS
P| 0TS
PI.OTS
PLOTS
P1 OTS
PLOTS
P) 0TS
PLOTS
P OTS
PLOTS
PLOTS
PI OYS
PLOTS

llae
12n

121
122

1219
124
125
126



20

30

40

CaLy

PLOPB;(YT,FQB|NN.]oOo-NCHAR.O..7o!R.,ovO'O'-?3'000'0'on’92’

IF (MFUFL«FQel) CALL PLCH (250954244 24HFT, ST, VOAIN FUF) MANFL,2)
IF (MFIIEL4EQ42) CALL DLCH (25095424424H ATEST AASSAR FUF
IF (MFHEL NEFe1l) GO TO 20

CALI CAMVRY (1480,41XsXMNsXMXsIXLoIXR)
CALL CANVRT (0,69TY.YMNYMXyIYB,1YT)
CALL NICH (IXsIYe)ylHawl)

CALL CANVRT (1580,¢1X4XMNsXMXsIXL o IXR)
Call DLCH [IXsIYs)s1H3,1)

CALL CANVRT (169049 TXeXMNoXMXyIXLyIXR)
CALI DI.CH (IXsIYsly9lH2e1)

CA{] CONVRT (18)0,4sTX¢eXMNyXMXyIXL s [XR)
CALYT DI CH (IX9IYelglH141)

Lo YO 20

CALL CANVRT (2120.'IX,XMN9XMX0IXL’IXR)
CALL COMVRY (o0 s1Y,YMNyYMX»IYHIYT)
CALL DECH (IXsIYslpiH141)

CALI CnNVRT (2060.,IX,XMN.XMX.IXL,IXR)
CALI OLCH (IXeIYolslHpe1)

CALL CANVRT (20n00,4TXyXMNoXMXyIXL e IXR)
CALY CANVRT («08eTYsYMNIYMYsIYBoIYT)
CALL DICH (IXeIYs191H3e1)

CALI CANVRY (18UHO0.sTX ¢ XMNsXMXsIXLyIXR)
CALI CANVRT {«)1S9IYosYMNoYMXsTYBIIYT)
Capy DYCH (IX91YslslHas1)

CONTINMIE

ENCNAUF (430150 TITLEIMFUEL WAGE 'L AGE

CALy
caLy
PRI
PrRINT
pPrRINT
PRIMT
cayy

DI.CH (100,1005,43,TITI.Ey])
ApV (1)

140

YHOs MFUELYAGE | AGE

160

uNNEL ¢ 2}

1709 (LaTTUI)oF 1T (1) oF2T(T) 4 F3T (L) FaT(I) 4T (1) sT2iorN)

PLOPB (TTeF1TsNNe190'NCHARI0.97e98,90°00234TEMPERATURFE (DEGRF

1ES k) 9uP3s28HFRACTION OF FAILFD PARTICLFCe28.0404242)
FLOPB (TTeF2T4NM 1 409=NCHAR Nee7asR, ¢09n10eaP300000NeNePr2)
FLOPB (TTHIF3TsNNe1901=NCHAN s QesTern, s090909aP39090900Ne202)
PLOPB (TToF4ToNNg o0 s=NCHARIOeeTarR, 4090009039 090e0eNe22)

CaLt
CaLy
caLy

IF (MFUFLLEG,1) CALL DLCH (2502h424,24HFT,

ST,

VOATN FUF)

IF (MFUELL.EQe2) CALI. NLCH (250959244 24HLATEST aacSAR FUF
IF (MFIIFLWNEL1) GO TO 40

CALI CANVRT (1480,4TX,XMNyXMXyIXL ¢ IXR)
CALL CANVRT (0e6sTYsYMMNIYMXsTYEIYT)
CALL DiI.CH (JXsIY»191Has])

CAL| COANVRT (15B0,¢TXsXMNeXMX9IXLs1XR)
Cabi DI.CH (IXeIYsl41KH2,1)

CALI CANVRT (16904 ¢ IXsXMNs XMX o IXL s IXF)
CALY DICH (IXsIYelylHps1)

CALI CANVRYT (18106 g IXoXMNgXMXgIXL 9 IXR)
CALT DLCH (IXsIYslglH1,s1)

Go t0 =9

CALL COMVRT (1970, IXXMNsXMXoIXL ¢ IXR)
CALL CANVRT (o0SsTYeYMNSYMX9IYByIYT)
CALy DI CH (1XelYslalNYWl)

CALL CAMVRT (19308 ,1X(XMNyXMXyIXL 4 IXR)
CALI CONVRT (o089 IYsYMNIYMXIIYBIYT)
CAL;] DICH (IXsIYslolHP.))

CALI CANVRT (19002 ,TX,XMN XMXIXL41XR)
CALI CONVRT (099 TYosYMNeYMXsIYHIYT)
CAL] DI CH (IXsIYsls)HAel)

CALl CaNVRY (187090, TXXMNsXMXyIXLsIXR)
CALY CANVRT (0eloIYeYMNIYMXoTYBIIYT)
Cat.l DILCH (IXsIYslyelHael)

ManFL, )
UNNEL ¢ o)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
P OTS
pLoTS
PLOTS
P OTS
PLOTS
prLOTS
PLOTS
PLOTS
Pt OTS
P NTS
PLOTS
PI.OTS
PIOTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
21 07S
P OTS
PLOTS
P NTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PI.OTS
P OTS
P OTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pPLOTS

127
128
129
130
131
132
1314
134
135
134
137
138
139
lé4n
144
142
143
144
148
1464
147
14n
149
150
151
182
1593
154
158
154
157
158
159
160
161
162
163
164
168
164
167
168
169
170
1M
172
173
174
178
176
177
178
17q
180
1R
182
1819
184
185
1864
1R?
188
189

121



122

50 CONTINKE
ENCAVE (4351809 TITLE)MFUEL vAGE9LAGE

60

70

RO

CaL
CAL)

DILCH (100410054434 TITLEY)
AnV (1)

FLIMIT=1.0€E=3

DO &V 7=1,4NN

IF (F1a(l),EQe04,0) FIR(I)erLIMIT
IF (F2r(1)¢EQe0s0) F2R(I)=FLIMIT
1F (F3al]) EQe040) FIR(I)=FLIMIT
IF (F4n(l)eFQa0,0) F4R(I)=FLIMIT
IF (FR(1),EQe0,0) FR{T)=FLTMIT
IF (F17{1).€Q40,0) FIT(I)=FLIMIT
IF (F27{1),EC,0.,0) F2T(1)=FLIMIT
IF (F31(1)4€EQe0.0) FIT(I)=FLIMIT
IF (FAT(I)FQe040) FOY(I)=FLIMNIT
IF (FT(I) EC.0,0) FT(Ty=FLIMIT
CONTINNE

YMIN=-'§Q

YmMAYE

0,0

INTVA y=3

Kysf
catt

PLOPR (TTsFIBINN, =190 4NCHARIOes7e98,1040929uTEMPERATIIRE (DEAP

1EES K) ,=2392BHFRACTION OF FAILED PARTICLESI229N¢NeP92)
PILOPB (TT4F2RyNN,als0¢=NCHAR GO 47,48, 10:0,04=2300s0e0¢0¢P92
PLOPB (TToF3B4NN4w1909=NCHAR 0497000 ,90000Ne=239090000ne2923
PLOPB (TT9F4ByNNywl 90 y=NCHAR YO0, 07 e R 9090e0e=239000400N009202)

CaLy

CaLL
Ca

IF (MFHEL,EGe1) CALL NILCH (250+542%424HFT,
IF (MFIIEL.EQe2) CALL NLCH

IF (MFUEL NEG1) 6O TO 70

CALL
CALl

CALL.

capy
CaLy
CALL
Cayy
cay
CaLt

CANVRT (142044 IX o XMNoXMX 4 IXL 4 IXR)
CONVRT (=4 s 1Yo YMNoYMXyIYB,yIYT)
DILCH (IXsIYel9lHé,1)

CNNVRT (1530¢,TX ¢ XMNgXMX4IXL 9 IXP)
DLCH (IXeIYelg1H3y1)

CANVRT (1660,9IX¢eXMNsXMY s IXL9IXR)
DELCH (IX01Yels1HPy1)

CANVRT (1760,91X¢XMNsXMXsIXL s IXR)
DLCH (IXsT1Ys)e1K141}

GO TO at

CALL
CALy
CaLy
CaLL
Cay
CatL
caLy
Caply
CaLy,
CALL
CALL
Cap

CANVRT (17406eTX9XMNoXMXyIXL s IXR)
CONVRT (=1 489TYeYMNsYMXyTYHIIYT)
DILCH (IX 0 1Y 0 1,1Ha,1)

CANVRT (1800e9IXeXMNoXMXoIXL 9 IXR)
CANVRYT (=2.09IYsVYMNoYMXyIYBIIYT)
O1LCH (IXy1Ye141H3,1)

CANVRT (190049 IXyXMNIXMXoIXL s [XR)
COMVRT (=2.34IYsYMNGYMX,TYRIYT)
DLCH (IXeIYs1ylH?,1)

CANVRT (2000, ¢IXyXMNoXMX oI XL oI XK)
CANVRT («p,641YsYMNyYMX,TYRWIYT)
DILCH {(IXsIYols1H1,41)

ConTINNE
ENCAVE (434150 TITLEIMFUEL 4AGE »LAGE

cap
CALy,
CaLy

NDICH (100,10054463,TITLES1)
Anv (1)

PLOPB (TT FITyNN,=140,NCHAR Qe yT098,4040922UTEMPERATIRE (DEAR

ST. VYoaAIN FUFpg

(25015924 ¢24HATEST AARSAR FUFR)

1EES K) ,=23928HFRACTION OF FATLED PAPTICLESI12R9A¢A 9292}
pLOPB (TT'FZT.NN,-I’0.-NCHAR,0.07.,A‘90.0.0.-?390‘000900?’?3
PLOPB (TT9F3TeMN =190e=NCHAR)0,¢704a,90s0000=2390900000s2921
Pl OPB (TTIF4T NN =l 904=NCHARGO 970 4R 904040 4=2350+0,04ne292)

CALl
CAaLy
Cap

IF (MFIELGEQel) CALL NLCH (25095424 424MFT,

STe VBATN FUF}

IF (MFUEL,FQ.2) CALL NLCH (25095424,26H| aTEST aassaR FUF
IF (MFHELWNELL} GO TO g0

MANFL , 2}

MANFEL oY

MANFL ¢ 2)
MNANFEL 4 2)

Pi.OTS
PLOTS
PLOTS
PL. 0TS
PLOTS
PLOTS
PLOTS
PILOTS
PLOYS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
P1.0TS
P|.OTS
PLOTS
P1L.OTS
P1.OTS
PI.OTS
PLOTS
PI.OTS
PLOTS
PLOTS
P1L.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
Py OTS
PL OTS
PLOTS
P1.OTS
PLOTS
P1.OTS
PLLOTS
P OTS
PLOTS
Pi.OTS
pLOTS
PLOTS
P OTS
PLOTS
P.OTS
P.OTS
PLOTS
PLOTS
pP.0TS
P OTS
Py OTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OYS

190

191

192
193
194
195
196
197
198
199
200
201

202
201
204
208
206
207
20p
20q
210
21

212
213
214
218
216
217
218
219
22n
22,

22?2
223
224
225
226
227
228
229
230
2N

23>
233
234
2135
236
237
238
239
260
241
247
2413
244
245
2464
247
248
249
250
251

252



90

lo0

110

4

CAL{ "CONVRT (140049IXeXMNsXMXy <L yIXR)
CALL CNANVRT (= ,49IYsYMNIYMX9IYEIYT)
CALY, DICH (IXsIYslelHaol)

CALL CoNVRT (151069 1XyXMNgXMXyIXLyIXR)
CALI D) CH (IX2IYsl9lHT,e1)

CALY CNANVRT (1630,4TXeXMNsXMX9IXi 9 IXR)
CALI OICH (IXy1Yel41H2,1)

CALL CONVRT (1760¢9IXeXMNoXMXoIXL o IXR)
CAL{ DICH (IXeIYsdlolH1,1)

6o vU yno

CALL CNANVRT (1800460 TXeXMNaYMXeIXL ¢ IXR)
CALL CAMVRT (=1,99TYsYMNIYMXyTYHIIYT)
CaLt DICH (IXsIYs191Ha1)

CALl. CANVRT (=2,15,1Y4YMNsYMXyIYByIYT)
CALI. DILCH (IXaIYelylH,1) .

CALL. CANVRY (=2,3¢1YsYMNIYMXZIYBeIYT)
CALL NLCH (IXsIYs19lHP41)

CALL CANVRT (=2,7+41YsYMNyYMX4TIYR,IYT)
CaLl DICH (IXeIY®lylHlol)

CONTINIE

ENCOUE (4341809 TITIEyMFUEL 4AGFsLAGE
CALI DI.CH (100+1005¢43+TITLEsY)

CALy AnV (1)

CONTINHE

XMINT1200,

AMaAx =200

INTVALx=5

KXx=0 -

YMinzn 0

YMAY=3,0

INTVA y=3

ry=n

FIrsT FOR BISO.seseaee

USg Fg ARRAY FOR LOWER TEMPs FT FOR HIGHER TEMPs TT FOR Timp

1T(1)=27.0

FY(1)=27858,15

FT(1)=27998,15

TY(2) =43,

FR(2)=71H858,15

FT(2)=27998,15

TT(2) 2100040

100ne NAYS = 1000./365,25 YEARS
F8(1)=i876.17”EXP(-80,4098/365.25)
FT(2a)=p011,97#EXP (=57,4098/365,25)

CALL PILOPB (FBsTTs34=140INCHARI0e98,980530HFTe ST, VRAIN r£liF|. MOnp
IL==alSns30y26HFUEL TEMPERATURE (NEGREES K)9=28,21HIPRADTATION Trup

(DAYS)92340909292)

Caly P OPB (FToTT339=1¢09=NCHARI0498¢98,40°0000=284030000002¢2)

CALL CANVRT (1400, 1X¢eXMNeXMXoIXL9IXR)

CALL CANVRT (1429 TY,YMNyYMX9IYByTYT)

Cabl WiLCH {(1X91Y919+s1aKHNO AOATING FAILURESS])
CALL CANVRT (1250,41X¢XMNoXMXsIXL s IXR)

CALL CANVRT (2420 1Y YMN o YMX TYBoIYT)

CAL) Wi CH (IXsIY922422HPARTIAL FAILURE PFGIONeY)
CALL CANVRT (1B00,sIX¢XMHNoXMXgIXL s IXR)

CALL CANVRT (2¢T9IYsYMNoYMY TYB,1YT)

CALI WICH (IXe1Ys28,28H100 PERCENT COATING FAII lIDESH])

CALY AnV (1)

FOR TRYSO DO THE SAME,

FR{3) =R 17EXP (=97,4459/365,25)
FT(R)22009,53PEXP (247 ,2964/365.25)

THEQE NUMBERS ARE THE SAMF AS THOSE IN TWE FpACGR AND FRAAT </IBROIIT

INEQ'...005/9/76 LeCa

PILOTS
PLOTS
9 0TS
pLoTs
PLOTS
PLOTS
PLOTS
oL0TS
PL.OTS
PILOTS
Py 0TS
By OTS
P.0TS
PLOTS
PLOTS
PLNTS
PI OTS
Py 0OTS
PLOTS
D, 0TS
pLNTS
PLLOTS
P OTS
PLOTS
P OTS
PLOTS
PLLOTS
PI.0OTS
P 0TS
PILOTS
PLOTS
PLOTS
P1.OTS
PLOTS
5LOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
2L 0TS
PLOTS
PLNTS
PLOTS
Py OTS
PLOTS
Pt OTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PI.OTS
PLOTS
Py QTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS

2513
254
258
256
257
258
259
260
261
262
2A1
2h4
2685
266
267
268
269
270
271
272
273
274
278
276
217
27n
279
280
281
2a2
2813
284
R
284
287
2BA
289
290
291
29?2
2913
294
298
296
297
2GR
299
300
3n
302
3013
304

306
307
308
309
310
In
312
311
314
318

123



OO0

130

124

CALL PLOPB. (FBeTTs39=1409NCHARYD,08,+84031HFTe ST, VRAIN FIFI MORF PLOTS
1L-=TRTc0+31428HFUEL TEMPERATURE (DEGREES k) +=2R¢2IUTRRANTATIAN TtM PLOTS
2E (NDAYS)12390909242)

Cay
cAL
Capy,
cabLy
CaLy,
CAL|
caLy
CALy
cay
caL)
CAL

P OPR (FToTTe30=1009=NCHARCO,+8,98,4090004DR90009090e2¢2)
CNANVRY (1400, TX4sXMNoXMXoIXL o IXR)

CANVRT (1,29 1Y YMNyYMXoTYB,IYT)

WICH (IXe1Y+1941aKNO rOATING FAILURES+])

CANVRT (125049 1% ¢ XMNsXMXsIXL »I1XK)

CONVRT (2,20 1Y,YUN,YMX4TYB,IYT)

Wi CH (IX9IY922¢25KPARTIAL FATLURE REaIONYY)
CANVRT (1800, 9IXoeXMNoyXMx o IXL oo xR}

CANVRT (2,79 1Y,YUN,YMXyTYH,TYT)

Wi CH (IXeIYe28¢2aH100 PERCENT COATING FAILUOESs])
AnvY (1)

NOWw WE USE Fl8s F2B, F3B TO RFPRESENT J, FOLFY, AYFR AND <npS
MOpelS FIRST HALFs F1T AND F2T TO REPRESENT ,)e FALFY ANN AYFR
MONFLS SECOND HALF,

INITLA IZE SPLINE FUNETIONS
2=UTMPn {040}

Z=AYERN(0,0)

Z2=SnR5al0,.0)

L=uyTMper01¢0,0)

2=AYERCO(0,0)

NN=1U1

DT=50,/(NN=1}

D0 130 I=14NN
TTiy)=(1=1)%pT

T=17l1)y

IF (1.1 7.2,0) 60 To 1?0
FlglyzUTup(Ty
Fa¢1)zAYER(T)
FIRP1)3SORSIT)
FIT(1)=UTMPCKT)

FaT Iy_AYERC(T)

G0 v0 30

F;nlr)éo.o

F28¢1)=n.0

Fag(hzn,o

FlTlI)znoo

F27(1)2040

CONT INIE

XMIN=

0.0

AXMAYZ=2N,
INTVALx=10

RX=n

YMIN=0,O
YMax=l 0
INTVAy=5

KY=l
CaLl

PrLOPB (TT4F1RsNNs1+0sNCHARCO0,98095,¢42HUNTFNRM TEMPERATURE.
1YER ANn SORS RESULTS942+34HTIME AFTER ONSET AF ARCIDENT 14nIRS) ¢wd

25, 19MFRACTION IN COOLANT 41040404242

CAaLL,
Cayy
caLy
capy
CAL|
CaLr,
CALL
Capy
CALy
CaLs
capy

PLOPB (TT.F28.66.1.oo-NCHARoo--80'5.oO’ovoo.jﬁvooooo,o.a.a)
PLOPB (TTeF3B,81,140¢aNCHARGI04s8045,4000900623590900000e¢292)
CANVRT (2404 TX o XMNXMX 9 IXLy I1XR)

CANVRT (0 oa89TYoYMNoYMXITIYBeIYT)

Wi CH (TXeIY918,180UNTFORM TEMP MUDE( 41)

CANVRT (440 sTXoXMN s XMX g IXL ¢ TXR)

COMVRT (0,49 TYeYMNoYMYoIYH,IYT)

WICH (IX91Y9bo4HAYER,Y)

CANVRT (8,00 IX o XMN ¢ XMX s IXL 4 I XR)

CANVRT {0,5¢TYosYMNOYMYsTYByIYT)

WLCH (IX9]1Ye444HSORSH)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLoTS
PILOTS
PLOTS
PLOTS
PL.NTS
PLOTS
PLOTS
PLOTS
PLOTS
PL 0TS
PLOTS
P OTS
PILOTS
Py 0TS
P 0TS
pLOTS
P1.OTS
P1.0TS
P1.OTS
PL.OTS
PLOTS
PLOTS
P1 OTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
Py OTS
pLOTS
PILOTS
PLLOTS
PLOTS
PLOTYS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
PLOTS
pLoTS
PILOTS
Py 0TS
PLOTS
PLOTS
PLOTS
P OTS
PLNTS
PLOTS

316
317
318
319
320
321
322
3213
324
32s
326
327
328
329
330
3N
332
333
334
338
33
337
33n
339
340
341
342
343
344
345
346
347
34
349
35S0
3%
352
353
354
355
354
357
358
359
360
361
367
3613
364
368
366
367
368
36q
370
KhA|
37>
373
374
375
374
377
378



00 DOOOOO

CALy AnV 1)

YMAYXZE4AN0,

INTVA y=4

KY=n

CaL|. P OPB (TTsF1TyNNy1+09NCHARIN 18495, 36HUNTEARM TEMPERATURE an
1) AYER RESULTS9364,36HTIME AFTER ONSET OF ACCIDENT (HOURS) sm369330F
2=131 CyMULATIVE RELEASE (C!IRIES)+33,00042,2)

CALY Py OPB (TTeF2TeNNe1e0s=NCHARI0e980195,90809003A00000n000202)
CALl CANVRT (4,09IXeXMN9XMXsIXL s 1XR)

CALY CANVRT (300049 TY4YMNsYMXyIYRyIYT)

CALY Wi CH (IX9IYe18518HUNIFORM TEMP MODF| 41)

CAL), CANVRT (10.9IXeXMNyXMYsIXL ¢ IXR)

CAL| CNONVRT (2400, 9 TYsYMNsYMXoIYRsIYT)

CAL) WL CH (IXsIYsby4HAYERGT)

CALL ANV (1)

RE T1RN

140 FORMAT (1HO0)
150 FORMAT (# MFUEL s0,11,SX9#AGE a8 ¢F4 195X ,sLAGE mas 140 RISN®)
160 FORMAT (/4X9olHIolaXo uTol3X02HF1913X02HF2+13X9PHEe13Xs2ura16Xe1H
1F /)
170 FORMAT (I546F15,5)
180 FORMAT (% MFUEL =#971¢SXo#AGE Z#9Fa,1 95X #LAGE =ty )o@ TRYSN®)
END
SUGROUTINE PLOT?2
LLOGTCA; LAGEsBISO
DIMFNSTON FRAC(24]1)s RFRAC(241)9s TFRAC(241)9 A(2a1)
DIMENSTON FUEL (2)
COMMUN /LA, LAGE,AGE,MFUEL,150,81S0
LAGE Is A LOSICAL VARIABLE SET TRUE IF aALL FaUr aGeS OF fUFL ARE
TO at ySEDe IF LAGE 1S TRUE, AGF IS SET FQUAL TA THE Trvr SINCE
THE KEACTOR WAS TURNED ON,
IF | AGr 1S5 FALSEs AGE 1S SFT FQUAL TO THE AGE oF A L OF tHE FuE,
MFUFL = 1 FTe ST, VRATIN FUEL MODEL
MFUFL = 2 GASSAR FUEL MONEL
NCHAR=27
INITIA; IZE PLOTS
INTTIA; 1ZE SPLINE
U0 3V 1L=le2
IF (1L E0,1) LAGE=,T.
IF (1L ,EQe2) LAGE=,.F,
DO U 4FUEL=192
ENCAVUE (18440 FUEL)MFIEL yLAGE
PRIMT =0v MFUELWLAGE
NTL= 261
DO 5V TAGE=19NTL
AGE=(IAGE=1)%#0,02%
A{1AOE)=AGE
HFRAC(TAGE)=0,0
TFRAC(TAGE)=U+0
NN=1UQ
DO 10 1=1yNN
PER=1, /NN
BIN=PER®*1-PER/2
T=TFMp (RIN)
FR=FRARH(T)
BFRAC(TAGE)=BFRAC(IAGFE) +FR
FT=FRARATIT)
TFRAC(1AGE)=TFRAC(TAGE ) +FT.
10 CONTINNE
BFRAC(1AGE)=BFRAC(1AGF) #PER
TFRACITAGE)Y=TFRAC(TAGE) “PER
FRAC(IAGE)=0+6#BFRAC(TAGE) +0,4%*TFRAC (IAGE)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P1.OTS
PLOTS
P{.OTS
PLOTS
PLOTS
PLLOTS
PLOTS
P NTS
PLOTS
PI.OTS
PI.OTS
PLOTS
PLLOTS
P} OTS
PILNTS
PILOTS
P1.OTS
PILOTS
P 0TS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PILOTS
P1.OTS
PL.OTS
PLOTS
PI.OTS
PLOTS
P1.OTS
P1.OTS
PLOTS
PLLOTS
PILOTS
P OTS
pLOTS
PLOTS
Pi.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLoTS

379
389
381
387
383
384
385
386
387
388
389
399
39N
392
393
394
385
394
397
398
399
400
401
402
403
404
405
406h
407
408
409
41n
411
412
411
4lg
4lg
414
417
418
419
429
421
422
423
424
425
426
427
428
42q
430
431
432
433
434
435
434
437
43R
439
449
441

125



126

20 CONTINNE

30

40
50

60
70

10

PRIMT 40

PRINT 70v (IsA(1)4BFRAC(I)(TFRAC(I)FRAC(T) oT=TanTL)

CALL PLOPB (A+BFRACINTL9190INCHAR 0, 9B¢yR,9040,1FiHAGE (YFARR) 11,2

10HFAILFD FRACTION BISN«209000+2¢2)
CapLi, DILCH (10041005,18,FUEL )

IF (MFUELJEQW1) CALL NLCH
IF ‘MF”ELQEQ.Z) CALL NLCH

(3764542469 24HFT, STe UBAIN FUF]
(325459244 24H_ATEST BAGSAP FUF

unnEL o)
MNNEL ¢ 2)

CaLl, anv (1)

CAL| PLOP®

1IHFAILED FRACTION TRISNG2140eN92¢2)
CALL NILCH (100+100541R4FUELs])

IF (MFUFL.EQs1l) CALL NLCH (32545424,24HFT, ST. VRATN FUFi MNADEL.?D}
IF (MFIELWEGe2) CALL NLCH (32595424924H_ATEST AAGSAR FUEI wnANEL42)
caLt. AanVvV (1) .
CaLr PL.OPB (A9FRACHINTL 9190 sNCHARI)s98e98,9090911HARGE (YFADSY) 411021

14FATLEN

FRACTION TOTA| +21909042+2)

CAL; DILCH (100+1005¢18+FURLY)
IF (MFHELJEQel) CALL NLCH (3723995424424 HFT, STe VBAIN FUF| Manglseo)
IF (MFUEL ,EQ,2) CALL DLCH (325,5,24,26HLATEST GASSAR FUF| MADEL,2)
CAL)" AnV (1)
CONTINNE

RETIRN

FORMAT
FORuMAT
FORMAT
FORMAT *
END .

(*MFUEL=991]45x¢#LAGE=#sL1)
{#OMFUEL =#,T1,5Xs4 AGE =#,L1)

(AsTFRACONTL Y1 90 9NCHAR9 0,980 4R,90,0,1THAGE (YFADRS) 411,72

(776X 1HL 417X, JHAGE 4 16X s SHFRACB , 15X y&HFPACT , 16X, 4 HFOAC/)

(I5+4F2045)

SURnOUTINE PLOT3

LOGTCA;

LAGE+8BISO

UIMFNSTON RINTAC(151)s RFATLD(151)e TT(181)s TT4(1S1)s RTLOGI151)
1 RF 06151}

COMMUN /CUb 07/ TXLeIXPsIYToIYRXMNIXMXsYMX 9 YMN

COMMON /CUEQDB/ XMINgXMAXs INTVALX KXo YMIN,YMAYX 9 INTVALY o KY
COMMUN /LAZ LAGE +AGE +MFUEL » ISOIHISO
COMMUN /LUNEW/ TXSAVE,TYSAVEsIX2s1Y2
NCHAK=>7

WN=#1
Do 10 ¢

=1 yNN

TT411)a9¢0=(I~1)%0,1
TT(1)=10E4/TTA(I])

MFUFL=Y

AMINZ3 0
AMAYTG 0

INTVAL ¥

=6

BISNZ,Fe

KX=1

YMINZwg,

YMav=Y
INTVALY
KRY=n

CalLi P OPB (TT4¢RFATLNeNNe=190INCHAR®04¢+5,.97,.9244FT. ST, VPAIN FlIF
1L MNUE| 9=24919H1.0E4/T (DEAREES K) 9=19+3AHPARTTCLE COATINA QFLEASF

2 RATE

=7

HOUR$36409042,7)

CALL CONVRT (3.59IXeXMNsXMXsIXL » IXR)

CALl. CANVRT
CAL) WCH

CALL CANVRT (=3.59IYsYMNsYMX,TYBeIYT)
CALl WLCH (IXelYslelHAel)
CALL, CANVRT (34H9IXeXMNeXMX 9 IXL eIXR)
CALI. CAMVRY (=2."¢IYsYMNsYMX3TYR4TIYT)
CALL. WI.CH (IXsIYs1slH7e1)

(=475 TY s YMNeYMY, o 1YB,IYT)
(IXsIY912912H193444599,10,1)

PLOTS
PLOTS
P{ OTS
PLOTS
P1. 0TS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLoTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
Pt OTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PILOTS
PLOTS
PILOTS
PLOTS
PLOTS
P.OTS
PLOTS
PLOTS
Py 0TS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLLOTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PILOTS

A4?
4417
444
445
446
447
441
449
450
451

452
459
454
458
454
457
ASR
459
460
461
469
4613
464
464
4664
467
468
469
679
4T

472
4713
474
479
476
477
478
479
480
481

482
4R3
4R4
485
486
487
48R
489
490
491
492
4913
494
495
496
497
498
499
S00
501

SN2
5013
S04



CALL CNONVRT (3,99 IXoXMN9XMX9eIXL o IXR) PLOTS
CALL CANVRT (=2,0¢4IYsYMNsYMXsIYBIIYT) PLOTS
CALI Wi CH (IXeIYsls1lHOW1) PLOTS
CALL CANVRT (4459 TXeXMN9XMX 9 IXL o IXR) £1.0TS
CaLy CONVRYT (=1aSeIYeYMNoYMX9IYBoIYT) PLOTS
CALI Wi CH (IX9IYs1s1HD,41) PLOTS
CALL CNANVRT (6409 IXeXMN9s XMY o IXL ¢ IXR) PLOTS
CALY CANVRT (=34041YsYMNsYMX,TYBsIYT) PLOTS
CALI WLCH (IXsIY0s74TH49798+9,1) P1LOTS
CALI. CANVRT (6.5+TXsXMN9XMY s TXL s IXR) PILOTS
CALI. CANVRT (=1.09IYsYMNsYMXyTYRIIVT) P OTS
CALI Wi CH (IXeIYs646HeSs1001]) PLOTS
CALI CANVRY (4,5+TXeXuNsXMXsTXL e IXR) PLOTS
CALY CANVRT (0400 IYsYMNoYMX9IYBoIYT) PLOTS
CALI Wi CH (IXsIYsl9lH141) PLOTS
CALI CONVRT (447991 X9XMNeXMX ¢ TX| o IAR) PLOTS
CALL. CANVRT (0419IYsYMNoYMXeTYBsIYT) PLOTS
CALL W CH (IXsIYelslHA,1) PLOTS
VO 30 1S0=1,10 PLOTS
09 20 yr=1,NN PLOTS
T=1r i1, P1.OTS
RINTAC(1)3RI(T) pLOTS
RFATILD (1) SRF (T PI.OTS
RILAG(1)=ALOGL0(RINTAC(I)) PLOTS
RFLNAG (1) =ALOGLO(RFAILDN(I) PILGTS

20 CONTINUE PLOTS
PRINT a0 ISUSMFUEL PLOTS
PRIMT qo¢ (I’TT(I)9TT4(I)oRINTAC(I)qRILoG(I).RrAYLO!I)oRthn(I)ovn PLOTS

11enn? PL OIS
CALL PILOPB (TT44RFATLDyNNs=1909=NCHARSIO0, e5097¢40:0¢00219¢040+09047 P{.OYS
122y ’ ) PLOTS
CALIL PLOPB (TT49sRINTACINNs=1309=NCHARI0,¢5897490¢0409=1940+00000¢2 PLOTS
192) PLOTS

30 CONTINNE PLOTS
MFUfFL=2 PLOTS
CALL AnV (1) PLOTS
AMIN=3,0 PLOTS
AMAX=T7 0 PLOTS
INTVAL¥=4 P OTS
KX=0 PLOTS
YMINZ=4 e P OTS
YMAX=2 0 PLOTS
INTVAL vE6 PLOTS
Ky=0 PLOTS
CAL| P OPB (TT4sRFAILNyNNs=1309sNCHARIZ e 5,97, 136ugASSAR Fiiey MODey PLOTS

1 = FATIED PARTICLES,=36419H1¢0E4/T (DEGREES K) ,=79,36HPARTTALE CAA PLOTS
2TINA RPLEASE RATE / HAUR3690+05242) PLOTS
CALL CANVRY (4,00 TXsXMNoXMXsTXL s IXR) PILOTS
CALI CANVRT (=la6sIYsYMNoYMX,TYHRoIYT) PLOTS
CAL} Wi CH (IXsIYeBsR8HIN TRISOW1) PILOTS
CALY CNNVRT (=0.%0IYsYMNoYMXoTYU,IYT) P OTS
CAL] WL CH {(IXyIYelylHS,1) PI.OTS
CAL{. CONVRT (6.00TXsXMNsXMX9TXL 2 IXR) PLOTS
CALL CANVRY (=1.041Y9sYMNoYMXoTIYHoIYT) PLOTS
CAL{ WL CH (IXsIYs1ly1HR01) »1.0TS
CALL CANVRT (3,9¢IXeXMNyXMX9IXL s IXR) PLOTS
CALL COANVRY (0a4eIYoYMNIYMXsIYBsIYT) PLOTS
CALL WICH (IXs1Ys191HAs1) PLLOTS
CALL. CANVRT (3469 IXeXNoXMX 9 IXL ¢ IXR) PLOTS
CALYI. CANVRY (0,60 1YoYMNsYMX9IYBeIYT) PLOTS
CALL WLCH (IXsIYs79y7H10 BTISO,1) PLOTS
CALI CNANVRT (6+4B1I1XeXMNsXMX9TXL s IXR) PLOTS
CALL CnNVRT (=143, 1YsYMN)YMX,TYByIYT) PLOTS

3505
506
507
508
s09
510
511
512
5113
514
51%
516
517
S1A
519
520
521
522
523
524
525
526

5213

549
559
551
552
5513
564
5658
556
557
5S8
559
560
561
562
5613
Sk
565
566
567

127



128

40

S0

CALL WILCH {(IXeIYslelH1lel)

CALL CANVRT (3,69IX9XMNIXMXYTIXL IXR)
CALI CANVRY (1,09TYsYMN9oYMXITIYBeIYT)
CALL WLCH (IX9IYeT9sTHG9T9Re9,1)

CALL CANVRT (46,2547 XeXMNeXMX,TXL s IXR)
CALL CANVRT (1.50¢TYoYUNsYMXOTYBIYT)
CALY Wi CH (I/s1YslelH2.1)

DO gl 1S01=1411

1S0=1Sn1

IF {ISOOEQOII) BISO=.T,

IF (1SnetQ,ll) IS0=10

DO 4V 71=1,NN

T=rriyy

RFATLD ¢ I)=RF(T)
RFLALG(1)=ALOGLO(RFAILND(]))

CONTINIIE

PRINMT a0 ISOeMFUEL

PRINT 7009 (IeTTLI) TTA(I) RFAILD(I)oRFLAR(TY o7=T oNN)
Capy PLOPB (TTQ;RFAILDqNNy-lQOO'NCHAROO.0500709000'09-1000000’00’0

12)
CONTINIE
CaALy ApV (1)
XMINZ4,0
KMAXY=9 0
YMINZ=T,
YMAY=30,
INTVA x=%
Kx=0
INTVALy=7
KY=n

CALIL PILOPB (TT4sRINTACINNs=l 40 3NCHARYZ,,5, 97, 936HAASSAR FIIEL MODEL
1 « INTACT PARTICLES+=36419H1,0E4/T (NEGREES K) +=79+36HPARTICLE CnA

2TINA RFLEASE RATE / HOUR,36904002,2)
CAL| CONVRT (T40sIXsXMNoXMXeIXL e IXR)
CALL CNANVRT («6,241YsYMNyYMX,IYHsIYT)
CALI W{CH (IXsIY9Te7HY TRISO,))
CAL) CANVRT (4,89 IXsXMN9XMX9IXL s TXR)
CALI, CANVRYT (=4 ,B41YsYMNsYMX,TYHo1YT)

CALYL Wi CH (IX91Ye17417H79(1944899 TRISO),1)

CALI CNNVRT (5409 TXeXMNsXMX9TIXL 9 IXR)
CALI CNANVRT (=4,131YsYMNoYMX,TYBo1YT)
CALYL W{CH (IXsIYslslHS,e1)

CALL CANVRT (=3.73IYsYMNIYMXeIYR9IYT)

CAL|. Wi CH (IXsIYe1241PH69{R9GBISO)s1)

CALL CANVRY (=3,19IYoYMNoYMX,TYESLYT)
CALY WLCH (IXeIY9252H1N,1)

CAL] CANVRT (=2.1sIYsYMNIYMX4IYHYIYT)
CALI W[ CH (IXsIYslslHPs1)

CALI CONVRT (BeOsIXaXMNoXMXIXL91IXR)
CALl CANVRT (=4,09TYsYMNIYMX,TYBsIYT)
CALI W CH (IAy1IY9646H BISO91)

CALL. CNANVRT (=2.4¢1YsYMNIYMXoTYR9IYT)
CALL WL CH (IXsIYs646H1 RIS

CALL CAMVRT (4,h9IXyXMNysXMXpTXL ¢ IXR)
CALL CNANVRT (=0e4sIYIYMNsYMX3TYHeIYT)
CALI. Wi CH (IXe1Yshye6Hs BISNSY)

DO 7V 1SO0=1,10

DO 70 HISO=142

IF (IRB1S0.EQel) BISO=,F,

IF (1R71SO.EQe2) H1S0=,T,

00 AU 1=1sNN

T:TT(I,

RINTAC (I)=RI(T)

Pj OTS
PLOTS
P OTS
PLOTS
P|.OTS
PLOTS
P1.OTS
PLOTS
PLOTS
P OTS
PLOTS
PILOTS
P1.OTS
PLOTS
PLOTS
P1LOTS
PLOTS
Py OTS
PL.OTS
PLOTS
PLOTS
PLOTS
PILLOTS
PLOTS
PLOTS
PI.NTS
PL.OTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
Py OTS
PLOTS
P OTS
PLOTS
PLOTS
PI.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
P|.OTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
P) 0TS
PLOTS
PLOTS
p|oTs
PLOTS
PLOTS
PI.OTS
PI.OTS
pPLOTS
P{.OTS

S6a
569
570
571

57>
573
574
578
576
577
578
579
580
581
5A2
5873
584
585
586
SR
58a
584
59n
591
592
8919
594
596
596
597
S9R
599
600
601

602
603
604
605
60¢
607
60R
609
610
611
617
613
614
615
616
617
6148
619
620
621
622
624
624
628
626
627
62n
629
63n



RILAG(1)=ALOGLO(RINTAC(T))

60 CONTINpE

PRINT anfs ISOSMFUEL

CaL PLOPB (TT4.VINTAC.NN.-1,Oo-NCHARQO.,ﬂa’7.,0.0,0.-1,0,0.000,6.

12y

70 CONTINIE

B0 FORMAT (6HOISO =91243XsTHMFUEL =e11010Xs 741004/ Te1BXr2HRT 15X I5uUR

90
100

10

20

30
40

S0

CALI. AnV (1)
RETHKN

11L0Ga* 18X+ 2HRF »1 15X 4 SHRFL0G/)

FORMAT (IAQIS‘FIZ-I'SFZOaQ)

ZORMAT (1X9IS9F12419F20e5440X92E2045)
ND

SUXPOUTINE PLOT4

INTFOER DATE

DIMFENSTON T{41)s FF(41)r TX(41950)9 B(50)s VECP(25n)s ITHTIF (36}

DIMFNSTON TEMP1 (41+50)s TEMP2(41,50)
COMMUN ,TMODEL/ MODEL

DO 10 r=1,436

ITITLE (1) =10H

CALL GFTQ (4LKJRN,JOBNAME)

CaLp DaTEl (CATE)

ITITLE (1)SJORNAME

ITITLE (2)=DATE

ITITLE (12)=10HTEMPERATUR
ITITLE(13)=10HE MODEL =
Z2=SpLInE(0e02040)

L=TeMpn (0,0)

CALI anv (1)

NTOT=44

IVFMAX .50

DT=p0, /NTOT

NTOTi=NTOTed

0n 2V r=1,n70T1

T(IYS(y=1)®DT

ITEMP =4

DN AU WODEL=1+ITEMP

ENCAUE (10470¢XTITLE(14))MODEL

IF (MOREL ,EQ.4) GO TO 40
2=TaAVEN(0,0)

L=TUAXN(040)

TOE) T=TEMP (0,0)=1174,4

DO 30 1=1eNTOT]

TIMFST (1) .

FFE(T) = (TMAX(TIME) =TAVE(TIME) ) /TDELT
CONTINILE

PER=1,/1VFMAX

00 g0 rVvF=141VFMAX
atN:PEn”(IVF"O.S)

B(IvF)=HIN

DO =0 1=1,NTOT}

TIME=T )

IF (MONELNE«4) TESFF(T)®(TEMP(RIN)=1174 ,4) ¢TAvE (TIME)
IF (MOREL.EQ.4) TE=SPL (TIMFsRIN)
TX(r2IvF)=TE

CNNT INNE

ITITLE (9)=10HT IME (HRS)
ITITLE(10)=10HCORE FRACT

ITITLE (11)=10HTEMP (K)

PRINT n0e MODEL

PRINT O0s (Jo{TX(14J)sT=1aNTOT1s2) e )=19sTVFMAY)}
Caly P NOW (TX NTOT1sTVFMAX9T9BIVECF+25041TITLE)

PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
PLOTS
PLOTS
P OTS
PLLOTS
PI.OTS
PLOTS
PLOTS
PL.LOTS
pLoTS
P OTS
PLOTS
PILOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL 0TS
PLNTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
Py nTS
PLOTS
P1.OTS
PLOTS
PLLOTS
PLOTS
PLOTS
PILOTS
PLOTS
P OTS
PLOTS
PLOTS
P OTS
PLOTS
P 0TS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PILOTS

631
632
633
634
635
636
637
638
639
64n
64
642
649
644
645
646
647
649
649
650
65,
652
6513
654
655
654
657
658
65q
660
661
662
6613
664
665
6664
667
668
669
67n
671
67?
673
674
675
674
677
678
679
689
681
682
681
684
68
6864
687
688
6AR9
690
691
692
693

129




130

60

70
80
30

CALL PTCTURE (TXrTEMPY o TEMP2INTOTL IVFMAXSNTOTI91,0914092,002,002, PLOTS

10'900.;3700.'09-2'3000-10)

WRITE 0B IDENTIFICATION

CAL1. DI CH (154499244 44HJ0R=1)
CALY DLCH (2064992410,1TITLE,Y)
WRITE NATE

CALL DI CH (400499245 ySHDATE=41)
CALI DLCH (4664992410, 1TITLE(2) 1)
WRITE 1D

CAaLr DI CH (1544972560, ITITLE(12)01)
WRITE FUNCTION RANGE

CALI OLCH (6961952979 7HRANGE==1])
CAL; DOLCH (7809952420, TTITLE(3)s1)
WRITE ¥ RANGE

CAL|I DL CH (7809972920, 1TITLE(R) ¢1)
WRITE v RANGE

CALI DLCH (7809992920, ITITLE(?) 1)
CALp AnpVv (1)

CALL AnV (1)

CONTINIKE

CaLy ExM

RETIRN

FORMAT (12,8X)

FORMAT (//# TEMPERATURE MONEL 34s11/)

FORMAT (1X913921F6,0/)

END

FUNATIAN UTMBED (T) .

THESE NUMBERS FROM TAR!LAR DATA IN REPORT BY J, FOLEY

DIMENSTON I0P(2)y TAB(3)

DIMENSTON X(16)e F(16)9 WL16)y AL16)s Bryads C(14) _
DATA X/Z.03.'4..5..6..7.98.09.010.’llc’l?.’l?-olA.9160919.0?0./

DATA F /00900157400658,.1776903355,05280,,7147,,84704e917%,.9473,.9

15504095379 ,9539,9464,9399,933/

SPLTNE BOUNDARY CONDITTONS ETr.

1=

10P (1) =5

10P (%) a5

N1=16

CALIL SPLID1 (N1sXoFsWoIOPeTJsA9BC)
RETHRN,

ENTRY uTMp

CALL SPLID2 (Nl1sXeFsWeIJsT4TAR)
UTMP=TaAB (1)

RETIIRN

END

FUNRTIAN AYERO (T)

THESE MUMBERS FRUM GRAPHICAL DATA IN KEPnRT RY J. FOLEY
DIMFNSTON I0P(2)y TAR (D)

DIMENSTYON X (T)e F(Tpe w(Ty, A(Tyy B(7T1y e¢7)
DATA X/2¢94096¢980910,9124913,7

DAYA F/O.t.1150.4350.6450.75.-820.§45/
SPLINE BOUNDARY CONDITIONS ETCe

1J=1

IOP(l):S

[opP(2)<=5S

N1=7

CALL SeL1D1 (NYoXoFeWoTOPsTIJoAsHIC)
RETIIKN

ENTWY AYER

CALL SPL1D2 (N1sXeFeW,1JsT«TAB)
AYED=ETAB (1)

PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PiL.OTS
PLOTS
PLOTS
P1.OTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
P{ OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OYS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PILOTS

694
69%
6964
697
69a
699
70n
701

703
704
7085
To6
707
708
709
Tlo
71y
717
7113
Tis
Tlg
716
717
718
Tla
720
721
727
723
724
725
724
127
728
729
73n
"

732
733
T34
738
734
737
738
739
T40
T41
7472
7473
T44
Ta4s5
T44
T47
T4
749
750
75

752
753
754
755
758



[¢NeNeKel

RETUKRN

END

FUNATION SORSO (T)

THESE NUMBERS FROM GRAPHICAL DATA IN REPNRT RY ), FOLEY
VIMFNSYON 10P(2)9 TAB(3)

DIMFNSYON X (B} F(8)s W(B)s A(8B)y B(B)y ¢ (8)

DATA X/20944960960910,912e914,4916,47/

DATA F/0e940854434909.5609.709,79+,8459.88/

SPLTINE BUUNDARY CONDITIONS ETC,

INED

1op¢1)=8

InP(2)=5

Nl=Rr

CaLL SoL1D1 (N1yX4F4¥W,10P,1J,A484C)
RETIIRN

ENTRY gUORS

CALL SPL1Y2 (N1sXsFeW,TJsTeTAR)

SORS=TaB (1)

KE THIRN

END

FUNRTIAN UTMPCH (T)

THESE NUMBERS FROM TARULAR DATA IN REPORT BY J, €OLEY
OIMFNSTON 10P(?2)s TAB(3)

DIMENSTON X(16)s F(16), W(16), A(16)9 B18)s Crya)

DATA x[?,o'3o’(’o'50060070'80’90'100’11.'120’13"1"'16"1“O’?00/ .
DATa F/O.’lqaeq102.8'319.‘070?.70la“0.91966..24:&..2909.;1966.!316

11093439¢93473493693493496,036%6,/
SPLYNE HOUNDARY CONDITTIONS ETC.
JONER|

IoP(¢1) =5

10P (%) =5

N1=16

CALL SPLIDY (NYyXsF oW, ,TOPs1JsABC)
RE TURN

ENTRY ITMPC

CALL SoLlD2 (NleXsFeWe1JsTeTAR)
UTMPC=7AB (1)

RE TUKN

END

FUNPTIAN AYERCH (T)

THESE NUMBERS FROM GRaAPHICAL DATA IN REPART AaY ), FOLEY
OIMFNSTON JOPL(2)s TAB(3)

DIMFNSTON X(B)e F(8)s W(B)y A(B)y B(B)y ¢(8)
DATA X/2¢96,90,98,910,0124014491%,/
DATA F ,0,4250491020,41930,42480¢42800,93000,4311n,/
SPLTNE ROUNDARY CONDITTONS ETCe
1uy=1

10Ptl) =5

1oP(2) =S

Nl=r

CALL SeLID1l (N1 oXeF oW, I0PsTJsAsBsC)
RETIINYN

ENTRY AYERC

CALL. SPLID2 (Nl1sXygFeW,TJsT,TAB)
AYEnC=1AB(])

KETURN

END

SUBNPONTINE PLOPR(XsYsNPTSeINCILMNyNSYMsCyXAAsYAAJLARELZ +n71 o LABFL Y

LoMXy *LABRELY sNYL oLABELR eNRLWLSTZE W ISIZE)

PLOPB pRODUCES A STANNARD 2~PIMENSIONAL P1 OT StMiLAR TO P N )R

WHIFH S SUITABLE FOR PUBLICATION,
LagrlS MAY BE WRITTEN ON 4 SINES OF PLOT
LSI7t 1S THE SIZE OF THE LABELS« }SIABS(1 SIZF)¢a

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL NTS
P1 OTS
P.oTS
PLOTS
PLOTS
PIOTS
PLLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
P OYS
PLOTS
PLOTS
PILLOTS
P OTS
PL.OTS
P1.OTS
PLoTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
Pt 0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

757
758
759
760
761
762
763
764
765

7664

76A
769
770
™
172
773
174
778
774
777
T8
779
780
78

783
783
784
785
784
787
788
789
790
791
792
7913
794
765
794
797
798
799
800
801
802
801
894
306
R0s
807
808
809
810
811
817
8113
814
81%
8ls
817
8la
819

131
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132

10

20
30

IF LUS17E > 0+ DEPENDENT VARIARLES ARE PLOTTED ON LFFT=HAMN SCALF
IF 1.517E < 0+ DEPENDFNT VARIABLES APE PLOTTED AN RTGHT=HANN SCALFE
ISI7E 1S THE SIZE OF THE SCALFS. 15128S(1SlZr)<s

LINFAR PLOTS FOR DEPENNDENT VARIARLES MAY WAVE » &CALES hu
MULTIPLE PLOTS,

IF 1SIZE “ 0+ ONLY LEFT SINE OF PLUT HAS QCA(E

IF 1 S17E > 0 AND ISIZF < 0s ALLOWANCE [S MADE Tn DoaW SCAIF AN
KIGHT SIDE WITH A LATER CALL TO PLOPH

IF | S17F < 0 AND IS17f < 0, SCALE IS DRAwN ON n1aHT SIDF,
SCaItS PRINT 4 FIGURES, DATA MUST BF AUJISTED REFARE CALI PIOPB,
IF { ARpL UTHER THAN TOP DOFS NOT FIT ON ONE [ InF,

LS17t wILL BE REUUCED RY 1

ALSN THE LOG AXES WiL| BE fFULIL CYCLES.

IF vXA AND/OR YYA ARE NON-7ER0O THE LENGTHS

WIL|. RF CONSIDEREND AS RATINS WHERE THE | OANGEST

SIne Ig FLTTED ON A Rgn POINT LINE.

AXES |LFNGTHS -WILL BF REDUCFELD IN ORUER Tn ALLOW rnOM FOR
Lanrls ANU SCALES IF NFCESSARY.

COMMUN /CJUFO07/ IXLeIXRoIYTsIVYRIXMNIXMA9YMX s YMN

COMMUN /CJEOB/ XMINeXMAX IMAJORXsKX9YMIN,YMAX ¢MA JORY 9KY
DIMENSYTON X{1l}s Y(1)

DIMENSTON IS7(6)s 1VS7(6)

DATA 18272/712018924930936942/

DATA TySZ/164249324604,48456/

INTFGER GRIDF

BaasAX] (AMAX]1 {Co04)® { NN*1)90,)

LIN=LNN

KSY*=T LS (NSYM)

KINCSMAXD (TABS (INC) o1y

MPT< ZaﬂS(NPTS)

MZp =MZy=TARS (NZL)

YXXA=ARG{XAQ)

YYA=ABQ(YAA)

NXN=NXu=IABS (NXL)

NYN=NYu=TARS (NYL)

NRN=NRu=]AHS (NRL)

LSZ=1ApS (L LSIZE)

ISI7=1ARSISIZE)

GRINt xAMAX]1 (1s9ABS(C))

IF (NSyM,G6T.0) CALL ARV (1)

IF ¢NX; 4L.Te0) GO TQ Sa

IF ({NGYMsLTe0)eAs(ISTZEGTap)) GO TO 1gp

CAL{. MaXV (X+KINCoMPTGe ISURSXMX)

CAL) MAXV (Y+sKINCoMPTG,ISURYYMX)

CALI MINV (X,KINC,MPTS,I5URXMN)

CALI MINV (YeKINCyMPTS, ISURYMN)

1IF foAoEQQO) XXA=6,

IF (YYA.EQ.,0) YYA=10,

IF ‘NPTSOLTOO) GO TO 20

IF (XMAGNE 4XMX) GO TO 10

DXMzeQnl®ABS (XMX)

IF (Uxn,EQ,0) DXM=,0001

XMN=AMN=DXM

XMXzAMy +DXM

CALI ASCL (SeXMNeXMXsMAJXsMINXKKX)

GO tU 10

XMN=AL nGI 0 (XMN)

AMX=2ALNGL10 (XMX)

IF (INCc.LT.0) GO TO 60

IF (YMMNEL,YMX) GO TO 40

DYM=enal#ARS (YMX)

IF (DYu,EQ.,0) DYM=,0001

YMN=ZYMN=OYM

PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P1. OTS
PLOTS
PLOYS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
P1LOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P1.OTS
PILOTS
PLLOTS
P1.OTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.0OTS
PLoTS
PLOTS
PLOTS
P.OTS

820
821
822
R23
A24
a2g
A26
827
828
829
830
834
832
8313
834
835
834
837
83a
839
84n
841
842
843
844
849
B46
R47
848
849
890
85

85%
853
854
858
854
857
858
859
860

86
86

861
864
865
866
867
868
869
870
871
87>
871
874
875
876
877
87A
879
8An
881
as»?



40

50

60

70

a0

100

110
120

130

140

YMXuYMxeDYM

CALL ASCL (59YMNeYMXsMAJYsMINYsKKY)
GO v0 0

AMN=AMTN

XMx=AMaX

MAJYSEMAKXEMAJORX

KKX="X

YMN=YMIN

YMx=YMaX

MAJYSMAKYaMAJORY

KKY=aRYy

GO TV <0

YMN=ALAGL0 (YMN)

YMX=A| AG10 (YMX)

MAKY=GD [OFOMAJX
MAKY=Go [DF #MA Y

IF (NSvM LT.0) GO TO 90
TXL=%,541S2(1S12)41,581VS2(LSZ)
1H=1VS2(1S12)

IF (INec.GEL.0) TH=IH/2
1YT=%oMAX0(IVSZ (LSZ) s TH)

IF ({M7L41)%1S2(LSZ2)e3Te1023=1XL/2) IYT=IYTeIVSZ7LS2)
FACT=BA0./AMAX] (XXA,YYA)

IXR=MINO (EXLOIFTIX (FACTHXXA) 91023=MAXO(36TVSZ(LSZ)/24152(7877),5a1e

12(1s12y/72))
IF (ISYZE«l Te0) IXR=TXR=4%#1SZ(IS12)

1YB=MINO (IYT¢IFIX(FACTRYYA) 91023=5#TVSZ(1S12)/3a47VSZ{1.87)/2)

CALl FRAME (TXLsIXReTIYTHIYR)

IF be(;N(loixAA)oGToo) 60 YO0 A”Q

SWAPZXUN

AMN =AMy

XMX=5SWaP

IF (STaN(l.sYAA) ,GT.0y GO TO 90

SWAPSYMN

YMN=YMy

YHX=2DSWwaAP

CALL. 0CrA (IXLOIXReIYToTYBXMNIXMXoYMX s YMN)

IF (LSTZE4LTe0) MAKY==MAKY

IF ({NQYMel . To0) A, (LST?E+GT40)) GO TO €3¢

IF ((NQYM LT40) oA (LST7E4LT40) oA, (ISIZE GT40)) GA TO 230
IF (NPTSOLTOOOANUOINC.LTOO) caALL OLGLGT

IF (NPTSeLTa0ANDeINC.GE«D) CALL DLGLNT (MAKVeTSY7E)

IF (NPYS,GE.0.AND,INC,[.T40) CALL DLNLGT (MAKXs1ST7F)

IF (NPTSeGE,0¢ANULINC ,RE4N) CALL DLNLNT (MAKX-®MAKY,ISTZF)
IF (NPTS.LT.0) 60 TO 110

IF (NSyMeUTe0) CALL SRLN (MAJX*KKX91SIZ)

GO 7O 120

1IF (NSyM.GT+0) CALL SRLG (ISIZ)

IF (INc.LT.0) GO TO 13n

IF ((LSIZF.GT40) 4A, (NSYM,GTo0)) CALL SLLN (MAJYWKKYsISIZ)
IF ((LQIZEeLTe0) oA (ISTZEWI.Ts0)) CALL SRLN (MA )Y4kKYIIST?)
Gn 10 Y40

CALL S| LG (1S812)

1F (IS7ZELLT.0) CALL SRLG (ISt2)

CALL ExL

IF (NSyM.LT.0) GO TO 230

KSZ=LS7y

IF Ny .GE.9) GO TO 220

KS72=="Kg/l

IF (M2ml.EQ,0) GO TO a0

DO 120 K=14MZM

CALl FFPTCH (KeLABELZyKkX)

IF (KK, GE4608B) MZM=MZms]

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLoTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PI.NTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Pt OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P| NTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS

881
8R4
885
884
887
CET
889
890
891
892
893
894
8985
B9
897
B9s
899
900
901
907
9013
904
905
906
907
9Ng
909
910
911
912
913
914
9ls
916
917
9lg
9lg
920
92y
922
9213
924
925
926
927
924
929
930
93
932
933
934
935
94
93y
938
93aq
940
94
942
943
944
945
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134

150
140

170
180

160
200

210
220

230

240

250
260

270

280
290

300

310
320

CANTINIE

DO 170 KxElyNXM

CALL FETCH (KsLABELX9sKK)
IF (KK ,GE,608) NXMaNXMe+]
CONTINNE

IF (NYM,EQ,0) GO TO 2a0

U0 190 K=14NYM

CALI FFTCH (KsLABELYsKK)
IF (KK, GE.60B) NYM=NYMs]
CONTINLE

IF (NRu,EQL0) GO TO 220

00 210 K=19NRM

CALl FeTCH (KyLABELRKK)
IF (KK,GE.608B) NRM=NRMe]
CONTINNE

CONTINNE

IF (NXNeNEwQ) CALL DLCH (MAXQ(IXL/29T1XLe (IXReIX| =2SZ(LS7)8MYN)I /2,

1IYReO 0 VSZITSIZ)/34TVSZ(LSZ) /29NXMsLABEL ¥ 4KS7)

IF (NYmM,NE,0) CALL DLCV (0oMINO((IYR41022)/2,1YRa (1YB=IYT.T87(LS?)

1oNYN) /2) «NYMyLABELY 4Kg7)

IF (NZ) +NEoQ) CALL DLCH (MAXQO(IXL/2¢IXLo (IXRaIXi =1SZ(LSZ)6M7) /21,

104M7M | AHFLZWKSZ)
IXx=IXp
IF t1SyZE.LTeU) IXX=7XX44871S2(IS1Z)

IF (NRMeNESO) CALL DLAV (IXX+TVSZ(LSZ)/24TSZIIST7)/20MINAI (TYR®]1AD

131/791vB=~(IYB=1YT=ISZ(LSZ)aNRN)/2)sNRMs ARELRI1KS?)
CaLr ExH

IF (NZ) LT40) 60 TO 320

PLOT PNINTS AND/OR LINE

MPTSEMpTS#KINC

0N 3lo NXP=]lyMPTS,KINC

XTANZX (NXP}

YTWASY (NXP)

IF (NPTS.LT.0) XTWO=A; 0G10 (XTWO)

IF (INCaLTe0) YTWO=ALOGIO(YTWO)

CALL CANVRT (XTWOSNXTWN9XMNexMXeIXLeIXR)
CALl. CANVRY (YTWOINYTWOsYMNIYMXeIYBeIYT)
IF (NXp.EQel) GO TO 290

IF (LIneGE«Q8) GO TQ 2ap

IF tMOn LUINXP~1)/KINCY + TARSI(LIN) ) (NEWD) @D TO 254
CALL ExL

CAL1 DI CH (NXTWOSNYTvN,09KSYMy1l)

CALYL EXH

GO TU q00

IF (B.rQesge! GO TO 30n

00 270 Ib=1+4

CAL} PI T (NXTWOSNYTWO,42)

GO TU 200

IF (Bo.rQe0e) CALL DRV (NXOME,NYONEyNXTWO,NYTWO)
IF (LIMONELO) GO TQ 249

IF (B,NEs0,) GO TO 260

NYOME=NYTWO

NXOME2NXTWO

CONTINNE

RE TIIRN

END

SUHROUTINE SLLN(NNY NK,ISI7E)

COMMON /CJEO7/ IXLsIXReIYTIYRsXLsXRoYT,vR
DIMFMSTON IS2(4)s IVSZ(4)

DATA 1c7/712918,24,430/

UATA 1vSZ2/1692464932440/

DATA MaSKR1/7!0000000000000000008/

PLOTS
PLOTS
PLOTS
Py OTS
P1LOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P.OTS
PLOTS
PLOTS
P| 0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
P1.OTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
PLOTS
P{OTS
PI1.OTS
PLOTS
PLOTS
PILNTS
PLOTS
PLOTS
P OTS
P1LOTS
PLOTS
Pi.OTS
PyOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.LOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

944
947
948
949
950
95y
352
9513
954
95
9S6
957
95a
959
960n
961
962
Q63
964
965
964
967
964
9649
970
97
972
9713
974
978
976
977
978
979
980n
QR
9R?
9813
984
98y
986
987
988
989
990
99,
932
991
994
998
996
937
998
999
1000
1001
1002
10013
1004
1005
1004
1007
1008



10

20

30

40

50

10

20

DATA ' MASK2/007777777T777771777718/

NNK 2NK

NC=MAXA LINT (ALOGI0 (AMAX] (ARS (YT) yABS(YB) 1) 440000714141}
IF (MINO(YToYB)oLT4D) NCENC*]

IF (NNVQGTQO) NC=NCel

IF (1S7(ISIZE)® (NCoNNK+,5) LT, IXL) GO TO 20
IF (NNKoGT40) NNK=NNK=1

IF (NNkoGT,0) GO TO 10

NC=u1NA (NCeNNKy4)

IF (YT.GEL4005) GO TO 30

IF (NNv.,LE.S) GO TO 3¢

NC=nCe ¥

NNK=NNk +1

CONTINNHE

ENCOVE (69509FMT)INC o MNK

ENCAUF (10+FMTo0UT) YR

IF ¢(01TeAMDoMASK]) JFN.1L2Y) OQUT=(OUT.AND,MASK2) ,AR, 1L,
THIS CHANGE SHOULD REPLACE # BY . AT LEFT OF FieLn
wE cOl D HAVE USED CALIL PUT (190UTs1Rs)
IXT=1X; =1SZ(ISTZE)# (NC 445}
IVS=IV§Z(ISTIZ2E) /2

CaL) DLCH (IXT4IYR=IVS,NC,OUT,ISIZE)

CALL TSP (IXLeIYHylalHe)

IF (NNy LE,0) RETURN
NY=mINA{(IYB=1YT) /IVS» (1S1ZE) ,NNY)
DY=(YTLYB)/NYSYTHIF=10
UDY=FLNAT(IYT=1YB)/NY

DO 4V rxzlyNY

YC=yvBer®DY

1YC=lYreI#pOY

ENCNAUE (10,FMTo0UT)YC

CALI DICH (IXTsIYC=IVE,NCsoUT,ISIZE)

CALI TSP (IXLsIYColelHe)

RETURN

FORMAT (2H(FsIlelHeeI141H))

END

SUBROUTINE SLLIN(NNYyNK)

COMMON /CJUF0T7/ IXLOIXROIYTeIYROIXL sXReYT,YR
DIMeNSTON FMT(14), OUT(2)

UATA (FMT(K)oX=19014)/76H (FT,0) 46H(FB 1) o6H (FO,2) 474 (F10,3) ¢ TH(F11 4
1) o 7HIF{248) s THIF1346) 4AH(1PET.0) 9BH(IPERL1) 1RH(1PEG,2) 991 (10£ 10, 1)

2e91(1lPE11,4)99H(1PE12,5) 991 (1PEL3,6)/
IF (Nk _GT.68) G0 TO 10
K=MIND (6o MAXO (O9NK) ) oy
NC=Kk *6

60 r0 20
K:MTNO(IGQMAXO(109NK))-2
NC=w=)

AsFuT (k)

ENCADE (209As0UT) YR
IXT=lx| «128NC=6

CAL| WL CH (IXT4IYByNC,0OUT4Y)
CALI ToP (IXLrIYBylelue)
IF (NNyo+LE.O) RETURN
NY=MINA (128 9NNY)

IYC=lYn

OY=(YT-YH)/NY
ODY=F{NnAT{IYT~1YR) /NY

DO 3V 1=leNY

YC=vBereDy

I1YC=lyneI®pDY

ENCAVE (209A20QUT)YC

PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOYS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
P1 OTS
PLOTS
Py OTS
PI_OTS
PL OYS
PLOTS
PLOTS
PIOTS
PLOTS
PLOTS
PL.OTS
Py OTS
PLOTS
P OYS
P1.OYS
PyLOTS
PI.NTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
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CALL WL CH (IXT9IYCOINGOUT1) PLOTS 1072

30 CALY TSP (IXLeIYCelelne) PLOTS 1073
HETIIRN PLOTS 1074
END Pi.OTS 1075
SUBROUTINE SRLUIN(NNY eNK) PLOTS 1076
COMUUN /CUEQT7/ IXLeIXD»IYTsIYReXLsXRoYT,v8 PLOTS 1077
DIMFNSTON FMT (121 NUT(2) PILOTS 1078
DATA (FMT(K)sK=1912)/PH(Fs1H 41H,,1H 11Hy «BH(1PF? n)+8H(TPFA 1) ¢RH PLOTS 1079

1E1PFY42) 99HI1PEL1043) 9QR(1PF11,4) s9H(1PEL12,5) 4 IH(TPEL346) / PLOTS 1080
IF (NK_,GT,.9) GO To 10 P OTS 108
NC=MAXA LINT(ALOGLO (AMAX] (ARS (YT) yALS(YHBy)y)e101) PLOTS 1082
IF (MINO(YTeYB) (LT.0) NC=NCeY PLOTS 1083
IF (NK_GT,0) NC=NCel PLOTS 1084
NC=zNCenK PLOTS 108%
ENCAUE (109404FMT(2))INC PLOTS 1084
ENCNVE (104409FMT (4) )NK PLOTS 1087
K=t PI.NTS 1088
Go tU 20 PLOTS 1089

10 KzMINO (16 )MAXO (QINK) ) wd PLOTS 1090
NC=x*1 PIOTS 109

20 ENCNUE (20+FMT(K),0UT)YB PI.OTS 109>
CALL TP (IXReIYBylylHe) PLOTS 10913
CaLl. TeP (NC,OUT) PLOTS 1094
IF (NNy o LE.0) RETURN PLOTS 1095
NY=MINN (128 ¢NNY) PLLOTS 1098
1YC=zlvn PI.OTS 1097
UDY=FLnAT(IYT=1Y8)/NY PLNTS 1098
Dy= (YT YB) /NY PILOTS 1099
DO 20 y=1,NY PLOTS 1100
YCayBayoDy PLOTS 110y
IvCc=lyps 12DDY PL.OTS 1102
ENCADFE (204FMT (K) sQUT) YC PILOTS 11019
CAlLi TGP (IXRsIYCslyelHe) PI1.OTS 1104

20 CALL TeP INCHYOUT) PLOTS 1105
RETIRN P OTS 1106

C P1.OTS 1107

40 FORMAT (12) PLLOTS 1108
END Pt OTS 1109
SURROUTINE SBLIN(NNX¢NK) PLOTS 1110
COMMON /CUEOT/ IXLoIXnsIYTsIYRsXLoXReYT,YR PLNTS 1111
DIMFNSTON FMT(12)s OUT(2) PLOTS 1112
DATA (FMT(K)sX=1912)/2H(FelH s1lH,91H Y1H) «BH(1PF7,0)98BH(TPFR, 1) 4ay PLOTS 1113

1(1PF9.2) 9SH(1PEL03) o OH (1PF11,4) s 9H(1PEL12,5) 4 9H(TPEL3,6) / PLOTS 1114
ly=1Y8_ PLOTS 1118
1ypetL=t2 P OTS 111g
GO0 t0 10 P1.OTS 1117
ENTRY qTLIN PLOTS 111A
Ivy=rYTY P1.OTS 1119
1Yprl=a12 P OTS 1120

10 IF (NK_,GT.9) GO TO 20 PLOTS 1121
NC=MAXA (INT{ALOGLO (AMAXY (ARS (XL) sABS(XR))1440000714101) PLOTS 1122
1F (MINO(XL9XR) 4LT4n) NC=NCe] PLOTS 1123
IF (NK_GT.0) NC=NCe1l PLOTS 1124
NC=MCenK P| OTS 1125
ENCAVE (10¢509FMT(2))NO PILOTS 1126
ENCOVE (10+509FMT (4) ) NK PLNTS 1127
K=] Py OTS 1128
GO t0 20 PLOTS 1129

20 K=MTNQ (1694MAXO (10 9NK) ) mé PLOTS 1130
NC=k*1 P{.NTS 1131

30 ENCNVE (204FMT(K)4QUT) XL PLOTS 1132
CaLl ToP (IXL9eIYelglHs) PL.OTS 1133
IXTT=1YL=64NCes PLOTS 1134
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40

S0

10

20

30

40

1YC=1Y,IYDEL

CALI Wi CH (IXTTeIYCoNCsOUTH1)
IF (NNxJLE.O0) RETURN
Nx=MINA (NNXy128)

Ixc=1x
UDX=F{ nAT {IXR=TXL) /NX

UX= (XRLXL) /NX

DD 4V r=1yNX

XC=ylLsreDX

IXT=1XTT+L®DOX

IXC=1%X) «140DX

ENCAUE (209FMT(K) sOUT) XC
CALY TeP (IXColYslglHey

CAL] Wi CH (IXTeIYCyNCsOUT91)
RE TN

FORMAT (]2}

END

SUBPOUTINE SHILOG
COMMUN /CUEODT/ IXLsIXRyIYTZIYReXLyXRyYT,vR
DIMFNSTON XY (&4)y IXY(4)
EQUTIVAL ENCE (XYoXL)y (IXYoIXL)
DATA TFN/2H1O0/
Ivy=1Y8

IYDrL=50

Ix=t1Xy

IXpFl=<8

11=1

[2=2

Gn 10 10

ENTRY STLOG
1y=7YY

IYpDFl=a.12

6o 70 70

ENTRY <RLOG
IX=7XR

IXDFl=qn

G0 TO0 20

ENTOY gt LOG
IxX=1XL

1xDrb=.68

Ivy=1Y8

IS HIAT

[1=4

12=1

X1=xY {11}

X2=xY (12)
XMINZAMINY (X19X2)
XMAYZAMAX) (X19X2)

XMIMZAMINLLAINT (XMIN) (SIGN{AINT {ABRS (XMIN) +¢999) ,¥MIN) )
AMAYZAMAX] {AINT (XMAX) ¢ SIGN(AINT (ABS (XMAX) +4999) 4 ¥yMaAX) )

X1=xMiwn

X2=¥May

NY=ABS (X1=X2)

IF Ny _NEL,O0) GO TO 40
YTT=A141e

IF (X2, LT Xx1) YTT=xla1,
NY=1

xl=vlT

XY(1l)y=x1

XY (12)2x2

IXYy=SXY(I1)

NH=mAX) (ABS(XY(I1))esARS (XY (12)))

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
pPLNTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLLOTS
P OTS
PLOTS
PLNOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
£LOTS
PLOTS
PIL.OTS
PI.OTS
PLOTS
PLOTS

1135
11364
1137
1138
1139
1140
1141
1142
1143
1144
1148
1145
1147
y14a
1140
1159
1151
1152
1193
1154
1155
115¢
1157
1159
1159
1160
1161
1162
1163
1164
1168
1164
1167
1168
1169
1170
1171
1172
1173
1174
1175
1174
1177
117a
1178
1189
118
118>
1183
1184
1185
1186
1187
1188
1189
1190
1191
1197
1191
1194
1198
1194
1187
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50

NCawINTIXY (T2 exXY(I2))

NCaMIMNA(INT (ALLOGLIO(FLOAT(NH] ) +400001) +2,4)
IF (NL.GE.0) GO TO &0

IF (1ARS(NL)JEQ.NH) G0 TO &0

IF (INTUALOGLO(ABS(FLOATINLI})) JLTeINT(ALNOGLO(FLNATINKYYYY A0 TO &

10
NCauINAINC+)196)

60 ENCAVE (4491009FMT)INC

70

RO

Q0

100

OO0

138

NX=AMIN] (ABSH{XY(I11)=XY(12))925.)
ENCAURE (10+FMTIOUT) IXYYV

CALL TSP (IXeIYelolHe)y

IF ({11.EQe4) sAelIXJENGIXLY) IXDEL®IXDEL 4R* (4=NE)
IXC=1X4TXDEL

1YC=1Y.1YDEL

IXx=lxpe8

IYXxlYer=8

CALIL T&P (IXCoIYCs24TEN)

CALY M CH (IXX=ByIYX=123490UTs])

IF (Nx,FQ,0) RETURN
INXYV=7SIGN(12IFIX(XY(T2)=XY(I1)))

Lo el r=1eNX

IXyv=txYVeIDXYV

ENCNAUE (109FMTIOUT) IXYV

IF (11,EQ.1) GO To 7o

IVC=1YL IYDELS{TI# (IXY(12)=IXY(I1)))/NX
IYX=1Yr=8 ' )

CALI TSP (IXsIYCsel,yelHs)

GO t0 °0

IXC=IX  IXDEL®(IB(TXY(I2)=IXY(T1)))/NX
IxXx=1xre8

CALL TsP (IXXsIYel,1He)

CALY TSP (IXCaIYCe2,TEN)

CALl WICH (1XXeBs1YXe]2,490UTe1)
CONTINNE

RETIIKN

FORMAT (2H(TI+J191H);

END ‘

SURROUTINE PLNOWI(FLUXTXo Yo XPLToYPLToVEeR eI VEADoTTITLE)
LOG1CA; ITOPeJTOP+NFOIINDS TPR

COMMUN /CNTRCOM/ 1SYM(50) +SCFAC

COMMUN /CUEGT/ IXL IXRGIYT,IYRsXNMyXMX4YMX s YMN

DIMENSTON FLUX(Y) s XPLT{1)s YPLT(1)y VECP(l)s TTITLE(Y}
DATA TIGER/SLLARC1/

LCP LT © WE COMPUTE CONTOUR INTERVALS
Ler EQ o MO CONTAURS
LCP GT o CONTOUR RAUTINE COMPUTES INTERVALS

PARAMETERS FOR COMPUTINMG RFGINNS TO BE CoNTOURep
NCL:lo
LABFLX=ITITLE(9)
LARFLY=ITITLE(10)
LARFLZ=ITITLE(1))
LCP==23

FF’:'UI‘

CINT=a7,0

IGRYU=g

IMT=1X

JUT=JY
IMJMT = MT e MT
SCAr =040
ANGT=1,04T71976
ANGF=0 0

AMU X1 ,0

PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
P1 OTS
P1.OTS
P|.OTS
PLOTS
P1 OTS
PLOTS
PLOTS
Py 0TS
PLOTS
PLLOTS
PLOTS
PLNTS
PLOTS
PLOTS
P{.OTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
P 0TS
Pt OTS
P{.0TS
P) OTS
P1LOTS
PLOTS
P{,OTS
P1.OTS
P1 OTS
PLOTS
PILOTS
P|.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PI1.OTS
Py OTS
PL.OTS
P OTS
Py OTS

1194
1199
1200
1201
12062
1207
1204
1205
1206
1207
1208
1209
1210
1213
1212
1213
1214
1215
1214
1217
1218
1210
1220
1221
1222
12213
1224
1228
1226
1227
122n
1220
1230
123
1232
1233
1236
1235

1234
1237

123A
12139
1240
17241
1242
1243
1244
1248
1244
1247
124n
1249
125n
1251
1252
1753
1254
1255
1256
1257
1258
12%9
126N




10

20

30
40

S0

60

7o

80

AMUL XayPLTLJY) ZXPLTLIYX)

THIS SWOULD PRODUCE A SQUAPE RASE FOR'THE 3=n PLAT

AMyp Y=1,0

10xaz=1

I0XL SMAXO(IMTHUMTe21)
IDXRTIAXASIOXL

IDXe2InXBe1DXL

IDXN=INnXC+I1DXL

IDX; SInXDe1DXL=1

IF (INDYL.-E.ILVECP) Gn TO 10
PRIMT 190y T1DXLeILVECP

RETHRN

COMOUTE ZERO ORIGIN,

CONTINDE

AMINZXoLT (1)

XMAY=Xpl T(IMT)

YMIN=YeLT (1)

YMAYSYRLT (UMT)

TEMY=F) UX (1)

TEMBM=ZTEMX )

U 2V JDY=1 4 IMUMT

TEMPI=p UX({TDY)

TEMX=AMAX] (TEMXs TEMPY)
TEMOM=AMIN] {TEMPMyTEMPT)

END OF T0Y LOOP,

COMTINUE

TEMD=g.,.0

IF (TEMX(GT,TEMPM) TEMp=SCALE/(TEMX=TEMpM)
IF (TEMP4EQe040) GO To 40

Scar £ vALUES TO BE PLOTTED

DO 3V t0Y=1eIMYMT

FLUX {INY)=TEMPRFLUX (TDY)
CONTINNE

CONTINGE

ENCAVE (209230 ITITLE (5))XMINGXMAX
ENCOAVE (2092400 ITITLE (7)) YMINGYMAX
CMaY=TeMX

CHINITEMPM

IF (TEMPeNE.OeD) CMAX=CMAXH#TEMP
1F (TEMP(NEL0s0) CMIN=CMIN®TEMP
SCcMAX=TEMX

SCMIN=TEMPM

IF (CMAX.LEJCMIN) GO To 160
RELATE R AND Z VALUES TO ORIGIN
DO 50 10Y=1,4IMT

XPLY INY)=XPLT(IDY)=XMIN
ConTINpE

DO AU pDY=] 0 JMT

YPLT(INYI=YPLT (IDY)=YMIN
CONTINUE

PRINT 2009 LABELZ

CALL PLTXYZ (FLUXGXPLToYPLTIIMT o JMTsANGT ANGF s AMII X s AMULV 4 VECP (TR X
1A) 4VECP (IDXB) ¢ VECP (10XC) s VECP (IDXD) s IRA,IRBsICR, 1CC)

RESTORF R AND Z VALUES

00 70 1DY=1,IMT
XPLTIINY)=XPLT (IDY) ¢ XMTN
CONTINIE

DO AU Y31 9JMT
YPLYINY)sYPLT(IDY) +YMIN
CONTINIIE

WRITE OB IDENTIFICATION

CALL NLCH (1564999294444 J0B=9])
CAL1 DI.CH (206,992,10,1TITLE,1)

PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
pLNTS
PI.OTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
P OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
P OTS
PL.OTS
PLLOTS
PLOTS
pPLOTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1261
1262
1263
1264
1268
1266
1267
1268
1269
1270
127
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
128%
1286
1287
) 2RR8
1289
1290
129
1292
1293
129%a
12985
1296
1297
1298
1299
1300
1301
1302
1303
1304
1308
130a
1307
1308
1300
1310
13
1312
13113
1314
1318
1314
1N
1318
1319
132n
132y
1322
13213

139




90

100

110
120

140

WRITE nATE

CALL DLCH (4004992,54-HDATFE,1)
CAL| DLCH (46645992410, 1TITLE(2)91)
wRITE 10

CALL DICH (154,4952,60,ITITLE(31)y1)
wRITL FUNCTION RANGE

ENCAUE (2092204 ITITLF (3))SCMINGSCMAX
CALL NICH (696095247 ¢ 7THRANGE ==y 1)
CALI OLCH (7804952,20,1TITILE(3)e])
WRITE x RANGE

CALI DI CH (7804972420, TTITLE(S)s1)
WRITE v RANGE

CALI DLCH (7804992420,1TITIE(7)4))
CALYL DLCH (1544972960,ITITLE(12)s1)
LABFL FHE AXES

IRA7231RA=T2

IRA72=vAX0 (IRAT240)

CALI DiCH (ICC+IRAT24NCLILABELX1)
Cali DI CH (ICByIKB=]11+NCLoLABELY»])
CAL| DILCH (270480 9NCLLABF|. Zy2)}
CALI NDLCH (2004495, TIGERY2)

CALI. AnV (1)

DIVTIS=ZARS (CMAX)

IF (D1vIS+EQe0.0) DIVISSABRS(CMIN)
IF ({CMAX=CMIN) /UIVIS.LEe1.,0E=6) GO TO 160
IF (LCP.EQ4O) GO TO 160

IF (LCPr+GT40) GO TO 1rn

CoMoUTe PLOT INTERVALS GIVEN FF AND NC
NC=1ABs (LCP)

ANC=NC

VNC=2!.q/ANC
VNCMZ] 0/ (ANC=1,0)

EONE22 7182818

ALPHTVNCM® (ANCH#EXP (FF) =EONE)}
BETASANCOVNCM® (EONE=EXP (FF))
CDIF=CMAX=CMIN

D0 o0 N=1eNC

VECP {Ny=CYIF#AL OG (ALLPH+FLOAT (N) #VNCHRETA) +CMIN
CONTINE

CMINZ (1.0=FF)#VECP (1)
CONTINNE

I1=n

IMl2IMT

IMX=

JMladMy

JMX=l

JTORZ Fe

DO 140 J=l,4JMT

NFQOIIND=o T,

IToe=,r.

DO 180 I=1,IMT

It=rley

IF (FLUX(XIT)«LT4CMIN} GO TO 120
NFOIIND=oF o

IF (ITaP) GO TO 110

ITOD=0+‘

IM1I=MINO(IM19])
IMX=MAXQ (IMX o 1)

GO TO j20

IMX=MAXO (IMX oI}

ConTINNE

IF (NFAUND) 60 TO 140

P NTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
Py OTS
P|.OTS
PLOTS
PLOTS
PLOTS
P.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PL.OTS
PI.OTS
PLOTS
Py 0TS
BL.OTS
PLOTS
PLOTS
P1.OTS
PILOTS
PILOTS
PLOTS
P1.OTS
PLOTS
PLOTS
Pt 0TS
P1.OTS
PLOTS
PLOTS
pLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
Py 0TS
PLOTS
PLOTS
PLOTS
P[.OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PIOTS
PLOTS
P OTS
PLOTS

1324
13258
1324
1327
1328
1329
133n
13N
1332
1333
1334
1335
1334
1337
1338
1339
1340
1341
134>
1343
1344
1345
1344
1347
y34n
1349
1359
1351
1352
1353
1354
1355
1356
1357
135%R
1359
13690
1361
1367
1363
13504
1365
1366
1347
136a
1369
1370
131
137>
1373
1374
1375
137%
1377
13718
1379
1380
1381
1382
1383
1384
1388
1384



130
140

150

160

170
180

IF (JTAP) GO TO 130

JTOP= .7,

JMI=MINO (UMY s )

GO v0 J40

JMX=MAXO (JMX e J)

CONTINIE

IF NO pEGION FOUND GO TO ERROR PRINT ANp SKIP cONTOUR PLnT
IPRaeFALSE,

IF (1M1 ,GE,IMX) IPR=.TRUE,

IF (JUM1.GE,JMX) IPR=,TRUE,

IF (eNAT.IPR) GO TO 180

PRIMT 5109 IMIsIMX9 UMy e JMX 9 SCMIMeSCMAX
GO 10 160 )
ToPx=xpL T {IMX)=XPLT (IM])
TOPY=YoL T (JMX) =YPLT (UM])
Id=tdM1=])81XeIM]

NJY=JMy=JM] el

NIX=lMx=]M)el

To pASq SCALE FACTOR VrA CNTRCOM TO CNTRJUR FOR CANTOUR LaRFLS
SCFal=TEMP

CALy Anv (1)

CALY CMTRUB (XPLT (IM1) oNIXGYPLY (UML) oNJY ,FLUX (1)) o IX o JYe] AP 4 EMIN, @
IMAX eCINTIVECP s TOPX o TOPY 9 IGRID s IDRWILABEL X o104 LARFLY10)
KX=TARa410

KX=MAXAa (KXyIXLeaB0)

KX=MINAIKXe780)

WRITE JOH IDENTIFICATION

CALI Dp:CH (KX=)6893094+4HJ0Bss1)

CALI D{CH (KX=1204304104ITTTLES1)
WRITE nATE

CAL; DI CH (KX436430+5,5HDATEZ,1)

CALI DI CH (KX*96+3041n«ITITLE(2)31)
WRITE pUNCTICN RaNGE

CALL NI CH (KX=909TIDRWsT797HRANGE==91)
ENCNUE (2092204 ITITLE ¢3))SCMIN S SCMAX
CALI D{.CH (KX9IDRWs20,ITITLE(3) 1)
IDRWil=1DMWe20

WRITE o AND Z RANGE

XMINC=yPET(IM])

XMACzyPL TC(IMX)

ENCOUE (204230, ITITLE (27))XMINC ¢ XMAXC
CALL NiCH (KXeIDFW]1420.ITITLE (27),1)
IDFUZ2=TDRW] +20

YMINC=yPLT (UMY

YHAYL=yPLT (UMX) ,

ENCNUE (2092404ITITLE (29))YMINC,YMAXC
CALI DL CH (KX9IDRW2420¢ITITLE(29)41)
WRITE 0

CALL DICH (IXLyIURWYs6QeITTTLE(31) 1)
IDRWI=TDRW24+20

CALL DI CH (IXLsTDRWI a0 ITITLE(12)9))
LABFL THE FUNCTION AXTS

CALi DLCH (110+30410+LABEL79])

CALl DICH (5094954 TIGFRe2)

CALl Apv (1)

END OF 1DX LOOP,

CoNTINGE

RESYORe FUNCYION VALUFS

IF (TEMP.EQ,0.0) GO Tn 180

TEMPI= 0/TENP

Do 170 IDY=1yIMUMT

FLUX{INY) =FLUX(IDY)#TEMPI

RE TNHN

PLOTS
PLOTS
Py OTS
PILOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
PLNTS
P 0TS
PLOTS
PLOTYS
PLNTS
PL.OTS
PLNTS
P OTS
PLOYS
PLOTS
PLOTS
PL OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
PLOTS
PLOTS
PI.OTS
P1.OTS
P1LOTS
PLOTS
PLOTS
P OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{.OTS
PLOTS
PLOTS
P1 OTS

1387
138a
1389

1399

1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1407
14013
1404
140g
1408
1407
1408
1409
141n
1411
1412
1413
1414
1418
1416
1417
1418
1410
1420
16421
1422
14273
1424
1429
164726
1427
142A8
1429
1430
143y
1437
1431
1434
1435
1434
1437
143R
1439
1440
144
1442
1447
1444
14485
1644
](0107
144R
1449

141



c

190 FORMAT (#0 NOT ENOUGH STORAGE AVAILAKLE FOR PLOTTING®#/20v.® DEQUIO
1ED =%TaedA,o AVAILABLE =®#18)

200 FORMAT (# PLOT MADE OF #A10)

210 FORMATY (¢0 ERROR TN CONTOUR VALUES=wpi OTS CANNAT RE mANFo/&
1 Iml, IMA, UM]1, UMXs SCMINy SCMAX #9471591P2F14,8)

220 FORWMAT (1Xs1PEQ.29942,1PES,2)

230 FORMAT (ox=#3FR, 398, 4,F8,73)

240 FORMAT (9YZBsF8,39%, #,F8,.3)
END
SURRUUTINE CNTRUB (XoNNX oY ¢NNY s Z4NZY oNZY (NC 9 ZMN 7MY 4DLZ 4 7Pi AN, DMP Y,
1UMPY Y 1QRD s IDRW ) LARELX ¢ NXLAL s LABELYsNYLBY )
COMMUN /CJUEO7/ IXLsIXReIYToIYRsXMNIXMXsYMXsYMN
COMMUN /CNTRCOM/ ISYM(50) 4SCFAC
DIMFNSTON XSCALE(2)s YSCALF(2)
EQUTVA] ENCE (XMINGXSCALE(1))s (XMAX¢XSCA} F(2))
EQUTVA) ENCE (YMIN,ZYSCALE(1))s (YHMAX,YSCALE(2))
DIMeNSION X (1) Y(1)e Z(NZXs1)s ZPLANI(L)
DIMeNSTON FMT (2)
LoGrCa; TEST
NOC=MTINO (TABS (NC) 0S0)
IMINZZuUN
ZMAX=7 1A
DEL7=n 2
LMapXzpMPX
VMADY =nMPY
NOX=1A0S (NNX)
NOY=T1aRS (NNY)
DO 1V ¢=1,450

10. ISyulry=0
Cc ESTABLTSH SCALES

XMIN=X (1)

142

20

30

40
50

XMAXYSX (MOX)

YMINTEY ()

YMAY3Y (MOY)

FGeRn=q,

IF (160D+GT40) FGRD==1GRD

CALI PrLJB (XSCALEsYSCALE®124191919FGRDIDMAPX enMAPV et ABELXNYLRLILAR

1EL Y NYy HLy=1)

IF (NC,LT,0) GO TO 50

IF (NNyoLEeO) CALL MINM (ZsNZXINOXINOYrp, j9ZMIND
IF (NNYJLE.Q) CALL MAXM (Z¢NZXINOXINOYsT. JeZMAY)
DEL7=5 (7MAX=~2ZMIN) / (NOCal4)

IF tMNZyeGT.0) GO TO 39

IMAXZ 7 AX=AMCD (ZMAX s DFI.2)
ZMIN=ZMIN«AMOD { ZMINLOFLZ)
NOC=MINDINOCYIFTA((7MAX=ZMTN) /DELZ+1.01) )
ZPLAN (1) =ZMIN

Do 40 1=2,NOC

ZPLAN () =ZPLAN(I=1)eDFrL 2

ConringFE

DO QU NY=2,.NOY

Ix=0N (MY 2)

DY=v(NY)=Y (NY=~1)

DO ”RU yNX=24NOX

NX=tNX

IF (IX_NE,0) NX=NOX=INX+2

LT1=L (X2 9NY=])

LT2=d (yXoNY~1)

2Y3=L{nXeNY)

LTa4=L (NX=14NY)

DXz=x INY) =X (NX=1)

PLOTS
PLOTS
pLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{ OTS
P1.OTS
Pl OTS
Pt OTS
Py 0TS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PLOTS
pLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P OTS
PILOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
P{ OTS
P|.OTS
PLOTS
PL.OTS
pPLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS

1450
1451
1452
1453
1454
1465%
1454
1457
1458
1459
1460
1461
1462
1463
1464
1468
1466
1467
1468
1469
1470
147y
1472
14773
1474
1475
1476
1477
147n
1479
1480
1481

1487
1483
1684
1485
1484
1487
14R8
14R9
149n
149

16492
1493
1494
1495
1496
1497
149AR
1499
1500
1501
1502
1501
1504
1508
1506
1607
150R
1509
1510
151

1812



OoO00

o000

o

IF (ARS(ZT3=2T1)~ABS(ZT4=ZT2)) 70,60460

60 CAL| TRCUB (XINX) 9yY(NY)s=DXo=DYsNOCeZPLANZT692T2:7272)

CAL) TQCJB (X({NX=])sY(NY=1)9DXsUY4NOCoZPL ANeZT247T71+2T4)
Go TO a0

70 CALI TRCJB (XINX=1)yY(NY)4DXemDYsNOCLPI ANIZT3,2T4,72T])

80
90

100

110

120

CALI TRCJB (X{MX)eY(NY=]1) e=DXsDYNOCsLPLANIZT]1,272,2T2)
CONTINNIE

CONTINNE

IDRWETvH+40

IDRW=MINO (IDRV,9485)

USE ULeH IF SPACE PERMITS

DLCH USES 12SP/H.CHAR = 15SP /V,CHAR
TSP USeS BSP/H.CHAR = 12SP/V.CHAR
TEST=oFs

I1TOoP=5a

IXR = RIGHT BOUNDARY

NOC = NUMBER OF CONTOURS

ITOP = SPACES DOWN FROM TOP LFFT FOR LAREL
1TST=1yRe142

IF (1TQT4GEL1024) TEST=WT,
ITSTENNAC®15+1ITOP

IF (l7s7,6E,1024) TESTa,T,
KX=7x9.10

KC=x*X4150

IF (TEQT) KC=KX+80

KY=1Top

00 110 I=14NOC
ZTEM=ZoLAN(1)/SCFAC

ENCOUE (1041204FMT)ZTEM

IF (TE<T) GO TO 100

CALI DI CH (KXsKY210eFMTs1)

CAL| Dy CH (KCoKYs0sIs1)

KY=zwYen5

Go T0 110

FMT (£ =SHIFT(I+54)

CALI T&P (KXsKY91]19FMT)

KYzkYe1?

CONTINNE

RETHIKN

FORMAY (1PE9+291X)

END 3

SUHRUUTINE PLJB (XeY4NPTSyINC,LNNgNSYM,CyxAAsYAA,{ ARELX¢Ny| (LARELY,
INYLNZLY

COMMON /CJEO7/ IXLeIXRsIYTeIYBIXMNIXMXrYMXYMN
DIMFENSION X (1)s Y (1)

INTFOERP GRIDF

B=AUAX] (AMAXI{Ce0¢) P (LNN®1Y90,}
LIN=ULNN

KSYHM=TARS {NSYM)

KINC=MAXO (TABS (INC) 41y

MPTS=TARS(NPTS)

XKXA=ARg(XAA)

YYAzARQ (YAA)

NXN=1ARS (NXL)

NYN=I1aRS (NYL)

GRINF=AMAX] (lesABS(C))

IF (NSyM.LT.0) GO TO 130

CALt MAXV (XeKINCoMPTS,ISURSXMX)

CALI MAXV (YsKINCoMPTS, ISURYMX)

CALI MINV (XsKINCoMPTg,1ISURIXMN)

CALL MENV (YIKINCIMPTS,ISURSYMN)

AlLSo THE LOG AXES Wl BE FULL “YCLES.

PLOTS
PLOTS
PLOTS
pLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PI.NOTS
PLOTS
PLOTS
anTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOYS
PLOTS
Py OTS
PLOTS
P OTS
PLOTS
PL.0OTS
PLOTS
PLOYS
Py 0TS
PLOTS
P.OTS
PLOTS
P1.0TS
P1.OTS
PLOTS
PLOTS

1513
1514
1515
1518
1517
1518
1519
1%2n
1521
1522
1523
1524
1528
1526
1527
152a
1529
1530
153
153>
1533
1534
1535
1536
1537
1538
1839
1540
1541
1542
1543
1544
1548
15464
1547
1548
1540
1550
1591
1852
1553
1554
1558
1554
1557
1558
1559
1560
1564
1562
1563
1564
156%
1566
1567
15619
1569
1570
157
1572
1573
1574
1575

143



000

10
20
30

40
50

A0

70

g0

90
100

110
120

144

IF ¥XA AND/OR YYA ARE NON=7ERQ THME LENGTHS
WILI RF CONSIDERED AS RATINS WHERE THE |aNGEST
SIDF IS FITTED ON A 84n POINT LINE.

1F {K!K.EQQO) XXA=6.

IF fYYAnEOQO) YYAz10,

IF (NeTS.,LT,0) GO TO 29

IF (RMnoNEJXMX) 6O TO 10

DXMze0nl12ABS (XMX)

IF foNoEQQO’ DXM=00001

XMN = XMA| =D XM

XMX=XMy ¢ DXM

CALI AQCL {SeXMNsXMXeMAJX s MINXIKKX)

GO0 7O =n

KUN=AL NGO (XMN)

XMK=ALAG10(XMX)

IF tINrLT,0) GO TO Sgp

IF (YMNJNELYMX) GO TO 40

OYM=eQn1#ABS (YMX)

IF (Dyu,EQ40) DYM=,0001

YMN:YMN-DYM

YMX:YMXQDYM

CALI ASCL (5sYMNsYMXeMAJY 9MINYSKKY)

GO TU 40

YMN=A| nG10 (YMN)

YMX=AL0G) 0 (YMX)

IF t1STGNULIINYL) oL Te0,ANDeINCLGT.0) YYA= (YMXLYMNY /YYA
IF (ISTGNCLINXL) eLTo0,ANDeNPTSeGTo0) XXAz (XMX=XMN) /XXA
MAKY=GaR [DFeMAJX

MAKYZRR TDF #MAJY

FACTZB40,/AMAX] (XXA,YYA)

IXL=66

IYT=b0

IXR=1X| +860.

IYR=1YT+860.

CALI FRAME (IXLsIXReIYToIYR)

IF 5InN{1,9XA%),G6T.0) GO TO 70

SWAP=XuN

XMNz= XMy

AMX=SWaP

IF (SIaN(1,9YAA)GT,0) GO TO 80

SWAPSYuN

YMNz2YMy

YMX=SWaAP

CALL NAA {IXLOIXReIYTHIYBOXMNXMXs YMX9YMNY

IF (NPTSeLTe0eANDGINC,LTe0) CALL DLGLG

IF (NPTS LT,0.4ND,INC,GEe0)Y CALL DLGLN (MaKY)
IF INPTSeGE«0«ANDSINC,1  To0) CALL DLNLG (MAKX)
IF INPTS.GEeOeANDsINCLGE«D) CALL DLNLN (MAKX(MAKY)
IF INPTSLT.0) GO TO 90

CALI SARLIN (MAJXyKKX}

Gn vU 00

CALL SRLOG

IF (INPr.LT,0) GO TO 110

CALIL SLLIN (MAJY KKY)

GO T 120

CALL S| LOG

CALL ExL

INXMR2E

IF (NXnoNEoO) CALL DLCH (MAXQ(5441XL* (IXR=IX| =)25NXN)/2), YR INXN,

INXNLARELXs])
INCx=14

IF (NYMGNEL0) CALL DLCV (INCXoMINO(IYB#+52.IYR=(TVYRIYT=124NYN)/2},

INYNJLARFLY 4 1)

PLOTS
PLOTS
PLOTS
PLOYS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P OTS
P1.OYS
PLnTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PILOTS
PI.OTS
PLOTS
PLOTS
PILOTS
P) OTS
PLOTS
PLOTS
P1.OTS
PI.OTS
PLOTS
pLNTS
PLOTS
Py 0TS
PLOTS
PL.OTS
PLOTS
PLOTS
P1.0TS
PLOTS
PLOTS
PI.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI1.OTS
PLOTS
PLOTS
PL.OTS
PLOTS
P1 OTS
PI.OTS
PLOTS
P1.OTS
PLNTS

1576
1577
157a
1579
1580
1581

1587
15873
1584
1588
1584
1587
158R
1589
1590
159

1592
15913
1594
1695
1594
1597
1598
1599
1600
1601
1602
16013
1604
1605
1606
1607
1608
1600
1610
161y

1612
1613
1614
1615
16814h
1617
16ln
t6la
1620
1621
1627
1623
1624
1629
1626
1627
1628
1629
1630
163)
1632
1633
1634
1635
1634
1637
1634



130

140

150
160
170

180
190

200

210
220

10

20

CALl EwH

IF (NZ{eLT.0) GO TO 229
PLOT PNINTS AND/OR { INF
MPTQEMpTSHKINC

Do 2lo NXP=]1yMPTS,KING
XTWA=X (NXP)

YTWASY (NAP)

IF (NPTS.LT,0) XTWO=A| 0Gl0(XTWO)

IF (INAeLTL0) YTWO=ALORIO(YTWO)

CALI CANVRT (XTWOsSNXTWO9XMNIXMXsTXLsIXR)
CALI CANVRT (YTWOSNYTWN s YMNaYMXoTYEZIYTy

IF INXp.EQ.1) GO TO 190
IF (LIneGEL0) GO TO 180

IF tMONLEINXP=1)/KINC) s TABS(LIN)) 4NELO) 60 TH 18a

CALL EvxbL
CAL1 OLCH (NXTWOWNYTWA,09KSYM, 1}
CapL). £vH
GO TU 200

IF t(H,rta04) GO TO 29n
Dn 170 1H=1,4

CaLy P.T (NXTWO,NYTWO,42)
Go v0 >00

IF (8.,r0e0e) CALL DRV (NXONEsNYONEINXTWONYTWO)

IF (LIMeNELO) GO TO 149
IF (B, nFeD,) GO TO 160
NYOnE=NYTWO

NXOME =y XTWO

CONTINIIE

RE TiIHN

END

SUBRUUTINE TRCJIB(XsYsDXsDYeNOCIZPLANYZX,7Vs2ZY)

COMMUN /CNTRCOM/ ISYM(S0)+SCFAC

DIMFNSTON XP(2+50)y YO (24500, ZT(4), ZPLANI(])

2T (1) =9X

2T(?) =7V

Zr(2)=7Y

2T (47X
ZTMIN=AMINI(ZT (1) 92T (P) 27 (3))
ZTMAXR=AMAXY (2T (1) 42T(2)92T(3))
IMIMENAC*]

IMay=0

o 19 L=1,n0C

J=NnACawe]

IF (ZP) AN(J) s GEoLTMINY IMINZ=Y
IF (4P) AN(K) +LEe2THMAX) IMAX=K
CONTINUFE

INT=IMaX=IMIN

IF l1N+oLToOcORolTMIN.EooZTMAX) GO TO 139

12=

DO 110 K=1¢3
LTMARZAMAXY (ZT(K) 92T (K+1))
ZPMIN=AMINY (2T (K) 9ZT (Ke1))
MTN:EO(‘l

po 2V y=1,M0C
IN2Z=NOr=J*]

11? l?P[AN(INZ).GT.ZPNrN.OR.(ZPLAN(INZ).EQ.ZPMIN.ANn.ZTMtM.FO,ZPMiN
1) MINSINZ

IF 14P) AN(J) aLE.ZTMAX) MAX=zJ
CONTINIE
INZ=MAx=MIN

IF (IN7.LT.0,0R.ZTMAX.FQeZPMIN) GO TO 110

IF (IN7=INT) %0,30,49

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
Pi.OTS
PLOTS
PLOTS
Py OTS
PLOYS
PILOTS
PLOTS
P 0TS
PLOTS
pLoTS
PLOTS
P 0TS
PLOTS
PLOTS
PLOTS
PLOTS
P|.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
B 0TS
PILOTS
PIL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.LOTS
PLOTS
PLOTS
PLOTS
PL OTS
PLLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PL.OTS
PI.OTS
PLOTS
PILOTS
P1.OTS
PLNTYS
PLOYS

1639
1640
1641
1647
1643
1644
1645
1644
1647
1648
1649
1654
1651
1652
1653
1694
165%
1654
14657
1658
1659
1660
1661
1662
16613
1664
1665
1666
1667
1668
1649
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
16A1
1682
1683
1684
1685
1684
1687
1688
1689
1690
1691
1692
16913
1694
1695
1696
1697
1698
1699
1700
1701
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30
40

50
60
70
80
990

100
110

120
130

60

146

G0 0 (50,40), 12
12=

GO TV w0

[2a> ]

Do 100 U=MINIMAX

GO TO (70+80990)y K

XP (T2 1) =XeDX® (ZPLAN(J)=ZT(2)) /(2T (1) =2T(2))

YP (124 ))=Y
GO t0 00
Xe (14, ))=X

YP (72 ) =YSDYR(ZPLAN( JI=Z2T(2))/(ZT(3)=2T(2))

GO TU.{00

KP {12 )ZXeDX®(ZPLANI Y =2T(3))/ (2T (1) ~2T(3))
YP (124 ))=YSDYP(ZPLANC I =ZT (1)) /(2T (3)=2T (1))

CONTINUE

CONTINIE

DO 120 J=IMINsIMAX

ISYM () =ISYM(J) +1

L=3

IF (MON(ISYM{J)010)eNFL1) L0

CALY PI.JB (XP({leJ)sYP(10J)02e19L 0=J909040+050904040)

CANTINIIF
RETHRN
END

SURPVUTINE PLTXYZ(FoXeYoIXeJYsANBTIANGF s aMULX 9 AMIILY s AA9ADOAGRBY TR

1A,10B,1CB8,1CC)

DIMENSTON F(1)y X{1)y Y(1)y AA(1)s AB(1), RA(1), RA(1}

YT=ql(ANGT) #AMULX
XT200S  ANGT) 8 AMUILX
YP=SIN(ANGF)PAMULY
XP=tlS (ANGF ) #AMULY
YTRYTaX(IX)
ATRxXTaxX(IX)
YPE=YP&Y (JY)
XPB-APaY (JY)

Xa=x TR+ XPH

EA=Te _

E:;:] OOn.

po 1Y p=l,1x

L=1

D0 10 g=1,y0Y

EsF (L)X (1) oYTay (J)oYp
EA=AMAy] (EAWE)
EB=aMIn1 (EBWE)
L=peIx

YCxvyTR.,YPB

IF (kg 20,440,440
DIF=YC4EB

IF (UTF) 30940440
YR=-U1F

Gn TU g0

YR=ne

YA=vyCeyBe+EA

CALI DrRA (12341023,04990,0,0,%XA,YA¢0.0)
CAL| FoAME (123+102340,900)
YD=yB+vTB

IA=1Xey

Do &Y y=l,1x
L=1a~1
AA(T)=xTB=XxTax (L)
AQ (1) =xPBeAA(])

K3 (1) =yD=YT&X (L)
Ra(r)=yPBeRB(I)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
P OTS
PILOTS
PLLOTS
PLOTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLNTS
PLOTS
PLOTS
PI NTS
Pi.OTS
PLOTS
PILLOTS
P OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
P|.OTS
PLOTS
P oTs
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PL OTS
PLOTS
PI.OTS
PLOTS
P1OTS
P1.OTS
PILOTS
PLOTS
PLOTS
PILOTS
PILOTS
PLLOTS
PLOTS
PLOTS
P| OTS
P.OTS

1702
1703
1704
1708
1706
1707
1708
1709
171n
1711

1712
1713
1714
1715
1714
1717
1718
1710
1720
1721

1722
1721
1724
1728
1724
1727
172R
]720
173n
1731
173>
1733
1734
1735
1736
1737
173n
1739
1740
1741
1742
1343
1748
1744
1747
1748
1749
1750
179
1752
1753
1754
1758
1754
1757
175A8
175q
1760
1761

176>
17613
1764




‘CALI PLOT (IXsAAs14RA,1932,0) PLOTS 1765

CAL{ PLOT (IX1AB+114RB,1432,1) PLOTS 17664
YE=vBasyPH PL 0TS 1767

DO 70 =1,JY PLOTS 1768
AA( ) =xPoY () PLOTS 1769

AB () =y TBsAA L) PLOTS 1770

KA () avE=YPeY () PLOTS 17N

70 RA (1) =yTHeRA(N P| OTS 1772
CALY PLOT (JYsAA914RA,1032,1) PL.OTS 1773
CALYI PLOT (JYYAB?'19RRe1932+0) P 0TS 1774
ZH=,U54FA PLOTS 1778
YF=yCavR PLOTS 1776

DO a0 | =1421 PL.OTS 1777

AA (1 ) =xT8B PLOTS 1778

RA (1 )=yFeZHOFLOAT (L=} PI.OTS 1779

80 ConTImng P1.OTS 1780
CaLy P.OT (21+AA19RA,1532,1) PLOTS 1781

DO U0 I=1eIX PLOTS 1782
L=1 PLNTS 1783

DO @0 =1,JY P1LOTS 1784

AA () =XTB=X(I)®XTeY (J)axXP PLOTS 1785

RA () =yF=X(I)2YT=Y{(J)sYP+F (L) PLOTS 1784

90 L=Lolx ' PLOTS 1787
CALI PLOT {(JY2AA9I19RAL1142,1) PLOTS 1788
100 ConTINKE PLOTS 1784
L=1 PLOTS 17%0

VN 129 J=1eJY PLOTS 1791

00 110-1=191X PLOTS 179>
AM( 1=y TB X (1) oxTay (JyaxP PLOTS 17913
RA(1)=vF=X{1)®YT=Y(J)sYP+F (L) PL.OTS 1794
110 L=L.] PI.OTS 1788
CALI PLOT (IX94As14RA,1442,1) PIL.OTS 1794
120 CONTINNHE P OTS 1797
CA=»Z, 4 (XPB+.54XTB) #113,/XA PLOTS 17918
CA=aMINI(LAL116,0) PLOTS 1799
CR=0eayPBEGE5/XA P).OTS 1800
CC=xlnu113,/XA PL OTS 1801
RR=6! ,6(l,m(45%YPR4YB) /YA) ], PLOTS 1802
Razg7 ,8(1ly=(o,58YTBeYB) /YA) 41, PLOTS 18013
TIY=KR#16.0=8¢0 PLOTS 1804
IRB=IFTX(TIY) PLOTS 1805
TIY=RA316,0-8,0 P1LOTS 1804
IRA=IFTX(TIY) PLOTS 1807
TiX=CCoBe0=4.0 PLOTS 1808
Icc=lrrx(TIx) P OTS 1809
T1x=zCR58.0=440 PILOTS 181n
Ica=IlFyx(TIX) PLOTS 1811

c RETIIRY WITHOUT ADVANCE OF THE FRAME, PLNTS 1812
RETIUNY P1LOTS 1819
END PLOTS 1814

COPYSF JENn OF FILE
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APPENDIX E

COMPARISON OF FRACTION IN COOLANT
AND CUMULATIVE RELEASE AT TWO HOURS

131

Calculations for I were made for the Ft. St. Vrain fuel model
(MFUEL = 1) with an average age of 2.5 yr (AGE = 2.5) and the fuel
was not aged (LAGE = F). A BISO-TRISO mixture (0.06, 0.04) was
used (FRAC = 0.6). Six partitions of the core volume IC = 1, 5, 10,

25, 100, 200 and five partitions of the 20-h time period IT = 20,
40, 100, 300, 500 were used. The four temperature models SORS,
CORCON, AYER, and AYER Fu-Cort (ITEMP = 1, 2, 3, 4) and the four
equation models, Simplified Model Equation-Renormalized, Constant
Release-Renormalized, Linear Release-Renormalized, Intact-Failed
Self-Consistent fuel transition (NEQ = 1, 2, 3, 4) were used. The
most sensitive test of these 320 calculations was the comparison
of the fraction in the coolant and the cumulative release at 2-h
time.

In Tables E.I through E.XXVIII we exhibit a summary of these
results at 2 h. We note that the maximum variation between (IT,
IC) of (100, 100) and 500,200) for the >t

coolant is 20% for any temperature model, whereas the various

I fraction release in the

temperature models differ by as much as a factor of 3.73 (NEQ = 4;
ITEMP = 1,3; IT = 500, IC = 200).

A similar remark holds for the cumulative release where the
maximum variation between (IT, IC) of (100,100) and (500,200) for
the 1311 cumulative release is about 19%, whereas the various
temperature models differ by as much as a factor of 3.03 (NEQ = 4,
ITEMP = 1,3; IT = 100, IC = 100).

It should be noted that we are comparing the fraction at the

10”% level and the release at less than the 1 Ci level here.
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TABLE E.I

1317 pracTION IN CoOLANT x 10 at 2 n
ITEMP = 1, NEQ = 1, 2
T
1c 20 40 100 300 500
1 1.38 1.14 1.26 1.38 1.41
5 1.75 1.97 3.17 3.70 3.80
10 1.85 2.91 4.15 4.78 4.91
25 1.95 3.36 4.75 5.43 5.57
100 2.09 3.78 5.22 5.89 6.03
200 2.12 3.82 5.26 5.92 6.06 |
TABLE E.II
1317 FraCTION IN COOLANT x 10 at 2 h
ITEMP = 1, NEQ = 3
T
1c 20 40 100 300 500
1 1.38 1.14 1.26 1.38 1.41
5 1.75 1.97 3.17 3.70 3.80
10 1.85 2.91 4.15 4.78 4.91
25 1.95 3.36 4.75 5.43 5.57
100 2.09 3.78 5.22 5.89 6.03
200 2.12 3.81 5.26 5.92 6.06
TABLE E.III
131y pRACTION IN COOLANT x 10% at 2 h
ITEMP = 1, NEQ = 4
IT 1
IC 20 40 100 300 500 |
1 2.24 1.67 1.50 1.46 1.45
5 5.49 4.11 4.01 3.98 3.97
10 6.59 5.39 5.14 5.11 5.11
25 7.14 5.99 5.79 5.78 5.78
100 7.48 6.44 6.26 6.24 6.24
200 7.51 6.47 6.30 6.27 6.27
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TABLE E.IV
131

I FRACTION IN COOLANT x 104 at 2 h
ITEMP = 2, NEQ = 1,2

IT
Ic-- 20 40 100 300 500
1 0.85 0.76 0.74 0.74 0.74
5 1.03 0.98 1.02 1.05 1.06
10 1.08 1.10 1.24 1.32 1.34
25 1.14 1.25 1.42 1.51 1.53
100 1.20 1.37 1.57 1.68 1.70
200 1.21 1.38 1.58 1.69 1.71
131 TABLE E.V A
I FRACTION IN COOLANT x 10° at 2 h
ITEMP = 2, NEQ = 3

IT
o 20 40 100 300 500
1 0.85 0.76 0.74 0.74 0.74
5 1.03 0.98 1.02 1.05 1.06
10 1.08 1.10 1.24 1.32 1.34
25 1.14 1.25 1.42 1.51 1.53
100 1.20 1.37 1.57 1.68 1.70
200 1.21 1.38 1.58 1.69 1.71

TABLE E.VI
131; pracTION IN CoOLANT x 10% at 2h
ITEMP = 2, NEQ = 4

IT
IC 20 40 100 300 500
1 0.85 0.76 0.74 0.74 0.74
5 1.36 1.16 1.10 1.08 1.08
10 1.69 1.44 1.37 1.38 1.37
25 1.89 1.64 1.58 1.36 1.56
100 2.05 1.81 1.75 1.74 1.74
200 2.06 1.82 1.76 1.75 1.75
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TABLE E.VII
131 4

I FRACTION IN COOLANT x 10" at 2 h
ITEMP = 3, NEQ = 1,2
iT
IC 20 40 100 300 500
0.93 0.81 0.78 0.78 0.78
1.08 0.95 1.05 1.14 1.16
10 1.11 1.05 1.24 1.36 1.38
25 1.13 1.10 1.35 1.48 1.51
100 1.14 1.18 1.44 1.59 1.62
200 1.14 1.18 1.45 1.60 1.63
TABLE E.VIII
1311 FRACTION IN COOLANT x 104 at 2 h
ITEMP = 3, NEQ = .3
IT
IC 20 40 100 300 500
0.93 0.81 0.78 0.78 0.78
5 l1.08 0.95 1.05 1.14 1.16
10 1.11 1.05 1.24 1.36 1.38
25 1.13 1.10 1.35 1.48 1.51
100 1.14 1.18 1.44 1.59 1.62
200 1.14 1.18 1.45 1.60 1.63
TABLE E.IX
1311 FRACTION IN COOLANT x 104 at 2h
ITEMP = 3, NEQ = 4
IT
IC 20 40 100 300 500
1l 1.02 0.87 0.81 0.79 0.79
5 1.69 1.33 1.21 1.20 1.20
10 1.95 1.55 1.44 1.43 1.42
25 2.09 1.66 1.58 1.56 1.56
100 2.20 1.78 1.69 1.67 1.67
200 2.21 1.79 1.69 1.68 1.68
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TABLE E.X

131I FRACTION IN COOLANT x 104 at 2 h

ITEMP = 4, NEQ = 1,2

IT
e 20 40 100 300 500
1 0.94 0.84 0.81 0.81 0.81
5 1.25 1.41 1.94 2.20 2.26
10 1.26 1.48 2.07 2.36 2.42
25 1.27 1.55 2.15 2.45 2.51
100 1.28 1.59 2.20 2.51 2.57
200 1.28 1.59 2.20 2.51 2.57
TABLE E.XI
131y praCTION IN COOLANT x 10% at 2 h
ITEMP = 4, NEQ = 3
\;E\EE\ 20 40 100 300 500
1 0.94 0.84 0.81 0.81 0.81
5 1.25 1.41 1.94 2.20 2.26
10 1.26 1.48 2.07 2.36 2.42
25 1.27 1.55 2.15 2.45 2.51
100 1.28 1.59 2.20 2.51 2.57
200 1.28 1.59 2.20 2.51 2.57
TABLE E.XIT
1311 FRACTION IN COOLANT x 104 at 2 h
ITEMP = 4, NEQ = 3
IT
Ic 20 40 100 300 500
1 0.97 0.86 0.82 0.81 0.81
5 3.12 2.46 2.37 2.35 2.34
10 3.30 2.62 2.53 2.51 2.51
25 3.40 2.73 2.63 2.61 2.61
100 3.47 2.79 2.69 2.67 2.67
200 3.47 2.80 2.69 2.67 2.67
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TABLE E.XIII

1311 CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 1, NEQ = 1

IC

IT 20 40 100 300 500
1 0.187 0.125 0.114 0.114 0.115

5 0.238 0.195 0.220 0.238 0.244
10 0.251 0.264 0.284 0.309 0.316
25 0.265 0.299 0.325 0.355 0.363
100 0.282 0.332 0.362 0.393 0.401
200 0.286 0.335 0.364 0.395 0.403

TABLE E.XIV
131 .
I CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 2
IC

17 20 40 100 300 500
1 0.187 0.125 0.114 0.114 0.115

5 0.238 0.195 0.220 0.238 0.244
10 0.251 0.264 0.284 0.309 0.316
25 0.265 0.299 0.325 0.335 0.363
100 0.282 0.332 0.362 0.393 0.401
200 0.286 0.335 0.364 0.395 0.402
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TABLE E.XV

131I CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 1, NEQ = 3

s 20 40 100 300 500
1 0.151 0.115 0.112 0.113 0.115
5 0.191 0.177 0.215 0.238 0.243
10 0.201 0.237 0.277 0.308 0.316
25 0.212 0.266 0.317 0.354 0.362
100 0.226 0.295 0.353 0.391 0.400
200 0.228 0.298 0.355 0.394 0.403
TABLE E.XVI
131I CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 4
S| 20 40 100 300 500
1 0.263 0.151 0.122 0.117 0.116
5 0.566 0.309 0.265 0.254 0.253
10 0.677 0.411 0.341 0.329 0.328
25 0.720 0.461 0.389 0.378 0.377
100 0.756 0.501 0.429 0.416 0.415
200 0.760 0.505 0.432 0.419 0.418
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TABLE E.XVIT

131
I CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 2, NEQ =1

- c 20 40 100 300 500
1 0.129 0.102 0.096 0.095 0.095

5 0.157 0.127 0.121 0.121 0.122
10 0.163 0.138 0.136 0.139 0.140
25 0.172 0.151 0.151 0.155 0.156
100 0.179 0.161 0.164 0.169 0.171
200 0.180 0.162 0.165 0.171 0.172

TABLE E.XVIII
1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 2

e L 40 100 300 500
1 0.129 0.102 0.096 0.095 0.095
5 0.157 0.127 0.121 0.121 0.122
10 0.163 0.138 0.136 0.139 0.140
25 0.172 0.151 0.151 0.155 0.156
100 0.179 0.161 0.164 0.169 0.171
200 0.180 0.162 0.165 0.171 0.172
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TABLE E.XIX

1311 CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 2, NEQ = 3

I 20 40 100 300 500
1 0.115 0.099 0.095 0.095 0.095
5 0.139 0.122 0.120 0.121 0.122
10 0.145 0.132 0.135 0.139 0.140
25 0.152 0.144 0.149 0.155 0.156
100 0.158 0.154 0.162 0.169 0.171
200 0.159 0.155 0.163 0.170 0.172

TABLE E.XX
1317 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 4

o ic 20 40 100 300 500
1 0.129 0.102 0.096 0.095 0.095

5 0.186 0.137 0.125 0.123 0.122
10 0.217 0.158 0.144 0.142 0.142
25 0.238 0.177 0.161 0.159 0.158
100 0.255 0.192 0.177 0.174 0.174
200 0.257 0.194 0.178 0.175 0.175
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e

TABLE E.XXT

1311 CUMULATIVE RELEASE (Ci) at 2 h

ITEMP = 3, NEQ = 1

IT

= 20 40 100 300 500
1 0.132 0.099 0.089 0.088 0.087
5 0.152 0.113 0.107 0.108 0.108
10 0.157 0.121 0.116 0.119 0.120
25 0.159 0.125 0.123 0.127 0.128
100 0.160 0.131 0.129 0.133 0.135
200 0.161 0.131 0.129 0.134 0.135
TABLE E.XXII
131 CUMULATIVE RELEASE (Ci) at 2 h
ITEMP = 3, NEQ = 2
N L 40 100 300 500
1 0.132 0.099 0.089 0.088 0.087
5 0.153 0.113 0.107 0.108 0.108
10 0.157 0.121 0.116 0.119 0.120
25 0.159 0.125 0.123 0.127 0.128
100 0.161 0.131 0.129 0.133 0.135
200 0.161 0.131 0.129 0.134 0.135
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TABLE E.XXIII

131

I CUMULATIVE RELEASE (Ci) at 2 h

ITEMP 3, NEQ = 3
ot 20 40 100 300 500
1 0.111 0.093 0.088 0.087 0.087
5 0.127 0.106 0.106 0.108 0.108
10 0.131 0.114 0.115 0.119 0.120
25 0.132 0.116 0.121 0.127 0.128
100 0.134 0.122 0.127 0.133 0.135
200 0.134 0.122 0.127 0.134 0.135
TABLE E.XXIV
l3lI CUMULATIVE RELEASE {(Ci) at 2 h
ITEMP = 3, NEQ = 4
] 20 40 100 300 500
1 0.140 0.102 0.090 0.088 0.088
5 0.207 0.132 0.113 0.110 0.110
10 0.231 0.147 0.126 0.122 0.122
25 0.244 0.155 0.135 0.131 0.131
100 0.254 0.164 0.142 0.138 0.138
200 0.255 0.165 0.142 0.138 0.138
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TABLE E.XXV

1

I CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 1

IT

3 20 40 100 300 500
1 0.139 0.110 0.102 0.100 0.100

5 0.182 0.162 0.170 0.181 0.183
10 0.184 0.167 0.178 0.189 0.192
25 0.185 0.172 0.183 0.195 0.198
100 0.186 0.175 0.186 0.198 0.202
200 0.186 0.175 0.186 0.198 0.202

TABLE E.XXVI
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 2

IS 20 40 100 300 500
1 0.139 0.110 0.102 0.100 0.100
5 0.182 0.162 0.170 0.181 0.183
10 0.184 0.167 0.178 0.189 0.192
25 0.186 0.172 0.183 0.195 0.198
100 0.186 0.175 0.186 0.198 0.202
200 0.186 0.175 0.186 0.198 0.202
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TABLE E.XXVII

131I CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 4, NEQ = 3

»
=~ 20 40 100 300 500
1 0.120 0.105 0.101 0.100 0.100 N
5 0.156 0.152 0.168 0.180 0.183
10 0.157 0.156 0.176 0.189 0.192
25 0.158 0.161 0.180 0.195 0.198
100 0.159 0.163 0.183 0.198 0.201
200 0.159 0.163 0.183 0.198 0.202
TABLE E.XXVIII
131, CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 4
G L 40 100 300 500
1 0.142 0.111 0.102 0.101 0.100
5 0.346 0.220 0.194 0.189 0.189
10 0.362 0.231 0.204 0.199 0.198
25 0.372 0.240 0.210 0.205 0.204
100 0.378 0.244 0.214 0.208 0.208 )
200 0.378 0.244 0.214 0.208 0.208 ’
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