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LARC-1l: 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-
quate 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,* vVer-
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.

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

Using assumptions 1-5, the four Simplified model equations

are given by

dn(t) _
T
R(T) =.[ rl(s)N(s)ds, (2)
o
dN' (t *
T = s - 2" ON (@, o<t <, (3)
T
R (1) =f 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 N00014-75C-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) = XA + V(t) + L(t) is the total decay constant for

the containment building,

v(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 < 1. We further

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

namely

S(t) = Rét) , 0 <t<rT (5)
which is valid if all the time steps are equal and small. 1In
the other models we use

s(e) = GBI, (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) = L~ (1-e"M7), (8)
l A* A*
N'(t) = N'(O)e_ T + R/(\i) (1 - e_ T), and (9)
T



% %
N'(O)(l—e_A Ty &+ LR(T) -A

R' (1) = T _(1+AT 1)1, (L0)

> |F

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

AT

A(kTt) = Al(k-1)tle " + R(1) and (11)

A'(k1) = Al(k-1)tle T + 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, 6, are determined by

£, =2 [£(0) + r(u)l, (13)
L=2 (L0 +L(1)], ana (14)
V=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 rs 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 + (l-a) - XTRISO where a = 0.6
and X is a release, either R or R'. Then the differential

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



aN, (¢)
T = - MBI (b, (16)
T
R; (1) = [ r,(s)N, (s)ds , (17)
O
aN, (t) «
—aE— = S;(8) - AN (¢), (18)
\J T \J
Ri(1) = [ L(s)N](s)ds,and (19)
O
aR; (t)

Integrating Eqgs. (16-17), using Egs-.(2) and (13-15) we find

—AiT
Ni(T) = e Ni(O), (21)
Ei -Ag T
Ri(T) = KI (l-e )N, (0), (22)
( A* ] E- _A-T A* *
e TN (0) + % (e = - e " )N, (0) if A'# A
' A -4,
— 1
Ni(T)—<
—A*T ! = —A*T *
Le Ni(O) + r;Te Ni(O) if A = Ai, (23)
B ¥ Lr. -A.T
L e Onlo) + 2 L f1-e 1)
i A,
A A=A, i
1
! 1 iy *
R, (1) ={ - 2 (l-e )N (0) if AT # Ay,
A
- a* , ILr. ¥
L - Tl (o) —5 [1-(+2"ne™ T N, (0) if a*=n,,
A 1 A 1 1

(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(t) 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, (%)

F(t) = Ny (E) + N, () ) (25)

Assuming that we know F(t), which we do, then we want to adjust
the ratio Nl/N2 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 (T) + N,(1)] > Ny (0)
[1 - F(D 1INy (1) + Ny (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.

) )
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 Eqg. (13) for the Ei’
we also tried time centering Ei defined by

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

Those results were not in as good agreement as using Eq. (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

r, =
i

Nf =

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

over the time interval T.

Now we approximate the release function of time over the time

interval T, given by suppressing the subscript i)

r(t) = > la + b (t-t)1[6(t-t,) - k-t )], (29)
k=1

where 6(x) is the Heaviside step-function defined by

l, x>0
B(x) = (30)

0, x < 0 .

Denoting

r[T(tk)]

ey — E

Ty
T

(31)

k

we solve for the ay and bk in Eg. (29) to obtain



ak = rk and

(32)
by = (rpy; - )/t
Note that using Eg. (32) in (29), we obtain
1 _ 1

which is equivalent to Eq. (28).

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

Release-Renormalized model are

dNi(t)
—qc - " Ai(t)Ni(t) , (34)
T
Ri(T) =‘[ ri(s)Ni(s)ds , (35)
o
an, (t) .
. T
R; (1) = j L(s)N; (s)ds, (37)
o
dRi(t)
A (E) = A+ x(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 Eg. (32) as



a = rl(O) and
(41)

i
bl = [rl(T) - rl(O)]/T.
After solving Egs. (34-38) we apply the same renormalization

as discussed in the Constant Release-Renormalized model, namely

Eq. (28).
(34-38) is straightforward, using

The integration of Egs.
the methods developed in Appendices A and B, with the results

that
-A.T
N, (1) = e 1 N, (0), (42)
K,
R, (1) = [l-e = AP, (A;,B8,7)IN, (0), (43)
*
No(t) = e P N (0) + [(F + D)P_(A.-A%, 3, 1)
i =€ i o' 1o
(A =A%) %
+ l-e T je™h T N (0) (44)
' 3 A" T A"
- A L -
R, (1) = N (1-e T)Ni(O) + N [1-e™" T_ AP (A;,B,T) +
AF *
=, - - T
(V+L) e Po(Ai-A ,B,T)]Ni(O), (45)
where_ b.1
A. = A + a. + X ’
i 1 2
Ai=}\+air (46)
by
B = 5 ’
and
T 2
k —vs—
Plve8i) = [ds s e TYSBS L LAk p (g (an)
O

10



with

Y2/4B

P (v,8,71) = 3V e lerf(vBr + Yo ) - erf (X—)]. (48)

2V8 2V/B

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

where it is

P,(0,8,1)

PO(Y,O,T)
and

PO(O,O,T)

shown that

L/

2 B erf (/ Bt) if y =0, B#0 (49)
11 ity #£o0,8=0 (50)
T if y=8=0 (51)

Also involved in the integration of Egs. (34-38), and

derived in Appendices A and B, are the integrals

P (v,8,1) = [ a vs-gs? | _y ( )
1\YeP,T —f S s e = 28 OYIBIT
(@]
2
1 -YT-BT
+ 78 (l-e ). (52)
L 1 * -2
[as e™ S p (v,8,8) = %t AT+ v,8,1) - et TR (v,8,1)1,(53)
S A
and

11



T —A*s _ 1 * *
ds e P (YIBIS) = * [—(A + Y)P (A + YIBIT)
1 284 o)

(o}

* *

-A A T].

+ ye ™ TP (y,8,T)+ 1-e” (54)

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

explicitly as

*
Y=A1_AIB#0

' A* ' A* _ 2

Ny = et T o) + e Trap (0,8,1) + 1-e7FT 1N, (0) (55)
A*

' _ = ol T 1 ot *

Ri() = I (55— N (0) + 5 [a=0)R (A8, T)
A*
-a;P (0,8,7) + 1-e"" TIN.(0)} . (56)
y=a,-0" #0, 8=0
* (A ’\*) *

\ _ ' a. -(A.-A )T _

N, (1) = e Tnp(o) e e AT (o) (57)
i

, —A*T . a. A* -A.T
R. (1) = f,{l e* N. (0) + _i[—%; (1-e ™ ) Kl— (l-e 1) Ni(O)}.
* A * K. LA i

1 (58) -
*
Yy =A~-A =0, 8=0
' A* *
_ =A T -A T
Ni(T) = e Ni(O) + a.te Ni(O) (59)

12



! = l—e_A*T ! aj * —A*T
Ri(T) =1 { T— Ni(O) + Fz [1-(1+A T)e ]Ni(O)}. (60)

In the B = 0 }imit, a; = Ei using Eg. (41), and E?. (57)
and Egqg. (59) for Ni(r) and Egq. (58) and Eg. (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-Caonsistent 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 (Eg.61l) and intact (Eq.62) fuel particles

can be represented by

le o .
= = _(}\+rl)Nl + GN, (failed) (61)
sz - .
ac = —(A+r2)N2 - GN2 (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

= % [r; (0) + r, ()], i=1,2 (63)

lall

i

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

from the definition of the failed fraction

N, () (
F(t) = . 64)
N (B) + N, (E)
Differentiating ( = é%) Eq. (64), we obtain
: N (t) N, (t)
F(t) = [1 - F(t)] - F(t) (65)

Nl(t) + Nz(t) Nl(t) F Nz(t) !

where we have used Eqg.(64). Defining
A, =X +r, ,i=1,2 (66)

1 1

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

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

+ (Al_Az)F(t) . (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



F(0)

v}
i

(70)
_ F(t) - F(0)
- T

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

3
Nl(T) =zg Ak Mk(T)
=0

and (71)

where the functions Mk(T) are defined as

-A.T
_ 1
MO(T) = e ’
T
-AT _ a2
m () =e b [ as skl oSBT gy g,
o
—~ TR 2
M4(T) = VT Bt , and
2
MS(T) = e YT-BTT | (72)

The constants (in the time interval T) o, B, Y, and Ak are

given by

o = (Ay-A,) (1-a)

B =-(A1—A2) b/2 .

Y = Aja + Ay(l-a) = Ay - a, (73)
and .

15
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A = Nl(O) 4

(@)
N2(0)
A; = [b + (A=A (1-a)] ~f= -
N> (0) .
A, = (A;-A,) [b(l-a)-ab] =2~ (74)
b2N2(0) :
Ay = —(Ay-hy) —g=—
A4 = N2(0) , and
bN., (0)
3 2
Bg = = 17 -

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) = 25 Bk Pk (T)
R=0

5
R2(T) = 25 By Pk(T) , (76)
R=4

where the functions Pk(T) are defined by

T
Ek(r) =_[ ds M, (s) (77)
O

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

0 <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

P (Y,8,T)

2
ds e—ys—Bs

I
0 —

1 v2/28
= LJ/T . [erf(/ET + J_ ) - erf (X , (79)
28 2V 2/

then by integration and differentiation [with respect to the

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

by
=M.t
_ 1
—AlT
Ml(Al,a,B,T) = e Po(—a,B,T)r
-AqT
1 2
My (Ap,a,8,1) = S [apg (-0, 8,10+ 1-e%T BT } ,
-A1t a2
M, (A ,0,8,T) = S (a%+28)P (-a,8,7) + a(1-e®T7BT)
3 1 482 O ’
2
—(0L—2B'r)e0LT_BT
- T—BT2
M4(YIBIT) = e Y ’
and
—YT—BT2
MS(Y,B,T) = Te . (80)
The functions M2(T) and M3(T) are expressible as
M (A ,t) - M, (A;-a,B,17) + oM, (Ay,0,B,T)
Mz(AllaIBIT) = ° 1 4 128 1 1 (81)

and

17



M (A lalBrT) - M (A _alBlT) + oM (A IG'IBIT)
My (A ,0,8,1) = 22 > 2 1 . (82)

The limiting forms are given in Appendix A. 1In 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 B8

in them.

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

~ _A T

P_(hy,T) = %I (l-.e 1)

P.(Ay,0,B,7) = = [P (Ai-a,8,7)-e M7 b (-0,8,7)]

l ll ’ ’ Al o l r ’ o r r ’

A l _AlT

Pz(AllaIBIT) = W]q (Al_a)Po(Al_aIBIT)+ae PO (_alBrT) ,
~(1-e"MT)

, 2 2 N
~ 1 [2B+(Al—a) ] (—2B+Al ) —AlT
P3(Al,a,B,T) = 5|~ Po(Al—a,B,T) + —f e X

81%- (Ay-0) T o

\ Po(—a,B,T)+(l—e )- KI (l-e 1 )J
P4(Y,B,T) = Py(y,B,1), and
iy 1 —YT—BT2
Pg(Y,8,7) = = 55 PU(Y,8,7) + 55 (l-e ) v (83) :

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

The functions Pk(T) are expressible as

18



~ l_M (A IT)
_ o'l ,
Po(Al’T) - Al

P4(Al_aIBIT) - Ml(AlrarBlT) ’
A

Pl(AllaIBIT) 1

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

Pz(AllaIBIT) = 28 ’

Pl(AllaIBIT) - PS(Al_aIBIT) +aP2(AllalBlT)
28

14

P3(Al,a,8,r)

P4(YIBIT) = PO(Y’B’T) , and

A 1 - YP4(YIBIT) - M4(YIBIT)
Po(y,B,1) 5B . (84)

~ ~

In particular we note that the integrals for P2(T), P3(T), and
P5(T) in the B = 0 limit are finite and independent of B. The
contribution from AkPk(T) for k = 2,3, and 5 therefore vanishes
for B = 0. The other limiting forms are automatically accounted
for using Egqg. (84) and the limiting forms for PO(Y,B,T) given in

Appendix A.

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

* ]
— = 8;(£) - AN (£) - ®5)

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

or intact particles,

e S
S;(6) = g = N (t) . (86)

19



*
The decay constant, A , is defined as
AN =A+V+TLT, (87) ,

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 = 5 [V(0) + v(T)] and
(88)

L =3 [L(0) + L(D)] .

The release from the containment building is given by
T
\J \J
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
' SN A A
N. (1) = e T N.(0) + T.e T j.ds e S N. (s)
i i i 5 i
and (90)
* T s
-A T * % 1
! _ = | {(1-e ) ! = -A's ''As L
R; (1) =L ———X;———— N, (0) + r ~[ds e -[ ds e N; (s )
o o

- * -_
where r., A, and L are given by Egs.(63), (87), and (88),

respectively.

Substituting Eq. (71) and (78) into Eg. (90), we may express

the solutions as
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] ) -
N, (1) = e A N, (0) + e AT 2% B Q (1),
- (91)
\J * \J A* 5"
N = et Ty + e T By o)
=4
and
*
R(1)  _NT 3
- = N, (0) + 25 B, V, (1) -
k=0
(92)
\J
R2(T) l_e—A*T . >
= % N2(0)-+:£ B, V(1) s
k=4
where the functions Qk(T) and Vk(T) are defined by
T A*
Q(t) = [as e % M (s),
o
(93)

(o}

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

For the general case of Qk(T) we obtain the results that
*
1 —(Al—A )T

*
QO(A IAlIT) = * [l_e ] ’
Al—
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*
—(Al—A )T

* *
0y (A" Ay 0,8,T) = - {A* [P_(A,-A"-a,B8,7) - e P (~a,8,7)]"
1
0, (A", Ay, 0,8,1T) L [ h-n*-a)p (A, -n" s)—
2 eGPy = B —— l_ - o l"" -a,B8,T
28(/\1—/\ )
—(Al—A*)T ’
+ oe P (-a,B,T)
o
(A -2yt
-(l-e 1
* 2
* r[2B+(Al—A -a) ] * A
Q3(A IAlIaIBIT) 482 A _A* PO(Al_A -a,B,T)
1
(26+02) IS WF:
- — € Po(_aIBIT)
< Al—A > ’
—812—(A1—A*—a)T
-[1-e ]
. —(Al—A*)T
|+ + [1-e ] )
Al—A
* *
Q4(A IYIBIT) = PO(Y_A IBIT) ’ and
Q5(A*IYIBIT) = Pl(Y_A*IBIT) . (94)

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

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

functionally simpler manner as
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* *
Qo (N 1Ay, 1) = Qu (A", A =0, 8,T) + a0 (A", A ,a,8,1)

*
Q, (A Ay0,8,T) =
2 1 28

. “10",0 0,8, 1) =05 (A", A -0, B, T) 400, (A7 ,A) ,a,8,T)
Q3(A ,Al,OL,B,T) = .

28
(95)

Again, the integrals for Q2(T), Q3(T), and Q5(T) in the B = 0
limit are finite and independent of 8. The contribution from

Bk Qk(r) for k = 2,3, and 5 therefore vanishes for B = 0 since
those Bk have a factor B 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(T) we obtain the results that

* - -
v (h A, = 2 L (1™ T oL (1-emhMiTyg
o) 1 A A
Ay -A 1
A*
V(AT AL Lo, B 1) = —X_ P (A.-a,B,T) - —2L e ' P (A.-A-a,B,1)
l 4 ll res * fo) l rer * * fo) l rer
1 Ay =A A
-AqT
1
e
- Al Po(_aIBIT) (4
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*
(Al—A -a) *

*
Vo (A ,Ay,0,8,7) = + —2 1 - _ahT A
2 1 a,B,1) 2B(A1_A*) x [PO(Al a,B,1) e PO(Al A a,B8,1)]
TN . [Po(Al—A*—a,B,T)
2B(A1—A ) Al—A
*
(Al—A )T
-e Po(_aIBIT)]
1 1 A* 1 -A
- [ e ) - a-eTM D,
2B(A1—A ) A 1
28+ (A, -7 =) 2 2
-A -a
V3(A*1AllarBlT) = 1—2 % L * - (2B+a )* + l]Po(Al_arBrT)
4R A (Al—A ) Al(Al—A )
1 2B+a? -A

+ e lTP (_alBlT)
O

) *
48 Al(Al—A )

* 2
28+ (A, -A"-q) % .

R e A e To_(n,-1"-a,8,1)

48% AT (0"

11 2
- = (l-e™™ 1)

22 ¥

1 1 A" A
= S lx e - & a-e™hT,

4% A=A A 1
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*

* 1
V4(A IYIBIT) %

A

[PO(YI BIT) -e

*
- Yﬁ? PO(YIBIT) + Y_A*
28A 28A

A*
Vg (AT, Y,8,1)

*
-A T
e

- *
A TPo(y—A B,7)], and

*
PO(Y_A (BsT)

(96)

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

can be expressed in a functionally simpler manner as

* —A*
V4(A ,Al—a,B,T) - e

T * A
Ql(A ’ llaIBIT)

14

*
Vl(A ,Al,T) = Al

*
VO(A ’AlfT)

*
- V4(A A

*
l—a,B,T) + aVl(A ,Al,T)

*
Vz(A IAlIaIBIT) 28

*
. v, (A AL, 1)
V3(A IAlIaIBIT) 1 1

A*
Ve (A A

1

14

*
-a,B,T) + avzfA rAlrarBlT)

*
P (v,8,1)- e M T

*
Q (A" ,Y,8,1)

28

, and

*
V4(A fYBLT) = A*

~

* *
PO(A /T) - YV4(A IYIBIT) - e

*
- *
Mo, u*y.8m

*
VS(A IYIBIT) 28

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

Finally we remark that the integrals for V2(T), V3(T) and
V5(T) given in Eq. (97) in the 8 = 0 limit are finite and inde-
pendent of 8. The contribution from Bka(T) for k = 2,3,5
therefore vanishes for B = 0 since those Bk have a factor B
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.

ITII. 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
rated power" is given graphically in the GASSAR report.6 That
graph was read and interpolated for a number of core volume frac-—

tion points, given in Table I.

TABLE I

GASSAR DATA T(x) 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,s—lothe accuracy of the fits is
maintained, dT/dx is smooth, and dzT/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
1700 .

4 T T T T T T T

1600

1500¢

1400 ¢

1300 ¢

1200

TEMPERATURE (DEGREES K)

1100 ¢

1000 ¢

900 " i i 3 4 n n n .
0.0 .1 .2 .3 .4 .5 .6 .7 .8 .5 1.0

CORE VDLUME FRACTION

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

TABLE II

t (h) Tyax (K) t(h) Tave (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, TMAX(t) and TAVG(tL

are given in Table 6-4 of the CORCON report. This data is re-
produced in LARC-1 units in Table III.

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 1in 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) Tyax (K) Tave (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
T 4,5

AVG(t) are reproduced in Table IV from AYER data.

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
(t) < T for 0 < t < 20 h, with temperature

Tave 't aver ave{t) sors

differences of the order of 50-200 K. After 15 h, TMAX(t)AYER >

TMAX(t)SORS until t ~ 20 h when the 2 models are equal.
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 > Tyax (B) corcony 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 < t < 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 <'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(0) - T AVG

. (99)
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TABLE IV

AYER TEMPERATURE DATA

32

t (h) Tyax (K) Tayg (K)
. 1199 1167
. 1278 1219
. 1315 1243
. 1461 1338
1589 1421
1704 1496
. 1810 1566
1908 1631
. 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 wvalues 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

r(T) = ae_B/T (100)
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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.

In 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.
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, ¥, Pd, Sn, La
9 Ru, Rh
10 Se, Br, Te, Sb, I
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TABLE VII

SORS RELEASE RATE PARAMETERS
INTACT FAILED
Group a(h_l) B (K) Ot(h_l) B (K)
1 9.7733 x 10°% 8.2621 x 10° 1.82889 x 10% 2.2861 x 104
2a 5.3231 x 10° 5.8360 x 10% 5.3231 x 10° 5.8360 x 10%
T < 5.64 x 107 (X)) (z < 5.64 x 107 ) ™h)
2b 4.6144 x 1072 1.3198 x 10° 4.6144 x 1072 1.3198 x 104
2> 5.64 x 1074(K) 1] (5.64 x 107% < T < 7.59 x 107%
2¢ 9.7733 x 10 * 8.2621 x 10° 9.7733 x 1074 8.2621 x 10°
(3 > 7.59 x 10 *(x) 71
3 9.7733 x 10 4 8.2621 x 10° 8.9524 x 10° 2.2657 x 10°
4 9.7733 x 10 8.2621 x 10° 2.2317 x 10° 2.1229 x 10%
5 9.7733 x 107% 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_l) B (K) a(h_l) B (K)
7a 1.7385 x 10° 3.5259 x 104 2.317 x 10° 2.1229 x
[z < 5.33 x 1074 (x) 71
7b 9.7733 x 102 8.2621 x 10°
[z > 5.33 x 1074 (x) 71
8 9.7733 x 102 8.2621 x 103 2.2317 x 103 2.1229 x
9a 1.10548 x 10° 3.4207 x 10% 2.2317 x 10° 2.1229 x
[z < 6.26 x 1074 (x) 71
9b 9.7733 x 10 4 8.2621 x 10°
(3 > 6.26 x 107 (x) 1]
10 9.7733 x 10”4 8.2621 x 10° 8.9524 x 103 2.2657 x




TABLE VIII

GASSAR RELEASE RATE PARAMETERS

Intact Failed
Group a(h™h) 8 (K) a(h™ 8(X)
1B* 39,3 1.2 x 10% 1.5937 x 10° 1.1861 x 10°
1, 5.40686 2.5798 x 10% 1.5937 x 10 2 1.1861 x 10%
25, ¢ 5.9769 x 102 2.3157 x 10% 1,6154 x 10° 2.6374 x 10%
3, 1.7191 x 10° 1.7858 x 10* 1.3192 x 103 1.7782 x 10%
30 1.2282 x 1072 1.4834 x 104 1.3192 x 107 1.7782 x 104
4y 1.58225 x 10° 2,86525 x 104 1.2316 x 10° 2.8319 x 10*
4 5.40686 2.5798 x 10% 1.2316 x 10° 2.8319 x 10%
55,17 1.0742 x 1072 1.0313 x 10% 1.74925 x 103 1.95451 x 10%
65,1 4.427 x 102 1.0482 x 10* 1.5004 x 103 1.7662 x 10*
Tn. 1 5.40686 2.5798 x 10% 1.2316 x 10° 2.8319 x 10*
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 10*
9 5.40686 2.5798 x 104 1.2316 x 10° 2.8319 x 104
10, 0.10280 1.0314 x 10* 2.1494 x 103 1.8175 x 10*
10, 0.10280 1.0314 x 10% 7.3605 1.3777 x 104

*
B - BISO; T - TRISO; B,T - BISO and TRISO

574
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Fig. 13. Fission product release rate vs temperature, SORS data.
The upper set of curves gives the release rate for failed
particles; the lower set is for intact particles.
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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: £(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, £(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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Fig. 16. Fuel failure diagram Fig. 17. Fuel failure diagram
for BISO particles, for TRISO particles,
SORS data. SORS data.
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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
B.t

aie i~ (i = 0,1) and perform a linear interpolation between the
f =0 and £ = 1 boundaries. This approximation leads us to the
form
T(t) - T (t
e o BB DT (102)
Tl(t) - To(t)
where
B.t
Ti(t) = ae T (i = 0,1) (103)

and the coefficients oy 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 £f =0 f =1
BISO:
0.12 yr 1858.15 1998.15
4 yr 1360.15 1599.15
TRISO:
0.12 yr 1858.15 1998.15
4 yr 1273.15 1663.15
¢
TABLE X
SORS AGE-TEMPERATURE FUEL FAILURE PARAMETERS
Type 0 <t < 0.12 yr
10°B K
BISO -13.2725 7.14286
TRISO -13.2725 7.14286
0.12 yr < £t < 4 yr
Type 1630 _(K) 1028 (yr 1) 10" 3a, (K) 1026, (yr 1)
o 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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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, fo, are given in Table XIII.

For the TRISO particle coatings an exponential fit of the
form

£(t) = aelT (105)

51



A}

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) £ T (X)
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(XK) £ T(K) £ T (K) £ T(K)
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
4 0.4039 -~ 5.7751  2.9805




was used for f < fo’ which corresponds for TRISO to the first
row of Table XII. A linear fit of the form

£(T) = A + BT (106)

was used above fo, where £ = 1 if T > Tl' The 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
Egs.(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 [ . .
T = Z’ZS £.°500(t -1+ 1) - 8(t-i)], (108)
i=1
where t is the age in years, i = [t] + 1, and [ ] means "least

integer", with

4fl i=1 0 <t<1l
£, + 3f i=2 1l <t < 2
£,5 = 1 2 - - (109)
£+ £, + 2f3 i=3 2 <t <3
£+ £, 4 £f5 + £, i=14 3<t< 4
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7

GASSAR TRISO FAILED FRACTION PARAMETERS

TABLE XIV

Age (yT) AT(K) 10% 10°8(K) 7 AT A 10%8(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 .
£=> -5 |+ =, %100 (e-10) - (-1 (111)
i=1
G _ . _ G . .
where fo =0, 1= [t] +1, x =t - [t], and fi is given by

h
I

f(T,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
f=3z :S £ 00(t -1+ 1) - 0(e-1)] (113)
i=1
where
(ax£,© i=1 0 <t <
n 3.6 - 2xf£. G 4 3x£ C =2 stc?2
G 1 1 2
£, = 9 G G G (114)
fl + (2—x)f2 + 2xf3 i=3 2 <t <3
G G G G .
G PR 37 + xf4 i=4 3<t< 4

with
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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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34, Failed fraction vs age
of the fuel in years,
averaged total for aged
fuel, GASSAR data.
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Iv. COMPARISONS

A comparison for 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,
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 FRelease-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 151

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

I fraction in the coolant and cumulative release as a
function of time and model number (NEQ) are given in Tables XV -
XXII 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 ¥ 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

131; ceaction IN

THE COOLANT

131] FRACTION IN COOLANT AT 2 h

TABLE XVI

ITEMP = 1, IT = 100, IC = 100 ITEMP = 2, IT = 100, IC = 100
<.NEQ NJEQ
TOND N 1,2 3 4 T(H) 1,2 3 4
2 ]0.000522 0.000522 0.000626) 2 0.000157 0.000157 0.000175
4 10.0475 0.0475 0.0483 4 0.0129 0.0129 0.0135
6 ]0.284 0.284 0.284 6 0.134 0.134 0.135
8 |o0.641 0.641 0.642 8 0.401 0.401 0.402
10 |0.861 0.861 0.861 10 0.670 0.670 0.670
12 [0.935 0.935 0.935 12 0.842 0.842 0.842
14 ]0.948 0.948 0.948 14 0.917 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 |0.931 0.931 0.931 20 0.931 0.931 0.931
TABLE XVI TABLE XVIII
131 ERACTION IN COOLANT 131 ERACTION IN COOLANT
ITEXP = 3, IT = 19¢, IC = 100 ITEMP = 4, IT = 100, IC = 100
\\\EES\\ NEQ
T(H) 1,2 3 4 T(H) 1,2 3 4
2 10.000144 0.000144 0.000169 2 0.000220 0.000220 0.000269
4 ]o0.0158 0.0158 0.0165 4 0.0203 0.0206 0.0211 l
6 ]0.113 0.113 0.114 6 0.139 0.139 0.139
8 ]0.325 0.325 0.326 8 0.362 0.362 0.362
10 }o0.586 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 10.895 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 |[0.931 0.931 0.931 20 0.827 0.827 0.827
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TABLE XIX

131 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 MULATIVE 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 3474855 3474.837 3474.919

66




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 3324.247
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 2888.635 2888.569 2889.110
20 3020.609 3020.671 3020.616 3021.063
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PERCENTAGE DIFFERENCE IN MODSLS COMPARED TO MODEL 4

1311:

TABLE XXIII

R./R, - 1] x 107
i’ 74

ITEMP = 1, IT = 100, IC = 100

TABLE XXIV

131 2
I: lRi/R4 -1 x 10

PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
I'TEMP = 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
P20 0.0015 0.0015 0.002 20 0.002 0.002 0.002

TABLE XXV TABLE XXVI
Bl j/r, - 1] x 102 Bl ez, - 1] x 102

PERCENTAGE DIFFERENCE IN MODELS COMPARED

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
127m. 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
127mre . [R./R, - 1] x 10°
PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
ITEMP = 4, IT = 100, IC = 100
NEQ
T (H) 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

138Xe, 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

larger A's is illustrated in Figs. 44 and 45 for 135Xe and 138Xe

respectively. For 135Xe the different temperature models predict

14

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. BAnalytic 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 system
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.
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APPENDIX A
EVALUATION OF THE Mk(T), and Pk(T) FUNCTIONS

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

—AlT
Mo(Al,T) = e ! (A-1)
—AlT
Mk(AllaIBIT) = e Pk_l(_a,B,T) , 1 i k E 3 (A-Z)
2
M, (v,8,1) = e YTTBT (A-3)
2
Mg (Y,B,T) = 1e YTBT , (A-4)
T kK -ys-Bs? (A-5)
Pk(YIBIT) = [ds S e Y , and -
o
T
P (1) = [ ds M _(s), (A-6)
o

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

as

T 2
Pk(YIBIT) =f ds Sk e_‘Y-S—BS
O

3 k
= (_ _'—) PO(YIBIT) . (A'7)

oy
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—Bs2
PO(Y,B,T) =j. ds e Y
o

2
Y /48
= %.V%. e [erf(/ET + Y ) - erf (—1“ ). (A-8)

2VB 2/8



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

= 1 _ &7YT _
P {y,0,1) = ¥ (1 e ) (A-9)
and for B = y = 0, we have
PO(O,O,T) = T. (A-10)

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

2
Py (Y,B,T)= = o P(Y,B,T) + 55 (1 - e YTTRT (a-11)
P (Y,0,1) = 5 [1 - (1+yne 1, (a-12)
Y
and
T2
Pl(0,0,T) =5 . (A-13)
Similarly, for P2(Y,B,T) we have
2
P, (Y,8,7)= % [(v*+28)P (v,8,7) - y(1-e YT7BT")
4
2
+ (y-281) VTR, (a-14)
P,y(y,0,1) = & [2 - (242y14y2c?) VT, (a-15)
Y
and
3
P,(0,0,1) = 5 . (A-16)

Using the results of Eq s,(A-7) - (A-16), we may determine the
Mk(r) functions as given by Egs.(A-1) - (A-4). Specifically, for
B#0
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—AlT
Ml(AllaIBIT) = e Po(_aIBIT)I (A-17)
e_AlT aT—Brz
Mz(AllaIBIT) = __ig— [aPo(_aIBIT) + 1 - e ]I (A_lg)
and
—AlT X 2
M3(Al,a,B,T) = EZEZ— [ (a +28)P _(-a,B,1) + o(l - T BT )

2
- (a-28T)e*T7BT . (a-19)

For 8 = 0 and 8 = a = 0, the Mk(T) functions for 1 < k < 3 are
found from Eq. (A-2) and the limiting forms of Pk(Y,B,T).

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

~ _AT
1 1 _
Py = - me by, (A-20)
P,(Y,8,7) = P_(v,8,1) , (a-21)
and
Py (v,8,7) = Py (v,8,1) , (a-22)

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

a k/\
(_ g?) Pl(AIYIBIT)I (A_23)

P (A,y,B,T)

where



T
~ -A
Pl(AIYIBIT) =fds e S PO(YIBIS)

(o}

-A

=+ I (A+y,8,71) - e TR (y,8, 1)1, (A-24)

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

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

T
5 -A
Po(Ayy,B,7T) =fds e " P, (y,B,s)
o

= (A+y) - Y AT
= + 281 PO(A+Y,B,T) 28K e PO(YIBIT)
1 -At
+ 28K (1 ) (A-25)

and

T
- =-A
P3(AIYIBIT) =_[ ds e S P2(YIBIS)
O

2
1 (_[2B+(y A)?]
p 71 A P (A+Y,B8,T)
8
(284Y°) AT b1 - e BTl T
Y e o Y B,T)H( = )
+ X1 - ATy (A-26)

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

1

iy _ _ _ -AT
Pz(Al,a,B,T) = + 7§KI [(Al oc)Po(Al a,B,T)tae

P (-a,B8,T)

-1+ e M1ty (A-28)
and
P.(Ay,a,8,7) = L ( 26ty
P ,0,B,T) = P (A,-a,B,T)
34 432 % o‘M1
2
(-2B+a“) _
———— e M p_(-a,8,1)
1
2
Bt -(A,-0)T _
+(1 - e 1 )+ %— (1 - e AlT)} (A-29)
1

For the case 8 = 0, Ek(A,a,O,T) and Ek(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 Ek(A,a,O,T) and
Pk(A, 0,0,7T) are multiplied by me/g in ths modelAsolution, Ehey
are not needed. On the other hand PO(T), Pl(T), P4(T), and P5(T)
are needed since their coefficients in the model solution are (or
can be)nonvanishing even if 8 = 0.

For B = 0, Eo(Al’T) is still given by Eq. (A-20). For

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

- 1
Pl(Al,a,O,T) = 5= [Po(Al—a,O,T) - e

1

MTp (-a,0,1)] (2-30)
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where Egs. (A-12) and (A-13) are applicable for PO(Y,O,T).

Similarly,
P = =1 (- A-31
P4(YI0IT) = PO(YIOIT) Y (1-e ) ( )
§5(‘YIOIT) = Pl(YIOIT) = _17 [1 - (1+YT)e_YT]. (A-32)
Y
APPENDIX B

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

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

Q. (1) =fds el s M, (s) (B-1)
O
and
T *
. v (1) = [as e % g (s), (B-2)
O

where the Mk(T) functions are given explicitly in Appendix A. We
shall need these functions for the parameters A , Al, a, B, and Yy
non-zero and zero. However, knowing the limiting forms of the
Pk(Y,B,T) functions, using the fact that some functions [Q2(T),
Q3(1), Qg(1), V,(1), V5(1), and V¢ (T)] have finite B = 0 limits

and are multiplied by B, 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-1l) and (A-1l), we have

*
-A )T

T * (A
* -
Q (A ,A,,T) =j.ds eA S e Ms _ 1 + [1-e 1 ] (B-3)
o 1 Al A
o 1 v
*
and for Al = A , Eq. (B-3) becomes
*
0, (0" A", 1) = . (B-4)

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

T
A%, A ~(as &M S (a
Ql( ’ llaIBIT) —f S e l( llaIBIs)
O

T *
=~[ds eA S e_Als Po(—a,B,S)
Q

1 . (A=A
= g aF [Polhy=A -a,B,1) -e P_(-a,8,7)]. (B-5)
-
For Al = A*, we have from Eg. (B-5)
T
* *
Q (A", 0" ,a,8,7) = [ds P (-a,8,s) , (B-6)
(o]
where
2
Po(v,8,7) = VI & /% fers(vBr + ) - ere ((1)) (B-7)
2/B 2/8
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and

T 2
[ ds py(v.B.5) = 55 Ly +280P,(v,8,1) - 1+ e V" T (e-8)
(@]
Thus,
ok 1 aT—BTZ
Ql(A IA !aIBIT) = 78— [(—G. + 2BT)PO(_G,B,T) -1+ e ]. (B—g)

*
Now for Al = A, and B = 0, using Eq. (A-9) in Eg. (B-6) we find

T
* % _ 1 aT
Q (A ,A" ,a,0,1) = f ds P_(-a, 0,s) = = [e%T - (1+at)]1.  (B-10)
o o
*
Finally, if Al = A, and o« = B = 0, we have
A AT _ 1
Ql( ’ IOIOIT) - _2'— ’ (B_ll)

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

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

P,(0,8,7) = 3 VI erf(ver). (B-12)

Q2(T): For Al # A* and B8 # 0 , using Egs.(B-1), (A-8), (A-18) and

(A-24), we find

*

S

T
* A
Q2(A IAlIaIBIT) =ofds e Mz(AllaIBIs)
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*
1 * * —(Al—A )T
= —_— (Al—A —a)Po(Al—A -a,B,T) + ae
28(Ay-A)
* (B-13)
—(Al—A )T
X Po(—a,B,T) - [1-e 1] .
Further limiting forms are not needed explicitly. For the
cases
*
(a) A=A, B#0,
* *
(b) Al = A, B=20, o# Al—A ’
Lk _ 3 B *
(c) Al =A, B=0, a= Al A,
*
(d) Al =A, B=20, oo #0,
*
(e) Al =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 f. Since B2 has a coefficient
involving a factor B8, the B = 0 contribution from Q2(T) vanishes.

Re-expressing Q2(T) as

*
. Q, (A" AL, 1) =0, (A", A =0, B, T)+aQ) (A", A ,0,8,1)
Qz(A lAllaIBIT) = 28

(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 Eg. (B-14) we have used the identity

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

Q3(T): For Al # A* and B # 0, using Eqgs.(B-1), (A-7),

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

Q3(A*1AllalBlT) = _[- ds eA S M3(Al,alBrs)
O
L [r2ee g -aT-a) 2 .
= 2 * PO(Al_A _aIBIT)
48 Ay -A
2 T
- - T
- 2ires o P (~a,8,7)
A=A
—BTz—(Al—A*—a)T
- [1-e ]
(A, -A")
(A=A )T
- _q[1-e 1 11, (B-15)
Ay-A

Further limiting cases are not needed explicitly, just as for
the Q2(T) function. The coefficient B3 has a coefficient 8§,
and all the limiting forms involving 8 = 0 for Q3(T) are finite
and do not involve RB8. Thus, the B = 0 contribution from Q3(T)

vanishes.

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

* * *
Ql(A ,Al,a,B,T)—QS(A ,Al—a,B,T)+aQ2(A ,Al,a,B,T)

*
Q3(A IAlIaIBIT) = 28

(B-16)

*
eliminates the necessity for the Al = A 1limit since it is
automatically accounted for by the limiting forms of Ql(T),
Q2(T), and Q5(T).

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

* A*s *
Qu(h,v,8,1) = [ds e © M (y,8,5) = P_(y-A",8,7). (B-17)
o
The limiting forms are given in Appendix A. .
Q5(T): Using Egs. (B-1), (A-4) and (A-7) we have .
T *
* As *
Q5 (A ,Y,8,1) = [ds e ® Mg(v,8,5) = P (y-0",8,7). (B-18)
o

For B # 0, from Appendix A we have

* 2
Qg (A",Y,8,7) = 52 [-(y=A")B (v-0",8, 1) +1-e~ (YA DT-BTTy (5 1,

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

*
Q5 (17,v,0,1) = —Lo o {1-[14 (y-0") 1] & OYTAD T, (B-20)

(y=A")?

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

* * T2
QS(A A ,0,T) = -5 . (B-21)

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's * .
VO(A ,Al,T) = j ds e QO(A ,Al,s)
O
At 1 A
S— ~ [3¢ (1-e™™ 1) - - (1-e™ 1Ty, (B-22)
Ap=AT A 1
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*

For Al = A , using Eq.

* % 1
VO(A ,A ,T) = X;j

*
Vl(T): For Al # A,

*
Vl(A IAlIaIBIT) =

(B-4) in Eq.

*
[1-(1+0% 1) e M 7y

using Egs. (B-2),

T *
_A S *
f ds e Ql(A IAlIaIBIs)

O
- 1 -
- * PO(Al aIBIT)
H_A
A*
- T
1 e *
- * [ * PO(Al_A _aIBIT)
Al—A A
e—AlT
- —7rl—— Po(—arBrT)]
One could use the identity
T
_[ds s e_As P (y,B,8) = - 2 [E (A,y,B,1)]
3 o Y0, 5K L\ Y By
= gﬁ:ﬁ%ﬁill P (A+Y,B,T) - li%l e_ATPO(Y,B,T)
28A © A
2
1 _BTT =y T

+ EEK [1-e ] ’

(B-22) we find

(B-23)

(B-5), and (A-24) we find

(B-24)

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

can rewrite Eg. (B-24) as

* —A*T *
* V4(A IAl_aISIT) -e Ql(A IAlIaIBIT)
Vl(A IAlIaIBIT) = (B-26)

N

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

*
V2(T): For Al # A and B # 0, using Egs. (B-2), (B-13), and

(A-24), we find

T A* *
- S
j.ds e Qz(A IAlIaIBIs)
(o]

*
vz(A ,Al,a,B,T)

*
A=A -a *
= = Lop (h-0,8,1-e7"

- TPO(Al—A*_alBIT)]
2B(A1—A ) A

(A, -A)
+ : * L * [PO(A]_‘A*‘OL:B,T)—G 1 N X
28(AJ-A") A-A
P, (=a,B8,1)]
l *
- & (e ) - L geThTyy L (B-27)
2B(A1—A.) A 1

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 B = 0 limit they are finite and inde-

pendent of B. Since B2 has a factor B8, the contribution B2V2(T)
is zero.
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We may re-express V2(T) as

* * *
VO(A ,Al,T) - V4(A IAl_aIBIT) +G.V1(A lAllaIBIT)

*
V2(A IAlIaIBIT) = 2B

(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 *

* 3 -A s *
Vi Ay ,e,8,1) = [ds e %o "0 0,8, )

(@]
[28+ (A, -A"-a)?] 2
-A -a
= 12 - 1 - - 2B+0L . + l}Po(Al—a,B,T)
48 AT (A -0T) Ay (A -0")
1 2B+0L2 -MT
t— == e 1° P _(-a,B,T)
48% AJ(A[-07)
*
| 2BH(A-AT-a®) % .
- 5 % % e Po(Al—A -a,B,T)
48 A (Al—A )
A*
- _lj j% (1-e~ ' 1)
4g° A
A 1 -A
A 2o a-e™ - L™ (B-29)
48° A=A A Ay
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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 B = 0 for V3(T) are finite and do not

involve 8. Thus, the B3V3(T) contribution vanishes for B = 0.

Re-expressing V3(T) we have

* *
Vl(A IAlIaIBIT)_Vs(A A
28

*
l—d.,B,T)+d.V2(A ,AllaIBIT)

*
V3(A IAllalBIT) =
(B-30)
which eliminates the necessity for using explicit limiting forms
*
for Al = A except in Vl(T), V2(T) and V5(T). Of course,
V2(T), as given by Eg. (B-28) is expressible in terms of VO(T),

Vl(T), and V4(T).

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

T *

- *
fds e As Q4(A IYIBIS)
(o]

*
V(A Y, 8,T)

*
1 -A T
X‘; [PO(YIBIT), - e

P, (y=A",8,1) ] (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.

V5(T): For 8 # 0, using Egs. (B-2),(B-18), and (A-24), we find
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T *
* -A *
Vs, y,8,1) = [ds e % o (%,v,8,s)
o

* *
= Y y-4  _-A *
= = —— P (YIBIT) + e P (Y_A IBIT)
280 T © 280" o

*
+ l* (l—e_A Y (B-32)
28A

The limiting cases for B = 0 yield finite integrals for V5(T).
Since B5 has a factor B, the B = 0 limit contribution from VS(T)
vanishes. The necessity for writing the other limiting cases for
V5(T) is removed by re-expressing Eg. (B-32) for B # 0 as

1 —A*T

—A*T * *
% (l-e )_W4(A rYeBrT) - € Q4(A 1Y B,T)

VS(A*IYI BIT) =
28
(B-33)

and using the limiting forms for V4(T) and Q4(T).
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CNPYSF 3 FILES FROM COMPILF

10

APPENDIX C
CODE LISTING FOR LARC-1

PRORRAM LARC1 (INP4OUTFILMsFSET122FILM)
PARAMETER (N500=500) ¢ (NS012NG00+1)
REAI NPRIMEsLeN]1osN2sNIgNsNZERINZERO+LAMRDA

DIMFNSTON NPRIME (N500)s L(NS00)s TI(NS01l), RPRIMFING00)s RSIIMINSAN)
1y V(NGa0), FFINS01), 7N(NSNO0), ZR(NSN0), TA(NSANY. ZF (NSADY . ZN1 (N
25001 7N2(NS500) s ZN3(NS500) s ZN4(NSON)+ 7R1(NSOQ). 7R2(NSAQYe 7RIIN

35001+ 7R4(NS00)s ZAL(NS00), ZA2(N500)s 7A3(NSON), 7A4 (NSAAY,

7F1 N

4500) ¢+ 7F2(N500) s ZF3(NSOO0), ZF4 (NSO00)s TARLE (NGOR,4)s TADI ¥ (NGOO,4
59

DIMENSTON TITLEL(7)s TTITLEP(6)s TITLE3 (&), X| IM(2), YLIW(?]

DIMENSTON ISET(6)s NSET(S)

COMMUN /LUNEW/ TXSAVESTYSAVETX2¢IY2
LOGTCA] LAGE+BISUINNRGAS

REA|] NyDLOGN20LH4N30LNM&NLD

CoMvUN ZLA/ LAGEAGE ¢mFUEL «ISOWRISO
COMUN /TMODEL/ MODEL

MODFL a1 SORS DATa FROM TMAXs TAVE GRAPHS
MODFL - 2 CORCON TaaULAR DATA
MoDFL = 3 FU « CORT TAR!LAR DATA

DATA IQET/1,5,10,25,100,200/
DATA NGET/204404100+300+5007

INUM=E

NAoLIVES

NEN <4

NE® INnICATES WHICH EAUATION SET TO USE

NER SIMPLE Fn FIRST HALFs OLD EQ SECOND HALF
NEQ = 9 SIMPLE EN ROTH HALVES

NEQ = 13 LINEAR RFLEASF B8nTH HALVES

NEQ = 4 LINEAR FAILURE 80TH HALVES
NZERZ3 , 1%3.E9/3.7

CALL GFTQ (4LKJBNoJOBNAME)

CAaLl DATEY (DATE)

2=FnACo0(0,0)

1TEMP =4,

ITEuP =9

IF (LTFMP,EQe4) Z=SPLTNE(0e0000)
CONTINIIE

REAN 370, NAME,LAMBDA,T1SO,yIELD;AGE ,MFUEL ,LAGE ,FOAC.NORGAS

1F (1Sn.LTe1) GO TO 290
NZEQU=nZER®YIELO

UNITS AF MZERO ARE Cl (CURTES).

PRINT 5204 NAME,LAMRDA.ISO,YIELD+NZERO
PRINT 5304 -AGE+LAGEFRAC

1F (NORGAS)Y PRINT 240

VSET=0_9

1F (MNq®AS) VSET=0,0

I AsS'MED RELEASED AS 91 PERCENT ELFMENTALs S PRRCENT PARTTCULATF

ANN 4 PERCENT ORGANIC,

FOR THESE MATERIALS THE CLEANUP SYSTEM FILTER FFFICIENCIFS A®RE

«9N? _99¢ ANO .70 RESPECTTIVELY.,
THEREFARE EACH RELEASF IS RED!ICED BY
(.90)091 L4 (005).99 ¢ ‘.04).70 = .8065
RELFASED FRACTION 1S THEREFORFE 1035

LaMaua IS THE RADIOACTIVE PDECAY CONSTANT TN |INTTe oF PER HNIIR

IVFuAX=1G0

NTOT=1n0

PRIMT 210, NEQ

1PRTF=4TUT/20

Parst 2504 MNTOT

NTOT te THE TOTAL NUMRER OF INTERVALS

LASL Identification:

Larcl
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
1.ARC1
1.ARC1
LAPC]
LaRC)
LARC!
LaRC1
LARC]
LARC]
LARC]
1.ARC1
LARC]
LARC]
LARC!
L.ARC1
LARC]
LARC]
LARC]
LARC]
LaRcl
LaRC1
ILARC1
LARC]
LARC]
LARC]
LARC]
LaRC1
LARC]
LaRcl
LARC]
LARC)
Lakcl
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
LARCI
LARC]
LaRCl
LARC]
LaRcl
L ARC]
LARC]
LARC]
LARC]
LaRCl
LaRc1

LP-0721

ODNOANSWN



OO0 0

o000

20

30

50

0T=20,/NTOT

NTOT1l=NTOTe})

Do »V r:loNTOTl
T(I1=(T=1)#DT

DO 170 NKs1+ITEMP

MODrL=MR

PRInT 2604 MODEL sMFUEL 4 NAME
1F (NR _EQ,.4)
CALRYI ATE SECONO DERIVATIVES FOR SPLINE,,.s

Z=TirAxn(0,0)

L=TAVEQ(040)

Z=TrMen (0,01

T¢Iy AcE THE TIMES OF THE INTERVAL ROUNDARIES {Tsm WOURS)
TDE|':+FMP(0.0)-117404

DO U =1 4NTOTY

TIMe=T 1)

FF(T)=(TMAX(TIME) =TAVE (TIMF) ) /TDELT

CONTINOE

XLImOy11=T ()
XLIM(2y=T(NTOT])
DO 50 r=1,NTOT

ZNYy(l1=0e0
NS (1)=0,0
ZN3(I)=0.0
INglyzneo
2R1(1)=0.0
ZR2(1)z0,0
ZR3t1Y=n40
ZR4%111=0.0
ZA1(1)=0,0
2A2¢11=2040
[A3;11=0.0
I84¢1)=0.0
ZF1¢1)=0.0
LF2(ly-0,0
ZF31t1)2040
ZF4¢1y=040

1 ReFERS T0o FAILED 8ISO

2 RFFFRS TO FAILED TRYSO

3 RFFERS TO INTACT gISO

4 ReFERS TO INTACT TRTSO

NPRIMF (1) IS THE AMOUNT OF THg ISOTOPE PRESENT TN THE CONTATNMENT
BUI) UING AT THE END OF THE ITH TIME INTEeVAL (Tyr, AT TTup T(I)),
NPRTME (1120,0

RORTME (1)=040

RSU4(1y=0,0

L(11=.A01/72¢6

V(I)=VeFT

L IS THE CONTAINMENT gUILOTING LEAK RATE, ASSUMENn Tn BE 441 /DAY
For The FIRST 24 HOURS AND 40005/DAY THEREAFTER,

VSET=.a965

VSET AQSUMED TO HE

CONTInNNE
PRINT 570

PER=1, /IVFMAX

DD 120 IVF=1,IVFMAX

BIN=PER® (IVF=0,5)

IF (NR_NE . %) TEMSTEMP (QIN)

TEM IS THE INITIAL AVERAGE TEMPERATURE OF ONE PEDCENT OF TWF TOTaL
CORF TNVENTORY

IF (NR_NE,4)
FRaFRAQRIB(TE)

«9 RY FOLEY.

TE2FF (1) (TEMa1174,4) ¢ TAVE (T (1))
TE=SPL(0,*BIN)

LARC]
LARC]
LARCY
LARC1
LARC]
LARC]
LARC]
LARC1
Larcl
LARC]
LARC]
LARC]
LaRC]
LARC]
Ltakcl
LaRkel
LARC1
1.ARC]
1.ARC1
LARcl
LARC]
LARC]
Larcl
LaRcel
LARC]
Larcl
LaRC1
l.LARC1
LaRC]
LaRcl
LARC]
LARC]
1.ARC]
LARC]
LaRcl
LARC1
LARC]
1.aRc1
LARCI]
LaRC)
L.aRC]
LaRCl1
LaRc!
LaRcl1
LARCI
1.ARC1
LARCI
LARC
LaRC1
LARC]1
LaRCl
LaRrcl
LARC]
1.ARC1
LAPCGI
LaRC1
LARCI
LARC]
LaARC1
LARC1
LARC]
LARC]
1 ARG}

1
112
113
114
118
114
117
118
119
120
121
122
123
124
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(e NeNe)

s NeNele]

94

60

FT=FRART(TE)

FRACH = FRACTION OF BTSO PARTICLES WITH ILFD

FRAcT - FRACTION OF TR1SO PARTICLES wITupﬁA%rEnc::I$¥gzs

FRAC = 0«6 = FRACTION OF RTSO FUEL IN THF LOADTNA

8150801’0

Rlznt (TE)

R3=n1(TE)

81Sn=,FALSE,

R2=nt (TE)

Réznl (T€)

N1=M/FEPO®PER®FRACHFR

N2=NLFpORPER® (1 ,0=FRAC)®FT

N3=NL{FPO#PER®*FRAC® (] .n=FB)

N4=NLEPO*PER® (1 ,0=FRAC)®(1,0=FT)

Al=ne

A2=ne

A3=ne0

A4:0.0

NI 13 THE AMOUNT OF THE ITH COMPONENT REMAINING TN TH

RRI {S~THE AMOUNT oF THE ITH COMPQONENT sE|EA<Eg ;o IHE gg:EANf

ALl 1S THE AMOUNT OF THE ITH 'COMPONENT IN THE Cnfi'aNT

gbh GH;SE REFER TO THE GIVEN TIME STEP aAnn CORF FRACTION
=V.o )

PN1zY, 0

pNZuo.b

PN3=0,n

pNa:U.d

0o 110 1=1,NTOT

DT=7T{1s)=T (D)

FBoL LDzfrB

FTOI U=rT

TIMF=T (I+1)

IEMﬂS=TE:PERATURE AT BOUNDARY TIMES
(NR_NE.4) TEMPB=aFF (T41)%(TEM=1174. v TME )

IF (NR_EQ,4) TEMPB:SPL(TIMEQ;IN)II 4ed)eTaVE(TTHE)

FR=FRA~HB (TEMPB)

FT=FRACT(TEMPB)

R10) Uzp1

R201 U=p?2

R301 U=n3

R40) U=n4¢

BISN=.TRUE,

Rl=of (TEMPB)

R3=RI (TEMPR)

BI1SA=,FALSE,

R2=wt (TEMPB)

Rée=pl (TEMPB)

R(I1 Is THE AVERAGE RELEASE CONSTANT OF TWE ISOTNPE DURTMA THE TTM

INTFRVAL .

N10y U=n1

N20) U=n?

N3g| Dan3

N4O) Dané

DECAY=| AMBDA+V (1) +L (I)

GO TU (60+470+80490)s NEQ

CONTINNE

CALI CALC1 (N1,N3,R1,R3,LAMBDA,DT,FBsN1,N3+RR1,RR3,R °
CaLl. CalCy (NZ’NQ9“2994QLﬂMBDAODTQFTONZ:NZORPZ:QQZ:R;gtg:Q:grg;
CALI FIN (PN1sRP1«RR1 4| AMRNDANECAY+NTeL (1)) )
CALI FIN (PN2,RP2,RR2,LAMANA,NECAY DT+l (Ty)

CALL FIN (PN3+RP3+RR3LAMARNAGDECAYsDTeL (1))

CALI. FIN (PN4+RP4 4RR4 «L AMRNA (NECAYsDTelL (1))

Go *0 jo0

LARC]
LARC]
LaRc1
LARCI]
LARc]
LaRc!
LARCY
LARCY
LARC1
LARC]
LARC]
LARC1
1.ARC1
LARCY
LARC]
LARC]
LaRc)
Larcl
LaRc!
LARC1
LARC)
LaRC)
LARC!
LARC!
1.aRc!
LARCY
1.ARC]
tarcl
LARC]
LARC1
Larcl
LARC1
LARCI1
LARC]
1LARC1
LARC]
LaRC1
LARC1
LAPCI1
LARC]
LARC]
Larcl
Larcl
LARC]
l.ARC1
LARC]
LARC]
LARC]
LARC]
LARC!
Larcl
Larcl
Larcl
LaRcl
1.ARC]
LARC]
LARCI
LARC]
LARC]
LARCI
LARC]
LARC]
LARC1

125
126
127
128
129
130
13y
132
133
134
135
136
137
133
139
140
141
147
143
144
145
146
147
l4g
l4g
150
151
152
153
154
155
156
157
158
15¢
160
161
162
163
164
165
l6g
167
168
169
170
17
172
173
174
175
176
177
175
179
180
181
182
183
184
185
1RA
187



O0O0OOO0O0O

70 CONTIN|E
Catt CalcCl
CapLp caLcl
CALl FIN1
CALI, FIN]
CALI. FIN]
Caty FrN1
Go t0 jno0

80 CONTINNE

CaLL CalC2

CALL CalLC?2
CaLl FIN?
CALI. FIN2
CALL FN2
CALy FIN2
GO t0 700
90 CONTINIE

CaL), CalC3
1L0)

CaLL CatcC3
1LD)

CALL FIN3

(N1eN3¢R1sR3IsLAMBOA DT +FRBeN]1 4NI*RR]14RRILRIOLN,,DINLD)
(N24N4sR24R4+LAMBDA DT sFTeN2 (N4 *RR2,RR4 4R20LN. 04N D)
(PN1,RP1,L AMBDADECAY NT+L (1) ,N10LNIRT ,R1OLN)Y
(PN2+RP2+ L AMBDA+DECAY DT (I) 4N2OLN R R20LD)
(PN3sRP341_AMBDAYNECAYsOTeL (1) 4N30LN*RI, RIOLD)
(PN& yRP4 4 LAMBDA GNECAY DT oL (I) eMaOLN R4 (R4OLD)

(N1¢N3sR1+P3+sLAMBOASDT+FR N1 «NI*RR1+RRIIRIOLN,PNID)
(N24N4+sR2+04 sLAMBDAIDT yF TIN2.NG9RR24RO4 4R20OLNB4NAI D)
(PN1,RP1 L AMROALNECAY,0TsL (1) ,m10LN,RY,R10LD)
(PNZoRPZoLAMRDAoDEcAY.OToL(I),naoLn.ap Ro0LD)
(PN34RP3,LAMRDAJNECAY ¢DToL (I)NIOLNIRILRIOLD)
(PN4 yRP4 o AMBOA JDECAY oDTo (1) 4040LNDR4RGOLO)

(N1 9oN3+R) +P34LAMBDASDT+FBsFBOI NIN] ¢N1sRR]*RRY4R{NI.N*RN
(N24N4 4R24R4 LAMBDA DT ,FTFTOI NyN2 N4 ,RR2,RR4 RO NsRAA

(PN14PN3sRP]4RP34LAMBDASDECAY 4DToL (1) eN1NLDeN3NINPL1eRTA

1LN.RP3,n30L0,FB,FBOLN)

CALy) FTN3

(PN2¢PN4 ¢sRP24RP4 L AMBDALDECAY yNTo (1) 4N2NI.DINGAI N, 02002

1L0sR%+040LOF T+FTOLD)

100 CONTINpE

ELD=tXp (=L AMBDA®DT)

A1=pAledLO+RR]

A2=Alur | DeRR2

A3=a3arLDRR3

A4=p49FLD+RRG

INT (J) IS THE TOTAL AMOUNT OF THE ITH COMPONENT REMAININA TN THE
CORF AT THE END OF THE JTH INTERVAL

2RI (J) IS THE TOTAL AMOUNT OF THE ITH COMPONENT ®ELEASED TN THE

CODI.ANT DURING THE JTH INTERVAL

ZAI (Y9 IS5 THE AMOUNT OF THF ITH COMPONENT IN THE €NOLANT AT THE

END UF THE

JTH INTERVAL

ZFI(J) IS THE FRACTION OF THE ITH COMPONEMT TN THF COOLANT AT THe

END UF THE

JTH INTERVAL

PN=PN] o PN2 +PN3+PNG
RP=nM] JRP2+RPI+RPS
NPRTMF (1) =NPRIME (1) +PN
KPR TME (1) =PPRIME (1) +Rp

SUMzSUMe P

RSUl1y=RSUMI(T) +SUM
ZN1 (11=7N1 (1) +N]

ZN2 1y =ZN2 (1) eN2

IN3 (1) =/N3(]) N3

ING (11 22N4 (1) oN&

ZR1 (1) =2R1 (11 4RR]
ZR2(1132KR2 (1) *+RR2
ZR3(1)=ZR3(1)*RR3

ZR4 (I1=2/R4 (1) ¢RR4
Zay1)y=7A1(1) ¢}
ZA211Y=2A2 (1) +A?

282 (1) 283 (1) +a3
ZAGtly=7A4 (1) N0

ZF1 (11=2F1 (1) +A1/NZERD
ZF2(1y2/F2(1)+A2/NZERN
ZF3(1)=72F3 (1) ¢A3/NZERD
ZF4 (1122F4 (1) +A%/NZERD

110 CONTINIE
120 CONTINIE

LARC1
LARC]
LARC]
LARC]
LARC]
LARC!
LARCY
LARC1
LARC1
LARC]
LARC)
LARC]
LARC]
LARC]
LARC1
LARC1
LARC1!
LARC)
LLARC1
LARCI
LARC1
LARC]
LARC]
LARC1
LARC]
LARC]
LARC1
LARC]
LARC]
LaRc1
LARC]
LARC!
LaRcl
LARC]
LaRCl1
LaRel
LARC]
LARC]
L.LARC1
LARC]
Larcl
LARC]
LaRcl
LARC]
Larcl
LARC!
LARC]
LARC1
LaARC]
LARC]
LaRC1
LARC]
1.ARC]
LARC]
1.ARC1!
LaRc1
LARC)
LARC]
LaRcl1
LARC]
LARC!
LaRCcl
LARC]

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
211
214
218
216
217
218
219
220
221
222
223
224
225
226

227
228

229
230
231
232
233
23
235
236
237
238
239
240
241
242
2417
244
245
246
247
2438
249
250

95



96

130

140

150

160

170

DO 130 I=1,NTOT

ZN(T)=aN1(I) ¢ZN2(T)+ZN3 (1) eZN4(T)
ZR(T)=7R1(1)+2ZR2(1)+ZRI (1) +ZR4(T])
ZALT)=27A1(1)*ZA2(1)¢ZA(I) ¢ZA4(T)
ZF(Y)=2F1(1)*ZF2(1)eZF3(1)+2ZF4 (1)

TABL E(ToNK) =ZF (1)

TABI X (ToNR)=RSUM(I)

CONTINNE

PRINT a10

PRIMT 9209 (IoT(Ie1)e7R(IV4ZN(I)9sZA(I) +7F (1) ImTPRTFINTOT . FPRTF)

IF (NR_NE.ITEMP) GO Tn 161
Iop=l

LINFAR_LINEAR PLOT x,yY AXES
NCHAK=o7

CHARACTER WILL BE

ICcon=1

POINTS WILL BE CONNECTED

YLiM(1y=100,

YLim(2y=0,

DO 140 II=1¢NTOT

DO 140 JUJ=1,4NR

YLIMUY | =AMINY (YLIM(1) 4 TABLE(ITsJJ))
YLIMI29=AMAXI (YLIM(2) 4 TABLE(I]+JJ))

CONTINNE

CaLL SPLOT (IOP+2sXLIMsYLIMs4890)

ENCOUE (6742804 TITLEL1)NAME s ISO+MFUEL sAGFE 4| AGFe#RAR.YIELD

ENCNUE (604290, TITLE2)NTOT,IVFMAX,JOBNAMF ,DATE

ENCADE (354240¢TITLED)

DO 1°0 IF=1sNR

CALI P1 OT (NTDT4T(2)¢1,TABLE(1+IR)+14NCHARsICON)

ENCNOUE (543509 TSAVE) IR

CALI WLCH (IXSAVE=15TYSAVEs5«TSAVE,])

CONTINIE

CALI. WLCV (509800920+20HFRACTION IN COOLANT ,1)

CAL| W CH (3004940436,36HTIME AFTER ONSET OF ACCTNENT (HAIRS) +1)
CALL WLCH (100¢965467,TITLEL1,1)

CALL WLCH (1009990+60,TITILF2,))

IF (MENCEQ.1) CALL WLEH (LN0,5+64464HNEN®1 CONSTANT RELFASF RATe,
1 CONSTANT FAILURE, AVERAGEN RELEASE,1).

IF (NEN«EQ.2) CALL WLAH (1n0+5946946HNEQ=2 CONSTANT RELFASF RATE.
1 COMSTANT FALLLURE«1)

IF (NEN,EQ,3) CALL WLGH (100,54+44444HNENx3 | INFAR RELEASF PATE,
10NSTANT FAILUREsI) .

IF (NENeEQW4) CALL WLCH (10045444 444HNEQ=4 CONSTANT RELFASF RATP,.
1 LINtAD FALLURE,Y)

CAL|. ARV (1)

CONTINNE

PRINT 240

PRINT 230, (I+T(I41)sNPRIMF (1) sRPRIME (1) 4RSUM(T)4T2IPRTF MNTAT,IPHT
1F)

IF (NR_NE,ITEMP) GO Tn 190

YLIm(ly=100,

YLIM(21=00

00 )70 II=14NTOT

DO 170 JJ=1+ITEMP

YLIM (1) =AMINYL (YLIM (1) ,TABLX(I1sJJ))
YLIM{21=AMAXY (YLIM(2) ¢ TABLX (IT9JJ))

CONTINNE .

CALI. SPLDT (IOP4Z2¢XLIMyYLIMe4840)

00 180 IS=1+1TEMP .

CALL P OT (NTOT,T(2)41,4TABILX(1+1S)s1+NCHARsICON)

ENCNUE (54350¢+TSAVE)IS

CAL| W) CH (IXSAVE=15,7YSAVEsS4sTSAVE,])

LLARC]
LARC1
LARC]
LARC]
LARC]
LARC]
LARC1
LARC1
LARC1
LARC]
LARC]
LARC]
LARC]
LARC1
Larc!
LARC]
taRcl
LARC]
LARC]
LARC]
LARcl
LARC]
LARC]
LARC]
LARCI
LARC]
LARC]
LARC]
LARC]
LARCI
LARC]
1.ARC1
LARC]
lLARC1
LARC!
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LaRcl
LARC1
LARC]
LARC]
1.ARC1
LLARC]
LARC]
LARC]
LARC]
LARC1
LARc]
LARC]
LARC]
LARC]
1 ARC1
L ARC1
LARC]
LARC)
LARC]
LARC]
LARC1
LaRrcl

251
252
253
254
258
25¢
257
258
259
260
261
2K?
2617
264
265
2664
267
2AR
2A49
270
271
2712
273
274
278
276
277
278
279
280
281
282
2813
284
288
286
2R7
28R
289
290
291
292
293
294
295
294
297
298
299
30n
30
302
303
304
305
306
307
308
30a
310
3N
312
313




180

1 CONSTANT FAILURE,

CONTINYE

CALL. WLCV (5048004264 26HCUMULATED RELEASE
IF (NEne.EQe1) CALL WLCH (100+5964964HNERZ)
AVERAGEN RFLEASE,1)

IF (NFN.EQ,2) CALL WLCH (100,5¢66,46HNEQE?

1 COMSTANT FAILURE 1)

IF (NFN.FQe3) CALL WLCH (1n0,5444,444HNEQ=3

LONSTANT FAILURE.1)

IF (NEnetENe4) CALL WLCH (100e5944944HNED=g

1 LIMBEAD FATILURES L)Y
CAL1 wWi.CH (3004940435,36HTIME AFTER ONSET OF ARCTNENT (HNIIDSy 1)

190
200

210
220

1IE4N =,E10,3+5X¢7THNZERD =4F10,3)

230
240
2590

CALI WLCH (10049654874 TITLF1,41)
CAL|, Wi CH (1004990460.TITLF2,1)

(CURTES) 1)
CONSTANT RELFASF RATe,

CONSTANT RELFASF RATe,
| INFAR HELEASF PATE. ¢

CONSTANT RELFaASF RATr.

IF (NNaGAS) CALL WLCH (100,1023,35,TITLE3,))

CAL) Anv (1)
CONTINNE

G0 TU 4o
Call Exl7

FORMAT (& NEQ =%411)

FORMAT (1XsA1095X916HNECAY CONSTANT =9E1(0,3¢5Xe 7HAROUP 2, 128X s TiiY

FORMAT (6H AGE =Fge2+5XI6HLARE =eL 195X 444FRAC 24Fg.2)

FORMAT (# NOHLE GASes,.CLEANUP RATE ZERQ

FORMAT (& NTOT z#,18

®)

269 FORMAT (# TEMPERATURE MODFEL USED =®4+12+5X«*MFUFL =%41]195v.%1S0TNOF

1
270

=%4414)
FORMAT - (o IVFMAX =o,Tg)

280 FORMAT.(Al0’"150=°0J202X9°NFUEL=’9IlOZXQOAGE3°.E4.192X9°|AQ:=00L1,

12XenF RACE®4FS4 1 e2Xy#YTEL D= 9FS,2)

290 FORVAT (ONT01=°.Ik.ax,oIVFMAx=5913q10X9uJ08:o9A1n.?x,onair,o,Aa,
FORMAT (A109510.3OIlOoElO.BoF’R.ZC119L19F1003.9X.l n

300

310
1

320

FORNMAT (# INTEKVAL NO, TIME
EMAINING AMOUNT N COO{ANT
FORMAT (11040PF12,2.104F21,2)
330 FOR“AT (I10+F12.241PE2S.540P2F2545)

AMOIINT PE| FASFD aMONNT R
FRACTION IN Cnnj aNTa//y

340 FORMAT (/13K INTERVAL NOes5Xe4HTIME+5X929HAMT N CANTAINMENT ALDAL
I13x412HAMT RELEASEDs8Y el THAUMILATED RELEASEs //)

350

10

20
30

40

50

60

70

80

FORMAT (1],4X)
EMND

FUNCTTAN RI (T)
LOGYCA; LAGE+BISC

COMMUN /LA/ LAGE+AGE+MFUEL+ISOsBISO

IF (MFyELEQs1) GO TO 160

GO TU (10930940960+804909100+11091309150)

IF t81¢0) GO TO 20
RI:qo46686°EXP(-25798./T)
RETUNN

RI=q9,3%EXP (=120004/T)
RETNRN

RI=4Y7 ,699EXP («23157,/T)
RETHRN

IF (81S0) 60 To So
HI:.017282“EXP(-14834./T)
RETHKN

R1=171 _91#EXP (17858, /T)
RET1IRN

IF (Blg0) GO TO 70
RI=R96h686°EXP(-25798./T)
RETIIKN

RI=)eSR225ES*EXP («28652.5/T)
RETHRN

RI= UInT420EXP(=10313 /T)

Is0

LARC!
LARC1
LARC]
LARC]
LARC]
{_.ARC]
LARC]
LARC]
LARC)
LARC]
LARC1
LARC]
LLARC1
LARC]
LARC1
LARC]
LARC]
LARC]
LARC)
LARCY
LAaRC])
LARC]
1. ARC]
LaRCl
LaRel
LARC]
LARC]
LARC]
LaRC]
LARC]
LARC]
LARC]
l.ARC1
LARCI)
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC!
LARC1
LAPC]
LARC1
LARC]
LARC]
LARC]
LARC]
1. ARC1
LARC]
LARC]1
1.ARC1
LARC]
LARCI
LARC]
LARC]
LaARC]
LARC]
LARC]
LARC]
LARC]
LARC1

314
31s
316
317
3118
319
32n
321
322
323
324
325
326
327
328
32q
33¢
N

337
333
334
335
336
337
33n
33q
340
34
347
343
348
345
34h
37
348
349
35n
35

357
3513
354
355
354
357
358
350
360
361

362
363
364
365
364
367
368
369
37n
N

372
373
374
378
376

97



9n

100

120

130

140
150

160
170

180

190

200
210
220
230
240

250

260
270

280

290

300

10

30

40

98

RETIRN

RI=, 0442THEXP (=10482./T)
RE THKN

RlzRe4n6B6HEXP («2579R #T)
RE TIRN

IF (H1g0) GO TO 12n
RI=5¢4n6B6#EXP (=25798 ,/T)
RETHRN

RIz V442T2EXP («10482./T)
RETIRN

1IF (B1s0)y 60 TO 140
RI=5e476B6%EXP (=25798,/T)
RETI1IRN

RIz, V64270EXP («10482,/T)
RETIIRN

RIz, l0oRO®EXP(«10314,./T)
RETIIKN

GO TU (170+1809210¢220+230¢2409250¢2709202093009,

RIz0e7733Ea44EXP (=8262,1/T)
RETURN

IF (1./TeGTeSe64FE=4) GO TO 190
RI=5¢3531E94EXP (=58360,/T)

RE THHN

IF (1./ToGTo7059E-4’ an TO 200
RI=,Y44144%EXP(=13198,/T)
RETIIRN

RI=0e7733E=4*EXP (=8262,1/T)
RETNRN

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

R1270,7733E44%ExXP (=B8262,1/T)
RETIIRN

RI=Ne7733E«4CEXP («8262,1/T)
RETURN

RI=7¢2751E=3%EXP («8694,3/T)
RETIHRM

IF (l./Te6T.5¢33E=4) 6O TO 269
RI=1730,SHEXP («35259,/T)
RETHKN
RI=0e¢7733E=4REXP(=8262,1/T)
RETHRN

RI=Qe7733E«4%EXP («8262,1/T)
RETIIRN

IF 11,,7.6T7,6,26hE=4) 50 TO 299
RI=)e1A54BEGYFEXP (=34207./T)
RETIIKN
R133¢7733E=43EXP (28262 ,1/T)
RETIHRN
RI=9e7733E=4%EXP(=8265,1/T)
RETIIRN

END

FUNATTAN RF (T)

LOGICA] LAGERISO

COMNUN LA/ LAGEAGF ¢MFNEL«ISO¢BISO

IF (MFHELLEQel) GO TO 120

GO TU (10420030440,5046070¢80190,100)

RF=159 379%FXP(=118614/T)
RETIHHN

RF=)e6154E6#EXP (=26374,/T)
RETIIKN

RF=131Q042%EXP (=1778324/T)
RETURN

HF=1+2716E60EXP (~28310,/Y)

1.ARC1
LARC]
LARC]
LARC]1
LARC1
LARC]
LARC1
LARC1
LARC]
LARC]
L.ARC]
LARC]
LARC1
LARC]
LARC1
LARC]
LARC]
1.ARC1
LARC]
LARC1
LARC]
LLARC1
LARC1
1.ARC1
LaRC1
LaRCl
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
1.ARC1
LARC]
LARC1
LARC]
LARC1
LARCI
LARC]
LARC]
LARCY
LARC]
LARC]
1.ARC1
1.ARC1
LARC]
LARC1
LARCY
LaRc1
LaRC1
LARCI1
1.ARC1
1.ARC]
LaRCl
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]

377
37R
379
38n
a8
382
383
384
385
388
387
3AR8
389
399
391
392
393
394
395
39y
397
398
399
400
401
402
403
404
408
406
407
408
409
4190
411
412
413
414a
5418
416
417
418
419
420
421
422
423
424
425
426
227
428
429
430
431
432
4313
434
43%
434
43
P
439



50
60
70
80
90

100

150

160
170
180
190
200
210

220
230

240

RETIHRN

KF=1749,25%EXP («19545,1/T)

RETHKN
RFz1500 4 *EXP («17662,/T)
RETHXN

RF=1e2316E6%EXP (=28319,/T)

RETUXN

RF=142316E6%EXF (=28319,/T)

RETHIRN

RF=12216E6%EXP (=28319./T)

RETHNN

IF (81<0) GO TOo 1190
RF=27e3405%EXP (=«13777./T)
RETIHINN

RFE214Q.4%EXP (=18175,/T)
RETIIRN

60 TD (130914091709180+190+200°210°220¢9230°240)
RF=1e8289E48EXP («228K1,/T)

HETIIRN

IF (14/TeGTeS5eb4E=4) r0 TO 150
RF=5¢3231E9%EXP (=58360,/T)

RETIINN

IF (le/T.GT.7O‘;9E-4) [c]¢] T0 160

RF=.046144°EXP(-13198./T)
ReTIRN

RF=Qe7733E=42EXP («8262,1/T)

RETORN

RF =952 4 #EXP (=22657,/T)
RETNRN

RF=2237T*EXP («21229./T)
RETIKN

RF 20955 ,42EXP (=22657,/T)
RETIRN

RF=27423¢*EXP («224354/T)
RETHKN
RF=223] JT5FXP («21229,./T)
RETIIKN
RF=2237« T*EXP («21229,/T)
RETIKN
RF=2237 ,THEXP («21229,/T)
RETIRN

RF=RYG 5 4P#EXP («226574./T)
RETIHKN

END

FUINRTIAN FRACBQ (T)
DIMFNSTON IDP(2)s TAB(3)
LOGTCA; LAGE+BISO

CoMmUN /LA/ LAGE+AGEsMFUEL+IS0O9BISO

COMMUN /F/ FleF29F34F4

DIMFNSTON W3(B)s A(R), BI(B)s CI(B)s W&(B), FRAC3I(R), T3(R), FRAC4 (R
1)y T4(R)
DATA FnAC3/.005269.ooq99.00719.01169.0185..oa6,,057..031q/_ i
DATA T/165061591743,15+1793,15+1873.15,1917,18,79873,15,2000,0+207
13,15/
DATA FRAC4/,00718,,007944019,0214,0557,1094222.,4039/

DATA5T4/1673-1591697.1q01733.1591793o1391953.1507803.159?°71o15'9n
173,12/
SPLYNE RUUNDARY CONDITTONS ETC.

IJ=1
0P (1y8
10p (%) <5
N3=R
N4 =8

LARC]
LARC1
LARCI]
LARC]
LARC]
LARC]
LARC]
LARC)
1.ARC]
LARC1
LARC1
1.aRC1
LARC]
LARC]1
LARC]
LARC]
LARCY
LARC1
LARC]
LARC1
LARC]
LaRel
LARC]
LARC1
LaRcl
LARC1
LARC1
1,ARC1
LARC]
LARC]
LARC]
LARCY
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARCI
LARC]
LARC]
LARC]
LARC]
LARCI
LARC1
LARCI
LARC1
LLARC1
LaRcl
ILARC1
L ARC]
LARC]
LARC1
LARC]
LARC)
LARC]
LARC]
LARC]
Larcl
l.ARC]
LARC]
LARC1

LY
44
442
443
444
445
b4 g
447
448
449
4Sg
451
452
457
454
458
456
457
458
459
460
461
467
463
464
465
464
467
468
460
470
471
472
4713
474
475
476
477
478
479
480
481
482
483
484
485
486
487
4AR
489
490
49
492
497
494
494
496
497
498
4949
S0n
501
502

99



CALL SeL1D1 (N3,T3,FRAC3IW3Is10P,I1JsA+B4C) LaRcl 503

CALL SOLID1 (N4sTA4FRACLIWLIINPsIJoAsBeC) LARC] 504
RETIKN LARC1 505
ENTRY FRACB LARC] 506
IAGF=AGE LARC] 507
1aGFlz1AGES] LaRc! 50g
Fl=0.0 Larcl 599
F2=nep LARC1 Siln
F3=nen LARC] 511
F4z=n.0 LARC! 512
F23z2Y,n LARC] 513
X=ARt-TAGE LaARrcl 514

IF (A,nEeY.0) GO TO 10 LaRC! 51g

IF (AGF'OEQOOOO) GO TO 10 LARCI 516
X=1,V 1. aRc1 517
IAGFl=1AGE LARC] 518
IAGF=1aGF =1 LARc! Slg

10 CONTINIE Larcl 520
IF (MFHEL.EQel) GO TO 160 LARC1 521
Fl=1e.0 LARC1 %22
F22140 LaRcl 5213
F3=1e0 lLARC] 524
F4=140 LARC] 525

IF (T,rE«2273.15) GO TO S0 LARC1 526

IF (T,rE«2073.15) GO TO 40 LARC1 527
F1=,00179 LARC] S2g
F2z,0077 .ARC1 529

IF (T4.T.1673.15) GO T0n 20 LARC] 53n
CALL SoL1D2 (N&sT44FRACSsWAIT s TsTAR) LARC] 531
Fa=TAg 1) LARC] 532

IF (T41 Te1690.15) GO TO 30 LARC1 5393
CALL SpL1D2 (N34T34FRAC3eW3s1JeTeTAB) LARC] 53a
F3=7AR¢1) LARC] 535

GO vV g0 LARC] 536

20 F4=,00718 LARC1 537
30 F3=,Y0476 LARC! 538
GO vV g0 LARC1 539

40 CONTINNE LARC] Sé4n
Flzal(Q, 3456444,99]105E=34T LARC] 541
F2=-10.322904.981155-2nT LARC1 Sé>
F3=2.9,43944144,592500E.30T LARC) 543
Fazab,775124%2,98050E=34T LARC1 544

S0 CONTIN)E LARC] 545
F23=0,5¢%(F2+F3) LARC] 546

IF teNnT.LAGE) GO TO 100 LARC) 547

IF (lanFeLT,3) GO TO an LARC] 544

GO 1O (60,70480990)y TAGE]L LARCI 549

60 FRACB=AGE®#F) LARC] 550
GO t0 150 1.ARC1! 551

70 FRACH=A2S®(3e*F1lul, 8#x0F1e3,8XHF2) LARC] 552
G0 1O 790 LARC] 5513

B0 FRACHz=A¢258(Fle (2,=X)uF2+2,8X6F3) LARC] 554
Go 10 (50 LARC] 558

Q0 FRArMB=zA25®# (F1eF2+4F3exoF4) 1.ARC1 556
G0 TU {S0 LARC1 557
100 IF (IARE«GT«3) GO TO 140 LARC] 5514
GO 1O (110+12041304140)4 TAGE] LaARCl 559
110 FRACB-AGERF] LARC] 560
GO vU 150 LARC] 561
120 FRACH=F)eX®(F2=F1) LARC] 562
GO TO 150 LARC] 5613
139 FRACB=FR4Xn (F3aF2) 1.ARC1 564
GD T0 15) LARC1 S65

100



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

150

160

170

180

190

200

210

220

230

260
270

280
290

RETIHRN

SORS FIIEL AGE MODE{L==R7SO

IF (LangE) GO TO 200

FRACB=1.0

IF (AGF.GT,.0.121 GO Tn 180

IF (T,AT.1998,15) GO t0O 190

IF (r.|T01858015) GO T™O 170
FRACHB=.13,272%+714284F =307

GO TO 90

FRACU=A,0

GO TU 90

BI1SN CANSTANTS
TONF=2n11497%EXP (= ,0574098%AGE)
1F (T,~F.TONE) GO TO 100
T7ER0={876,172EXP (=« ,0R04098%AGE)
IF (T, E.TZERO) GO TO 170

FRACH= (T=TZERO)/(TONE=TZERN)
FRAFE=CRACB+«025%AGF
FRACB=AMIN] (FRACY 1,0}

RETIRN

Fi=yen

F2=]oo

F3=1.0

F4=190

AGE ! =X

AGE?=1, X

AGE332, X

AGEA=3, +X

IF (A,3T40,12) GO TO 220

IF (T.QT.IQQBOIS) GO TO 230

IF (T4 Te1858415) 60 TO 210
Fl=al3 272547,14286F=34T

GO 7O 230

Fl=nep

G0. 710 »30
TONFlz2011497#EXP (= 0574098#ARE])
IF (T,AT.TONE1) GO TO 290
TZERO121876.179EXP (=,N8040988AGE])
IF (T.)F.TZEX01) GO To 210
F1=¢T«+ZERO1)/ (TONE1=T7FRO1)
TONFZz=o(11e972EXP (=, 0574098 AGE2)
1F (T,aT«TONE2) GU TO 290

TZERUS 1876, 1THEXP (=, 0RN409B8AGE2)
IF (T4 E«TZERO2) GO Tn 240
F2=z(Tat/EROZ)/ (TONER=TZERQ?)

GO TU 240

F2=nep
TONE3E2011,97#EXP (=, 057409R%AGE 3)
IF (T.aT.TONE3) GO TO 290V

TZERU3_ 1876 ,1TH8EXP (=, 0RN40988AGE3)
IF (T41 E«TZERO3) GO Tn 260
F3z(T1=7/ERO03)/(TUONE3I=TZERO?)

G0 YO0 o570

F3z=ne0
TONF4=501197HEXP (=, 057409R%AGES)
1IF (T.AT.TONE4) GO TO 290
TZEPU4=18T76,17#EXP (= ,0RN409BBAGES)
IF (T4 FeTZERVS4) GO Tn 280
Faz=(TaT/ERO4)/ (TONE&=T7EROS)

G0 TO 590

Fé4zneo

1F (lagE.GT.3) GO TO 330

LARC]
LARCI
LARC1
LARC1
LARC1!
LARCG]
LARC1
LARC]
1.ARC1
LaRcl
LARC]
LARC]
LARC1
LARC1
LARC1
LARCI1
LARC]
LaRcl!
LARC1
LARC]
1.ARC1
LARC]
tArcl
LARC]
LARC})
LARC]
1.ARC!
LaRCl
LARC]
LaRcl
LARCI1
LARC]
LARCI1
1.aARC1
LARC]
t.arc!
LARC]
L aARC1
Larcl
LaRcl
LARC1
LARC)
LARC]
LaRc1
LARC]
LARC1
LARCI1
LARC1
Larcl
LARC1
l.ARC]
LARC]
LARCI
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARC]
1.ARC]
t.arcl

566
567
568
569
S7n
571
572
5713
574
575
574
577
578
579
580
581
582
583
584
sR88
586
587
588
589
590
591
592
593
594
595
596
597
593
599
600
6M
602
603
604
605
606
607
608
609
61n
611
612
613
61ls
615
616
617
614
619
620
621
622
623
624
625
626
627
628

101



141
300

310

320

330

340

102

10

20

40
50
60

GO tO (3004319¢4320%330), IAGE]
FilzFle 0258AGE]

FRACHB=F1

GO *D q40

Flz=Fle N25%AGE]

F2=Fce 025%AGE2
FRACB=A.25#(Fle3.6F2)

GO 10U 140

Fl=Fle Nn25#AGE)

F2=rF2e 025%AGE2

Fler3s _0250AGE3
FRACB=n.25% (F1eF2+2,9F3)
GO vO x40

FlzFls 025¢AGE)

F2=rFdes 025%AGE2

F3=F3s N258#AGE3

Faz=rée n254AGE4
FRACH=n 252 (F1eF2+F3¢F4)
FRACHB=AMIN] (FRACB,4+1,0)
KETHRN

END

FUNFTIAN FRACT (T)

LOGTCA| LAGEsU4ISO

COM4UN /LAy LAGE’AGE’MFUEL’ISO’BISO
COMMUN /F/ FleF2eF3,4F4
IAGE=AnE

IAGFl=TAGE+

Fl:ﬂ.O

F2=1.0

F3=Nh,0

FQ:0.0

F223z0,A

K=Art«7AGE

IF (A, vE.0,0) GO TO 10

IF (AGF.EQ,040) GO TO 10
x=1,0,

1aGFl=1AGE

IAGF®]AGE=]

CONTINNE

IF (MFIIEL.EQe1) GO TO 170
Fl=1e0

F2=1e0

Fl=1ep

F4zleD

IF (T,/E.2273.15) G0 TO 60
IF (T.aE«1941,15) go 1O 20
le.00f57

IF (T.rF«1902+15) GO TO 390

THIS 1§ A CHANGE IN Cal CULATION OF F2 IN FRACT

F2=0¢90665E«4#EXP (9,15323Eub0T)
IF (T,aE.1888.85) GO TN 40
F3=1e27240E=3%EXP (1,08109F=34T)
IF (T,arE.1873,15) GO Tn Sp
F4=101717T6E=3PEXP(1,1Q064F=34T)
GO TU «n
F12u5,n361¢,200732F=24T

FRzud Av224,25B005F 20T
F3z2a%,0593+.257762F=24T

Fa=ab ,6209+,24728E=-20T
CoNTINNE

F23=0.ce(F2eF3)

IF (eNNT.LAGE) GO TO 110

IF 1lARE«GT43) GO TO 1190

LARC]
LARC]
LARC1
LARC1
LARC1
LARCY
LARCY
LARC]1
LARCY
LARC]
LARC1
LARC1
LARC]
L ARC]
LARC1
LARC]
LARC1
LARCI]
LARCY
LARC1
LARC1
1.ARC1
1.ARC1
LARC]
LARCY
LARC]
LARC1
LARc]
tarcl
Larcl
LARCI1
LARC]
LARC]
1.ARC1
LARC]
LARC1
L.ARC1
LARCY
LARC]
1. ARC1
LARC1
LaRc1
LARC1
LARC!]
Larcl
1.ARC1
LaRc1
LARCI
LaRc!
LARC1Y
LARC]
LARCI
LARCY
LaRCl
LARC1
LARC1
LARC]
LARC]
LARC]
LARC]
1LARC1
LARC]
1.ARC1

659
660
661

667
6613
664
665
666
667
668
669
670
671

672
673
674
675
678
677
678
679
680
681
682
6813
684
684
6R6
687
687
6R9
69n
691



70
80
90
Ico
110
120
130
149

150
160

170

180

190,

200

210

220

230

240

GO TV (70+480¢904100)s YAGF]
FRACT2AGE®F1

GO 10 760

FRACT=ZA 4259 (3 #F 1w, #y8F1+3,8X%F2)
GO tO (60

FRAFTZA 258 (Fle (2,aX)8F242,#x0F3)
GO TU {60

FRART=Ae258 (FleF2eF3exuF4)

GO TU 160

IF (lAREGT,3) GO TO 150

GO T0 (12v+130¢140+150)s IAGEL
FRACT=aGE®F]

GO 19 j60

FRACT=F1eX® (F2=F1)

GD TO 169

FRACT=F2e+x0 (F3F2)

GO TD 169
FRACT=F 3+ (AGE=3,)# (F4=F3)
KRETIIKN

SORS FIEL AGE MODEL==TRISO

1F (LAgE) GO TO 210

IF (AGF.GT,0.,12) GO To 190

IF (T,4T«1998.15) GO TO 200

IF (T4 T41858415) GO T0 18n
FRACT=.13,272547,14286E=30T

GO 10 »o00

FRACT=440

Go tU 200
TONF=2A0953%EXP (=, 04729642 AGE)
1IF (T.~F.TONE) GO TO 200
TZERU=1880,17EXP (=,09744590AGE)
IF (T.  E«TZERO) GO TO 180
FRAcT=(T=TZERO1/ (TONE=TZERQ)
FRAFT=FRACT+,025%AGE
FRAFT=AMIN] (FRACT #1401

RETI)RN

Fl=140

F2=1+0

F3=)e0

F4=1e0

AGE1=X

AGE?=1, +X

AGE=2, X

AGE4=3 X

IF (X,aT«0,12) GD TO 230

IF (T.aT«1996.15) GO To 240

IF (7,1 7T.1858,15) GO TO 220
F1zel3,272547.14286E=3#T

GO TU 740

Fl=ne0

GO TU 240

TONF1=5009e53%EXP (=,0472964%AGE})
1F (T.sT«TONE1l) GO TO 1300
TzEPU121880,1#EXP (= ,0974459%AGE )
IF (T, E.TZERO1) GO To 220
F1=¢T=7ZERO1)/ (TONE1=T7ERN)
TONFZ25009,53%F XP (=, 0472964 2AGE2)
IF (T,~T«TONE2) GO TO 1300
TZERU2-188C,,1#EXP (=, 0974459#AGE?)
IF (T, E.TZERD2) GO Tn 250
FP=(T=v/ER02)/ (TONER2=T7ERO2)

GO 10 »60

LARC]
LARC1
LARCI1
LARC)
LARC]
LARC)
LARC]
LARCI1
LARC]
LaRcl
LARCI1
LARC]
LARC1
LARC]
LARC]
LaRC])
LARC]
LARC1
LARCY
LARCI
Larcl
LARC]1
LARC]
LARC]
LARC1
LARC]
LARC]
LARC)
Larcl
LARC1
LARC1
LARCY
LARC1
Larcl
LARC]
LARC]
LARC]
LARC1
LARC]
LARC!]
LLARC]
Larcl
Lapcl
LARC!
taRcl
1, ARC1
LARC1
1.aRC1
LARC]
LARC]
LARC]1
LARC1
L ARC1
LARC]
LARC1
LARC1
Larcl
LaRc1
LARC1
LARC]
LaRcl
{ ARC]
LARC1

692
693
694
695
696
697
698
699
700
701
702
703
704
705
704

707
709

709
Tin
™

712
713
714
718
718
117
71AR
719
720
721

722
723
724
725
726
727
728
129
730
731
732
733
734
735
736
737
733
739
T4n
741

747
743
144
745
T44
747
T74n
749
750
751

75>
751
754

103



259
260

270
280

290
310

310

320

330

340

350

10

104

F22fhe0

TONF3=25009,53%EXP (=,0472964%AGE3)
IF (T.AT«TONE3) GO TO 300
TZERU3-18R0,1*EXP («,09744598AGE3)
IF (T, E«TZERO3) GO TA 270
F3m(TetZER03)/(TUNE3=TZERNI)

Q0 70 »80

F3zneq
TONE4=5009 ,532EXP (=, 0472964 %AGES)
1IF (T.aT<TONE%) GU TO 300
TZERU4=218B0,19FXP (=, 09744598 AGES)
IF (T,  E.TZERV4) GO Tn 290
F4=(T=TZER04)/ (TUNE4=T7ERNS)

GO TtV 00

Fé:noo

IF tiAaF«GTe3) GO TO 340

60 TV (3104320,330,340), 1AGE1
Fl=Fls 025#AGE}

FRART=F1

60 tvU 250

Fl=rle 0252AGE1

F2=Fcs 0258AGE2

FRART 2,250 (F1e3,8F2)

GO tU S0

F1=Fle 025%AGE)

F2zrce O02SHAGE2

F3=FJds N254AGE3
FpAf'=n025“(F1‘F2‘Zo°F3)

GO vU 250

F1=Fl,s 025¢AGE]}

Faz=Fde NP254AGER

Fizpde 025#5GE3

Fa=F4s 025%AGE4L

FRAFRT=A,298 (F14F2+FAeF4)
FRACT=aMIN] (FRACT,1,0)

YETHRN

END

SU4RUNTINE PLOT(NsXoMXyYosMYsICHAR, ICON)

DIMENSTON X(1)s Y (1)

COMMON /CUEOT7/ IXLyIXRyIYToIYRByXL XR,YT,yR

COMMUN /LJUNEW/ IXSAVE.IYSAVE.IX2e¢1Y2

THIS SHRKOUTINE 1S MONTFIEN BY THE INCLIISTON OF | JNEW

LUNFW 1S INCLUDED SO THAT TXSAVEs IYSAVE MAY BE 1ISED FOR TYTLES

INTFGER BLANKSPLTDOT

DATA B) ANK4PLTDOT/608,52B/
IXSAVE=X (1)

IysaVe=Y (1)

YNG=U 4 ®*Y (N)

IF (N,FQe2) YN6==2,0
FXzyRaxl

IF (FX,NE.0) FX=(IXReTXL)/FX
FYzyBayT

IF (FY_NE.0) FYS(IYR=TYT)/FY
K=1

MaNal

I=0

J=0

L=n

JCONSIGON

IF ({IGHARGEQ.RLANK) «OR. ( { ICHARGER«PLTDOT) s AND, (M8 JCONNF.0))) Knh
IX2aMINO(MAXO (IXLOIFIy ((X(Te2)=X{)®FX)sTx] )9TXD)

IY2=MINO (MAXO (IYTSIFIX((Y(Je1)=YTI®FY)*IvT) e yYR)

IF (K(NEeO) CALL PLT (IX241Y2,ICHAR)

L ARCY
LARC!
LARC]
LARC1
LARC]
LARC1
LARC1
LARC1
LARC]
LARC]
LARC]
LARCI
LARCI]
L.ARC1
LARC1
LARC]
LARCI1
LARC]
LAKC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
LARC)
LARC]
LaRC1
LARC]
LARC]
LARC]
LARC]
LARC]
L.ARC]
LARC]
LARC1
LARC]
LaRC]1
1.ARC1
LaRC!
LARC]
LARC]
LLARC1
L ARCI]
LARC]
LARC]
LARC]
1.ARC1
LARC]
LARC!
Larcl
LARC)
LARC1
1.LARC1
LARC]
LARCI1
LARC]
L aRcl
LARC]
L.ARC]
LARC]

75
754
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
777
773
774
775
776
777
77A
779
780
781
782
7813
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
80n
801
802
8013
804
805
80¢
807
80n
809
Blo
811
817
8113
8ls
818
814
817



IF (L ,nE.0) CALL DRV (IX1sIY1eIX24IY2) Larcl 818

IF (M, E.0) GO TO 30 LARCI 819
IF (Y()#1)4GTeYN6) GO TO 20 LaRel 820
IXSAVELIX2 LARC] 821
IYSaAVFzIY2 LARC] 82>
20 CONTINNE LARC1 823
M=Mal L ARC) A2a4
I=1.Mx LARC] 824
J=JeMy LARC] 826
L=JcON L.ARC] 827
IX1=1x>» LARC] 828
Ivlzly> LARC] 829
GO TOU 10 L ARC1 83n
30 KETIRN L.ARC] 83)
EMD LARC) R32
FIUNCTIAN TEMPQ (VF) 1 ARC] 833
DIMFNSTON T0P(2)s TaAB(?) LARC! 834
UIMENSTON x(14)s TEMPF(14), W(14), A(14), B(14), C(14) LaRcl 835
COMLUN /SPEC/ TEMPF X L.aRC1 834
DATA %X/009e0194033339,0660h0,190,29e30084,59,69,7,,R0e991, LARC1 837
DATA TFMPF,1699.52,1593.71.1479.26,1aoz.q9,1347.q°,1255.17,1705.17 LARC] 838
19117344191416740491127.5991§064642691079408410440240922404/ LARC]) 839
SPLTNE BOUNDARY CONDITIONS ETCe 1. ARC1 840
1J=1 LLARC1 841
10P (1) a5 L.ARC] 84>
10P (¢ =5 LARC] 843
Ni=14 LARCl 844
CaLl. SPL1D1 (N1 eXoTEMPFeWsI0PsIJsA*RC) LARC] 845
HETHRN, 1. ARC1Y B4g
ENTPY TEMP LARC] 847
CALL SpPL102 (N1 eXeTEMPFeWeTIJoVFeTAL, LARC] B4n
TEMR=TAR (1) LARC] 849
HETITHN LARC] 85S¢
END LARC] 851
FUNCTINN TMAXO (T) LARC] 852
DIMFNSTON I10P(2)s TAB(3) LARC] 851
DIMFNSTON TT(29)s TMAXF(29)s W(29)s A(29), B(29), €(29) LARC] 854
coMmUN /TMODEL/ MODEL LARC] 855
COMMUN /SPECM/ NTsTTeTMAXF L.ARC] 8Sa
1415 cAMMON CONTAINS HTIMENSIONS IN MAIN POOGRAM 1.ARC1 As7
SORS DaATA L ARC] 858
DIMFNSYON T1(11)s TMAX] (11]) LARG] 859
DaTA T17009103¢2:.3934595096¢9299.42912e3¢1703926.5040¢7 LARC) B6q
LATA TuAX1/1227,59,1644,26,1922,0642199 87+24/7,59,2755,27,42033,1% Larcl 861
143310,03,43588,7143922_,04+3322,04, LARCY 867
CNRAON TABULAR DATA LARC] 863
DIMFNSYON T2(10)e TMAX2 (1) LARC] 864
DATA T?/O...00839.2167,1.4%.5,25.10.25.1:.25,26.9%.25.2:,16.?%/ LARC] 865
DATA TnAX2/1192.59,1192,59,1280,37,1018 1542379 _56,2969,87,3358 77 | ARC] 864
10362V0,3793656%,3793665,37/ LARC] 867
FU = CnRT OATA LaRC] 86n
DIMENSTON T3(29)s THMA¥3(29) 1 ARC1 869
DATA T1/-29.49.591.091.592.092-5933093gq94-o.k.:-q.oos.q.s.d-6.q.7 lLARC] 870
1508,99,01000114912,413,914,91549164¢17.418.919,420,/ LARC] 871
DATA THAX3/11994+41278,,1315441461441589,,1704%,18104+1908,,2002.,2 LARCI] 872
1091.92176492257¢92335,02411092483,9255%4,426B7,.,42215,92936,43053,.3 LARC] 873
2165, 93573 ,43376,43475,.3570,436A3,43636_,3664,,3465,/ LARC] 874
SPLTNE BOUNDANY CONDITTONS ETCe. LARC] 875
10=1 LARC1 876
IoPtly=S L ARC] 877
10P(2)=5 1.ARC1 878
GO TO 110,30+50)9 MOOFL 1.ARC1 875
10 N2=71 1.ARC1 880

105



(g NeNe]

loe

20

30

40

S0

60
70

10

20

30

NT=9

DO 20U y=]1,4N2
TT(Y)ari (D)
TMAXF (1) =TMAX1 (D)

CONTINIIE
GO 10 70
N2=10
NT=8

LO 4V T=1,4N2
TT(r) =520
TMAYF (1)=TMAX2(])

CaNTINGE
Gno 710 70
N2=29
NT=29

DO AU T=14N2
TT(r)=73(1)

T™MaxF (1Y=TMAX3(T)
CONTINNE

CALL SoL1DY (N2,TT,TMAXFsW,10Ps1JsA.BsCy

RETIIRN
ENTRY TMAX

CALI. SPLID2 (N2+sTToeTMAXFeWelJyTeTAB)

TMAx=TAR (1)
RETHRN
END

FUNRTTIAN TAVEQ (T)

DIMENSTON I0P(2)
LIMFNSYON TT(29)

TAB(3)

TAVEF (29) s

COM1UN /TMODEL/ MODEL
COMMUN /SPECA/ NTeTTeTAVEF

THIS CAMMUN CONTAILINS NIMEMNSIONS IN MAIN pROGRAM
IN THE MAIN PROGRAM, TT IS CALLED T3 IN THIS Cnmunn STATFUFNT

SORS DATA
DIMFNSYON T1(11)

TAVEY (11)

DATA T1/04014142.506,24603410,9014,8,72,5,3%4,6940_¢504/

DATA TAVE1/1088,71,1366,48,164422641922,04+2199,22,2477,59,2755,47
193033,71593310493¢3374,4293459,08/

CORCUN TABULAR DATA

DIMFNSYON T2(1n)s

OATA T5/000e00839.2167¢144595,25010,25¢15,25420.25925425¢30,7257
UATA TAVE2/1052¢5941057¢59¢1134.82¢1413,71¢1920.37,2338,71¢2608,71

TAVF2(10)

192703,71+2938,15,3026,48/

FU o CnART (IATA
OT#FNSTON T3(29)

DATA T1/.29.“9.591.091.59?.092.593.09305940094.q05.095.q96.096.q07
1498,99 01049414912,913.916,915,91640917¢41R4919,,420,/

DATA TAVE3/1167.91219..1241.91338.6142i.o169s--1:66.9161i.-1692--1
1749.91no4,,1856,.1906..1944..1909.9204#.,?126..?904.9??72,.?167..?
2414 02477 ,,2538 42596 ,2653,,2707,,2756_,72801.,2840,/

SPLTNE BOUNCARY CONDITIONS ETC.

Iu=

InP(1)=5

IOP(d):S

GO 10 (10430+50)
N3=11

NT=~>

00 5V 1=1,N3
Tr(r)=v1tl)

TAVEF (7)=TAVEL (])

CONTINNHE
Go TV 70
N3=1V

TAVF3(29)

MOOEL

LARCY
LARC]
LARC]
LaARCl
LARC]
LARC]
LARC]
LARC]
LARC]
L.LARC]
1.ARC1
LARC1
LARC]
LARC]
LaRcl
LARC1
LARC]
LARC1
LARC]
1.ARC1
L ARC1
LAaRC)
L ARC]
LARC]
1.ARC1
1.ARC]
LARC]Y
1 ARC]
Larcl
LARC]
L ARC]
1.ARC1
LARC]
lLARC]
L ARCI
LARC]
LARC1
L ARC1
1.ARC1
LARC1
LARC]
LARC]
LARCI
L ARC1
LARC1
ILARC1
LARC1
1.ARC1
LARC1
LARC1
1.ARC1
LARC1
1.ARC1
LLARC]
LARC1
LARC]
LARC]
1. ARC1
LARC]
LARC1
LARC]
l.ARC1
LARC1

881

882
8813
884
B8A%
884
887
888
889
R9n
891
892
893
894
898
894
897
898
899
900
901
992
9019
904
908
906
907
ChY-)
909
9In
91
912
913
914
915
914
917
918
919
920
921

922
923
924
928
926
927
92R
929
93p
931
932
9313
934
935
936
937
938
939
9490
941
94
9413




c

NT=a

DO 40 T=1leN3
TT(1)=721(1)

TAVFF (1)=TAVE2(I)

40 CONTINNE

S0

60
70

Go t0 70

Ni=o9

NT=29

DO Y T=1,N3

TTe(r1=¢3(1)

TaveF (1)=TAVE3 ()

CONTINNE

CALI, SolL1D} (N3QTTQTAVEF9W.IOPOIJQA.BQC)
RETHRN

ENTRY TAVE

CaLt SeLID2 (N3 sTTeTAVEF eWeIJeTeTAB)
TavF=TaH 1)

RETIIRN

END

SUAPVUTINE FIN(PN,RP,RR L AMBDA+DECAY DT ,pEAK)
ORIAINAL ANSWERS

REAI. LaMBDA

EzEvP 1DECAY®*DTI

RO=XR/ (DECAY®DT)

RP=RLEAK® ((PM=RD)#{1 ,.E) /DECAY+RD=DT)
PN=DN#psRD® (14 =E)

RETHRN

END

SUgrUUTINE FINY (PNsRPoLAMANASYNDECAYSDT*RLEAKIALN R sROLD)
SIMPLE EQUATIONS SECOND HALF

KEAI. LAMBDA

E=EXP (JNECAY#DT)

El:] cmp

S=n.5% (R*ROLD)

AL AcLAGRDASS

EL:FKP(-ALA“DT)

EMzteapL

IF (UErAY.EQ.ALA) GO To 10

RP=nLEAK® (PN®E1/DECAY+S®OLD* (EM/ALA=EL1/DECAY) Z (NFCAY=ALAY)
PN=F#PneSe0LD#® (EL=E) / (DECAY=ALA)

6N 10 20

RP=pLEAKY (PN®E1/DECAY+S®OLN® (F1=DECAY®DT®E) / (DECAY®DECAY1)
PN=c® (pN+SBOLD®DT) ’

KETIRNN

END

SUBRUUTINE FIN2(PNeRP,LAMRNANECAYDTsRLFAKs LN ynepOLD)
LINFAR RELEASE SECOND HALF

REAI LAMBDA

E=ExP (DECAY®#DT)

Elz|e=r

S=0,5%(P+ROLD)

ALA=LAURDASROLD

BH=neS4 (R=ROLO) /DT

PTERM=(VECAY=LAMBDA)*pPZERO (ALA=DECAY*BHnT)

RP=nLE4K® (PN®EI/DECAY+OLD® (E1=LAMBDA®PZERO (ALAJRHINT) =E8DTEAM) /NEe

I1AY)

PN=F® (pN*OLD¥ (PTERM+]1,=EXP( (DECAY=LAMBDA=S) #nT) ) )
RETIKRN

END

SURRUUTINE FIN3(PNFePNIsRPFIRPIsLAMBDAYDECAY «DTenLEAKINFAI NaNIOLA

1KA,0F 0] DsRB4RIOLD4F4FOLD)
LINFAR FAILURE SECOND HALF
REA{, LAMBDASNFOLUJNIOLN ¢MN M4

LARCI
LARC)
LARC1
LARC]
LARC1
L.ARCY
LARC]
Larcl
tarcl
LARC]
L.ARC]
1.ARC1
LARCY
1,ARC1
1 ARC]
LARCY
L ARC]
1.ARC1
LARC]
LARC]
l.ARC]
1.ARC]
LARC]
Larcl
LARCY
LARC1
LARC]
1 ARC]
LaRcCl
1.ARC1
LARC1
LARC]
L ARC1
LARC1
LARCIY
LaRc)
LARC]
LaRcl
LaRcl
LaRC]
LARC]
LARC]
LaRC1
LARC]
LLARC])
LARC]
LARC1
LARCY
LARC1
1.ARC1
LARC!
LARC]
LARC1
LARC]
LaRcl
LaRel
1. ARCI
LARC]
1.ARC1
LARC]
LARC]
LARC]
LARC]

944
945
946
947
948
949
950
951
Y52
953
954
955
956
957
958
959
960
961
962
963
964
965
964
967
968
969
970
97
972
979
974
97g
976
977
978
979
980
981
982
9813
984
98g
984
9R7
983
989
990
991
992
9913
994
99%
994
997
999
9949
1000
1001
1002
y0013
1004
1008
1004

107



108

10

20

30

40

50

E#EXP (DECAY®DT)

El=teep

RF=neS5a (RASRFOLD)

Rlz=neSs (KB+RIOLD)

RFP=LAMBDA+RF

RIP=LAMBDASRI

A4anlop )

A0=NFO D

DF=F=FnLD

OFDT=DF /0T

NR=pFenl

F101 D=7 .=FOLD

ALPHA=cT10L.D#DR

CAM=NFp=Al PHA
GAM2RFPeFOLD+RIP®FIOLD

BET<!RaNFDT

BETASRFT/2,

1F (FIQLDOEQOOOO) A5=000

IF (FINLDNE«0.0) AS==DFDT®#A4/FIOLD
AlzaAg5 ,DREFOLD®AG

A2=~URa (FINLD=FOLD) #ASg
A3znRanFDT8AS

DT2=VTaOT

Mbzr AP (=GAMBDT=RETA®DT2)
MOzFXpP | «RFP&DT)

GE=MU/F

DL:ntCAY-RFp

AOL -ALpHAWLOL

Q4=0LF00 (GAM=DECAY+BETA+DT)

1F (HET«NEo040) QO=(1,=M4/E+ADL®Q4) /BET
THIS 1< 05 FOR BETA ,NF, 0,0

1F (DL ,FQene 0) GO TO 10

WOz (Y¥Fal40) /DL

W1=(YELPZERO (=ALPHA,BFTAsDT)«Q4) /DL
60 Y0 40

FHEL

THIS T§ Q0 FCR OL ='n,p

W1=nTéns=Qd

TH1S 1< U] FOR BRETA (NE, 0,0¢ L = 0.0
GO TU 40

1F (ALPHALEQ.0.0) GO TO 30
Ql=(W4_00) /ALPHA

THIS s Q) FOR BETA = ¢9,0. OL = 0,0, ALpuA NE
Gn 10 40

Ul=ne5aDT2

THIS Ts Q1 FOR RETA = 0,0, = 0

L TS A O aneTa oL 0,0e ALpwa = 0,0
V4z(PZcRO(GAMIBETAINT)=E®R4) /DECAY

VI= (V4 E#Q1)/RFP

IF (BF1.EQ.0401 GO TO S50

W2z (WQLN4+ALFHA®QL) /BFT

Q3= (Y1 .Q5+ALPHA®Q2) /BFT

V2= (V0aV4+ALPHA®V]) /RET

VSa(b] /DELAY=GAM®V4=EnQ4) /RET

V3= (V1.VSeALPHABV2) /RFT

RPF=RLEAKR® (PNFOEL/DECAYSRF# (ANBVOeA1#V] ean®Voe
R01=RLrAKo(PhI»El/DECAyoﬁTO(Aé“VaoAé“V;)t? Feazeval
PNF=b® (PNFoRF2(AN2QN+A190]1+A20QC4A30803))
PNT=t® (PNT+RI®(A48Q4sAGHQAS )

60 TO 40

CONTINIE

HPFaRLFAK® (PNF#E1/DECAY+RF® (AQ®VO+ALI*V]))

« NGO

LARC1
LARC]
LARC]
LARC]
LARC]
LARC]
LARC!
I.ARC1
1.ARC1
LARCI
LarRCl
1LARC]
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]Y
LaRrCl
LARC]
1.ARC1
LARC]
L ARC]
LARC]
LARC]
LaRcI
l.ARC]
LARC]
Larcl
1. ARC1
LARC]
L.arRC1
LARC]
LARCI1
LARCY
1.ARC]
LARC1
LARCI1
1.aRC1
LARC]
LLARC]1
1.aRC]
LaRC1
LARC1
LARC]
LARC!
LARC]
LARC]
LARCG]
LARC]
LARC1
1.ARC1
LARC1
LARC]
1.ARC1
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
1 ARC1

1007
1008
1009
1010
1011
1012
10113
1014
1015
1014
1017
10IR
1019
Y020
1021
1022
1023
1024
1025
1026
1027
yN28
1029
103n
1031
1032
1013
1034
1035
1036
1037
1038
1039
1040
1041
1042
10413
1044
1045
1046
10647
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
y06n
1064
1062
1067
1064
1065
Y066
1067
1068
Y069



RPI=zRLFAK® (PNI®E)/DECAYeRTIBA4BVS)
PNF ek # (PNFeRF# (AO®Q0+A12Q1))
PNI=be (PNIsRI®AL®Q4)
60 RETIKN
END
SURKROUTIN
1tp?nL0)I E CALCI(NFOLD’NIO[DQRﬂQRBQLAMBDAODTQFQMFQNIQQQFOQQTQQFOrﬁ
SIMPLE EQUATIONS FIRST HALF
KEA] NEPoNIP
REA] NrFOLOSNIOI Do AMBOASNF ¢NT oM
IF ((NFOLD+NIDLD) .EQ.n,0) éoITSO;EI'MZ'M3°M4°Mq
An=nFO) D
As=n10 L
KF=neSa (RASRFDLD)
RI=neSs (RR+RIOLD)
RFP-KF ,LAMRDA
RIP=RT.,LAMKDA
RFL=KFo®UT
RIL=RIo®#DT
MO:FKp‘-RFL)
El=rXp(=RIL)
NFP=NFALD#MO
NIP_N1ALD®ET
SUM=NFosNIP
NF=F®g)iM
NI=(l ,aF)asum
RRF=MF o (A0=NFP) /RFP
KRI=KRIa(A4=NIP) /KIP
Go TO >
10 NF:hoo
NI:".O
kRF:u.ﬁ
Rplzu.h
20 KET RN
END
SUgROUYIN
I’QIOLOII E CALCZ(NFOLD’NIOLDtRﬂ’RB’LAMBDAQDTQF.MFQNIQRQFQRQYQQFO|b
LINFAR RELEASE FIRST HALF
REAI. NFPsNIP
?EAI(NFOtDoNIOLDQLAMBDAoNF.NI
{ INFOLD#NIO 0
P <m A LD1.,EY4n.0) RO TO 10
KI=nY
Ag=mMFO| D
A4=N10) D
EZ:EiP(-EAMBDA'DT-O.so(RFOLD&RF)°DT)
=FXp (= AMBOA®DTw
NFP:NFéLBOgF DT«0,5#(RIOLD+RIN*DT)
NIP=NInLD®E1
SUM=NFpeNIP
NF=F®§) M
NI=(1l,oF)8#SUM
GAMF=RpOLD+LAMBDA
GAMT=RTOLD+LAMBDA
BETF= (pF=RFOLO) /DT
SETAP=nETF/2.
‘RF=-=AntLAMBDABPZFERO (GAMF 4R -
BETT=(nI=RIOLD)Z0T ¢ PRETAF1OTI 4208 (1,-EF)
sstnl=nETI/2.
- &
bOI;UA;OLAMBDMPZERO(eAMI.BETAI.o'r).Aao”..EI,
10 NF:(’.O
“:=n.o

LaARC]
LARC1
LaRC]
LARC]
LARC]
LaRC!
LARC1
LARC1
LARC]
LARCl
LARC]
LARC]
LARC]
1.ARC1
LARC]
1 aARC]
LARCY
LaRcl
LARC]
LARC]
LARC]
LaRrcl
LARC]
LARC]
Larcl
1, ARC1
LARC]
L.ARC]
LARC]
LARC]
tarcl
Larcl
LARC!
Larcl
LARC]
L.ARC]
LARC]
LaRel
LARC]
LaRcl
1.aRC1
1,ARC]
LARC]
LARC]
LaRcl
LaRcl
LARC]
LARC]
LARC]
LARC1
1, ARC1
LARCI]
LARC1
LARC]
LARC!
LARCI1
1.ARC1
LARC]
LLARC]
LaRC1
LLARC]
1.ARC1
Larcl

1070
107y
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
10R2
10RA
10R4
y 085
107”6
1087
1088
108a
1099
1091
1092
1093
1094
1098
1096
1097
1098
1099
1100
110
1102
1101
1104
1108
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
Y117
1118
1119
1120
1121
1122
11213
1124
Y125
1126
1127
1128
1129
113n
113
1132

109



20

10

2n

30

c
10
10
20
30
c

110

RRFzU 44

RRI=V,0

RETHRN

END

SURPOHTINE PZERO(AYB ()

DATA SaP1/1.772453850605514/
CEFNFY(71D)=RERFC (D1 =ExP (2872, %138 Z2) vRERF(C (D=7)
IF *B,rRe0,0) GO TO 10 )
IF (B,1 T«0,01 GO TO 3p
SNRadQuT(B)

SQR?=5n13+SQB

4RGY1=SnneC

ARG»Zap/SQR2
PZERU=UPI#FNEW (ARG1 4 ARG2) /SQRZ
RETIRN

IF (A.rQd.0.0) GO TO 20
PZERVa(l.=FXP (=A®C)) /A

KE THRN

PZERUz,

KETIIRY

CONTINIIE

508=5QpT («R)

SOR2=SnB+SAB

ARG1=SnB&L

ARG1=Z (ALWAYS POSIT )
ARGo=A ,SUB2 HTTVE
PZEPO=qQPI®CFNEW(ARG] 4ARG2) /SAB2
RETURN

END

FIINARYTIAN RERFC (2)

IF (ARg(Z).GTe4,0) GO TO 10
RERFC=AERFC (2)

KE TIIMN

RERFC=AERFC (Z)

RETIHRN

END

FUNGTINN QERFC (ZTEMP)
CoMPLEX SeTeZ

DATA EPS/1,0E=«15/

DATA SnP1/147724538509055167
1F (L{T¢MPWEQ.D,01 GO TO 30
£=CMPLY (0,04 2TEMP)

l1=saP1 /2

T=z/0

S=Tel 0

L=y

K=l

CONTIN|E

K=Kel

T=T4.$l°lj

D=2,7((K+1)%D)

5=S.T

1F (CanS(S)EU,.0.0) Gn TO 20
iF (?AnS(T)/CABS(S).GT.EPS) 6n TD 10
l.=L o

IF (L4 Tes) GO TO 10
NERFC=AIMAG(S)

RETHRN

PRINT 40 Lo

Go t0 o0

QFERFCz4,0

KETIIRN

LARC]
LARC]
Larcl
1,ARC1
LARC]
1. ARC1
LARC]
LARCI1
LARC]1
LARC]
LARC]
LARC1
LARC]
LaRC]
LARC1
LARCY
LARC]!
LARC)
LARC]
Larcl
1.ARC1
LARC]
LARCY
LARC]
1.ARC1
LaRcl
LARC]Y
LARC]
1LARC1Y
LARC]
LARC]
LARC!
LARC]
LARCY
1LARC]
LARC]
LaRC1
1.ARC1
LARC]
LARC]1
t.afrcl
LARC]
LARC]
LARC]
LARC]
1, ARC1
1ARC1
l.ARC]
LARC]
LARC]
LARC]
LARC1
LARC1
Larcl
LakRel
LARC]
LARCY
LARC]
1 ARC1
LLARC]
LARC]
LARC]
Larcl

1133
1134
1135
1136
1137
1133
1139
11490
114
1142
1143
IREYY
1145
1146
1147
1148
1149
7150
1151
1152
1153
1154
1155
1156
Y157
1158
1159
1169
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1178
1176
1177
1178
1179
1180
1121
1192
1183
1184
Y185
1188
y1R7
1188
1189
Y190
1191
1192
1193
1194
1195



40 FORMAT (® S3Ue0 FOR Zx%esE1Ne3¢® Ka®ell0,8 LmasilA) LARC! 196

ENO LARCY 1197
FUNCTIAN AERFC (2) LARC] 1198
DATA EPS/1.0E=15/ LARC1 1199
OATA SAP1/1.772453850905514/ LARC] 1200
IF (4,FQ.0,0) GO TO 4p LARR1 1201
CON=l,n/(Z2SQP]) LARC1 1202
U=zel LARC] 1203
0=0.5 LARC]1 1204
T=psV LARC1 1205
S=1,0e7t LARC] 12064
L=1 LARC] 1207
K=l LARC] 1209
10 CONTINIE Larcl 12049
K=Kal LARC] 1210
D=KaeV,5 LARCY 1211
Tsavest LARC1 1212
T=TaL/y LARC] 1213
S=8.T Larcl 1214
IF (T,AT,TSAVE) GO TO 20 LARCY 1215
IF (S.EQe0.0) GO TO 39 LARC] 12164
IF (ARS(T/S)«GT.EPS) GO TO 10 Lafcl 1217
L=L.] LARC1 1218
1F (L, Te4) GO TO 10 LARC] 1219
20 CONTINF 1.ARC1 1220
AFRFC=cONGS Lakcl 1221
RETIIKN LARC1 1222
30 PRIMT g0 ZeKsL LARC1 1223
Go 0 10 LARC] 1224
40, AERFL=n,0 LARC] 1225
KETIIKN LARCIY 1226
LaARC1 1227

S50 FORMAT (® S=0,0 FOR Zz%+E1Ne34% Kx*sI10,0 Lu#s1n) LARC! Y228
END ] LARC] 1229
SURRUUTINE CALC3(NFOLN,NIO) D,RA,RR4LAMBDADT F,FALN,NF,Nt PRF4RRY, LARC] 1230
1RFQ) VenIOLD) LARC1 1201
LINFAR FAILURE FIRST WALF LARC] 1232
HEAIL NFOLD NIOLD¢LAMBDA (NF NI M0 eM1,M2,4M3,M4 Mg LARC] 1233
DATA SnPl/1,772453850905514/ LARCI 1234
IF (INFDLD*NIOLD) (EQ«0«0) 6O TO 70 LARC1 12135
AN=nFN) D LaRcl 1234
Anzmlo) U LARC1 1237
KF=neGs (RA+RFOLD) LARC]1 1238
RI=n+Ss(KB+RIOLD) LARC1 1239
RFP=KF.LAMBDA LARC] 1240
RIP=zRI,LAMBOA LARC1 1241
RFL=KFo®DT Larcl 1242
RIL=RJo®DT LARCI1 1244
MO=FXF («RFL) LARC]1 1244
El=cXp=RIL) L.ARC1 12658
P0=r1,.m0) /RFP LARC] 1246
DFzE=Fnl.D LARCI 1247
UFNT=ne /0T LARC1 1248
Fl=)eaur LARC] 1249
F10) U={,=FOLD L.ARC] 1250
IF (KF _NE.RI) GO TO 30 Larcl 1251
IF (Fe3Te0,0) GO TO 1n LARC] 1252
NF=n.0 LaRC1 1253
RRFzU .5 LARC1 1254
NI=a%ecl LARC] 1255
RRI=() «EI)®#RI®A4/RIP LARC] 12564
G0 v0 a0 LARC] 1287
10 IF (FO)DeLTele0) GO To 20 LARC] 12518

111



112

20

30

40

50

60

NIznaed

RR1=z0,4

NF=40&u0

RRFzRFaAQ®PO

GO vV a0
NI=a4epI®FI/FI0LL

NF=MU® (A0+DF#A4/FTOLD)
PART=NeDNT4RI#AGe (] ,«(1,+RFL)aM0) / (FIOLOBRFPORFP)
RRFzPAQTeRF *AQ PO
RRI="PARTeRFRA4®"PQ

Go tU af

IF (F.nTe0.0) GO TO 49
NF=ne0

RRF=0.6

NI=Flaass

RR1=RT4 (A%=NI) /RIP

GO TU no

IF (FOI DelLTele0) GO TO 50
I=ne0

RRIzV.pn

NF:AUOMO

RQF=XF4A0%P0

GO TU 80

DT2=DT 41T

VR=pFaent
Al=(UFAT*DR*FOLD*FIOLN)*A4/FTIOLD
AS=.UFATH#A4/FIDLD

APzURs (FIOLO-FOLD) #ASg
A3=nRanFDT®#AS
ALPHA=ZFTOLD#®DR
GAM=NFn®FOLD+RIP*FIOLD

IF (UF ,EQ,0,0) GO TO 40
BETzUR4DFOT

BETA=RFT/2,

IF (BETA.LT.040) PRINT 90+ BETAsOFsDR
IF (BETA,LT,0,0) BETAz0,0
SAR=SQeT(8ETA)
SQR?=SqH+SQAB

SRART=SnH4DT
SAC=ALPHA/SQR2
SNE=="GAM/Sqn2

WhaFNFw (SQBT+SQE)
wT=uUacNEW (SIRT,SQC)

M4=c AP («GAMSDT=RETA®DT2)
MS=nTous ’
M1=sQpraw7/SKE2

M2= (MO _M& s AL PHA®M] ) /BF Y
M3z (AL OHA®M2 ¢M] «M5) /BFT
P4acUPTeWE/SUR2
PE=(]l,«aGAM®P4=M4) /BET
P1=(P4.M1) /RFP

P2z (Po.PseALPHA®PY) /8ET
P3I=(ALPHA®P2+P1=PS) /BET
NF=ADaynNeAlRM] s A28M24A38M3
NIZA4S 16 eA5BMSE

RRF=RF# (AQRPUCAL1®P +AD2P2+A38P3)
RQI=R1n (A48psspnSeps)

60 10 po

Ma=FXP (=GAA®1}T)

M1z (M6 _MD) Z/ALPHA

P4zl ,.M61/6GAM
Pl=(P4aP0)/ALPHA
NF:AUOMOO:I“MI

LARC]
Larcl
LARC]
LARC]
LARC)
LARC]
LARC]
LARC]
LARC1
1. ARC1
LARC]
LARC]
Larcl
1.aRC1
LARC]
LARC]
LaRC1
LARCI
LARC1
LARC]
Larcl
1.AP21
1.ARC1
l.ARC1
LARC]
1.ARc1
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARC]
LARCI
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC1
LARC]
LaRc1
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC1
LARC]
LARCI
LARC]
LARC]
LARC1
LARC1
LARC]
LARC]
LARC]
L ARC1
LARC]
LARC]

125@
12460
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
12764
1277
1278
1279
Y280
1281
1282
12R13
1284
1285
1286
1787
1288
12839
1290
1291
1292
1293
1294
1298
1296
1297
1298
1299
1300
1301
130>
1301
1304
1305
1304
1307
1308
1309
1310
1311
1312
1313
1314
1318
1314
1317
1318
1319
1320
1324



Ni=pbous
RRFaRFs (A0*P0+A1®P])
RRIzRIaA48P4
GO 10 a0
T0 NF=nen
Nl=ne(
RRF=Y A
RRT=V.n
RO KETIRN

9n FORMAT (# BETA NEGATIVE IN CALC. BETA m8.Elqeass OF zmo,r1p.308

102 =%,c10,3+% BETA SET TO ZERO®)

END

FUNRTIAN FNEW (Z+D)

IF (U,1 T«0.,0) GO TO 20

IF (Z.,4T«D) GD TD 10

CASF 1 De6Te0s DJGT,.?

FNEWSEYP (=28242,%2%0) #PQERFC(D=2) =PQERFC (N)

RETIIRN

cass 2 D,6T,0, Z,6T.D

10 FNFM’;.“EXP(D“D)-PQERFC(0)-EXP(-Z°1020°7°D)°PQF9FC(Z D)

RF THRN

CaSs 3 D,LT,0, 2Z,6T7,0

20 IF (MeaTe2Z) GO TO 39

FNEWSPQERFC (=D) =EXP (=78Z+2 824D ) *PQERFC (Z7=D)

RETIRN

CaSE 4 DeLTe0e O046T,7

AN FNERTan*LXP (DHD) ¢PAERFC(=N) sEXP (28242 ,87%D) #PAEOFC (D=7}

RETURN .

END

FUNATIAN SPLLINE (TIMEQIN)

DIMFNSTON 18D(6) s Z1(113)s Z2(113)s Z3(113)s FX(20,113)y £Y (209117
I)e FXy (20,1131

JIMFNSTON TE(20+113)s T(20)s F(113)

OIMFNSTON T1(200)s T2(2001, T3(200), T4(200), TS(200)s TA(POHN)s T7
1(20n)

DINFNSTON TB8(200)s T9(200)y T10¢200)s T11¢200), v12(60)

DATA Ty /1455¢,16944,1895¢,207 3042236042987 4252h,,26587,,27R>,,29A]
1603016 ,931264903232,93333693431¢93525¢936160¢3624,9363040%A6,9145
2,91691 01891 ,42070,42232,92380,92521,92650,e2775_,2R96,420n12,,312p
3.’3985.’3323.’3420..35]7..3610.’3620.’36?7.’3611..16q?.’;ﬁﬂﬂ.’1896

4092005 ,92227¢12372492516002640092T64492RRTe930A0.93110e°3212,¢3T1>
5093610.93q060.'§600.91612.916??093631.914'—'\009]6“:.9 )Rﬁl.o’n‘,n.o?,,?

092364 42507 ,92630,42752,47872,42987,+43100.9320N0_,43300,¢2208, 43402
7..3q84 03602,,3618,,3A29,,144%,,1682,,1R77,,2057 ,2214,,2357 249K
5.O;&£o.'27610’2957.9?967001075.03]8009l?ﬂqo9§3RR.01491.91qA7.93qQ1

Ye03a1g,03626091866491079.01872.42044,02207492350,92690,4241N0,42770

.,2R5n 02956 ,43002, 43167 ,4327),43371493664,43550,,35R4,,3R14,.3427

Be014%a, 91076.91868.92ﬂ36o9?200.983“0.9&6“0-9?600.99719.09ﬂ17.o?QAR

54943050 ,931556903257,933670044Re93534.93578¢03612,43620,014482,91477
$011R07 02027402185 ,42330,62470.0259049€7) 0402825 42935, .2304n,,3145
5.933“9.93343.03431.03517.01567.93610.93617.91440..1670..1RR°,9201R

092) ,0 ’(315092660.9?qR009?69°. 9281?.’29?q09101q.03135.91"1:.931"9
s..3415 93500093550443AN0009361549163804144T70¢41854,,42009.,42159,,23n5

92&50 9(572.92686 92“00.9?910 93020.931?0091270 91115..1400 +348%9
b..3:37 03590+93612,/

DATA T>/1436.-1664..1990..9000..2151.92207.97449..9564..9s7n..27o6
1,92900,¢30104¢3110,43205,03295,93383,934£7,443530,43580,,2609,,147
2eg1561, .1846..1996.,?146-.?29?.,2440..Larﬁ.,967n,,9794..enoa +30AN
3.91)00 93192693281 ,03366003450¢93522¢9387ne02060k, 91622,971ABR, 0184

4,91992_ 021481,02287,424334e254R,,42663,4277%,42808_,2990,420R5, 43175
5..3:65,.3350..3433..3%15..1560..3603..1430-.16==..i836..70ﬂﬂ..2116
6492082 ,026250692560,4¢4265504277069428806929R0043071,,43162.,3252,,3326

Larct
LARCH
LARC]
LARC]
LARC1
LARC]
Larcl
LaRrcl
LARC]
LARC]
LARC]
LARPC]
lLARC]
LARC]
1.ARC1
LaRcl
LARC]
LARC]
LARC]
LARC]
LARC)
Larkcl
LARC]
LARC]
LARC]
LaRcl
LARC]
I.ARC1
LARCY
LARC]
LaRCl
LARC]
ILARC1
LARC]
LARC]
LARC]
LARC1
L ARC1
LARC1
LARC]
LARC]
LARC)
LARCY
LARC!
l.ARC)
LARC)
LARC]
LARC]
1, ARC1
L ARC1
LARC1
LARC)
LARC]
LARC]
LARC1
1.ARC1
LARC]
LARC1
1.ARC1
LARC]
1.ARC1
LARC1
1, ARC]
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7633416 ,43498,43557,936000+142B6¢91652.91832¢919R4,42130.42277,42416
8e92531,926464092760.92870092970093060093150093240,93320,934600 493491
F4935%6 93586,01627,41649,41827,+1980,92126.92272,42408,,2520, 42620
5.92740,92850.92960.93040.93120-93220.933oq-o33aq,91464.»1q90.o3%71
$.01425 41646,+1823,,1975,42122,,2267.42400442510,42610,4273n,.2840
$,42950,+3020493100,432004+3288,43360,43433443510,,3557,,7423,,16473
3491R18,41971492118,922620973934925004926002272n.92R8304+42931,93014
$.93088 43187,93277,,3340,43%00493500493543491421,41640,,7214,,1947
$,42115 92257 ,42386,,2493,42593,42710492820492912,43000,93077,43175
S.,3,66.93320.93387..3423.0152R.91419.91636-91809.9196?.9?119.92?=?
$,02380,924686,42566,,2700.9281N0,929U3,92990,9¢30AK_43162,42255, 43370
50937’5.’3467003514./

DATA Ta/1417,01632,,1805441958,,42108,42767442373,,24R0,,42579,,269)
1442200,929004¢929580,43N65.93150¢932%4,93202.97382,¢74650.72600,,1475
2,41528 41800,91953,,42104442261,42366,48473,42572,,56Rn,,279),,28a9
309207/0,93064493137,9373349328549335009346370934R7,91413491h24,41707
4,010%9 92100,92236,42360,42467,42564,424T1,42779, 42878, 429460, 43031
5.93125,93222,93277 ,,376R,43417,43475,41410441620,,1794,,7045, ,7200%
6e92031,92353002460412557092662¢02769492R4T042980,43022¢92112,932§1
7093269 43335,03400,,3462,4140R,91616,91791441941,42090.+2225,+2346
B, 02454 42550,42652,.2758,,2856,42940,43011.93100,3200,03262,,3724
Fe93387,934500914605.91012¢9178Re01937¢92nR6e9221h,92340e0244R,925424
$,026%3 92747 ,47845,,2930443000,¢308R,9319149328A_,43312,,3373,43427
$,014U2, 41608,41785_,1033,,2079,42211,9€331,92442_,2537,,2431,,2727
$,92036 42920,42993,,3075,,3172,,3231,43300.+3340_,2425,,1400,,16n4
5041781 ,4192B442014.,27060,732h¢,26364,25310,2624,,27264,2°27,,2914
$.42086,93063¢93143403215¢93283¢9334949364612¢91398,¢1600+¢7777,41954
$.420%9 42200,42320,42430,47525,92615,42715,42812_,2900,+7975_,30%0
5003129.03200093267.931330914000913960'lq°3091771.0i°?o.o?051.92101

‘5.92115.’2425-'?515.-2&10.99710.02810.92R8§-’2960.01o34.911Yn.031°1

$.932°0,+3317,43390,/

DATA T471396091596401709¢91916920584921R6092311.0242092505,92K45
1.92705.92305.928’0.02047.91021093100.9316709’211.91300.9117=.911°9
2,41594 _41765,41912,,2053,42180,42305,42615,42500_,2600,.270n 42800
3e902R25,129300°3010e93n85¢93153493222.932206¢93360.+47390697572,01741
4091QUR.’204809?174.9?10009?41009249709259109?6R°.9’775..’R40.02998
S.93n00,¢3070,¢3140,43211,43260,¢3340,94389,,41590_,1757,,i%4,.2047
00902157 ,.922906924004924693497586492678,927524928B24_ 42900492782, 30E6
Te9312R 93200493240 ,43320.9138A,9158B.41754,91900,.203R,421A0,42201
B 42386 42479,,2573,,26A7,,2740.42813,928R7,42948_,3040,.717n,4317%
9e93520,93300091384,915R64¢41750091895¢¢02032e92157,_¢42270,92372,4244A
5,42500,02655,92733,,2000,97873,4294R,43024,93100,,3150,47320n,,372)
5..1152;91584.91746..1°°0.9?027.92147.93?50.9?3“9..?453..?ﬂb7,,26&6
5..272?.92789.92860..2930..3000.93070.9311q-o1lan.91?60.9?1ﬂ0.olqa?
$.01742, 01885,42022,421460,+2250,02345,92640442535,,2633,.2710,,2779
$,42R%4 42909,02975,,3060443080,+3133,43240441379,,715R0,,773R_,181
5.9?n16.9?134902240.92335-92430-92525.986?9-9?7nR.09769.o’91R.92°n0
$,42950,43025,93060,43117,93220,41376,91578,,1735_,1875,,2011,,2127
$,02230,42325,42420,42515,,2612,,2695,,2788,,2816_,2R75,,5925 ,3n4¢
$093ﬂ“0.93100.93200./

DATA T8/13764¢91575,4173101870.02005,92120692276,42318,42412,4+2546
1,42600,42673,42736,,2R00.+7850,942900.¢2973,43025_,,3079,+21%0,,137>
2.-1:’3,91727.91866.9?000-02110002220.92310-9?400.-9%00.-?=7R.92654
3,02712,42781,42837,,2R90,42946,43000,93059,9314n_,1371,,7571_,1721
4001002 01992.42105,027156¢423054”390092407492588_,2629,,2TAn, 42742
S5e92025,02878092932.929R50930430931202136e915A9,4(720esiREA, 0]
6 ,02)1UN 42210492300, 427300.42475,42548,42600442670, 42741,,2%12, ,2R%4
7.92°16.92970.93026.’3]00.91367.01566.917160918Q4..]975.9?000.92?0:
Be12570.92370092453,02536492590¢92660¢92730-4280n, 2850, 990N, 92954
993011 +3080,91365,,1560,41712,41850,41967,42080,,2200,.27a0, 42344
$,92420,92524442580,42650442720,42785,42R37,,2B89_ ,2945,,3n4n_,304n
}ee1303,9156000170B,01B4649195R4920T0e22)R2e92270.02350692427,0251>
3e00a73,92640092710492770042B23¢228774929330029A8 473040007 30].91567

LARC1
LARC1
LARC1
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARC1
LARC!
LARC1
LARC]
LARCI]
LARC]
LARC]
LARC!
1.ARC]Y
LARC)
LARC]
LARC]
LARC)
LARG1
LARC]
LARCI1
LaARC)
ILARC1
LARCI
LARC]
LARC)
L ARC]
LARC)
LARC]
1.ARC1
LARC]
LARC1
LARCH
lLARC1
LARC]
LARC]
LARC]
LARC1
LARC)
LARCY
LARC]
LARC]
1 ARC1
LLARC]
LARC1
L ARC1
LARC]
LARC]
LARC1
LARC!
LARCI
ILARC}
LARC]
LARCI
LARC])
Larcl
LARC]
LARCI
LARC)

1388%
1386
1387
1388
1389
1390
i39y
1392
1393
1394
1398
1394
1397
1398
1399
1400
1401
1402
1401
1404
1405
1406
1407
1408
1409
1410
1411
1412
14113
1414
1415
1416
1417
141R
1419
1420
1421

1422
1423
1424
1425
1426
1427
1428
1429
1430
1431

1437
1433
1434
1435



$.01704 91841491948 ,92n05609216464922606921460092425, 7500, 97547,02A9
£, 92700.’27550 ’2“08. 9?“6609?9210’29700930?00913’\0.91q54.0?766.91“1-7
so’l°"°.’2°420 02166,42250497330692412, 9;4““0 9’5::.’?6??. PR-LLR] .9?7A1
$.92200,92855402910,929554+300Ne91398.91681441695,41832,47274,02025
$.02138,922600929206092400092475:92542926110026609,42726,42724,92R47
S, ’?_000.92945. 92980./

DAT2 Th/1356.91548,41490,4182R.41929.42020492130,42730,42310,,2387
1¢92400,92525¢92600092056692713.02767492R7192B75,42922,42940,¢1154
2.91545 91685,41824,41924,92024,92120,92220.92300,42367,42676,42510
34042686 426635,92700,4275009280049285044290042940,.1352,.7542.,1620
4,91820_ 91920,42020,42115,42210,42283,42380,92417, 42505, 42573, .26
5es2680,027354¢40TH0442R7354,2880442920041360041539, ,1675,,7816,,1N7
6--2n15.’2110-922”0..2?67.9?333.02400.92450.oaﬁﬁn,.QAZQ..7&&n..27gé
7.42750,42020,92860,¢2900.9136A,01536,41670.41812, ¢1915,.2014, 42145
8e92170,02266412325,,2390442465,42530,1€500,42640,42690,4274n, 42800
FespRb(, 92BB0e9]1366,915330166540130R.91908e920(N. 92098 ¢2180.02757)
$.92315 423B0,42450,42500,42550,42600,32050,9270N0,.2750,.2900, «2R4N
$4017%6 9153069166040 180%n69189G¢e 1955, 9200Nne0217n.92260.001n.92370
$002630, 02480 ,92530,42600,92637,42683,12732,427RA_,PRGEN, 1382, ,157
500)"55.918000!1“65.910700 9?05‘3.9’15009‘?300 9?3hq.o?3"ﬁ..941n.’24‘0
5-92R10.92560092623.9?ﬁ67o92717002768.92820091340,.1526..iﬁ&n.91701
So’ln.’s.’lge‘oo’ZO“s. 02130492215, 9?290095‘1;0} 9?460.0?450.07"‘00.92;&6
L 38 92"10.’265009?7000027;'009?800.91338.91;?] 09)64:.0)75“0.’-1“‘.7.’19:(\
$e920n033,9211609220092752092341492387.926440092490,0256040260N0.92645
$,42670,02764C,42787
DATA T7/1336,41518,,1640441776441858,4194264207A,,2110,,21R3,,2254
1002312, 92375¢924300024R0¢02530.9258R40264ne92580,e2730e92775,491374
?,91515 41635,41765_ ,1869,,1933,,2016,42100,+2147_,2233,,72300,,23A7
3'9?"?0.021‘7()'!?5200 .2‘375-|?°300926700997?009?7‘\?..'133?o 9‘1‘1?091“1;\
a0 1755 ,91840091924,0200BeepnBbeas2190.9€2)1Re 92284, 0235049041 Nne926K7
5e90251(,92565092620.926F000271ne92750e212330e915n09,61025,071745,9182p
6.01015 42000,92U07,42133,42200.42207,92337442%n0n 42650, ,254%_ ,255R
T ee2RlG, 92650.42700,42737,,1328,41506,41620,91735_,7827,,19140_,199;
BevpnD7,02123e92190692755:02300022375¢9243Re92490,e2550.02A0Nne9204n
9.92ﬁ53..2725.91326.,l=n3..]61‘..1725.9192‘..1°o=..1980.,?né7..?116
$e021P0.92235¢12°85492355024(0009246T¢ 92837092578, e2620492667,02715
301324 41500.01610,91720,¢1820,91900,¢1970,42037,,210R,,217n,.2224
$¢02270,92332402375,,24374,2%500412550e9€AN0e42650,,2700.,7372, 41408
5.9160R.01715.91310.9;A°0..1960.92030.92190097160.02710.99750.ozqib
$,02300,02410,02400,02510,¢P560,e¢26G10.9260744132n,41490,47400,.1770
SQOIRUO.91390.91955.9?0?599?09?.9?154.OZ?OGO9?2qq.9?306.9?1ﬂﬂ.924hq
$4024°0,42500,02550,42600,42675,41318,,14R6,41595_,1705,.17%0_,18%4
511748 0202009208309 214709220009225092303¢92350, 0240092647, 92496
$,92692_ 42579,42662,/

DATA 7R/1316,4147° ,,1690,41700¢s1781,91RANG+1935_,2010,42075,42140
L092175,.42265002300002363¢02387002630002672092514,425574¢2050,41314
o914l 11584 ,91690,01770¢91850,019254420006920A7,¢2133,42185,,2274
3,422Y3 42328,,2375,,2620,47461,42502,42543.42637_,1312,,1449_,157a
40 18800 51760041860.,19134,198R¢,2053042114042168,,2220.,7267.,2714
5.9?392.92410.92#50..2489.9?528..26:5-9{31q..1659..1572..{A7n..17¢5
60’1“3“.’19(’10’1975.020"009?.100.92150.93200.9?2"\0..?300..91'=n..2‘3':6
7.-?L<5.92465.9?510.926)?..1309..1657..1%&4.916:0..1740..§n9n.,lnn7
8491957 ,02026092082.92)360921R4492234e922R209237n,02765,024AN0e92445
9..2459..2600.91306.,1492.,1559.,1649..1719.,1R]n.,]87q.,;Odn.,2011
e 42n03,92117¢421674,22170422670423100423510,42307,,26304,2477,,25°4
5001904 ,01446,91553,91638B4917260901R0N01RcNes1925, ¢2000,e2045. 42140
>O ’215('.’2200092?5009210009?3370 9?37“.’241“0 9?4=n.o?560.0i107.014li
$001647,91631091716¢91789¢9)1845.91916.910R0e92030.92087,42123402187
so’2’31.’2275002317.02160.9?403.0?445092500001300.01435.01:61..1696
Pog1TUB 41779,418640,,1908,41960,,2015,420r5,42115_,2166,,2217_,2259
$492300.92350092393492437092520091296091430091535,01617¢¢170n,¢1740Q
$¢01R33,91900491952,42010.42060.02107 492152442200, ,2244,,2299 42325
$,92782,92622.02500,/

l.ARC1
|.ARC]
LARC]
LARC1
LARC)
LARC]
LARC]
1.ARCI
1 ARC1
LARC]
LARC]
LARC)
1 ARC]
L ARC]
LARC]
LARC)
LARCI
LARC]
LARC
LARC]
LARC]
LARC]
LARC]
l.ARC]
LARCI
LARC]
LARC]
LARC]
LARC)
LARC])
LARC]
LARCI
LARC)
LARCY
LARC]
LARC)
LARC]
L ARC]
L.ARC1
LARR)
LARC]
1_LARC1
LARC}
LARC]
1.ARCI
LARC]
LLARC)

ARC)
tARCl
L.ARCI
LARC!
LARC1
1 ARC)
LLARC]1
1.ARC1
Larcl
LARC)
LARCY
LARC1
1. ARC]
L.ARC)
LARC]
l.ARC]

1448
1449
1450
1451
1452
1453
14654
)y 458
1656
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
147
1472
1473
1474
1478
1476
1677
1478
1479
1480
148
1482
1483
1484
1485
1486
1487
1488
1489
1690
1491
1492
1497
1494
1495
1496
1497
1498
1499
1500
1501
1502
1501
1504
1505
1506
1507
1508
1509
YyS1n
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DATA TQ/12924314244,18280,01609¢¢1694431759¢41875,,1897,.i%4R.,204%
1092055,9210009214640219204223%40227Re92321092364,92407.24R0.¢1200
2,91418 91520441600, 916R7.91751,01816.918R1641942_42000,,20%50,92072
3.9?130.92184092?27.92’7009?3110923560’240009?460.0i?‘1400;‘19;QIq‘5
40901896 ,916809917464,01808e0¢1872¢0193A491990092042,920R6,92129,92175
$.92217 42260442305,,2348,,2387,12440,41280.9140A,.1505,.750R,,1674
6491737 +1B00491863,,1923,441980,92026,92N072,92120,,42170,42212,,2786
Te92295,02337492374,0242009127691400e9150ne91582, ¢1667407720.91797
Beg1854 91910441960,¢2015402065,02115,921A5,92200,42240,.7207 42394
992360 12400,91272,431795,41496,01576,40660491727, 41787 ,41R45,41905
$091°55.'?0100’?Obno0211000?1600921900929300a?27ﬂ,9?3]0.o=1AR.9?1°6
3,01208 413R9,01488 ,015871,41656,91716,4170N04s1R42,,1097, 704K 42040
5.9?650,92100097140.92180.9?220.|226009339009?310.9?360.9;?‘4.911°5
5001487, 91565091647,01710+9177349)837491R00e91940,979RT7.0207,9208]
3,02120,92165,42210,¢2247,42281,42315,92346n,912An_,1379,,7475 _,15&9

0e1)A%0, 91170591 766,91R25¢9187%:01927691975012020,020h2,921nA22150
$,92200,02233,42267,42300497320,01256,91374,414%0_,1553,,71A33,,17n9p
$0417°2,418050418574,1910041962442017¢920470e2087,,21314,2177,,2715
$,92247 922746,92300,/ .

DATA TV0/1252,41368 41463,41567,41627,,1684,,1742,,1795,,1850 4107
10001951092000092033,42067442112.42156,42200,,2727,,2254,,2280,4124
28..13‘190914570915410’)6?0.01675..1730091;”‘5..la'ﬂﬂ..1aa7.o1°17.’1°n
30,9200n0492050,92100,92130,42150,92190,42220,422hn, 41244, ,7387,,145
41,01°935,41613,41665,,1717,,1769,,1821,,1873,,1975_,1960,,1005,,243
50e9PU6Re92100692135492170¢02205902240091240091357,41645,.7529,9144
€7,.91650,01709,4)1760,91R11,.,1862,41912,41046,410an_,2015, ,P2NE5,92n9
Té 42120,42163,42191,42220,41236,913465,41429,,1523,,1600,.7450_,170
80e¢)7520218000918509)1900¢1933¢01967492000092064.020RRee212149218
95, 42177,92200491232,01340,41472,41517,,1587,,1643,,169h,.1747 4170
$2,41830.91876,019097,41942,41975,42022,92060,¢2100,.2128,.2187,¢215
33,0122R691334091425411511001575¢91637091690.01732,1776..18158,¢1R5
$3,418R5,91917,91950,¢2000,42033,42066,.2100,42133,.2166_,1224 41727
38,91%18,441505,41562,41615,,166A7,41700,41740,,1784,,1R25, 1840, 91°0
30091925.91970092000.97044442075,92122402)5009129n0,41322,41411,9159
$0.9155h.91600.91033..1667..1700..1760..17n0.,IR?A.,1860..{onn..1oa
30,41780,02022,42050,42111,42134,41216,,1317,,1404_,1475_,1527 4158
5‘0091026091663091095."9]730.01770.91810091‘1490!1“““.919?6..19&0.’?(\&
30,02025,42100,92116,7

DATA T11/1212411311,91400.41450,41500441550,,1A05,,1660,,1690,9177
19, 9176A7,41800,41538_,1876,,1913,,1940,,41978_,200n0,,2050, ,210A, 4120
2Be91306091373091600e21468100)540¢915987691635491A75,41710.+1745,217R
31,,1815,41850,41700,+1920,,1955,,199¢0,42025,,20%0,,1200, ,7300,+174
4T7091395001466342150041565001610-°16655¢01700¢91727.91762.4179 49187
55.9)861.91900.91933..1967..2000;92060..11n9,,1?n1.,13BQ..11on,o144
65, 9)°00,91550,91000,¢1637,41615,41710,41745,,178n_,1R10,.)1842,4198
700 e171600195%0041983,,20640.,117844126B6413214,1376,,1427..1480,9157
80.91907.91600091650.¢01700.01733¢91767¢91794441827,,1860,.79A0.91917
93031787 0420200411674412514,13000913500914106414Kn4,1510..15hNe¢1C7
35 ,901625¢91666091700091733491767¢91800091P334¢1047,51900..1980,4)98
20,911%6,41234,41280,¢1335,41393,01440,41690,,156A,,1550,.764n,4147
52.91667.91700.91733.91767.01800.91333.91967..190'\..1940..11'4‘3.91"1
$7.9126A7¢91318491375,916206914506215200¢1535.¢158485,0159R8,.1633,9144
56 ,01700,91733,91765,41775,41833,41865,,1R895,,1134,,1190,,126n,¢170
$0,013506901400091430,91465.01500491530001565401600,41637..7645,9170
$0,91730,¢1765,41800,91830,41850,01123,¢1170,,1224_,1270,.7320,¢1125
35.9)393.91424.91#58.91492..1520.91550.olgno..lsnv..1635..?Asq.o1go
$2.41720¢941750,91800,7

UVATA T12/1110011140091200041240.412804413200413%n0.,1380, 741744044
10e90147ne?150069)1525491550.¢1575.91601Ne901425,91A87.¢1675,.41730,¢105
20,41110.91150491190,91270,41245,41270,41300,417375_,1350,,7200,9147
30041435¢934550116904415200415465¢415706414000.1520,,1000..70EN44107
“5.-1100.911?5.91150.91175..lZQO..]Z?S.o]?RO..l??a.,1300..119:..11q
50,01375,41400,91425,41450,,1475,¢1°900,7

LARC)
LARC]
LARC1
LARC)
1. ARC]
LARC]
1.ARC1
LARC]
LARC1
LARC]
LARC]
LARC1
LARC]
LARC1
LARC]Y
LLARCY
LARC]1
LARC)
LARC]
LARC]
I.ARC]
LARC)
1.ARC1
1.ARC1
{t ARC]
LARC]
1 ARCI
LARC)
LARC]
LARC]
LARC)
LARCI1
LARC]
LARC)
LL.ARC]
LARC]
LARCI
LARC]
L ARC])
LARCH
1.ARC1
LARC)
Laercy
LARC]
LARC]
LARC1
LARC1
LARC]
LARC]
LARC]
LARC]
1 ARC1
LARC]
l.ARC]
LARCI
l.ARC1
1.,ARC1
L ARC)
1 ARC)
LARC]
f ARC1
LARC]
LARCI

1511
1512
1513
1514
1518
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
153>
1531
1534
15135
1536
1537
1538
1539
1540
1544
1542
1543
1544
1545
1546
1547
1548
1549
1550n
1551
1552
5%
1882
1555
1554
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
157
1572
1573



EQUVA ENCE (T1(1)sTE(1o1))s (T21VHTECILI1) e (F3TV)9TFIT.21) ),
JTA (1) eTE(1431)) s (TS(1)9TE(1481)) e (TO(1) 4 TE(L1 STy (T77T1,TE(1 4R
2IN1e (TBLIYSTE(1971))s (TO(1)eTE(1981)) s (T10(1) TF(1491))

3)eTF(1,101))9 (T12(1)aTE(14111))

10

20

30

40

50

60

COPYSF

00O 10 ¢T=1,10

DO 10 1=2,19

Do 1V =2,112
TE(TI*U1=0e2SH(TE(Ja1 e J)eTE(Te19J)eTE(I 0o Je1)¢TE(T4.)=1))
CONTIME

CAL| AnV (1)

WRITE (12¢60) (U (TE(TI4J)s1=21420)9¢J71¢113)
CALL APV (1)

Do 2V 1=1,20

TN *y

DR=1e/312

DO W 1=1,113

F(Iy=(1=1ya0B

IRD (1) =3

180 (%) 3

18D¢3y-3

18D (41=3

IAD 2y =1

IsD (6121

FXYtle1)=040

FXY(le113120.0

FXY(20,1)=040

FXY(20.113)=0,40

00 40 r=1.20

FX(T*T1=(TE(I+2)=TE(1.1))/DNB
FX(re:93)=(TE(I+113)=TE(I+112)) /08B
CanTINNE

DO gV 1=1,113

FY(191)=TE(2e1)mTE(10 1)
FY(PUyTISTE(2041I)=TE(19+1)

CONTIMNE

CALL SplL2D1 (1I3’F’20.T.TF’FXQFY’FXY’ZO’IAD’ZI’7,’73)
RETILIRN

ENTOY qPL

SPL=5P| 2D2 (BINSTIMEs113sF ¢ 20+ ToTEGFXeFY4FXYe204n.0)
RETURN

FORMAT (/1Xe13¢20F640)
END

.ENn OF FILE

LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LaRcl
1. ARC]
LARC1
LARC1
LARC1
LARC1
LARC]
LARC]
LARC]
LaRCl
LaRel
LARC)
LARC]
LaRc1
LARC)Y
LARC]
LARC]
L ARC1
LARC]
LARCI
LARC]
1.ARC1
LaRcl
LARC]
LARC]
LaRcl
LarcCl
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LARCI

1586
1587

1590
159
15q?
15913
1594
1598
1596
1697
1298
1599
1600
1601
1607
16012
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616

117
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[+ )}

FUNCTION ERFT (D

DIMENSION A(3>eB(2)«T (S5 sD(Sd e (A

DATACACI) e I1r1e3>/333.473242503425¢1542.67231240372y
C1347.12413402752¢723. 0400027773522¢255.5004245624253.
C32.240010112214143.37653103141270¢.55413255244251 0~
DATACBC(I> e Ir1e2>/333.473242503422,2545. 57354330275
C3337.2213522322642606.712015256511¢1333,.56227567226.
C430.2335123821501¢103.35002543776388¢14.347012237%52349¢1.0/
DATACC (1> e1-1e5>/1.63271613512623¢2.35360143233567.
C3.03135304249322+.325157132255506¢ . 564182533547236/
DATACDCId e I171e8)/1.22314873033422¢5. 0303021043523
C4.26426300326303¢5.37332346427043e 1, 536624724246271. 0~
DATACEC(I) e [x104) /=,5e.75e-1.37%1,772453350% 05516~
€RFC = 0.0

IF (Z .GE. 26.> RETURN

IF ¢ 2.68. 0.5 &G0 TO 1
ERFC = 1.0 - ERF (D

RETURN

IF 2 .5E. 0.5 53 13 ?

ERFC = EXP(Ze2> & (1.0 - ERF )
RETURN

ERFC = 1.0

IF ¢Z .5 100.> &3 1O 3

IF (2 .G66. 3.00 GO Td 2

Pr(ACI)+ZO (AR +2¢ (A(3) +Z2¢ (A +2¢ (A(S) +2¢ (A S +Z¢ (A(?> +2¢A (331

TP/ (BC1) 426 (B(2>+Z2¢ (B(3)+Z2¢ (B (4> +2¢(B(5>+Z¢ (B(S) +Z¢ (B(?)+Z2¢(B(3>+

CZeB(2>)3))5)5>))

G0 TO 4

2 Pr(CC1)+Z20(T@)+20(T(3)+26(TCA>+26T(IIID> 7/

TDCI>+Ze (D@ +Z¢ (D (3> +Z2¢ (D> +2¢(D (5> +Z¢D (511D

50 TO 4

3 W 1.7

Pr(l, +de (EC(1) +We (E (R +WSE (DD /7 (ECA *D>

ERFC = CRFCeP

C335AR
C333A
C3335A
C335A
C3335A
£333A
£335A
T333A
C333A
C335A
C335A8
C333A
C335A
C335A
C3335A
C333A
T333A
C333A
C3335A
335A
C335A
C3335A
C335A
C333A
33353
C335A
C3335A
C3335A
£3335A
<333A
C335A
C3335A
C333A
C335A
T333A
C335A
C333A
C333A
C333A



10

20

APPENDIX D

PLOTS

PROARKAM PLOTS (INPsOUTFILMérSET122FILM)

DIMFNSTON X(14)s TEMPF (14)

DIMFNSTON BIN(101)s TIME(1n1), TPLDT(101)s TMI1A81)e TA(YAY1)
CoMMUN /SPEC/ TEMPF X

COMMUN /SPECM/ N24TT(09) s TMAXF (29)

COMMUMN /SPECA/ M34T3(29) s TAVEF (29)

IN TAVEQ, T3 IS -CALLED TT TN THIS COMMON STATEMENT

COMMUN /CUFCT/ TXLoTXReIYTeIYROXMNIXMXoYMX s YHN

COMUUN /CJUEDB/ XMTNeXMAXSINTVALX KX e YMINGYMAX®FNTVALYOKY
conuln ,TMODEL/ MODFL

COMHON /LUNEW/ IXASAVE,IYSAVE.IX241Y2

NCHAR=27

2=TEMPAL0.0)

NTOT=1A1

03=z1./(MTOT=1)

Ut=20,/(INTOT=1)

DO 1U r=1eNTOT

BIM(I)=(1=1)%DB

TIMF(T1=(1=1)4nT

TPLNAT (1)=TEMP(BIN(T))

CONTINNE

PRIMT 40

PRINT <0+ (148IN(I),TPLOT(T),T=14NTOT) .
CALI. PLOPB (BINsTPLOTeNTOTs190¢NCHARI0eef8,*7,*3AuTEMPERAT!IRE VS, ¢
10RE VO) UME FRACTIONs36420HCORF VOLUME PRACTION«?n«?3HTEMPFRATIIRE |
PDEGRLEER] K) 923909002¢2)

CAL Py OPB (X9TEMPF o144 9@l 0alRX9009Hee7,.4040009040909000e2e?)
CAL|, ANV (1}

DO 2V m{DEL=1e3

L=TMlAxn (0,0)

T=TAVEN{N,0)

DO 2V y1=1«NTOT

TM(T)=TMAX(TIME(]L))

TA(T)=vAVE (TIME (1))

CONTINNE

PRIMT <0e¢ MODEL

FRIMT 09 (TeTIME(I)sTM(I)eTA(I)oI=1eNTOT)

XMIN=O0,

xMﬂV=2ho

INTUAL x=10

AX=n

YM1m=]ﬁno.

YMAYE3g00,

INTYALy=7

Ky=n .

CALI P .OPB (TIMEsTMyNTOTe1,430¢1RMew2,9B4e8,¢31HTFMPFERATURF VS, TrTup
1 AFTER LOFC¢31412HTIME (HOIRS) ¢=129¢23HTEMPERATIIRE (DEGRFFS K)e23,h
2909202

CAL) PLOPR (TTeTMAXFeN2sloal 1alRXe0e08q4R,90400040404040409¢242)
CALl PLOPB (YIME’TAQNTOTQIQOQ-IRAQ-ZO98..“09090009-]2’09090009299)
CAL| PLUPR (T34TAVEFeNTslsaly=lRX90,0BeeRe*0sN9Ne0s02000e0e?9?)
CALI COMVRT (9.0sTXeXMNeXMX9IXL ¢ IXR)

1F (MONFLGEQel) CALL CONVRT (420049IY*YMNeYMyoTVR,eTYT)

IF (MONREL eMNE«11 CALL CONVRT (3050,9IY9sYMANeYMXPIYR,TYT)

CAL), DLCH (TXs1Yeb,4HTMAX,Y)

CAL|L CANVRT (1240TXeXMneXHY9TIXL 1 IXR)

IF (MONFL  FQe11 CALL CONVPT (2780,9TYeYMNYMY,TYasTYT)

IF (MONELGNEel) CALL FOMVET (260049 IYsYMMeYMYy s TYneIYT)

CALI D{CH (IXelYebs4HTAVET)

IF (MOPELL,EQe1) CALL NI,CH (160+100049¢9HSNRS 0AaTH,2)

IF (MONREL.EQe21 CALL NILCH (100¢1000411¢11HCORCAN NATAS?)

IF (MOpEL.EUe3) CALL DLCH (100+100049¢9HAYER DATA+2)

PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PILATS
P 0TS
PLOTS
P{LOTS
PLNTS
PLNTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PILOTS
P OTS
PLOTS
P1.OTS
PLOTS
P OTS
P OTS
PLOTS
P OTS
P1 OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
P1.OTS
PLNTS
PLOTS
P1L.OTS
pPLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
P,0TS
PLLOTS
P 0TS
PL OTS
P OTS
PLOTS
PLOTS
PI,0TS
P OTS
PILOTS
Py OTS
PLOTS
PLOTS
P1.OTS
PLOTS

DD NOASWN

lo

119



120

CALL ANV (1)
30 CONTINNF
CALl P OT4
CaL) PLOTY
CaLy PLouT2
CAL) P OT3
CAL| FyIT

40 FORMAT

80 FORnMAT

60 FORMAT
1)

70 FORMAT

(SXe1HIeTXe3HNINe3IXe 16HTEMP HIGHEP THAN/)
(1X91S5e5XeF5,2.5XsF10,2)
(///5X9lHIQQXoAHTIMFQ11XoéHTMAXQ11XoéHTAVFoiOX96HMnnFL=9T1/

(1XeT595XsFB8.242F15,2)

10

END
SUHROUTINE PLOT)

DIMFNSYAON FB(131)y F1A(131)s F20(131)s F3R(131y. FaB(13171« TT(137)
Ly Frl131)y FIT(131), F2T(131), F3T(131), F4T (131

DIMENGYON TIILE (5)
LOGTCA) 1L AGEsHISO
COMuUN /F/ F1eF2eF34F4

COtmUN sLA, LAGE s AGE«MFUFEL, 1SN4RISO

COMMOUM /LJNEW/ IXSAVECTYSAVE1X2+1Y2

COMMON /CUEOT/ IXLo1XReIYToIYROXMMSXMXoYMX 9 YMN

COMMUN /CUEOB/ XMTNyXMAXs TNTVALX 9KX o YMIN,YMAX s INFVALY o KY

INITLIA) TZE PLOTS
NCHAR=>7

INTTLA IZE SPLINE
Z=FOACHN(V,40)
WN=131

LAGE=S,T.

AGE=4.0

Do 110 mryugL=l,2
PRIN] 140

PRIMT 150, MFUEL,AGE L AGE
Iopr=y

0o 1% 7=1,NN
T=11U0, ¢ (1=1)®10,
FB(T)=rRACBI(T)
F1B (1) =F1
FPR(ly=F2
F38¢1)=zF3
FaglysFé

TT(r)=v
FT(Y)=pRACTI(T)
FiT(1)=F1
FPTl)=F2
FIT11)oF3
F4Tt11=F4
CoNTIMNE

PRINT 60

PRINT 1700 (IsTTUI)oFIRII) eF2R (1) 4F3B(I)eF4BII)«FRII) sImTokin)

XMIN=1200,
AMAYS2,00,
INTUA ¥=6
KX=n
YMIN=0,0
YMax=1_0
INTVA{ y=10
KY=)

CAL| PLOPB (TToF1BeNNs1s0sNCHARSD,97498,4090,234FEMPERATIIRE (DEGPF
1ES k) 4.2342BHFRACTION OF FAILFD PARTICLFS.2840,N¢2,2)

CALL PLOPB (TT4F2B4NNy1909=NCHARINeeTesR,400090+2?30040s09NeP02)
CALY PLOPB (TT’F3RQNN91QOQ-NCHﬂRQOo970QR.9090909-?190909090.?92)

PLOTS
PI.OTS
Py NTS
PLOTS
PLOTS
PL.OTS
P1 OTS
PLOTS
PILOTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PLNTS
PLOTS
P OTS
Py 0TS
PLOTS
P OTS
P 0TS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P1.OTS
PLOTS
PILOTS
PL.OTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS
PL.OTS
PI OTS
PI.OTS
P1.OTS
P1.OTS
PLOTS
P1.OTS
PLOTS
Py OTS
P OTS
PI.OTS
PLOTS
P OTS
PLOTS
P OTS
oLOTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS

107
108
109
110
111
112
113
114
115
116
11
118
11a
120

121
12>

1293
124
125
124



20

30

40

CaL)

PILOPB.: (YTTIsF4ByNNe1s0saNCHARNesTe9R,4090¢09a2290400NeNy292)

IF (MFIIEL.FQel) CALL NLCH (250+5424924HFT, ST, VDAIN FIIFI MONFL,2)
IF (MFOFLJEQe2) CALL DLCH (25045924424 H ATEST aASSAR FLlIF)
IF (MFHELMF.1) GO TO »0

CALI CAMVRT (1480,¢IXeXMNoeXMXeIXL oIXR)
CALL CONVRT (0,601YYMNgYMXo1YRB,IYT)
CALY DICH (IXeIYelaltlnel)

CALL CANVRT (1580,4 TXeXMNsXMXs1XL s IXR)
CAL) DLCH (IXeIYsle1H341)

CALL CANVRT (169049eTXeXMNeXMX¢IXLoIXR)
CAL] D|,CH (IXsIYs1s1H2el)

CAL) CANVRT (IB10.eTXeXMNeXMXeIXLoIXR)
CaLl DI CH (IXyIYelglH)al)

6N v0 a0

CALL CANVRT (Zlgo.QIXQXMNQXMXQIXLQIXR)
CALI, COMVRT (oeNDelYaYMNoYMXsIYB,IYT)
Caty DICH (IXeIYelglHT1.1)

CALI CNnMVRT (2060, 4TX o XMMgXMX 4 IXL o1XR)
CAL| OLCH (IXeIYelolHp,el)

CALL CNNVRT (2n010,4T%sXMNeXMXsIXL s1XR)
CAL| CANVRT (.08eiYoYMNeYMYsIYBo1YTH
CALL DI CH (IXeIYes1s1H301)

CALI CANVRT (18104 TXeXMNeXMXoIXL o IXK)
CALI CONVRT (o1GeTYeYMNeYMYeIYHBsIYT)
CAL), D)CH (IXoTIYslelHao1

CONTIMIF

ENCAVUF (43¢150¢TITI.EYMFIIELAGE*LAGE
CALI Di.CH (10041005443, TITILEs1)

CAL| ApV (1)

PRIMT 340

PRINT JHOs MFUEL+AGE sl AGE

PRIMT 60

uUnnNELe 2)

PRINT §704 (1oTTUI)oF 1T (1) oF2T(T)4F3T (1) Fa4T(I)4FT(1)oeI=T M)

caLy

PLOPHB (TTsF1TeNNe1eNsNCHARIN*7e98,9n20923HTEMPERATHIREF (DE@RPF

1ES k) +u?3428HFRACTION OF FAILFD PARTICLFSe2Re0,4042,2)
pl OPB (TT.FZT,NN.l.0,-NCHAR.0..7.,n..0,n.n._91,0,0.n.n.?.2)
£ 0PH (TT’F3T9NN01909-NCHAP00..79Qn.0090900391909090000902)
p|_0"’8 (TToF4ToNNeleNeaNCHARSOD, 070’“.9090’09-’1909000.0.’02)

caL
CAL)
cap)
IF (M
IF
LF (M
CALI
CaL)
CAL
CaLy
cay
CAaL)
CAL)
CAL)
CAL
6o t0
CALI
Capy
CAL
CALI
CALYy
CAU
CAL)
CaL)
cay
Caty
CAL)
Catg

Fubl (EG,1) CALL NICH (250s5h424426HFT,

ST,

VOATIN FIIF)

FIEL.EQe2) CALI. NLCH (25095924 ¢24HLATEST nraSSAR FlF

FrttLeNE.11 6O TO 40

CANVRT (168044 1X,XMNgXMX4IXL o IXR)
CAMVRT (Ne6eIYeYMMeYMXeIYHo1YT)
D1, CH (IXeIYe1rlHasl)

CONVRT (15B0,4TXeXMNesXMXeIXL s IXR)
DILCH (IXeIYel,s1Ka,11

CONVRT (1690eeTXeXMNoXMXeIXL ¢ IXF)
DICH (IXeIYololHP,el)

CONVRT (18100 TXeXMhigXMXoIXL o IXR)
DLCH (1XeIYelelH1,41)

S0

COMVRT (197049 1XeXMNoXMX¢IXLs1XR)
CANVRT (e0SeIYeYMNeYMXeIYBeIYT)
DECH 11XsTYelelH14e1)

CAMVRT (19308, 1X,XMN¢XMX¢IXL ¢ IXR)
CANVRT (40BseTIYoeYMNoYMX9IYBeIYT)
DI CH (IXeIYelslHP.1)

CANVRT (1900 ,T1X XMNeXMX4IXL 4IXR)
CANVRT (.09 eTYoeYMNOYMYXTIYHeIYT)
DICH (IXeIYslelHel)

CONVRT (18708 4TXeXMHoeXMX s IXL o IXR)
CANVRT (0eloIYeYMNeYMXoIYBSIYT)
DI.CH (IXeIYeloelHael

unnfrL, 5}
UNNEL ¢ 5)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
PLOTS
P OTS
pLoTS
PLOTS
P OTS
PILOTS
pLoOTS
PLOTS
PLOTS
P OTS
PLNTS
PLOTS
PI.OTS
PIOTS
PI.OTS
pPLOTS
PLOTS
PLOTS
P OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
P|.OTS
P1.OTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLNTS
PLOTS
P,OTS
P, 0TS
PLOTS
P OTS
PLOTS
P1.OTS
PLOTS
PLOTS
Py OTS
PLOTS
P OTS
PLOTS
pLOTS
P OTS
PLOTS

127

128
129
130
131

137
1313
13
135
134
137
138
139
140
141

142
143
144
145
146
147
14n
149
150
151

162
159
154
155
156
157
158
159
16n
161

167
163
164
168
164
167
1638
169
170
17

172
173
174
178
176
177
178
179
18n
181

187
1R3
184
185
184
187
188
189

121



122

50 CONTINjE
ENCNUE (4341804 TITLE)MFUEL »AGEsLAGE
CAL) DI CH (100410054434 TITLE,))

60

70

RO

CALI ANV (1)
FLIMIT=140E=3
DO &V T=1,NN

IF (FIR‘I)OEQOOQO)
IF l’Zn(I).FQ.OcO)
IF (F3all).£0.0,0)
IF (FQR(I)QFOOOOO)
IF (FB(1).,EQ.0,0)

FIRr(1)=FLIMIT
F2R(I)=FLIMIT
F3R(I)=FLIMIT
F4R(I)=FLIMIT
FRIT1=FLIMIT

IF (F17(1).6Q40,0) FIT(I)=rFLIMIT
1IF (F27(1)EC,0.0) F2T(I)=FLIMIT

IF ‘FBT(I’.EQ.O.O’
IF (F47(1).FQ.0,0)

FRT(I)=FLIMIT
Fér (1) =FLIMIT

IF (FT(I),EGa0,0) FT(T)=FLIMIT

CONTINNE
YMINZwq,
ymax=0_0
INTVALy=3
Ky="

CALI P1OPB (TTsFIBsNN,=1+04NCHARI0e97018,9040923uTEMPERATIIRE (DEAP

1EES K),=2342BHFRACTION OF FAILED PARTICLES2R0NeNns242)
CALl PLOPB (TT’FZBQNN.-I’o’-NcHAR’o.’7.’n.’060’0’-?3’0’000009?’2)
CALL PLOPB (TTeF3BsNNgal9Ns=NCHAR0,9Teero?09090emD3s0s090ene2921
Cay| PpLoPB (TToFO4R o NNgal909=NCHAR 40,97 ¢ R, 9040e0e=P3¢0s0909N9s202)

IF (MFIIEL,EQ.])
IF (MFIHEL.EQ.2)
IF (MFIEL,NE.1)

CALL ni.CMH

CalLL ntLcCH

6O TO 70

(250454244 24HFT, STe VoATN FlUF{
(25095024 924 HLATEST #ASSAR FUF)

CALL CNANVRT (162044 IX¢XMNgXMX41XL4IXR)
CALl CONVRT (=4491YoYMNoYMXo1YB,1YT)

CALL DI CH (IXeIYelolHG,1)
CaLy CANVRT (1530e 41X eXMNoXMXyIXLs1XR)
CALl NUCH (IXeIYs141HR,41)
CALL CANVRT (1664049TXeXMNeXMXe1XL oIXR)
CAL{ DICH (IXeIYelo1H2e1)
CAf,L CANVRT (1760,9TXeXMNeXMXeIXLslXR)
CALI ODLCH (IXeTIYslelH1e1)

Go 0 g0

CALL CANVRT (1740¢eTXeXMNeXMXyIXL ¢ IXR)
CALI. CONVRT (=1.841YsYMNsIYMXoTYBsIYT
Cabll’ DICH (IX41Y4141Ha 1)
CALL CNANVRT (1800esIXeXMNeXMX9eIXL ¢ IXR)
CAL] CANVRT (=2.00IY1YMNIYMXoIYHBeIYT)
CAL! OI.CH (IX41Ye141HR.1)
CALL CANVRT (1900ssIXyXMNeXMXeIXL s {XR)
CAL). CAMVRT (=2e341YsYMNgYMX,TIYHRIYT)
CAL|. DECH (IXsIYelslHP1)
CALL CANVRT (200044 1XeXMNoXMXeIXL o1 XK)
CALL CNANVRT («2.641YsYMNoYMXGTYRWIYT)
CALI DILCH (IXsIYelelH141)

CONTINNE

ENCOVE (6341504T1TLF)MFLUEL 4 AGE sLAGE
CAL) 0JCH (10041005443, TITLE])

CAL)L ARV (1)

CAL: PLCPB (TT4F1T NN, =1404NCHARGOs,7e4R,.04092TEMPERATIIRF (DEAR

1EES K) ,«23,28HFRACTINN OF FATLED PAPTICLESI2RsNene2+2)
CALI PLOPB (TT4F2T 4NNyl oNe=NCHAR,0,¢7.,0,.90,040e=?3¢040e0sNe292)
CAL{ P{OPB (TToF3TeMN,al9ne=NCHARG0.97¢eR,9N90e0e=23909Ne09s0es2)
CaLy PpOPB (TToFS4ToNN gl 00 e=NCHARG 0,07 4R 000040422343 040e0eNeP92)

1F (MFIIELLEQ. 1)
IF (MFIEL.FQe2)
IF (MFHEL NE.1)

CALL nLCH
CALL nLCH
GO TO 90

(25045624 424HFT, STe VRATN FIF)
(25N0+5+24,26H] aTEST naSsSaR FUF

MANFL . 2)

MONFL o)

MANFL e )
MANEL )

P OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLOTS
PLOTS
PLOTS
PLOTS
P1,0TS
P|.OTS
PLOTS
P, 0TS
P).0TS
P1.OTS
PLOTS
P.OTS
PLOTS
PLOTS
P, 0TS
P1.OTS
PLOTS
PLOTS
P1 0TS
P1.OTS
PLOTS
PLOTS
P1.OTS
P OTS
PLOTS
P1.OTS
PLOTS
PLOTS
P1,0TS
P OTS
PLOTS
P, 0TS
pLQTS
P1.OTS
P|.OTS
PLOTS
P1.OTS
FLOTS
PLOTS
PLOTS
P1,0TS
P OTS
P1 OTS
PLOTS
P OTS
P1LOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS

190

191

192
193
194
195
196
197
198
199
200
201

202
2013
204
208
206
207
20g
20q
21n
211

217
213
214
218
216
217
218
219
220
22,

22?2
2213
224
225
226
227
228
22q
230
2N

23?
2313
234
2135
236
237
238
239
240
241
247
247
244
245
244
247
248
249
250
251

252



0

100

2

CAL|, 'CONVRT (1400,sTXeXMNeXMXe <LoIXR)
CALL CANVRT (= 40lYosYMNeYMXoIYLIYT)
CAL|. NDI.CH (IXeIYslelHé4o])

CALL CANVRT (15106 41X ¢XMNgXMX4IXL oIXR)
CALI DJCH (IXelYs191HI,41)

CAL] CANVRT (1630, 41X ¢ XMNsXMXsIXI o IXR)
CALI DI.CH (IXs1Ysl41HP,41)

CALL CONVRT (1760¢eIXeXMNeXMXoIXL sIXR)
CALL DICH (IXelIYslolH1,1)

GO t0 100

CALL CANVRT (180049 TXeXMNo¥YMXyIXL o IXR)
CALIL CANVPT (=1.,9¢1YeYMNsYMX4IYHsIYT)
CAL| DI CH (IXeIYelelHaoI)

CALL. CANVRT (=2,15,1Y,YMNoYMXoIYR,IYT)
CAL|, DI.CH (IXeIYelelH3,1)

CALL, CANVRT (=243+1YsYMNsYMXsIYHeIYT)
CALL DLCH (IXeIYsl91HD,1)

CALL CANVRT (=2,7+1YsYMNsYMX4IYRWIYT)
CALI DI CH (IXelIYoelolMlel)

CONTINNE

ENCOUE (43,1804 TITLE)MFUEL 4AGFLAGE
CAL) DI.CH (10010054434 TIT{Es])

CALy AnV (1)

CONTINNE

XMINZ1200,

xuax=2700

INTVAL x=5

Kx=0 .

YMIn=n 0

YMAY=3,0

INTvALY=3

Ky=n

FIRQY FOR BISOOJ.....

USE Fg ARRAY FOR LLOWER TEMPs FT FOR HIGHER TEMP, TT FOR TTwg

1T(1)=2740

F4(1)=7858,15

FT(1)=27998,15

TT(21=43.

FR(21=7H58,1%

FT(2)=1998,15

TT(2)=7000.0

1n0ones NAYS = 1000./365,25 YEARS
FB()=1876,17HEXP (=B0,4098/365,25)
FT()=2011,97#EXP (=57 ,4098/365.25)

CALl PI.OPH (FBeTTe3e=1909NCHARI0esB,98Bey30HFTe ST, VRAIN F'FI. MORF
1L==nlSns30+28HFUEL TEMPERATURE (NEGREES K)9=28421HTPRADTIATION Trup

((IAYS7192340404242)

CaLy P OPB (FTeTTe3e=1e09=NCHARY0.9Re*8,40%000¢=DR400090¢ns2e2)

CAL| CANMVRT (1400,4TXeXMNeXMXeIXL9oIXR)

CALL CANVRT (1,2¢IYoYMNoYMXsIYB,IYT)

CALL W .CH (1Xe1Y919e1aKHNO rnOATING FAILURES*1)
CALL CANVRT (1250,4TX¢XMNeXMxsIX| ¢ IXR)

CALI CONVRT (2.2¢1YoYMNQYMX,oTYBWIYT)

CAL] W CH (1X91Y9022.22HPARTIAL FAILI'RE pFAIONeTY
CALL CANVRT (180044 IX¢XMMeXMXeIXLsIXKR)

CALL CANVRT (247 91YoYMNoYMYoIYB,IYT)

CAL| WiICH (IXelYe28,42RH100 PERCENT COATINMA FAI{!IOESH])

CALI AnV (1)

FOR TRTSO DO THE SAMF,
FRIA)=1RB0,17EXP («97.44659/365,25)
FT(A)22N09.53%EXP (=47 ,2964/365.25)

THESE MUMBFRS ARE THE SAMF AS THOSE IN TWE FDACR ANO FRAART <VBROMT

INEQ......S/9/76 LoCo

P|LOTS
PLOTS
P{ 0TS
PLOTS
PLOTS
PLOTS
PLOTS
oLNTS
PL.OTS
P1.OTS
Py OTS
Py OTS
P1.0TS
PLOTS
PLOTS
PLOTS
P1.OTS
P OTS
P OTS
®| 0TS
pPLNTS
PILLOTS
Py, 0TS
PLOTS
P OTS
PLOTS
PLOTS
P1.0TS
PLOTS
P1.OTS
PLOTS
P1.OTS
P).OTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
P,OTS
PLOTS
P{,OTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
P OTS
P 0TS
PLLOTS
PLNTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PI_OTS
PLOTS
P OTS
PLOTS
P1 NTS
P1.OTS
PLOTS
PLOTS

2513

254
255
2564
257
258
259
260
261

262
261
264
268
266
267
26R
269
270
2N

272
273
274
278
276
277
27n
279
280
281

282
2813
284
285
294
287
288
289
290
291

29?7
2913
294
2958
294
297
298
299
300
an

302
3013
304
305
306
307
308
309
31n
n
312
3113
314
318

123



s NeNeNel

130

124

CALL PLOPB. (FBsTT939=1+09NCHARI0,98,98,431HFTs ST, VRATIN FIIFI MOnrF PLOTS
1L==TRTc0431428HFUEL TEMPERATURE (OEGRELS i) +a2Rs2I4IRRANTATINN TTM PLOTS
CE (DAYS) 1234090924 2)

Cay,
CAL)
Capy,
caL)
CaLl.
CAL)
cary
Capy
(of YH]
CAL)
Cay

PLOPE (FToTT93e=1409=NCHARG0,98.98,4090404=2340s040409242)

CANVRT (140044 TX¢XMMeXMX41XL ¢1XR)

CANVRT (1,291 YeYMN4YMXsTYB,1YT)

Wi CH (IXeIY*19¢1QHNDO rOATING FAILURES 1)

CANVRT (125044 IXeXMNeXMXsIXL o IXK)

CANVRT (2,20 1Y, YUNGYMY41YB,1YT)

Wi CH (IXe1Y922425KPARTIA] FATLURE RFAIONsY)
CAMVRT (1800,¢IXeXMNeXMygIXLo' xR)

CANVRT (2,70 1Y, YMN,YMXsT1YB,TYT)

WICH (IXe1Ye2842aH100 PERCENT COATING FAILIOES]1)
AnY (1)

NOw WE USE F1B, F2B, F3R TO RFPRESENT J, FOLFY, aYFR AND <ARS
MOpDrLS FIRST HALFs FIT AND F2T TO REPRESENT | FALFY ANN AYFR
Monrls SECOND HALF, '
INITLA| TZE SPLINE FUNETIONS

ZzUT"Pn(040)

Z=AYERN(0,0)

2=5nK§a((,0)

£=UTtMpr0(0,0)

Z=AYERE0(0,0)

NN=) Uy

DT=20,/(NN=1)

DO 130 I=1eNN

TT‘T"‘I'I)“DT

T=17(1)

IF (T4 T42,0) 60 To 1?0

Flu 1y zUTMp(T)

FPRIIYZAYER(T)

F¥Ir1)aSURS(T)

FI1T(1)=UTMPCI(T)

FaT (1) -AYERC(T)

G0 t0 130

F;R(I1§n.o

F23¢1)=0.0

Fag(lyzn,0

F1TtI)ane0

F2T¢1)20,0

CONT INIE

XMIN=

0.0

XMAY=2n 0
INTVALx=10

ax=n

YMin=0 0
YMax=) 0
INTVALy=5

KY=1

CALI P1OPB (TTeF1BeNNs1e0eNCHARI0,984¢¢5,42HUNTFNRM TEMPEDATURE » A
1YER AN SORS RESULTS+42+34HTIME AFTER ONSET OF ACCTOENT (HAMRS) ¢=3

254 19MFRACTION IN COOLANT41940404242)

CALI
CAL|
CALy
Cap)
Cay
CavLr,
CapLy
CALl
CALI
CAL)|
Cap

PLOPS (TT’F2396691909-NCHAR90098095.9090909-36909090909902)
P OPH (TT9F38981QIQOO-NCHARQOoQBo95.’090900-36909090000992)

CANVRT (2,00 IX o XMN¢XMX o IXL o IXR)

CANVRT (0oBoIYeYMNoYMXoIYBeIYT)

WiCH (IXeIYs18419HUNTIFORM TEMP MUDE| 1)
CANVRT (4e0eTXeXMNoXMX o IXL o 1XRY '
COAMVRT (0,40 TYoYMNoYMXeIYBelYT)

WICH (IXs1Ys444HAYERGI)

CANVRT (8,00 1XeXMN¢XMX s IXL o IXR)

CANVRT (0e591YsYMNoYMXoTIYBeIYT)

WLCH (IXeIY9644HSORS))

pLQTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
pLoTS
PI.OTS
PLOTS
P 0TS
PI.OTS
PLOTS
PLOTS
PLOTS
P OTS
pL OTS
PLOTS
P1 OTS
P OTS
P OTS
P 0TS
PLnTS
PI.OTS
P1 OTS
P1.OTS
P, 0TS
PLOTS
PL.OTS
P OTS
PLOTS
PLOTS
PLOTS
P{ OTS
PLOTS
PI.OTS
Py.0TS
P1.OTS
P1LOTS
Py oTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLLOTS
PI NTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

316
317
318
319
320
321
322
3213
324
32s
326
327
328
329
330
33)
332
333
334
338
33s
33y
33
339
340
3N

342
343
344
345
346
347
34
349
350
351
352
3513
354
355
354
357
353
359
360
361

36?7

364
365
366
367
368
36q
370
371
37>
373
374
378
376
377
378



s NeNeNeNeNel

(g Nel

CALI. AnV (1)
YMAX“&OO.
INTVALy=4
KY=n

CALY, PI.OPB (TTo+F1ToNNy1+04NCHARSD,98495,436HUNTFARM TEMPERATURE an
10 AyER RESULTS+36436HTIME AFTER ONSET OF ACCINENT (HOURS) s=36933aY
2=131 C)MULATIVE RELFASE

(CHIRIFES) ¢33404042,2)

CAL)r P OPB (TTeF2TeNNe190¢«NCHARI0e9B8e95,409n909a3K00s090sNs292)

CALI CANVRT
CAL: CONVRT

CAL) Wi CH (IXeIYs18+18HUNIFORM TEMP MUDEL.I)

CALI. CANVRT
CAL| CONVRT

(4e0¢IXeoXMNoXMXoTXLo1lXR)
(300009 IYeYMNoYMXoIYR4IYT)

(10s 0 IXeXMN9 XMxX 0 IXL s IXR)
(2400, 4TYsYMNoeYMX91YBsIYT)

Cal) WLCH (IXeIYedb44HAYER,Y)

CALI ANV (1)
RETHRN

140 FORMAT (1HO)

150 FORMAT (# MFUEL =0,11,5X+2AGE 28,F4,1+:5x,0LAGE gasl 1,0
160 FORMAT (/4XoIHIo14Xe1yTol3Xe2HF1013Xe2HF2413Xs2HF3013X92uFae14Xe1n

IF /)

170 FORMAT (IS546F15,5)

10 FNRMAT (% MFUEL =9411,5X92AGE =%sFa,195X,2LAGE s 10®

END

SU4RDUTINE PLOT2
LOGTCA) LAGEB1SO

DIMFNSTON FRAC(241)9 RFRACI(241)s TFRAC(241)s A(2a])

DIMENSTON FUEL (21
COMMUN sLA, LAGE.AGE,MFUEL,1S0,81S0

LAGF IS A LOGICAL VARIABLF SET TRUE IF ALL FAUR ArES OF FUFL ARE
IF LAGE 1S TRUE, AGF IS SET FQUAL Tn THE TTwE SINCF

TO at t)SED.

THFE KEACTOR WAS TURNED ON,

IF | AGF IS FALSEs AGE TS SFT EQUAL TO THE AGE oF AL OF THE FUE_,

MFUFL = 1 FT. STe VRATN FHEL MOOEL
MFUFL = 2 GASSAR FUE|. MONFL

NCHAR=27

INITIA IZE PLOTS
INITIA| IZE .SPLINE

Do 3V fL=1,2
IF (I EQ,.1)
IF (IL,EQ.2)

LAGE=.T0
LAGE=,.F,

VO W 4FUEL=1+2
ENCNUE (18440 +FUEL)YMFUEL +LAGE
PRIMNT =09 MFUEL+LAGE

NTL=247

DO PV TAGE=1eNTL
AGE=(1AGE=1)®#0,025

A(1AOE)=AGE

HFRPAC(TAGE)=U0,0
TFRAC (YAGE)=U40

NN=1V0
DO 11U T=14NN
pER:l./NN

BINePEQ®#I«PER/2

T=TFMP (RIN)
FR=FRARH(T)

BFRAC (TAGE)=BFRAC (1AGE) +FR

FT=FRA-TI(T)

TFRAC (TAGE)=TFRAC(TAGE) +FT.

10 CONTINYE

BFRAC(TAGE)=BF RAC(IAGF) %PER
TFRACITAGE)=TFRAC(IAGF)%PER

FRAC(IAGE)=046#BFRAC(TAGE) +0,4%TFRAC (IAGE)

RISN®)

TRISN®)

PI.DTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
Py, 0TS
P OTS
PLOTS
PLOTS
PILOTS
P1.OTS
PLOTS
PILOTS
P1.OTS
PLOTS
P1.OTS
P1.OTS
PLOTS
P1.OTS
PI.LOTS
P OTS
PILOTS
PLOTS
P1.0TS
PLOTS
PLOTS
PLOTS
PI.LOTS
P,0TS
PLLOTS
PLOTS
PLOTS
PLOTS

379
380
381
382
383
384
385
kY
387
3818
389
399
391
39,
393
394
395
394
397
393
399
400
401
402
403
404
405
406
407
408
409
410
411
412
4119
414
41g
41¢
417
418
419
420
421
422
423
424
425
426
427
428
42q
430
439
43?7
433
434
4135
43¢
437
438
439
449
441

125



126

20

30

40
50

60
70

10

CONTINNE

pRIHT %0

PRINT 709 (I+A(1)4BFRAC(I)oTFRACII) +FRACIT) oT2FoNTL)

CALL PLOPB (AsBFRACINTL9190¢NCHAR 0 ,9B¢y8,9040,1HAGE (YFARS)s11,2
1OHFAILED FRACTION BISN¢204090+262)

CAL|. DI.CH (100410054184FUEL 1)

IF (MFOFLLEQel) CALL PLCH (326+5e24424HFT, STe VOATN FUFI MONEL )Y
1F (MFHEL FQe2) CALL DLCH (325+5¢244,24HLATEST RASSAR FIIF| MADELs ?)
CALL. AnV (1)

CALI PLOPY (AsTFRACINTL 91 o0 INCHARI0,98e¢4R,90,041THAGE (YFARS) 11,2
11HFAILED FRACTION TRISNG2140000202)

CALL N1 CH (1004100541R4FUFL 1Y)

IF (MFIFL.EQel) CALL NLCH (32545,24,246HFT, ST, VRAYN FUF{  MADEL+?2)
IF (MFNEL4EQe2) CALL NLCH (325+5+24424HLATEST RASSAR FUE] VANEL,2)
CALI. ARV (1)

Cat) P OPB (AsFRACINTL +190¢NCHARSIQe9Be98,0090n*11HAGE (YFAPSYe11le2]
IHFATLEN FRACTION TOTA| ¢2190904242)

CALI DI.CH (100+1005+18¢FUFL 1)

IF (MFHEL.EQel) CALL NLCH (32995424424 HFT, STe VRAIN FUFi  MANELs2)
IF (MFIIEL,EQ,2) CALL DLCH (325,5,24,24HLATEST GASSAR FUF| MADEL,2,
CALI" AnV (1)

CONTINNE

RETHHN

FORMAT (®MFUEL=%+1145%¢#LARE=®( 1)

FORUAT (BOMFUEL =8,11,5Xe%) AGE =%,L1) .

FORMAT (/74X 41HI 417X, 3HAGE 4 15X 4SHFRACB, 18X 4&HFRACT, 16X, 4HFOAC/)
FORMAT " (I544F20.5)

END .

SURROUTINE PLOT3

LOGTCA( LAGEHISO

DIMFNSTON RINTAC(151), RFATLD(15I)s TT(1851)e TT4(181)s RYIOGI1S1T,
1 RF 06 (151)

COMMUN /CJEO0T/ IX{oIXPeIYTeIYROXMNIXMXsYMYX s YMN

COMMON /CUEDB/ XMINgXMAX s INTVALX oKX o YMIN,YMAx s INTVALY oKY

COMMUN /LA/ LAGEsAGE ¢MFUEL ¢+ I1S0s131S0

COMMUN /LJUNEW/ IXSAVE,IYSAVE+IX2s1Y2
NCHAKR=>7
1NN=g 1

DO 10 7=14¢NN

TT4(1)29.0=(1=1)%0,1
TT(T)=2140E4/TT4())

MFUFL=7

AMINZ3 0

AMAYZ39 0

1NTVALy=6

GISO‘.FO

KX=1

YMI”:-AO

YMav=1,

INTVALYy=7

RY=n

CALl P OPB (TT4sRFAILNINNe=190INCHARI0e45,97.9244FTe ST, VRATIN FIIF
1L MAVE| +=24+19H1.0E4/T (DEARREES K)9=19+3AHPARTTCLE COATINA pELEASE
2 RATE , HOUR9364040,2,2)

CALL CONVRT (3.5¢IXeXMNsXMXoIXL¢IXR)
CA11. CANVRT (=4e75,1Y,YMNoYMY,IYB,IYT)
CALI WLCH (IXoIYe12417H1434%4,549,10,1)
CALL CANVRT (=3,5¢1YsYMNsYMX4TYBeIYT)
CALI WLCH (IXelYslelHaol)

CALY. CANVRT (34H¢IXeXMNeXMXeIXLoIXR)
CALIL CAMVRT (=27 ¢TYsYMNsYHXoTYRGIYT)
CALL WILCH (IXe1Yels1HT,41)

PLOTS
PLOTS
P{LOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.O0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
P OTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
P OTS
PLOTS
P1.0TS
PLOTS
PLOTS
PLOTS
PLOTS
P.0TS
PLOTS
P OTS
P, OTS
PLOTS
P LOTS
PLOTS
P OTS
P OTS
P1LOTS

447
4419
444
445
446
447
448
449
450
45

452
4519
454
45%
456
457
458
459
460
461
462
467
4604
468
464
4h7
468
469
479
471
472
473
474
475
476
477
478
479
48n
481

482

4R4
485
486
487
488
489
490
49
492
491
494
495
496
497
498
499
500
501

502
503
Sna



20

30

CALL, CNONVRT (3,991X¢XMNeXMX9IXL e IXR)
CALI, CANVRT («2,04IYsYMNsYMXsIYBoIYT)

CALI W) CH (IXsIY?1s1Hgel)

CALY, CONVRT (4451TXeXMNeXMXoIXL s IXR)
CALI. CONVRT (=1.59IYsYMNeYMXsIYBeIYT)

CAL| Wi CH (IXeIYs141H2,1)

CALL CANVRT (6409 TXeXMNeXMXoIXL o IXR)
CALI CANVRT (=3,041YsYMNesYMXsIYHBeIYT)

CAL] WLCH (IXeIY97¢TH4eT79849,1)

CAL! CANVRT (645¢IXsXMNeXMYeIXL oI XR)
CALI, CANVRT 1«1,04IYsYMNsYMXoTYRSI"T)

CAL) WICH (IXsIY1646HeS59100])

CAL) CANVRT (4,5+TXeXUNIXMY T XL o IXR)
CALI CAONVRT (0e0oIYoYMNeYMXoIYBeIYT)

CALL W) CH (IXeIYelslH1Wl)

CALI CANVRT (4eT75eIXeXMNeXMXyTX| ¢ IXAR)
CALI. CANVRT (0e19IYsYMNoYMXeIYBoIYT)

CALI W CH (IXsIYslelHA,1)
DO 30 1SO=1410

DO »U y=14NN

T=T7!(1,

RINTAC (1) =RI(T)
RFATLO (1) =RF (T)
RILAG(1)=ALOG10(RINTAC(]))
RFLNG (1)=ALOG10 (RFAILN(I))
CONTINNE

PRINT gnys ISUIMFUEL

PRIMT q0¢ (IsTT(I)sTT4(1)sRINTAC(II) 4RILOG(I) 4REATLA(I) sRELNA(T) ote

11,n0)

Cag,. PILOPB (TT4sRFATLNYyNNs=1¢09=NCHARS0 ,e5¢97490e0409=19¢0e0¢090,2

1+2)

CALIL PLOPB (TT44RINTACINN9al 909 =NCHARI0,45¢97¢9040409=1940e030s0¢2

1,2)
CONTINIIE
MFUfrL=2
CALL AnV (1)
XMIN=3,0
XMAXZT 0
INTVA{ ¥=4
KX=0
YMINZ =g
YMax=2 0
INTVAL vEb
Ky=n0

CAL| Pj OPB (TT44RFATLNyNNs=190sNCHARI24,5,¢7,936ugASSAR FUF

MOD ey

PLOTS
P OTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
P1.OTS
Py OTS
P OTS
P{ OTS
P1,0TS
Py OTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P1,0TS
pLoTS
PLOTS
PLOTS
PI.GTS
PLOTS
PLOTS
Py, 0TS
PLOTS
P{,0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS

1 - FATED PARTICLES ,=36+19H1s 0E4 /T (DEGnFES x) 1 =TO,36HPARTICLE CAA PLOTS

2TINA RFLEASE RATE / HOUR3690+09e242)
CAL] CANVRT (4,00IXeXMNoeXMX9IXLoIXR)
CALI CANVRT (@l,44IYeYMNoYMX,TYHsIYT)

CALl W CH (IXeIYeReRH)N TRISOs1)

CAL{ CANVRT (=04 9IYosYMNoYMXoIYUWIYT)

CALI WLCH (IXelIYelelHR,1)

CALL. CONVRT (6eNeTXsXMNeXMXTXL s IXR)
CALI CANVRT (=1.04IYsYMNeYMXaIYH4IYT)

CAL] WLCH (IXeIYelslHRs1)

CALL CANVRT (3,9e¢IXoXMNeXMX9IXLoIXR)
CALL CNANVRT (0e4sIYoYMMoYMXsTYBGIYT)

CALL WI.CH (IXeIYelslHA,1)

CALI. CANVRT (3¢69IXeXuNeXMXeIXL o IXR)
CALI. CANVRT (046¢1YoYMNeYMX9TIYB41YT)

CAL| WL CH (IXsI1Ye747H10 BTSO,1)

CALI CANVRT (6eBeIXeXMNeXMXoTIXLoIXR)
CALL CANVRYT (=1e33IYeYMNoYMX,TIYBIYT)

PLOTS
PI.OTS
PLOTS
PI.OTS
P OTS
PIL.OTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

505
506
507
508
509
510
511
S12
5113
51a
518
516
517
518
519
520
521
522
523
824
525
524
527
528
529
53n
531
532

534
535
53¢
537
538
539
S4n
541
542
543
544
545
546
547
Séq
549
559
551
559
551
554
558
556
557
558
559
560
561
562
5613
564
565
566
567
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CALL WLCH (IXsIYslelH1a1) Pi OTS 568

CALL CANVRT (3.6¢1X*XMN®XMX* XL IXR) PLOTS 569
CALI CANVRT (1,09TYsYMNeYMXoIYBIYT) PLOTS 570
CALL WLCH (IXeIYe79T7HasT79Re9,41) PLOTS S71
CALL CONVRT (4,254 TXeXMNoXMXsTXL o IXR) P1.0TS 572
CALL, CANVRT (1.5¢IYsYMNoYMXeIYBsIYT) PLOTS 573
CALI WI.CH (I/e¢IYs1s1H?al) P1.OTS 574
DO U tSO1=1s11 PLOTS 57s
1S0=1Snl PLOTS 576
IF (1Sn«.EQ.11) BISO=.T, Py OTS 577
IF (1Sn.tQ,11) 1SO=10 PLOTS 578
DO 4V 731NN Py OTS 579
T=TT (1) P1LOTS 580
RFATLO (1) =RF(T) P OTS 581
RFLAG (1)=ALOGLO (RFAILN(I)) PLOTS 582
40 ConTINNE P, 0TS 5873
PRIMT ans ISDeMFUEL PLOTS 584
PRINT §00s (IsTT(I)sTT4 (1) ,RFAILD(I)sRFLNA(T)o7=TsNN) P OTS 585
CAL) PLOPB (TT4.RFAILD,NN.-1,0.-NCHAR,0.,5.,7,,0.0,0.-1,0,0,0,0,,’ pLOTS 5864
12) PLOTS SR7
50 CONTINNE PLOTS 588
CaLl ApV (1) PLOTS 584q
XMINZ4 0 PILOTS 590
AMAXZ9 0 PLOTS 591
YMINZaT, PLOTS 592
YMAXZ0, P1.OTS 591
INTVAL x=5 PL.OTS 594
Kx=" PLOTS 595
INTVALy=T7 PLOTS 596
KY=n P1.OTS 597
CALI. PI.OPB (TT44RINTACsNNs=1,0¢NCHARI2.,&,¢7,936HBASSAR FIIF|. MOPFL PLOTS 598
1 « INTACT PARTICLESs=36+19H1,0EG/T (NEGREES K)e=19,36HPAOTICLE CnA PLOTS S99
2TINA RFLLEASE RATE / HOUR,364040+2,2) PLOTS 600
CAL] CAONVRT (T.0eIXeXMNeXMXeIXLoIXR) P OTS 601
CALL CANVRT (=6.291YeYMNsYMX,IYBeIYT) PLOTS 602
CALI WICH (IXeIY9747HA TRISO,1) PL OTS 603
CAL| CONVRT (4489 1X9XMNeXMX9TXL ¢ I1XR) PLOTS 604
CALI. CANVRYT (=64 .ByIYsYMNeYMX IYHeIYT) P1 OTS 60%
CALL W CH (IXeIY917417HT9(19448+9 TRISO),1) P1 0TS 60¢
CAL] CANVRT (Se0eIXeXMN9XMXIXL ¢ IXR) PLOTS 607
CALI CANVRT (=44141YoYMNeYMX,TYBs1YT) PILOTS 608
CALL Wi CH (IXeIYs1elHSe1) PI.OTS 609
CALL CANVRT (=3.741YeYMNeYMXeIYROIYT) PLOTS 610
CALL WICH (1XeTYe12417H69(Re9 BISO)s1) PLOTS 61
CALL CANVRT (=3.141YeYMNeYMXoIYELLIYT) PLOTS 617
CALY WLCH (IRsIYe242H1IN, 1N P1.OTS 613
CAL| CANVRT (=2.lsIYsYMNsYMXsIYHeIYT) PLOTS 614
CALI W CH (IXsIYslslHPel) PLOTS 615
CALI CONVRT (8.0¢1XeXMNsXMXoIXLoIXR) PLOTS 616
CALl CONVRT (=44GsIYsYMNIYMX4IYBoIYT) P1.OTS 617
Cap) Wi CH (IAs1Y4646H3 BISOe1) PLOTS 618
CAL], CNNVRT (=2,49IYsYMNsYMXoTYRSIYT) PLOTS 619
CALL WLCH (IXeIYs6,46H BISN1) PLOTS 620
CALL CAMVRT (4,69 IXyXMN¢XMXsIXL ¢IXR) P, 0TS 621
CALL CANVRT (=0e4s1YsYMNoYMXyTYReIYT) PLOTS 622
CALI, WLCH (IXsIYsh,6Hs BISNs1) PLOTS 624
DO 7V vSO0=1,10 p1oTs 624
DO 70 yRHISD=1le2 P OTS 625
IF (187S0.FQ.1) BISO=,.F, PLOTS 626
IF (lR1SO0.EQ.2) HISO=,T, P1.OTS 627
DO AU r=1sNN PLOTS 62r
TalT(1, P 0TS 629
RINTAC(I)=RI(T) PLOTS 630
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RILAG (1) =ALOGI0(RINTAC(T))

60 CONTINNE

PRINT ahs ISOsMFUEL

CALL PLOPB (TT44FINTACNNyul,0¢=NCHAR S0, 4509704040409 =14040s0+0,%,

12y

70 CONTINNE

B0 FORMAT (6HQISO =912.3Xs7HMFUEL =+11¢10XsTH1egE&/T918Xs2HRT +15X95uR

CALI. AnV (1)
RETIHKN

11L0R*1AX+2HRF + 15X+ SHRFL0G/)

90 FORMAT (1A ,15,F12,1,5F20.5)

lo0

10

20

30
40

S0

FORMAT (1Xe150F12¢19FE20e5040X92E2045)
END

SUXPUUTINE PLOTs

INTFOER DAYE

OIMENSTON T(41)e FF(41)s T¥(41950) B(S0)y VECP(250)s ITTTLF(36)

DIMENSTON TEMP] (41,50)s TEMP2(41,50)
coMmON #TMODEL/ MODEL

DO 1V 1=1436

ITI+LE (1) =10H

CALI. 6FTQ (4LKJURN,JOBNAME}

CaLy DaTEYl (CATE)

ITITLFE (1)=JOHNAME

ITiTLE (2)=0DATE
ITITLF‘12)=10HTEMPEﬂﬂTUﬂ

ITITLE ()3)=10UHE MODEL =
Z=SPLIME(0e0¢040)

2=TeMPn(0,0)

CALI Apv (1)

NTOT=4n

IVFMAX=50

DT=>0, /NTOT

NTOTl:NTOTél

0n 2V y=1,M70T1

T(IY=(7=1)aDT

ITEMP =4

DN AV WODEL=1+I1TEMP

ENCADE (10470+ITITLE (14))MODEL

IF (MOREL,EQ.4) GO TO 40
Z=TaVEn(0,0)

L=TuvAXn(0.0)

TOE) T=TEMP (0,01=1174.4

DO 3V T=1,NTOTY

TIMF=T (1) .
FF(T)=(TMAX(TIME) «TAVE(TIME) ) /TDELT
CONTINNE

PER=1,/IVFMAKX

00 ®U tVF=1,IVFMAX

BIN=PER®* (IVF=0e5)

B(IvF)=BIN

DO &0 r=1,NTOT]

TIMF=T 1)

IF (MONEL NEe4) TE=FF (T)®(TEMP(BIN)=1174 ,4) ¢+ TAVE (TTME)
IF (MOPELEQe4) TE=SPL (TIMF+RIN)
TX(TeIyF)=TE

CANTINIE

ITITLE,Q):IOHTIME(HQS)
ITITLE(101=10HCORE FRACT
ITITLE(11)=10HTEMP (K

PRInT 00s MODEL

PRINT QO¢ (Je(TX(I4J)sT=1eNTOT142) e =1s1VFMAX)
CALI" P NOW (TXoNTOT19TVFMAX9TeBsVECF+2504TTITLE)

PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1OTS
PLOTS
P OTS
PLLOTS
P OTS
PLOTS
PLOTS
P1.OTS
P1.0TS
P1OTS
PLOTS
P1.OTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P, OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
P1LOTS
PLOTS
P1.0TS
PLOTS
PI.OTS
PLOTS
PLOTS
P1.oTS
PLOTS
P1 0TS
PLOTS
PLOTS
PLOTS
P1 OTS
P1.OTS
PLOTS
PILOTS
PLOTS
PLOTS
P OTS
PI.OTS
Py OTS
PLOTS
P OTS
PLOTS
PILOTS
PLOTS
P.OTS

631

632
6313
634
635
636
637
6318
63q
640
641
642
6417
644
645
646
647
648
649
650
65,
657
6513
654
655
654
657
65R
659
660
661
662
6613
664
668
6664
667
668
669
670
671
672
6713
674
675
674
677
678
679
680
681
682
6813
684
688
684
687
688
6R9
690
691

692
693

129




130

60

70
80
90

CAL) PTCTURE (TX'TEMP]oTEMpZONTOTl’IVFMAonTOTiol.091.09?.092.09?, PLOTS

104900.,3700¢909=293¢90p=14)

WRITE )08 IDENTIFICATION

CALI. DI.CH (154499244 44HJ0R=s1)
CAL| DLCH (2064992410, TTITLE 1)
WRITE nATE )

CALL D|CH (400999245 45KNATE=41)
CALI DLCH (4666992,10,ITITLE(2)41)
WRITE D

CAL| DI.CH (154+972+60,TTITLE(12) 1)
WRITE FIINCTION RANGE

CALI DLCH (696495247 ¢ THRANAE=as])
CAL| DLCH (780,952,420, TTITLE(3)41)
WRITE x RANGE

CAL| DLCH (78B0¢972420,ITITLE(S) 1)
WRITE v RANGE

CALI DLCH (7804992420,ITITLE(7)41)
CAL; AnV (1)

CALI, ARV (1)

CONTINNE

CALy ExH

RETHRN

FORMAT (I1248X)

FORMAT (//# TEMPERATURE MODEL =®#¢11/)

FORMAT (1Xs13+21F6,0/)

END

FUNFTIAN UTMPO (T)

THESE NUMBERS FROM TaAgllLAR DATA IN REPORT BY J, FOLEY
DIMENSTUN IOH(2) Tag (3)

OIMENSTON X(16)e F(16)s WI16)s A(16)e Brinde Cr14)

OATA X/2093094495,05097498,99,901049110912,9130414,4164.918,420,/
DATA F /00900157 400658,4177440¢3355,05280,,7147,,8470+99177,.94734.9

15650,098374.9534.9464,9399,933/
SPLYNE BOUNDARY CONDITTONS ETC.

1=

IoP(1)=5

I0pP(2)35

Nl=]6

CALI. SPLIDY (N1 sXeFoeWyaIOPsTJsAsRBC)
RETHRN

EnNTRY 11TMp

CALL SPLID2 (N1eXsFoWoIJsToTAR)

UTMP=TaAB(])

RE TIIRN

END

FUNRTIAN AYERO (T)

THESE NMUMBERS FRUM GRAPHICAL DATA IN WEPORT RY J, FOLEY
DIMENSTON 10P(2)s TAB(3)

DIMENSTON X (Tye F Ty w(Ty, A(Ty, B(T)y ¢(7)
DATA X/2e¢964496¢9809010,9120013,/

DATA F/0094115944354,6645047594824.845/
SPLTNE BOUNDARY CONDITIONS ETC.

1u=1

IoP(1)=5

IoP(2)a=5

N1=7

CALL SoLIDY1 (N1eXsFoeWeIOPoIJsAsHeC)

KETIIRN

ENT®BY AYER

CALL SPLID2 (N1sXsFoWsTIJsT«TABR)

AYER=TAB (1)

P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
P1.0TS
PLOTS
PLOTS
PLOTS
pLoTS
PL.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
P OTS
P1OTS
PLOTS
PLOTS
PLLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
Py OTS
PLOTS
PLOTS
P1.0TS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 OTS
PLOTS

694
69g
696
697
69a
699
700
701

703
704
70
706
707
708
709
710

717
713
714
718
716
717
718
Tla
720
721
727
723
724
725
726
127
728
729
730

731

732
733
734
735
736
737
738
739
740
741
742
7417
T4s
7458
746
747
748
749
750
754

752
7513
754

755
756



(¢ NeNeNe]

RETUKN

END

FUNCTION SORSO (T)

THESE nUMBERS FROM GRAPHICAL DATA IN REpORT RY .), FOLEY
UIMFNSTON I0P(2)s TAB(3)

DIMFNSTON X(B)s F(B)s W(B)s A(B)s B(8)s ¢ (8)

DATA X/20940960980910.91209140’160/

DATA F/0q49,085443409.5A09.704.79+.8459.88/

SPLTNE BUUNDARY CONDITIONS ETC.

1J=1

I0P(l)eS

IopP(2)=5

Nl=n

CALL SPLID1 (N14XoF W,10P,TJyAsBsC)

RETIKN

ENTPY QORS

CALL SPLIU2 (N1 sXeFeW,TJeT.TAR)

SORS=TaAB (1)

RETIHIRN

END

FUNCTIAN UTMPCH (T)

THESE nUMGERS FROM TARULAR DATA IN REPORT BY J, €OLEY
OIMFNSTUN IOP(2)s TAB (1)

DIMFNSTON X (1631, F(16)s W(16), A(16)s B(16)s C()&)

DATA X/720936%4495.96¢97498,99,9100%110212¢9130¢14491609108,4204/
DATA F,04419424102,8,319,4,702,7,1240,+1R66,,2454_,2909,,3200,93%6

1109343Q6¢93473693493,934964¢34%6,/
SPLYNE BOUNDARY CONDTTIONS ETC.
1J=1

IorP(ly=5

10P (%) =5

N1=16

CALL SPLIDY (N1 yXeFoW,I0PsIJsAsBC)
RETIHRN

ENTRY ;) TMPC

CALL SoL1D2 (N1eXsFeW,TJUsTeTAR)
UTMpC=TAH (1)

RET1IKN

END

FUNATIAN AYERCO (T)

THe<k NUMBERS FROM GRAPHICAL DATA IN REPORT AY ), FOLEY
OIMENSTON 10P(2)s TAR(3)

DIMFNSTON X(8)e F (B)s W(B)y A(B)s B(B)s (B)
DATA X/2e94415,98,410,412,914,41%,/
VDATA F ,044250,41020,+1930,,2480¢42800443000,,3110,/
SPLINE ROUNDARY CONDITTONS ETCe
1J=)

I0Ptly=S

10P(21:=5

N1l=nr

CALI SoLI1D1 (N1 oKX oFeW,I0PsTJsAsBC)
RETHHRN

ENTRY AYERC

Call. SPLID2 (N1 oXosFeWy1JeT,TAB)
AYEnC=7AB (1)

KF THHRN

END

SUIPONTINE PLOPR(X.YQMPTSQINCQLNNQNSYMOCQXAAQYAA9LARELZQN7L-LABELX

ToMX) *LABELYONYL9sLABELReNRL.eLSTZE$ISIZE)

P1.0PB PRODUCES A STANPARD P2=PIMENSIONAL P OT STMILAR TO | nA

WHIFH 1S SHITABLE FOR PLBLTCATION,
LAAFLS MAY BE WRITTEN ON 4 SINES OF PLOT
LSI7t 1S THE SIZE OF THE LABELSe 1S1ABS(1 SIZF)<¢s

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
P1 OTS
PLOTS
PLOTS
PLOTS
P, 0TS
P OTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLOTS
PLOTS
PLOTS
P OTS
P1 OTS
POTS
PLOTS
PLOTS
P1OTS
PILLOTS
PI.OTS
Pl.OoTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P.OTS
P{,0TS
PLOTS
P OTS
PLoTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

757

758
759
760

781

76?7
763
764
76%
764
767
76R
769
770
N

772
773
774
775
776
777
778
779
780
781
782
783
784
785
7864
787
T7RR
789
799
791
792
793
794
768
794
797
798
799
800
801

802
803
804
30g
806
807
808
809
810
811
B1?
811
8l4
A1
8ls
817
81n
819
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132

10

20
30

IF LSI7E > 0+ OEPENDENT VARIARLES ARE PLOTTED ON LFFT=HANN SCALF
IF 1.517E < 0+ DEFPENDFNT VARIARLES APE PLNTTED ON RTIGHT=HanN SCALFR
ISI7E 1S THE SI1ZE OF THE SCALFS. 151a8S(1slZr)<s
LTNFAR PLOTS FOR DEPENDENT VARIARLLES MAY WHAVE » QCALES Ou
MULTIPLE PLOTS,
IF tSI?E Z 0+ ONLY LEFT SINE 0F PLUT HAS SCALE
IF |S17E > 0 AND IS1ZF < 0« ALLOWANGCE IS MADFE Tn DoAW SCalF AN
KIGHT QIDE WITH A {ATER CALL TO pPLOPH
IF | S17F < 0 AND 1S17fF < 0s SCALE IS DRAWN ONM BTAMT SIDF,
ScaltS PRINT 4 FIGURES, DATA MUST BF ADJISTEP REFNARE CAL| PINPB,
IF 1 ARFL UTHER THAN TOP DOFS NOT FIT ON aNE [ INF.
LSI7t wiILL BE REUVUCEN RY 1
ALSN TuE L0OG AXES wtL BE FULL CYCLES,
IF vXA AND/OR YYA ARE NON~7ERO0 THE LENGTHS
WIL|. RF CONSIDERED AS RATINS WHERE THE | ONGEST
SIPDF 1q FITTED ON A Rgn POINT LINE.
AXE< {FNGTHS -WILL BF REDUCFD IN ORVDER Tn ALLOW ®nOM FOR
LanrFls ANU SCALES IF NFCESSARY.
COMMUN /CUFO07/ IXLeIXReIYTeIYRIXMNeXMXsYMXsYMN
COMMUN /CJEOD8/ XMINeXMAXsMAJORX sKX o YMIW4YMAX 4MA JORY 4KY
DIMFNSTON X(1)s Y (1)
OIMENSTON IS7(6)s IVS7(6)
DATA 7672/12¢18424430036442/
DATA [ySZ2/16426432,40,48456/
INTFOER GRIDF
BaAMAX] (AMAX1(Ce0 )8 (LNN®1) 90, )
LIN:LNN
KSYHU=T LS (NSYM)
KINASMAXO0 (TABS(INC) 1)
MDT< ZAHS(NPTS)
=MZy=1ARS (NZ()
7xA ARg (XAA)
YYA=ARBQ (YAA)
NXN=NXu=1ABS (NXL)
NYN=NYu=TARS (NYL)
NRN=NRnM=TABS (NRL)
LsZ=1AnS(LSIZE)
1ST173TARS(IS12E)
GRINF xAMAX] (1e¢ABS(C))
IF (NSyM.GT.0) CALL AnV (1)
IF (NX; L.T«0) GO TO Spn
IF ((NGYMeLTe0)eAe(ISTZE«GTag)) GO TO 10¢p
CAL), MAXV (XsKINCIMPTSs TSR XMX)
CAL] MAXV (YoKINC4MPTG,ISURsYMX)
CALL MINV (X4KINC,MPTS,ISUR+XMN)
CALI MTNV (YsKINC4MPTS, ISURsYMN)
IF (XXA.ER.N) XXA=g,
IF (YYA.EQ.0) YYA=10,
IF (NPTS,LT.0) GO TO 20
IF (XMNGNEXMX) GO TO 10
DXM:.Odl”ABS(XMX)
IF (Dxn,EQ,0) DXM=,0001
XMN=XAMN =D XM
KMXz XMy ¢DXM
CALl ASCL (SeXMNeXMXsMAJXoMINXeKKX)
GO t0 20
XMN=ALAGIN (XMN)
XMX2BLAGLO (XMX)
IF (INcoLT.0) GO TO 60
IF (YMMeNE.YMX) GO TO 40
DYM=ena1®A8S (YMX)
IF (OYu,EQ,0) DYM=,0001
YMN=YMN=DYM

PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P 0TS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P1OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PILOTS
P1.OTS
PLOTS
PM.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLoTS
PLOTS
PLOTS
P1.0TS

820
821
822
R213
R24
A28
826
827
828
829
830
831
832
8313
834
835
834
837
833
839
840
841
842
843
84y
845
R4b
847
B4R
849
850

8%
85%

853
854
858
85A
857
858
8Sa
860

86
86

8613
864
865
866
867
868
869
870
871
87,
8713
874
87s
876
877
878
879
BAn
881

882



40

S0

60

70

g0

100

110
120

130

140

YMXeYMx¢DYM

CALL AQGCL (SeYMNeYMXeMAJY sMINYsKKY)
Go 10 70

XMx=aXMa X

MAJY=MAKXEMAJORX

KKX="X

YMN=YMTN

YMx=YMpX

MAJYSMAKYZMAJORY

KKY=RY

60 v0 70

YMN=ALAG10 (YMN)

YMX=ALNG10 (YMX)

MAK Y=Gn1DF #MAJX
MAKY=Go [UF #MA Y

IF (NSvM.LT.0) GO TO 90
IXL=%,c%ISZ(151Z)+1,541VSZ(LSZ)
IH=TVS7(1S12)

IF (INFoGELO0) TH=IH/2
IYT=CoMAXO0(IVSZ (LSZ) o IH)

IF ((M7L*1)®1SZ(LSZ) eaT41073=1XL/2) IYT2IYTeIVS27LS2)
FACT=BA0./AMAX] (XXAsYYA)

IXR=MIMO(IXLSIFIX(FACT#XXA) +1023=MAX0 (36TVSZ(LSZ)/2+1SZ(TST?)+5087Q

1itrslzrz2n
IF (1SvZE«1Te0) IXR=TXR=4%1SZ(ISI2)

1YB=MINO (LYTeIFIX(FACT®YYA) $1023=591VSZ2(1SIZ)/3=301VSZ(I S7)/2)

CALl FRAME (IXLeIXReIYT4IYR)

IF (5TaN(149XAA)«GT,.01 GO TO RO

SWAP=XuN

XMNe XMy

XMX=5waP

IF (SIaN(1,,YAA).GT,0) GO TO 9O

SWAPSYMN

YMN=YMy

YaX=SwaP

CALI. DrA (IXLeIXKsIYToTYBsXMNeXMXeYMX s YMN)

IF (LSTZE«LTe0) MNAKY==MAKY

1F ((NGYMeLTe0) A, (LSTZE«GTL0)) GO TO 239

1F (INQYM LT ,0) ¢A, (LST7E4LT40) A, (IS1ZE . GT.0)) GA TO 23¢
IF (NPTSeLTe0eANDSINC.LTeN) CALL OLGLGT

IF (NPTSeLTe0eANDSINC.GE«O1 CALL DLGLNT (MAKViST7F)

IF (NPTS,GE40+ANDINC,1.T,0) CALL DLNLGT (MAKXsTST?F)

IF (NPTSeGE,04AND.INC ,GE«N) CALL DLNLNT (MAKXtMAKY,ISTZF)
IF (NPTS4LT.0) GO TO 110

IF (NSvMeGTeN) CALL SPLN (MAUXIKKX91SIZ)

Go 10 120

IF (NSyM¢GT«0) CALL SRLG (IS12)

IF (IN@.LT.0) GO TO 13n

IF ((LQIZF.GT.0)eA, (NSYM,GT,0)) CALL SLLN (MAJYsKKYsISI7]
IF (' LQTZEeLTe0) oA (ISTZES, Ten)) CALL SRLN (MA )YekKYSIIST?)
Gno 10 740

CALL SILG (ISIZ)

IF (1S71ZE.LTe0) CALL SRLG (IST2)

CALl ExL

IF (NSyM.LT.0) GO TO 230

KSZ=LS7

IF (NY| GE.9) GO TO 220

KS72==Keg/

IF (M2uml.EQ,0) GO TO 140

DO 190 K=1¢MZM

CAL| FFTCH (KeLABELZeKK)

IF (KK,GE,608) MZMz=MZme]

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P 0TS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PI,OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
P1.OTS
pLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PIOTS
P1,0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 0TS
P OTS
PLOTS
PLOTS
P1,OTS
P, OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PILOTS
PLOTS
P1.OTS
P OTS
PLOTS
PLOTS
PLOTS

881
884
885
886
887
883
889
890
891
89>
893
894
895
894
897
B9g
899
900
901
902
9013
904
905
906
907
90N R
909
910
911
91?2
913
914
91g
916
917

91g
92n
92
922
921
924
929
926
927
928
929
930
931
932
9313
934
935
9134
937
938
93q
940
941
942
9413
944
945

133



c

134

150
140

170
180

190
200

210
220

230

240

250
260

270

280
290

300

310
320

CONTINIE

IF (NXM.EQ.,0) GO TO lme
DO 170 KelyNXM

CALL FFTCH (KeLABELX+KK)
IF (KK, GE.608) NXMzNXM+1]
CONTINNE

IF (NYm,EQ,0) GO TO 2090
DO 190 K=14NYM

CAL] FFTCH (KsLABELYsKK)
IF (KK,GE.608B) NYM=NYMe1
CONTINNE

IF (NRu,EQ,0) 60 TO 220
DO 210 K=14NKM

CALI FeTCH (KsLABELR KkK)
IF (KK ,GE.60B) NRM=NRMme]
CONTINNE

CONTIMNE

IF (NXNeNEeg) cALL DLCHM (MAXQ (IXL/29IXL o (IXRaIX| =ISZ(LSZ18MNYN) /20,

1IYRe 8 VSZ(ISIZ)/341VSZ(LSZ) /29NXMs ABEL ¥ 4KS7)

1F (NYn,NE,0) CALL DLCV (0,MINO((IYRs1023)/2,1yRa(1YB=1YT. 157 (LS7)

18NYNY /2) o NYMyLABELY 4Kg7)

IF (NZ) oNE40) CALL DLCH (MAXQ(IXL/2+IXLo (IXRaIX| a1SZ(LSZ)aM7) /2,

10 9yM7My ABFLZ+KSZ)
IXXelXn
IF (I1STZE.LTeY) IXX=1xX44271S2(1S12)

IF (NRMGNE,O) CALL DLeV (IXXeTVSZ(LSZ)/241SZ(1S17)/2+MINN((TYR*)AD

13)/291vB=~(1YB=IYTa]ISZ (1LSZ)aNRN) /2) s NRMsARELR 1k S7)
caL) ExH

IF (NZ] LT.0) GO TO 320

PLOT PNINTS AND/OR L INE

MPTSEMpTS#K INC

DO 310 NXP=1¢MPTS,KINC

XTANSX (NXP)

YTWASY (NXP)

IF (NPTS+LT,0) XTWO=A; 0G10 (XTWO)

CALI CANVRT (XTWOSNXTWNeXMNsxXMXsIXLsIXR)
CALl. CANVRY (YTWOINYTWOsYMNIYMXeIYBeIYT)
IF (NXp.EQ.1) GO TO 290

IF (L1neGE«Q) GO TO 28y

IF (MON(((NXP=1)/KINC)+IABS(LIN))«NE.Q) @0 TO 284
CALY ExL

CALI DI CH (NXTWOSNYTWN+09KSYMe1)

CALL ExH

G0 TU 300

IF (BeFQe0s) GO TO 30n

00 270 Ib=144

CALI P{ T (NXTWOsNYTWO,42)

GO 0 =200

IF (BernNe0e) CALL DRV (NXOME,NYONEsNXTWO,NYTWO)
IF (LINNE.0) GO TO 2490

IF (B,NEeO,) GO TO 260

NYOME=NYTWO

NXOME=NXTWO

CONTINNE

RETHRN

END

SUHROUTIMNE SLULN(NNY¢NK4ISIZE)

COMMUN /CUEOT/ IXLsIXReIYT-IYRoXL9XRoYT,yR
DIMFMSTON ISZ(4)s IVSZ(4)

DATA 1c7/712418,424,430/

DATA 1vSZ/16924432440/

DATA MaSK1/7/00000000000000000087/

PLOTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 OTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
P1.0TS
P, 0TS
P OTS
P OTS
PLOTS
PLOTS
PLOTS
P, 0TS
P 0TS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P1 0TS
P1 0TS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

944
947
948
949
950
951
952
9513
954
955
956
957
958
959
960
961
962
961
964
965
9664
967
968
96q
970
97
972
9713
974
975
976
977
97n
979
989
981
982
9813
984
985
9R6K
987
988
989
990
9914
992
9913
994
998
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008



10

20

30

40

50

10

20

DATA MASK2/007777777777777777778/

NNK 2 NK

NC=MAXA (INT (ALOG10 (AMAXY (ARS (YT) ¢ ABS (YB)))+,00007)e1s1)
IF (MINO(YTsYB)LT.0) NC=NCe1

IF (NNV.GTQO’ NC=NC+1

IF (IS7(ISIZE)® (NCoONNK+.5)LT,IXL) GO TO 20
IF (NMNKeGTo0) NNK=NNKal

IF (NNk.GT.0) GO To 10

NC=4INA (NCeNNK +4)

IF (Y7T.,GE..005) GO TO 30

1F (NNyJ.LE.S1 GO TO 3¢

NC=MC e

NNK=NNi+1

CONTINNE

ENCOUE (6+509FMT)INC o NNK

ENCAUF (104FMTe0UT)YH

IF ((ONTeANDeMASK]) ,EN.1L®) OUTm(OUT.AND,MASK2) ,AR, 1L,
THIS CHANGE SHDULD REPLACE ® BY . AT LEFT OF FYIFLD
WE ¢Ou) D HAVE USED CALIL PUT (1+0UTe1R.)
IXTelX) «ISZ(ISTZE)® (NC+e5)
1Vs=1vg2(ISIZC) /e

CAL| DI,CH (IXT4IYRaIVS,NC,OUT,ISIZE)

CALL TSP (1XLeIYHelelHs)

IF (NNy.LE.0) RETURM

NY=mINA((IYB=1YT) /1VS7(1SIZE) 4NNY)
DY=(YTaYB)/NYSYTH#1Fal>
DOY=FLAAT(IYT=1YB)/NY

DO 4V rx14NY

YC=vBey#DY

IYC=1YreI®pDY

ENCNUE (104FMTs0UT)YyC

CALI DICH (IXTsIYCaIVg,NConUT,ISTZE)

CALI TsP (IXLeIYCoelolHe)

RETIIRN

FORMAT (2H(FeIlelH,0I1e1H))

END

SUBRUUTINE SLLIN(NNY4NK)

COMMON /CJFO07/ IXLeIXReIYToIYRIXLIXReYT,YR
DTMENSTON FMT (14, OUT(2)

DATA (FMT(K) oKz1014)/8H (FT7,0)46H(FB 1) s6H (FI 2) 4 7H(F10.31TH(F11 4
1) s 7 F{12+5) s THIF1346) ¢+BH(1PET7.0) 98H(1PER, 1) sRH(1PE9.2) s9H (1PF10, )

249 (1pr11,4) 991 (1PE12,5) 99K (IPE13,6)/
IF (Nk_GT.6) GO TO j0
K=MTNO(69MAXO (0sNK) ) ¢
NC=k*4
60 YU 20
K=MINQ (16 4MAXO (10 4NK) ) =2
NC=w*)

A=FuT (i)

ENCADUE (20+A+0UT) YR
IXT=1x) =128NL=b

CALI WL CH (IXTsIYR4NC,0UT,41)
CALI. TaP (IXLsIYBelelHs)
IF (NNy.LE.0) RETURN
NYaMINA (128 ¢NNY)

IYC!IYQ

DY=(YT-YH)/NY
DDY=FLAAT(1YT~IYR)/NY

DO 3V T=14NY

YC=vBeyeDy

IYC=lvynelepDY

ENCAUE (20+As0UT)YC

PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
P1OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P 0TS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PI.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PI OTS
PLOTS
P1 OTS
PI.OTS
P OTS
PLOTS
PLOTS
P1OTS
PI.OTS
PLOTS
PILOTS
P OTS
PLOTS
P OTS
P1.OTS
P1.0TS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1009
1010
1011

1012
1013
1014
1018
1014
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
103n
1031

1032
1033
1034
1038
in3s
1037
1038
1039
1040
1041

1042
10413
1044
10458
1046
Y047
104R
1049
105n
1051

1052
10513
1054
1058
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1064
1067
1068
1069
1070
1071
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CALL WLCH (IXTeIYCeNCeOUT*1) PLOTS 1072

30 CALI TqP (IXLsIYCelslne) PLOTS 1073
RETIIRN PLOTS 1074
END P1.OTS 1075
SUBROUTINE SRLIN(NNYsNK) PLOTS 1076
COMMUN /CUEOD7/ IXLsIXReIYToIYRoXLsXRoYT,y8 PLOTS 1077
DIMFNSTON FMT(12), NUT(2) PI.OTS 1078
DATA (FMT (K)+K21912)/2H(Fe1H 41H,41H *1H) «BH(1PF7,0)+BH(TPER, 1) 48K PLOTS 1079

1(1PF9,2) 99H(IPE1043)90H(1PE11,4) s9H(1PE12,5) 49 (TPEL13.6) / PLOTS 1080
IF (NK_,GT,9) GO TO 10 P1.OTS 108y
NC=MAXA (INT (ALOG10 (AMaX] (ARS (YT) 4ALS(YB)yy)e1s1) PLOTS 1082
IF (MINU(YTeYB) LT.0) NC=NAeY PLOTS 1083
IF (Nx_,GT.0) NC=NCe} PLOTS 1084
NCznCenK P 0TS 1088
ENCNAUDE (10+4409FMT (2))INC PLOTS 10868
ENCADVE (104404FMT(4))NK P1.OTS 1087
K=1 P1.OTS 1088
Go TU »0 PLOTS 1089

10 K=MYND (16 4MAXO (0 9NK) ) ub PLOTS 1090
NC=x*} PI.OTS 1091

20 ENCODE (204FMT (K)40UT)YB PI.OTS 1092
CALL TP (IXRsIYbslylHe) PLOTS 1093
CaLy TeP (NC,L,0UT) PLOTS 1094
IF (NMyoLE.0) RETURN PLOTS 1095
NY=MINA (128 4NNy) PLOTS 1096
IYC=zivYn P1OTS 1097
UNY=FLNAAT(IYT=1YH)/NY PLOTS 1098
DY=(YT.YB)/NY P1.OTS 1099
DO 20 7=1¢NY PILOTS 1109
YCzvyBereDY PILOTS 1101
Ivc=lyrelopDy PL.OTS 1102
ENCADF (204FMT (K) »QUT) YC P1.OTS 1101
CALI TSP (IXReIYCoelylHe) P1.OTS 1104

X0 caL) TeP (NCsOUT) PLOTS 1108
RETIRN P1LOTS 1106

c PLOTS 1107

40 FORMAT (1I2) P1.OTS 1108
END PL OTS 1109
SURROLTINE SBLIN(NNX¢NK) PLOTS 1119
COMMON /CUEO07/ IXLoIXRsIYTsIYRIXLoXReYT,YR PLOTS 111
DIMFNSTON FMT(12), OUT(2) PLOTS 1112
DATA (FMT(K)sX=1912)/2H(Fs1H s1M.s1H *1H) +BH(1PFT,0) sBH(TRFR,1) 4ay PLOTS 1113

1(1PF945) 99H(1PE1093) «GH(1PF11,4) s9H(1PE12,5) s 9H(TPE13,6) / PLOTS 1114
Iy=1Y8 PLOTS 1115
IYOFLxi2 P OTS 1114
GO TOU 10 P1,0TS 1117
ENTRY gTLIN PLOTS 1118
Iv=rYTY P1.0TS 1119
IYprL=ay2 P1 OTS 1120

10 IF (NK,6T.9) GO TO 20 PLOTS 1121
NC=MAXA (INT (ALOG10 (AMAX) (ARS (XL) sABS(XR)}1¢.00007)61¢1) PLOTS 1122
1F (MTNO (XL eXR) LT,0) NC=NCe1 PLOTS 1123
IF (NK_,GT.n) NCaNCe1l PLOTS 1124
NC=MCenK P OTS 1125
ENCOVE (10450+FMT(2))INC PIOTS 1126
EMCOVE (10+509FMT (4) )NK PLOTS 1127
K=1 P OTS 1128
GO TU an PLOTS 1129

20 K=MTNQO (169eMAXO (10 4NK) ) aé PLOTS 1130
NCzk *) PLOTS 11N

30 ENCODE (204FMT(K) 4 0UT)XL PLOTS 1132
CALI TGP (IXLeIYelelHe) P1,0TS 1133
IXTT=1YL=68NCe6 PLOTS 1134
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40

50

10

20

30

40

I1YC=1lY,IYOEL

CALI W CH (IXTTsIYCeNCsOUTs1)
IF (NNx.LE.0) RETURN
Nx=MINA (NNX+128)

Ixc=1x;
LDOX=FLNAT(IXR=IXL)/NX
Ux=rXRaXL)/NX

DN 4V r=1,4NX

XC=xLasreDX

IXT=1xXyTe14DDX

IXC=1x) +140DX

ENCADE (20+¢FMT (K) +DUT)y XC
CAL| TsP (IXCoIYelelHs)

CAL| WI,CH (IXTeIYCINCosOUTs1)
RETHIXN

FORMAT (12)

END

SUPOTINE SH1.0G
COMMUN /CUEOT7/ IXLoIXReIYToIYR9XL4XRsYT,vYR
DIMFNSTON XY (4), IXY(4)
EQUTVA| ENCE (XYoXL)e (IXYoIXL)
DATA TFN/2H10/
Iy=1YR

1Yyprl=o0

IxX=TXL

IXpFl=a8

I11=1

12=°

60 t0 2N

ENTRY qTLOG
Iv=TYT

1yprl=a12

GO0 10 50

ENTRY QRLOG
IX=1XR

IXprl=g

GO TO0 »0

ENTPY gLLOG
IX=TXL

1xprl=.48

Ivy=1Y8

IvprL=?

11=4

12=1

X1=xY(11)

X2=xY (12)
XMIN=AMINI(X1eX2)
XMAX=AMAX] (X1eX2)

XMIMTAUTINL CAINT (XMIN) (SIGN(AINT (ABS (XMIN) 49991 (¥MIN) )
XMAYZSAMAX] (AINT (XMAX) s SIGN(AINT (ABS (XMAX) +0909) 4 ¥MaX))

X1=xMIn

X2=¥MAy

NYsABS (X1ex2)

IF (Ny NE,0) GO TO 40
YTT=x1010

IF (X2 LT.X1) YTT=xlal,
NY=)

X=vyTT

XYerly=x}

XY(18y=x2

IXYy=Xy(Il)

NH=uAXY (ABS(XY(TI1)) ¢ARS(XY (12)))

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
P1.OTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P 0TS
PLOTS
PILLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P.OTS
PLOTS
PILOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI NTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
P1,0TS
PLOTS
P1.OTS

1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
jiss
1156
1157
1158
y159
1160
1161
1162
1163
1164
1165
1164
1167
1168
1169
1170
1171
1172
1173
1174
1175
1174
1177
1178
1179
1189
1181
Y182
1183
1184
y185
1186
1187
1188
1189
1190
1191
1197
11913
1194
1195
Y196
1197
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NL=wINTEXY (I1)eXY(I2))

NCoMINA (INT (A1LOGYIO (FLNAT(NK]) ¢400001) ¢2,41
IF (NL,GE.0) GO TO 60

IF (lARS(NL) <EQ.NH) G0 TO 50

IF (IMT(ALOGIO (ABS(FLOATINL)Y))) «LT<INT(ALOGIQ(FLAATI(NH)))) A0 TO &

10

50 NC=zUINA (NCele4)
60 ENCADE (44100+FMT)NC

70

RO

90
c

100
c
c
c
c

138

NX=AMIN] (ABS (XY (11)aXY(I12))425.)
ENCOUF (10¢FMToQUT)IXYV

CALL TSP (IXelYslelHe)

IF ((114EQe4) eAe(IXsEN,IXL)) IXDEL®IXDEL +R* (4=NE)
IXc=1X4IXDEL

IYc=1YL.I1YDEL

IXx=Ixne8

IYX:IY('B

CALI TGP (IXCs1YCs24TEN)

CALI Wi CH (IXX=BsIYX=12+4s0UTs1)

IF (Nx,FQ,0) RETURN
INDXYV=ySIGN(1¢IFIX(XY(T12)=XY(11)))

DO o0 ¢=14NX

IXyw=txYVeIDXYV

ENCOUE (10+FMTeOUT)IXYV

IF (11,EQ.1) GO To 70
IYC=IYLIYDEL S (I#(IXY(12)=IXY(TI1)))/NX
IYX:IY(‘-B ’ !

CALI TGP (IXeIYCel,elHs)

G0 vO0 eop

IXC=IX IXDEL® (I®(TXY(T2)=IXY(LI1)))/NX
IXX=IXre8

CALL T&H (IXXeIYel,lHe)

CALI TGP (IXCeIYC424TFN)

CALI WICH (IXXaBsIYXa]124440UT,1)
CONTINNE

RETIHKN

FORMAT (2H(I+I1141H);

ENO ‘

SURROUTINE PLNOW(FLUXe TXs JY s XPLToYPLToVECP oI VEEDRWTTITLEN
LOGTYCA] ITOP+JTOP+NFO!IND s TIPR

COMMIN /CNTRCOM/ 1SYM(50) «SCFAC

COMMUN /CUEGT/ IXLoIXRGIYTLIYRIXNMoXMX s YMX ¢ YMN

DIMFNSTON FLUX(1)y XP_ Tt1)e YPLT(1)y VECP(1)s TTITLE(]1)
DATA T1GER/SLLARC1/

Ler LT 0 WE COMPITE COMTOUR INTERVa(S
Lee Eo o MO CONTOURS
LCP OT o CONTOUR RNAUTINE COMPUTES INTERVaALS

PARATETERS FOR COMPUTTMG RFGINNS TO BE coNTOIREP
NCL=10
LARFLX=ITITLE (9)
LARFLY=TTITLE(10)
LARFLZ=ITITLE(1])
LCP==74

FF:.UQ

CINT=-ioo

IGRTV=g

IMT=1X

JUT=JY
IMJMT = MTagMT
SCark=20.0
ANGT=1,0471976
ANGF=0 0

AM|| X=1 4,0
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PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
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PLOTS
PLOTS
P1 OTS
P1OTS
PILOTS
PLOTS
P1 OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
pLoTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
P(,0TS
PLOTS
P1 OTS
PLOTS
P, OTS
PLOTS
PLOTS
PLOTS
P1.OTS
P OTS
PLOTS
P1.OTS
P| OTS
P.0TS
P OTS
P1.OTS
P1.OTS
P OTS
PLOTS
PI.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
P1.OTS
P OTS
P1 OTS
P OTS
P 0TS

1198
1199
1200
1201
1202
1201
1204
1205
1206
1207
1208
1209
1210
1219

1217
12113
1214
12158
1214
1217
121K
1219
1220
1221
1222
1223
1224
122%
1226
1227
122
j229
123n
1231

1232
1233
1234
1235
1234
1237
1238
1239
1240
1741
1242
1243
1244
1248
12464
1247
1247
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260




10

20

30
40

59

60

70

80

AMU XayPLTLJY) /XPLT (1Y)

THIS SWOULD PRODUCE A SQUAPE RASE FOR'THE 3=n P1AT

AMU|Y=1-00

10xA31

IDXL SMAXO (IMTeJMT421)
IDXRFINXA¢IDXL

10XC=InXBeIDXL

IOXN=InXCe+IDXL

IDX1 SInXD+1DXL=1

IF 11nyL.LE,ILVECP) Go TO 10
PRINT 190s IDXLeILVECP

RETIIKN

COMPUTE ZERO ORIGIN,

CONTINNE

XMIN=XoLT (1)

XMAX=XpLT (IMT)

YMInN=YoLT(1)

YMAYSYRLT(JMT)

TEMY=F| X (1)

TEMOM=TEMX )

DO 20 TUY=1,4 IMMT

TEMPI=pLUX (IDY)

TEMYX=AUAR] (TEMXsTEMPI)
TEMOM=AMIN] (TEMPMTEMPT)

END UF IDY LOOP,

COMTINIIE

TEM®=0,0

IF (TEMX4GT.TEMPM) TEMP=SCALE/(TEMX=TEMpM)
I7 (TEMPEQe0e0) GO Tn 40

Scal £ vALUES TO BE PLOTTED

DO 30 t0Y=1 e IMJUMT

FLUX (INY)=TEMP®FLUX (TNY)
COoNTINNE

CONTINNE

ENCAVE 12042304 ITITLE (5))XMIN¢XMAX
ENCOAVE (2042400 ITITLE (7)) YMINGYMAX
CMAXSTEMX

CMINSTelPM

IF (TEMPeNE.0,0) CMAX=CMAX®TEMP
IF (TEUPGNE.0.0) CMIN=CMINSTEMP
SCMAX=TEMX

SCMTN=TEMPM

IF (UMAXSLECCMIN) GO 10 160
RELATE R AND Z VALUES TO ORIGIN
DO 50 711Y=14IMT
XPLTINY)=XPLT(IDY) =XMIN
ConTlNNE

DO aU TDY=1eJMT
YPLTUINY)=YPLT(IDY) =YMIN
CONTINNE

PRINT 200s LABELZ

CALL PLTXYZ (FLUX9XPLToYPLToIMT o MToANGT (ANGF ¢ AMII_ X s AMUL v, VECP [ TAX
1A) 4 VECP (IDX8) s VECP (I1DXC) s VFCP(IDXD) 4 IRA4 IRBy ICR, TCC)

RESTORF R AND Z VALUES

DO 70 tDY=1,IMT
XPLT(INY)=XPLT (IDY) ¢ XMTN
CONTINE

DO /U 1YY= ¢ JMT

YPLY (INY)=YPLT (IDY) «YMIN
CONTIN)E

WRITE 08 IDENTIFICATTON

CALL DLCH (154499244 ¢4HJOBR=s])
CALI D).CH (2064992410, 1TITLE,1)

PLOTS
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PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0OTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
pPLNTS
PI.OTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
pPLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
P, OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PI.OTS
P1.OTS
PLOTS
PLOTS
P1 0TS
P1,0TS
PLOTS
PLOTS
pLoTS
PLOTS
PI.OTS
PI OTS
PLOTS
pPLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1261

1262
1263
1264
1265
1266
1267
1268
1269
1270
127
y272
1273
1274
1275
1276
1277
1278
1279
17280
1281

1282
1283
1284
12R5
12R6
1287
12R8
1289
1290
129

1292
1293
1294
1295
1296
1297
1298
1299
1309
1301
1302
13013
1304
1305
1306
1307
1308
1309
1310
1311

1312
13113
1314
1315
1314
1317
131R
1319
132n
1321
1322
1323

139




c
c
c
c
c
c
c
c
90
100
110
120

140

WRITE nATE

CALL OLCH (4004992454 HDATFE,1)
CAL{ DL CH (4644992,10,ITITLE(2)s1)
wRITE D

CAL] DICH (1544952460, ITITLE(31)41)
wWRITE FUNCTION RANGE

ENCAUE (2042200 ITITLF (3))SCMINISCMAX
CALI N, CH (696095247 +7HRANGE==s])
CALI DLCH (780,952,220 ITITILE(3)e))
WRITE x RANGE

CALI DI CH (7B0¢972+20TTITLE(5)+1)
WRITE v RANGL

CALI DLCH (780,992,20,1TITIE(7),1)
CALI, DLCH (1544972460, ITITLE(12)9])
LABFL THE AXES

IRA72z2TRA72

IRATZ=uAXQ (IRAT72+0)

CAL] O1CH (ICC,IRAT2¢NCLLABELXs1)
CALI DICH (ICByIKB=114NCLsLABFLYs1)
CAL) DI.CH (270,80 4NCL.LABF1Z,2)
CAL| DECH (20044954 TIGER2)

CALI. AnV (1)

DIVTIS=aRS (CMAX)

IF (UDIVIS<EQe0,0) DIVIS=ARS(CMIN)
IF ({CMAX=CMIN)/UIVIS,LE«1,0E=6) GO TO 160
IF (Lcp.EQ.0) GO TO 16n

IF (LCP.GT.0) GO TO 1no

COMPUTe PLOT INTERVALS GIVEN FF AND NC
NC=1ARBg(LCP)

ANC=zNC

VNC=1,4/ANC

VNCMZ1_,0/ (ANC=1,0)

Eone=2 7182818

ALPHZEVANCM® (ANCHEXP (FF ) «EONE)
BETATANCH#VNCM# (EONE=EXP (FF))
CD1F=CMAX=CMIN

DO QU N=1¢NC

VECP (N)y=CVIF®"A| OG(ALPH+FLOAT (N)#VNCHRETA) +CMIN
CONTINNHE

CMINS (7 .0=FF)®VECP (1)
CONTINNE

Il=n

IMl=IMT

IMX:I

JMl=aJMT

JMx=l

JTOPZ ,Fe

DO 140 J=1,UMT

NFOIND=. T,

ITO°=0F'0

Do 10 Isl,IMT

I1=11ley

IF (FLUX(II)eLT.CMIN) GO TO 120
NFOIIND=F o

IF (1TaP) GO TO 110

IT\)°=.+0

IM1=MInO(IM]e])

IMXZMAXO (IMX,1)

GO TOU j20

IMX=MAXO (IMX 1)

CONTINIE

IF (NFaUND) GO TOU 140

P OTS
PLOTS
PLOTS
PLOTS
P1.0TS
PLOTS
PLOTS
P NTS
PI.OTS
PLOTS
PLOTS
PLOTS
pLoTS
PLOTS
PLOTS
PLOTS
PM.OTS
PLOTS
P1.OTS
P1.OTS
P1LOTS
P 0TS
PL.OTS
PLOTS
P1L.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLNTS
PI.OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PI.LOTS
PLOTS
P1.0TS
P OTS
PLOTS
P OTS
pPLOTS

1324
1328
1324
1327
1328
1329
133n
13
1332
1333
1334
1335
1334
1337
1338
1339
1340
1341
1342
13419
1344
1345
1344
1347
1348
1349
1350
1351
1352
1353
1354
135%
1357
1388
1359
1360
1361
136>
1363
1364
1368
1364
1367
136R
Y369
1370
137
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
13R?
1383
1384
13858
1384



130
140

150

160

170
180

IF (JTAP) GO TO 130

JTOPS,T.

JM1=MINOD (UML o )

GO tU j4o0

JMX=MAX0 (UMX e J)

CONTINNE

1F NU oEGION FOUND GO TO ERROR PRINT ANp SKIP ONTOUR PLAT
IPR=sFALSE,

IF (1M1 ,GE,IMX) IPR=,TRUE,

IF (JMj.GtoJMX) IPR=,TRUE,

IF (sNnT.IPR) GO TO 1sp

PRIMT 510s IMUsIMXsJMy o JMXeSCMIMeSCMAX
gn TO 160 '
ToPx=xPLT (IMX)aXPLT (IM])

TOPYSYPLT (UMX)=YPLT (UMY
IJ=(JM1=1)8]Xe M1

NJY=JYMy=aJM] el

NIX=1lMx=IM]e1]

To pASe SCALE FACTGR VTA CNTRGOM TO CNTRJR FOR CANTOUR LARFLS
SCFAC=TEMP

CALy- ARV (1)

CALI CMTRUB (XPLT (IM1) yNIXsYPLT (UML) eNUYZFLUX (T.0) 91X e JYei cP4CMIN, ¢
IMAX.CINTsVECP o TOPXsTOPY s IGRIDs IDRWILABEL Xe10sLARFLY10)
KX=TAR.,10

KX=HMAXA (KX, IXL+480)

KX=HINA(KXs780)

weIvE 0B IDENTIFICATION

CALl DPICH (KX=16843094¢4H.)08z,41)

CAL| DI CH (KX=1204304104ITTTLE 1)
WRITE nATE

CALI DI CH (KX+3603045,5HDATE=,1)

CaLl DI CH (KX%96¢30+1neITITLE(2)31)
WRITE FUMCTICN RaMGE

CALL{ NI CH (KX=9n9IDRWs79THRAMGE==41)
ENCAUE (2042204 ITITLE (3))SOMINISCMAX
Call DI.CH (KXs1DRWe20.ITITILE(3)+1)
IDRwl=70rWe20

WR1TE o AND Z RANGE

XMINC=¢PLT (IM])

XMAvC=yPLT(IMX)

ENCOVE (204230+ITITLE (27)) XMINC,4XMAXC
CALY NI CH (KX4IDFW1,204ITITLE (27),1)
IDFWE=YORW] 20

YMINC=yPLT (UM])

YUuAvC=yPLT (UMX) .

ENCNAVE (2042404 ITITLE (29))YMINC,YMAXC
CALI OLCH (KXsIDRW2420+ITITLE(29)41)
WRITE 1D

CALL DI.CH (IXLyIDRW146Q0+ITTTLE(31)1)
IDRW3=yDRW2+20

CALI DI CH (IXLsIDRW34604ITITLE(12) 1)
LABFL THE FUNCTION AXIS

CALY DLCH (1104304104 ABEL791)

CALI DI CH (S50049¢5¢TIGFRe2)

CALI Anv (1)

END OF 10X LOOP,

CONTINNE

RESYURe FUNCTION VALUFS

IF (TEMP.ER.0.0) GO Tn 180
TEMOI=,0/TEFP

DO 170 ILY=1,1MJMT

FLUX (INY)=FLUX(IDY)®#TEMPT

RETNHN
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PLOTS
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PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLOTS
PLOTS
PLOTS
PLNTS
P1.OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P, OTS
PLOTS
PLOTS
PLOTS
P 0TS
P1.OTS
PILOTS
PLOTS
PLOTS
PLOTS
P1,0TS
P1.0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
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P1,OTS
PLOTS
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P OTS

y\387
1388
1389

1390

139
1392
1393
1394
13958
1396
1397
1398
1399
1400
1401
14072
14013
1404
140¢g
1406
1407
1408
1409
1410
1411
1412
1413
1414
1418
1416
1417
1418
1410
1420
1421
1422
1429
1424
42
b
1427
1428
1429
16430
143
1437
1437
1434
1438
1434
1437
V43R
1439
1440
1441
1442
14417
1444
1445
14644
1447
164R
1449

141



190 FORMAT

1ED =®1he4A,0 AVAILABLE =%16)

200 FORMAT (# PLOT MAPDE OF #A10)

210 FORMAT (#0 ERROR TN CONTOUR VALUES=2p| OTS CANMNNT RE MADF4/®
1 ImI, IMA, JUM1, JUMX, SCMINs SCMAX ®941591P2F14,6)

220 FORVAT (1Xe1PEG9.29%48,1PES,2)
230 FORUAT (oxz=#4FB,348, 4,F8,3)
240 FORMAT (#Y=84FB,34%, 0,F8,1)

142

10.

20

30

40
S0

END

SURRUUYTINE CNTRUB (X oNNX oY oNNY ¢Z¢NZY ¢NZY JNC 9 ZMN 4 7MX 4 DLZ s 7P AN, DMP Y,

10MPY e 1RRD+ IDRN,LAREL X+ NXLAL s LABELY s NYLBY, )
COMMUN /CJEOT/ IXLoIXReIYToIYRIXMNSXMXoYMY s YMN
COMMUN /CNTRCOM/ ISYM(50) 4SCFAC

DIMFNSTON XSCALE(2)e YSCALF (2)

EQUTVA|I ENCE (XMINGXSCALE(1))s (XMAX,XSCA|F(2))
EQUTVAI ENCE (YMIN,YSCAILLE(1))s (YMAX,YSCA] F(2))
DIMeNSTON X (1) Y(1)s Z(NZXe1)s ZPLAN(])
DIMENSTON FMT(2)

LoGrCaAj TesT

NOC=MINO (IABS(NC) +50)

ZMINZZuN

ZMAX=711K

DELZ7=n) Z

UMAP X z=nMP X

DMADYanMPY

NOX=1AanS (NNX)

NOY=TARS (NNY)

DO IV r=1,50

ISY\I(T1:0

ESTABLTSH SCALES

XMINZX (1)

XMAY=X (MOX)

YHMINTY (])

YMAY=Y (MOY)

FsRn=q,

IF (160D«GT,40) FGRD==1GRD

CALI PLJB (XSCALEYYSCALE®2+1419)19FGRDIDMAPXsnMAPY e ABELXNYLRL*LAR

1E1 Y Ny BL,=1)

IF (NCc.LT.0) GO T0O s0

1F (NNyelbeO) CALL MINM (ZsNZXONOXINOYo7,  oZMIN)
IF INNyY<LE«0) CALL MAXM (Z¢NZXINOX¢NOYs 1. jeZMAY)
IF (Vg 2.GT40) GO TO 20

DEL7= (7MAX«ZMIN) / (NOC=1,)

IF tMZy.GT.0) GO TO 3n
ZMAX=71AX=AMCD (ZMAX +DF1.2)

ZMIN=7MINAMOD (ZMINGOFLZ)
NOC=MINDINOCsIFTA((7MAX=ZMTN) /DE{ Z¢1,01)
ZPLAN (1) =ZMIN

Do 40 1=2,NOC

ZPLAN (1) =ZPLAN(I=1)eDFL Z

contlnnk

DO aQV NY=24NOY

IX=0n MY o 2)

DY=Y (NY)=Y (NY=1)

DO au YNX=2¢NOX

NX=tNX

IF (1X _NE,0) NXzNOXeINX+2

LT1=L(X=]1 eNYe=])

LT2=4 (NyXeNY=])

ZT3=Z (NXeNY)

LT4=/ (NX=14NY)

Ox=x (NY1=X(NX=1)

(#0 NOT ENOUGH STORAGE AVAILAHBLE FOR PLATTINGH#/20xe® DREQIITD

PLOTS
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PLNTS
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PL OTS
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P OTS
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PLOTS
PLOTS
PLOTS
PLOTS
PL OTS
PLOTS
PLOTS
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1451
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1453
1454
1455
1454
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
147
1472
1473
1474
1475
1474
1477
1478
1479
1480
1481

148°
1481
1484
1485
14864
1487
1488
1489
149n
149

1492
1493
1494
1495
14964
1497
1498
1499
1500
1501
1502
1501
1504
1505
1506
1507
1508
1509
1510
151

151>



(g NeXe]

60 CALI TRCUB (X(NX) oY (NY) o=DXsaDYsNOCeZPLANGZT692T2e2T2)
CALI TRCJB (X(NX=3)sY(NY=1)sDXoUYNOCsZPL ANeZT»472T14+2T4)

70

80
90

IF (ARG (ZT3=2T1)=ABS(72T4=ZT2)) 7046060

Go TD a0

CALY TRCUB (X(NX=1),yY(NY)eDXe=DYsNOCeLP| AN22ZT3,2T4,7T1)
CALI TRCJB (X(MX)sY (NY=1) s=DXeDYeNOCsLP AN1ZT1,2T2,2T)

CONTINNE

CONTINNE

IDRWET1vH+40
IDRWSMTINO (IDRV 4945)

USE ULeH IF SPACE PERMITS
OLCH UQES 12SP/H.CHAR = 15SP /V,CHAR
TSP USFS BSP/H.CHAR = 12SP/V,.CHAR
TEST=0F0

ITOP=5a

IXKR = RIGHT BOUNDARY

NOC = NUMBER OF CONTOIIRS
ITOP = SPACES DOWN FROM TOP LFFT FOR LAREL
ITST=1vRe142

IF (1TeT«GEL1024) TEST=.T,
ITSTENAC*15+1TOP

IF (17QT,GEL1024) TESTa,T,
KX=1XR,.10

KC=xX+[50

IF (TEQT) KCE=KXeB0

KyY=rToue

0o 110 1=1,NDC
ZTEM=ZoLAN(1) /SCFAC

ENCOUE (1041204FMT)ZTEM

IF (TE&T) GO TO 100

CALI DI CH (KXeKYes10eFMTsl)
CAL; DI CH (KCeKYs04l,41)
KY:VYOQS

6o v0 j10

FMT (€)Y =SHIFT (1+54)

CALI TeP (KXeKYelIeFMT)
KY=kYei?

CoNnTINNE

RET'IKN

FORMAT (1PE9«24+1X)
END

SUHRUNTINE PLUB(XeY4NPTSyINC,LNNyNSYM,CyxAAsYAA, L ARELXsNy| oL ARELY,

INYL NZL)

COMMUN /CJUEOT/ IXLoIXReIYToIYBoXMNIXMXsYMX?YMN

DIMENSTON x(1)s Y (1)

INTFSEP GRIDF

B=AMAX] (AMAX1(Co0os)# (LNN*1)90,)
LINELNN

KSYM=TARS (NSYH)
KINC=MAXD (TABS (INC) 41

MPTS=T1ARS (NPTS)

XXA=ARG(XAA)

YYAzARQ(YAA)

NXN=IARS (NXL)

NYN=1arS (NYL)
GRINF=AMAX] (1. ¢ABS(C))

IF (NSyMJLT.0) GO TO 130

CALI. MAXV (XeKINCoMPTS, ISURSXMX)
CALI MaXV (YeKINCoMPTG,ISURYMX)
Capl MyNV (X4sKINCsMPTSeISURSXMN)
CALl MINV (YsKINCeMPTS,ISURSYMN)
A1.Sn THE LOG AXES wTl BE FULL V“YCLES.
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1528
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1527
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153
1537
1533
1534
1538
1536
1537
1538
1539
1540
1541
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1543
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15513
1554
1555
1554
1557
1558
1559
1560
156,
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o0 0

10

20
30

1F ¥XA AND/OR YYA ARE NON=7ERO THME LENGTHS
Wit Rr CONSIDERED AS RATINS WHERE THE ((ONGEST

SIDF 1< FITTED ON A Ban POTNT LINEs
IF (XXA.EQ.O) XXA=60

IF tYYALEQ,0) YYA=z1n,

IF (NDTS.LT.O’ GO TO 20

IF (XMAleNE ¢ XMX) GO TO 10
DXM=e0nl2ABS (XMX)

IF (UxuekQ,0) DXM=,0n001

XMN = XMp=DXM

XMX=XMx +DXM

CALI AGCL (SeXMNeXMXsMAJXsMINX s KKX)
GO TO an

AUN=AL NG10 (XMN)

XMx=ALAr10(XMX)

1IF (INr.LT.0) GO TO Sp

IF (YMNGNELYMX) GO TO ap
OYM=e0n12ABS (YMX)

IF (DYn EQ.,0) DYM=,0001

YMN=YMN-UYM

YMX=YMyxsDYM

40 CALI ASCL (SeYMNeYMXeMAJY ¢MINY oKKY)
GO TUL KO

S0 YMN=ALNG10 (YMN)

YMX=AL NGO (YMX)

60 IF (1STGN(1oNYL) oL Te0.ANDeINCaGT40) YYAm (YMXLYMN) /YYA
IF (ISTGN(1oNXL) oL Te0 ANDeNPTSeGT0) XXA= (XMX=XMN) /XXA
MAKY=ARIDFeMAJX
MAKYZRR TUF #MAJY
FACT=84N0¢/AMAX] (XXA,YYA)

IXL=b6
IYT=5n
IXR=1X( +860.
. IYR=z1lYreRe0,
CAL| FRAME (IXLeIXReIYTsIYR)
IF (5InaN(1,9XAA)GT,0) GO TO 70
SWAP=XuN
XMN=XAMy
XMX=SuaP

70 IF (SIAN(1,¢YAA)GT,.0) GO TO 80
SWADTYMN
YMN2YMy
YMX=SWAP

80 CALL nnA (IXLOIXRQIYT.IYBQXMNQXMXQYMXOYMN)

IF (NPTSeLTe0+ANDINC.LTe0) CALL DLGLG
IF (NPTS.LT.0.AND,INC,GE«0Y CALL DLGLN (maKY)
1F (NPTSeGE«0-ANDsINC,LTs0) CALL OLNLG (MAKX)
IF (NPTS.GE«OesANDCINCL,GE«0) CALL DLNLN (MAKX¢MAKY)
IF (NPTS.LT.N) GO TO 90
CaLl SARLIN (MAJXsKKX)
Go v0 j00
90 CALL SRLOG
100 IF (IMe~.LT,0) GO TO 110

CALL SLLIN (MAJUY.KKY)
GO 1O 120

110 CAL1I S1LOUG

120 CaLr ExL
INXME2R

IF

tNXnoNEo0) CALL DLCH (MAXQ(S4sIXL e (IXRalX) =12aNXN)/2),TVasINXN,

INXN.LARFLXs1)
INCY=14

IF

(NYNGNEL0) CALL DLCV (INCX.MINOlIYB*S?.IYR-}TVR-IYT-1?5MVN)/?3;

INYNLARFLY S 1)
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PLOTS
PLOTS
PLOTS
PLOTS
PI.LOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
P1.OTS
P, 0TS
PLLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
P1LOTS
P1.OTS
P OTS
PLOTS
pPLNTS
PI.OTS
P OTS
PLOTS
PLOTS
P1.OTS
P OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
P1.OTS
P1.OTS
P OTS
P1.OTS
PLOTS
PLOTS
PI.OTS
P 0TS
PLOTS
PLOTS
PLOTS
PI.OTS
P1.0TS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PI.OTS
PLOTS
PILOTS
PLOTS

1576
1577
1578

1579
1580

1581

1587
1583
1584
1585
1584
1587
1588
1589
15910
1591
1592
15913
1594
1598
1596
1597
1598
1599
1600
1601

1607
160173
1604
1605
1606
1607
160R
1609
1610
1611

1612
16113
1614
1618
1614
1617
1617
16l1a
1620
1621
1627
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
Y631
1634
1638
16134
1637
1638



130

140

150
160
170

180
190

200

210
220

10

20

CaLl ExH

IF (NZ1'«LT.0) GO TO 279

PLOT PAINTS AND/OR LINE

MPTS=MpTS#KINC

U0 2l0 NXP=14MPTS,KINC

XTWA=X (NXP)

YTWASY (NAP)

IF (NPTS.LT,0) XTWO=A) 0G10(XTWO)

IF (INPr.LT.0) YTWO=ALORL10(YTWO)

CALI CANVRT (XTWUSNXTWO s XMA e XMX s XL o I XR}
CALI. CANVRT (YTWOSNYTWN YMNeYMXsIYEGIYT)
IF (NXp.EQ.1) GO TO 190

IF (LImeGELO0) GO TO 180

IF Mon (EINXP=1)/KINC) s TABS(LTIN)) NELO) &0 TA 1Gn
CALI, FxL

CAL) OLEH (NXTWOINYTWA,0sKSYM, 1)

CAL|. £YH

GO0 tU »00

IF (B.Fhe0D,) GO TO 29n

Do 170 IH=1,4

CaLl P T (NXTWO,NYTWO,42)

GO t0 »00

IF (8.eNe0.) CALL DRV (NXONEsNYONEsNXTWQO,NYTWO)
IF (LINJNELO) GO TO lan

IF (B.mFe04) GO TO 160

NYOME=NYTWO

NXOME =X TWO

CANTINNE

RETIIKN

ENO

SUBRUUTINE TRCJUB(XeYsDXsDYsNOC*ZPLANIZX 7V eZY)
COMMUN /CNTRCOM/ ISYM(S0)+sSCFAC '
UIMFNSTON XP(2450) s YP (245014 ZT(4), ZPLANI(])
Z1(11=72x

IT(2)=7V

Zrtx) =2y

IT(4) = 7X

ZTMINSAMINI (ZT (1) 42T (2) 2T (3))
ZTMAXRZAMAXT (ZT (1) 42T (2)62T(3))
IMIMENAC]

IMay=0

o 10 =1,n0C

J:Nﬁc-i(‘l

IF ¢4P)] aAN(J) yGE«ZTMIN) IMIN=Zy

IF (4P AN(K) eLE«2TMAX) IMAX=3K

CONTINNE

INT=1lMaX=IMIN

1F (INTeLT.0e0RZTMIN,EQeZTMAX) GO TO 139
12=

DO 110 K=1,3

LZTMAX=AMAX] (ZT(K) ¢ 2T (Ke1))
ZPMINZAMINL (2T (K) 42T (Ke1))

MTNgSﬂpél

Do 2V =1,m0C
INZ=NOR=J*1

IF ,zp.AN(INZ).GT,ZPMTN.OR.(szAN(INz).Eo.ZPMIN.ANn.zTM!u.Fo.zPMiN

1)) MINZINZ

IF (4P| AN(J) oLE.ZTMAX) MAXzJ

CONTINNE

INZ=MAx=MIN

IF (IN7.LT«0.0R. ZTMAX.FQ.ZPMIN) GO TO 110
IF (IN7=INT) 40,30,40

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
P1.OTS
PLOTS
PLOTS
P OTS
PLOTS
PILOTS
PLOTS
P} OTS
P OTS
PLOTS
P OTS
PL OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{ OTS
P1,OTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1 OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1OTS
PL.OTS
PI.LOTS
PLOTS
P, 0TS
P1.OTS
PLOTS
PLOTS

1639
1640

1641

1645
1643
1644
1648
1644
1647
1648
1649
1650
1651
1657
1653
1654
1658
1656
14657
16518
1659
1660
1661
1662
16613
1664
1665
1666
1667
166R8
16A9
1670
16T

1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
16R3
1684
16Rg
1684
1687
1688
1689
1690
1691
1692
16913
1694
1698
1696
1697
1698
1699
1700
1701
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20 G0 70 (30,40), I2

40 I2=
GO TO 40

s0 I2ap )

60 D0 100 J=MINsMAX
GO TO (70480490)s K

70 XP (12, |)=XeDX®(ZPLAN(J)=2ZT(2))/(2T(1)=2T(2))
YP (124 1) =Y
Go tU j00

BO XP (1<, |)=X
YP(1Ce ) =YeOY® (ZPLANI(J)=ZT(2))/(ZT(3)=2T(2))
Go TO.j00

90 AP (12 |)=XeDX® (ZPLAN(JI=ZT(3))/(ZT(1)=2T(3))
YP (12 |)=YeDYH(ZPLAN(, N =ZT(1))/Z(ZT(3)=2T (1))

100 CONTINIE
110 CONTINNE

DO 120 J=IMINsIMAX

1SyYv(gy=ISYM(J) o]

L=3

IF (MON(ISYM(J)e10)«NF.1) L=0

CALY P JUB (XP(1eJ)eYP(10J)0s2019  02Js090+090+0904040)

120 CANTINIF
130 RETURN
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END

SURPDUTINE PLTXYZ(FeXeYeIXeJYsAMGTIANGF e aMULX9AMIILYsAACARCDAsRBe TR

1A,1nab,1C8,1CC)

DIMFNSTON F(1)y X(1)s Y(1), AA(1), AB(1), RA(1),s RAR(1)

YT=G1lN(ANGT) #AMUL X

XT=c0S (ANGT) #AMILX

YP=SIN (ANGF) #AMULY

XP=§ (ANGF 1 #AMULY

YTRLYTaX(IX)

XTR2XTax{1X)

YPH=YPaY (JY)

XPB=APaYI1JY)

Xa=xTR+XPH

EA="e

E8=Ionno

o 1Y 1=sl,rx

L=1

00 1V =T4JY

EsF(L1aX(I)®#YTay(J)oYp

EA=AMAY1 (EAJE)

EB=aM1IN] (EBWE)
10 L=telIXx

YC=yTR,YPB

IF (ERy 20,440,440
20 DIF=YCJEB

IF (UTF) 30040440
30 YR=aUIF

6n 70 g0
40 YR=ne
50 vYa=yCsyBeEA

CAL) DrA (123,1023,04900,40,0,xA4YA+0,0)

CAyy FpAME (123410234+0,900)

YO=yBevyTB

Ia=1Xey

Do kY 1=1,1Ix

L=1A"1

AA (1) =xTB=XToX (L)

AQ (1) =xPBe+AAL(])

KA (1) =yN=YTeX (L)
60 Karrl=yryeRB(1)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
P,OTS
PLOTS
P1.OTS
pLOTS
PL OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P1LOTS
P OTS
P, 0TS
P1 OTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLLOTS
PLOTS
PL.OTS
P1LOTS
pLQTS
P1 OTS
PLOTS
P OTS
PLOTS
PLOTS
P1.0OTS
P1.0TS
PLOTS
Py 0TS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PI.LOTS
Pl OTS
PLOTS
P1.OTS
PLOTS
P OTS
P1.OTS
P, 0TS
PLOTS
ploTS
PILLOTS
P1.OTS
PLOTS
P OTS
PLOTS
P OTS
P1OTS




‘CALI P1 OT (IXsAAs14RAL1432,0) PLOTS Y768

CAL{ PLOT (IXsABe14RB.143241) PLOTS 1766
YE=vYsyPHB PLOTS 1767

00 70 ,)=14JY PLOTS 1768
AA( ) =xP®Y () PLOTS 1769

AB (1) =yTB+AA (J) PLOTS 1770

RA () syE=YP#Y (J) PLOTS 177

70 RA( 1) =vTHeRA () PL OTS 1772
CALI PIOT (JUYsAAs14RA,1432,1) PLOTS 1773
CALI PLOT (JY*AB*1sRRe193240) P OTS 1774
ZH=,USaFA PLOTS 1775
YF=yCesvR PLOTS 1776

Do a0 | =1,21 PI.OTS 1777

AA () )=xTB PLOTS 1778

Ra () )=yF+ZH#FLDAT (L) P1.OTS 1779

80 COANTIMHF P1.OTS 1780
CaLl PI.OT (214AA914RA,1,432,1) PLOTS 1781

00 100 I=1,1IX PLOTS 1782
L=1 PLOTS 1783

00 90 j=1,JY P, 0TS 1784

AA () =xTB=X(I)®XTeY (J)8XP PLOTS 1785
RA( | V=yF=X(I)®#YT=Y (J)sYP+FIL) PLOTS 1786

90 L=te+Ix ' PILOTS 1787
CALI PIOT (JYsAAI1sRA,1+42,1) PLOTS 1788
100 CONTINNE PLOTS 17Rq
L=1 P1LOTS 1790

00 129 J=1.JY PLOTS 1791

Do Yl0-1=1s1x PLNTS 179>
AA(T) =y TB=X (1) axTey (JyaxP P1,0TS 1793
RA(T)=vF=X(I)®YT=Y (J)aYP+F (L) PLLOTS 1794
110 L=l P1LOTS 1795
CALI PI.OT (IXeAAs1,RA,1+4241) PI.OTS 1794
120 CONTINYE P OTS 1797
CA=22,4 (XPB+.S#XTR)#113,/XA PLOTS 1798
CA=aMINI (LAC116,0) PLOTS 1799
CRA=2esyPBE56.5/XA P1.OTS 1800
Cc=xTRu113,/XA P QTS 1801
RA=G/,0(]l,=(,58YPRsYB) /YA) &1, PLOTS 1802
RAazg7,8(1,=(,54YTBsYB) /YA) 41, P1,OTS 1801
TIY=KR816.0=840 PLOTS 1804
IRBelFYX (TIV PLOTS 1805
T1v=RA61640=8,0 PILLOTS 1804
IRA=IFYX(TLY) PLOTS 1807
TIX=CCt6Be0=b40 PLOTS 1804
IcC=IFTX(TIX) PILOTS 1809
TIX=CR4K.0=44e0 PILOTS 181n
Ica=lF1Xx(T1X1 P1 OTS 1811

c RETIRN WITHOUT ADVANCF OF THE FRAME, PLOTS 1812
RETHHN P OTS 18113
END PLOTS 1814

copysF ENn 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.XXVIITI 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 13'I fraction release in the
coolant is 20% for any temperature model, whereas the various
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 l3lI 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_4 level and the release at less than the 1 Ci level here.
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TAELE E.I

1317 pracTION IN CooLANT x 10% at 2 n
ITEMP = 1, NEQ = 1,2
IiT
IC 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 n
ITEMP = 1, NEQ = 3
IT
IC 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
1317 FRACTION IN COOLANT x 10% at 2 n
ITEMP = 1, NEQ = 4
IT }
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

ITEMP = 2, NEQ = 1,2

I FRACTION IN COOLANT x 104 at 2 h

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 4
I FRACTION IN COOLANT x 10 at 2 h
ITEMP = 2, NEQ = 3
IT
1C 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
1311 FRACTION IN COOLANT x 104 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
1 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
1 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.IX
1311 FRACTION IN COOLANT x 104 at 2h
ITEMP = 3, NEQ = 4
IT
IC 20 40 100 300 500
1 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
1¢ 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
131I FRACTION IN COOLANT x 104 at 2 h
ITEMP = 4, NEQ = 3
P 20 40 100 300 500
1 0.94 0.84 0.81 0.81 0.81
1.25 1.41 1.94 2.20 2.26
10 1.26 1.48 2.07 2.36 2.42
25 1.2 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.XII
131I FRACTION IN COOLANT x 104 at 2 h
ITEMP = 4, NEQ = 3
IT
1c 20 40 100 300 500
0.97 0.86 0.82 0.81 0.81
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

131

I CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ =

e
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
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 2
NS 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

1
31I 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
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 4
! 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.XVII

131
I CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 2, NEQ =1

_~ € 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
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 2

S~ 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
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TABLE E.XIX

l3lI 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
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 4

>~ 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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TABLE E.XXI

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.XXIT
l3lI CUMULATIVE RELEASE (Ci) at 2 h
ITEMP = 3, NEQ = 2
= 1T 20 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
o 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

> 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

NS 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
l3lI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 4
GG 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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