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

by

Lucy M. Carruthers and Clarence E. Lee

ABSTRACT

The theoretical and numerical data base
development of the LARC-1 code is described.
Four analytical models of fission product re-
lease from an HTGR core during the LOFC accident
are developed. Effects of diffusion, adsorption
and evaporation of the metallics and precursors
are neglected in this first LARC model. Com-
parison of the analytic models indicates that
the constant release-renormalized model is ade-
guate 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 This simplified model was based on the following assump-
tions:

1. The entire core is at a uniform temperature.

2. All coated particles fail at the same time.

3. Fission products are released only from failed particles

(no release from intact particles).
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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 s
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-1l, 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 £ 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- o
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.
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The results presented here are the culmination of about 700
short computer runs. The LARC-1 code runs on either the CDC-7600
in the BATCH mode or on the CDC-6600 in NOS (formally KRONOS)
time~-sharing system.

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

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

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

Using assumptions 1-5, the four Simplified model equations

are given by

dN (t)

3t = —Al(t)N(t), 0 <t<rT, (1)
T
R(t) = rl(s)N(s)ds, (2)
o
dN' (t *
WL —se) - 1 om ), 0< e < T, (3)
T
R'(1) = [ L(s)N'(s)as, (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) = X + 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 intexval T,

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

the containment building,

vi{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), vV(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

R(t)

s(t) = ==,

0 <t<r (5)

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

the other models we use

dR(t)
dx ’ (6)

S(t) =

which avoids that assumption.

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

N(T) = N(0)e T , (7)
r,N(0) -
R(T) = ~£K——~ (1-e AlT)r (8)
1 A* A*
N'(t) = N'(0)e T4 R‘/(\'i) (L - e T), and (9)
T
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LR(D 1 o=h T _140%1)7. (10)

*
A 2

L
= [e

R' (1) = ) +

=

In order to find the release after a number of time steps

kt, the activity is accumulated according to

A(kt) = A[(k=1)t]e T + R(1) and (11)

T+ R'(T) (12)

A'(kt) = A[(k-1)1le

In addition, the values of N(f) and N'(T) at the end of a time
step become the initial values N(0), N'(0), respectively, for

the next time step.

The release rate, El’ the leakage rate, L, and the clean-

up rate, V, are determined by

T, =3 [x(0) + r(n], (12)
-1 .

L =35 [L(O) +L(D)], and (14)
7 l 7

V=3 [v(o) + v(1)] . (15)

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

The decay constant is an input quantity.

B. Constant Release - Renormalized Model

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

release from BISO and TRISO particles separately and sum the
releases using X = a where a = 0.6

TOTAL " Xprgo * (1-a) * Xppygo
and X is a release, either R or R'. Then the differential

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



= - M (D), (1), (16)
T
= [ ri(s)n; (s)as (17)
(o]
— *"
—— = 51 (8) = AT (v), (18)
T 1
:.[ L(s)N. (s)ds,and (19)
o}
dRi(t)
13 = r.(g)N, (t). (20)

S, (t) =

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

Ni(T) =

Ri(T) =

<

—AiT
e Ni(O), (21)
fi -AiT
1
a2 . r -A.T . x *
e Tl + 2 e T o™ Tynoqo) if 2¥# 4.,
1 1 1
A=A,
1
A* 1 * *
e Txlo) + Tare™ TN(0) if AT = n., (23)
1 1 1

A=A, i
1
* *
L (1™ T{]N (0) if A" # A,
A
. —* , :EE * ._*
L a-e™ Dujo) + 5 [1-@a o™ Ty, (o) if a%=n,
A . A 1 i
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where Ai = A+ ry and A = X + 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 became clear that matching the failed fraction
(for BISO and TRISO) as a function of time is crucial. The

failed fraction is defined as

Nl(t)

F(t) = N (t) + N, (t)

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 Ny o+
N2.

Ni(O) at the beginning of the next time step is accomplished

This renormalization of Ni(T) at the end of a time step to
by the transformation

F(T)[Nl(T) + Ny (1)) ~ Nl(O)

(1 - F(T)][Nl(T) + N2(T)] > N2(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.

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

volume fractions.



Although we use the averaging given by Eq. (13) for the Ei’ C;)

we also tried time centering Ei defined by

=i

; = r;Ti/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

=

[ri(O) + ri(T)] i=1,2 , (28)

over the time interval T.

Now we approximate the release function of time over the time

interval 1, given by suppressing the subscript i)

T(t) = > la + by (t-t) 1 [68(t-ty) - 6(t-t, )], (29)
k=1
where 6(x) is the Heaviside step~function defined by
1, x>0
B(x) = (30)
0, x <0 .
Denoting
r, = r[T(t,)] )
k k (31)
R S R

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



A}

S

ak = rk and

B = Iy = T /T

Note that using Eg. (32) in (29),

1 1
r(t, + = 1) = f(rk + r

k 2 k+l)'

which is equivalent to Eq. (28).

(32)

we obtain

(33)

The same remarks concerning BISO and TRISO particles pre-

ceding Eg. (16) in the constant release model apply for the

linear release model. The differential equations for the Linear

Release~Renormalized model are

dNi(t)
T = = Ai(t)Ni(t) ’ (34)
T
R, (1) = [ 1 (s)N;(s)ds , (35)
o
dNi(t) x 1
It = Si(t) - A Ni(t), (36)
, T
R, (1) = j L(s)N, (s)ds, (37)
o
dRi(t)
Si(t) = 3t = r.(t)Ni(t), (38)
Ai(t) = Xx + r.(t), (39)
ri(s) = a; + bis , 1 =1,2 (40)
where a; and bi are determined for i = 1,2 (that is, failed and

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



a; = ri(O) and

b- [rl(T) = rl(O)]/T. (41)

i
After solving Egs. (34-38) we apply the same renormalization
as discussed in the Constant Release-Renormalized model, namely
Eq. (26).
The integration of Egs. (34-38) is straightforward, using
the methods developed in Appendices A and B, with the results
that

—AiT
Ni(T) = e Ni(O): (42)
—Kir
R; (1) = [l-e © - AP_(A;,B,7)IN, (0), (43)
*
N (1) = e M TNL(0) + [(F + D)P_(A.-AF.8,1)
i i o1 P
(M, -A*)T %
+ l-e T je M T N, (0) (44)
' L 2" T A"
_ AT, ! L -A T
Ri(T) = X; (l-e )Ni(O) + X; [1-e - XPO(Ai,B,T) +
. x
S.ey AT
(V+1L) e PO(Ai—A ,B,T)]Ni(O), (45)
where_ biT
A, = A + a. + 7
1 i 2
Al=>\+air (46)
b.
_ i
B o= =5
and
T 2
_ k -ys~—- 3 . k
Pp(v,8,1) = [as &% e TYSTRST o (o 59 Polv.e,m) (47)
@]
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2
= Y©/48 -
P (v,8,7) = 5/F e lerf(/Br + L) - erf (X-)]. (49

2V/8 2V8

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

where it is shown that

_ 1 i
Po(0,8,71) =5V 5 ore (/gr) if y =10, 8 # 0 (49)
PO(YIOIT) = %(l_e_YT) if Y # 0, 8 =20 (50)
and
PO(O,O,T) = T if y=8=20 . (51)

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

derived in Appendices A and B, are the integrals

T —YS—BSZ
Pl(YIBIT) = f ds s e = - %‘E PO(YIBIT)
O
2
1 -YT-B81
+ 78 (l-e ), (52)
-f% A s * —A*T
s e PO(Y,B,S) > [PO(A + v.,B,1) - e PO(Y,B,T)],(53)
A
o}
and

11
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Using Eag.(48-51), the various limiting forms may be written

explicitly as

/\*
Y_Ai—i 18750

) I\* (] A* _ 2
Ni(0) = e T (0 + e Tlagp (0,8,1) + 1-ePT 1N, (0) (55)
j\*
' - 1-e B T 1 1 * * .
R (1) =L { i* N;(0) + 5 [(a;=A )P (A8, )
*
~a,p_(0,8,1) + 1-e" TIN ()} . (56)
*
Y = Al—A # Or B = 0 H
* (A ’\*) *
' _ ' a . - -1 T _
N, (1) = e A N (0) j_\-i 1-e ] e N, (0) (57)

i A A i
* (58)
*
vy =A,-A =0, B=0
/\* A*
! Dy (S -A T
N. (1) = e Ni(O) + a;te Ni(O) (59)

12
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In the B = 0 %imit, a; > r; using Eq. (41), and E?. (57)
and Eg. (59) for Ni(T) and Eg. (58) and Eg. (66) for Ri(T) are
seen to be identical with Eq. (23) and Eqg. (24), respectively,
for the Constant Release model described previously, as they
should.

In terms of numerical evaluation it suffices to use the
limiting forms for PO(Y,B,T) given in Egs. (48-51) in Egs. (42-45
since there are no singularities.

D. Intact - Failed Self-Cansistent Fuel Transition

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

terval T.

The transition of intact to failed fuel, including decay

)

and release from failed (Eg.61l) and intact (Eq.62) fuel particles

can be represented by

dN

1 _ = . .

T ()\+rl)Nl + GN, (failed) , (61)
an,, _ ,

=5 = —(>\+r2)N2 - GN, (intact), (62)

where X 1is the isotope decay constant and the Ei are the release

constants. We assume that the release constants are averaged

13
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over the time interval 1 and are given by

E:_]Z.[r
i =3 .

i ;00 +r, (1)), 1=1,2 (63)

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

from the definition of the failed fraction

F(t) = Nl(t) T N2(t) . (64)

Differentiating ( = é%) Eq. (64), we obtain
: N, (£) N, (t)
F(t) = [1 - F(%)] N (€] F N, (E) - F(t) N TE) ¥ W, (€] (65)
where we have used Eq.(64). Defining
A, =X +1r, , 1i=1,2 (66)

and substituting Eqs(61) and (62) for Nl(t) and Nz(t) into Eg. (65),

we find

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

G(t) = I:FTET + (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



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

3
N =D A M ()
=0

k
and (71)
5
NZ(T) = N Ak Mk(T)I
k=4
where the functions Mk(T) are defined as
-A.T
MO(T) = e 1 ’
T
-AT _
mo(t) =e b [ as KTl ¥STEST g k< 3,
o)
v _pa2
M4(T) = e YT-BT , and
- _.B 2
Mg (1) = te YT=pT | (72)

The constants (in the time interval 1) o, B, Yy, and Ak are

given by

o = (Al—AZ)(l—a)’

w
Il

-(Al—Az) b/2

hja + hy(l-a) = Ay - @ (73)

<
i

and .
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A = Nl(O) ’

(@]
N2(0)
Al = [b + (Al—AZ) (l"a)] 1-a ’
N
2(0
A, = (A;-h,) [b(1-a)-ab] lfa) ' (74)
b2N2(0)
Ay = —(Ay=hy) —3m5—
A4 = Nz(o) , and
bN, (0)
- - 2
A5 - 1-a :

The release from intact and failed particles is given by

T
Ri(T) =5[ ds ri Ni(s), i=1,2 (75)
or
3
Ry (T) —Z B, P, (1)
R=0
5
R, (1) = z B, P (1), (76)
R=4

where the functions Pk(T) are defined by

T
P, (1) =f ds M, (s) (77)
O

and the constants Bk are related to the Ak's by
B, =r, A 0<k<3

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



-

v

The functions Mk(T) and Pk(T) are derived explicitly in
Appendix A. They are all expressible in terms of exponentials
and combinations of exponentials with error functions. If we

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

T
P (v.8,1) = [ as e VSTFS
O
v2/28
SLVT T fereEr ¢ oy - ere (] (79)
B 2V8 2VB

then by integration and differentiation [with respect to the
parameters of PO(Y,B,T)], the Mk(r) functions for B # 0 are given
by

—AlT
MO(Al,T) = e '
—AlT
Ml(AllalBrT) = e Po(_aIBIT) ’
—AlT
e aT=-R1°7
Mz(Al,OL,B,T) = TB— [OLPO(—OL,B,T)+ l-e '
-A1T a2
M, (A ,0,6,T) = S (a?+28)P (-0, 8,1) + a(1-e*" FT )
3 1 482 O I
2
—(OL—ZBT)eOLT_BT
- T-BT2
M4(Y,B,T) =7
and
_ -YT-8T
Ms(y,e,r) = Te (80)
The functions M2(T) and M3(T) are expressible as
M (A,,T) - M,{(Ay=a,B,1) + oM, (A,,a,B,T)
_ ol 41 1'1 !
MZ(Al,u,B,T) = 78 (81)
and

17
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M (A IQIBIT) - M (A _QIBIT) + oM (A IuIBIT)
M3(Al,a,B,T) -1 1 > %B 2 1 . (82)

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

in them.

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

~ -AqT
1 1
PO(Al,T) = KI (l-e ) !
Pl(Al!aIBIT) = f% [PO(Al—G,B,T)—e—AlT PO(—uIBIT)]I
~ 1 —AlT
PZ(AlIaIBIT) = §EKI (Al—d)PO(Al—a’B'T)+ae PO(—aIBIT) ,
~(1-e7M17)
2 2 )
. | rzerig-®) (-26+4,%) -n )
PB(AIIQIBIT) = ) - P (A -GIBIT) +t — e X
o1 A
4874 Ay 1 -
2
-3t =(A,-a)T
P_(~a,8,1) +(l-e Lo & a-e™ T
\ O Al J
Pyly,B,1) = P (y,B,1), and
- Y 1 —YT—BTZ
PS(YIBIT) = = 7@ PO(YIBIT) + jg (l_e ) ’ (83)

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

~

The functions Pk(T) are expressible as

18
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l-MO(Al,T)

Po(Al,T) = Al '
~ ; (A "G,B,T) - M (A IaIB’T) ’
hy
; (A o, 8 T) _ PO(Al’T) - P4(Al-arBrT) + aPl(AlluIBIT) )
2 ll r P 28
:’P\ (A 0. B,1) = Pl(Alla'IBIT) - PS(Al—a’ISIT) + aPZ(Al,OC,B,T) ,
3 1k 58
P,(y,B,7) = P_(y,B8,7) , and

~

En particular we note that the integrals for Pz(r), §3(T), and
PS(T) in the B = 0 l}mit 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 Eg. (84) and the limiting forms for PO(Y,B,T) given in

Appendix A.

The number of isotope particles, Ni(t), from failed or

intact particles released in the containment building is governed

i _ * ! 5
—= = Si(t) - AN, (t) 85)

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

or intact particles,

Si(t) (86)

It
Il
H
-
zZ
[
ct

19
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The decay constant, A , is defined as
* - —
A=A+ TV +T, (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 1 and

define
= _ 1
vV = 5 [Vv(0) + v(T)] and
(88)
L =3 [L(0) + L(D)]
The release from the containment building is given by
T
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

. A* . A* *
N.(t) = e * T N.(0) + T.e 1 j ds e * S N. (s)
i i i 5 i
and (90)
] (l _A*T) ¥ _ T A* S . A* [} ,
R, (1) = L |[-S—L n,(0) + T, fds e” S[dse SNy(s )|
A .
o o

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

respectively.

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

the solutions as
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N, (1) = A T Ni(O) s Z B, Q (1),

(91)
A* A* 5
! _ T ' AT O
NZ(T) = e N2(0) + e 2: Bk Qk(T)
=4
and
1 * 3
R, (1) -A T
1 _1l-e !
T Ny (0) + > By Vi (1)
k=0
(92)
v * 5
Bl 1t N. (0) +z B, V, (1)
L TR 2 k k'
k=4
where the functions Qk(T) and Vk(T) are defined by
T *
_ A s
Qk(T) —‘fds e Mk(s),
o
(93)

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

Appendix B.
For the general case of Qk(r) we obtain the results that

*
-(Ay-A )T
o (A", h ) = —t e T

1
O
Al—A
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*
* 1 * —(Al"A )T
Ql(A IAllalBIT) = B _A* [PO<A1_A —OL,BIT) - e PO(—OL,B,T)]’
1
0. (A Ay, a,8,1T) 1 .—(A A —0)P (A.-A"-a,B )‘
’ &, pP,T = - - - -0,B8,T
2 1 2B(A1—A*) 1 o1l
* I
—(Al—A )T
+ oe PO(—a,B,T)
(A -1")
- - T
-(1l~-e 1
*
0. (A A ,0,8,1) N P (h-A*-0,8,7) |
r 1Oy, T = - “0,b,T
3 1 152 Al_A* o1
2 (A=p")
- - T
- M*_) e l PO(_Q,B’T)
< Al_A > 4
—612—(A1—A*—a)r
-[1-e ]
(h,-1")
- - T
Al—A
* *
Q4(A IYIBIT) = PO(Y_A ,B,T) ’ and
0 (A", v,8,1) = B (v=0",8,1) . (94)

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

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

functionally simpler manner as
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* * *
QO(A rAer) - Q4(A IAl—u'lBIT) + OCQl(A lAlIOLIBrT)

28

0, (A" Ay ,0,8,1) =

Q1 (" * 0 [
l(A lAlId’IBIT)--Qs(A 7 l_aIBIT)—i—aQZ( ’ lluIBIT)

*
0y (A" ,Ay,0,B,1T) = T

(95)

Again, the integrals for Q2(T), Q3(T), and QS(T) in the B8 = 0
limit are finite and independent of B. The contribution from

Bk Qk(T) for k = 2,3, and 5 therefore vanishes for B = 0 since
those Bk have a factor 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

* - 1 -
V(A Ay, T) L (L e - a-eMhy,
© 1 A-pt D Ay
.-
A*
Vi (A AL 0,B,T) = —2— P (A,-0,B,T) - —=* e ', (Aa-h"-a,B,1)
l 4 ll 4 4 * fe) l [ [4 X * o) l 4 [4
-AqT
1
e
- Al Po(_arBrT) 7
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x
X (Ay=h"~a) "
— 1 -A T *
Vo (A Ay ,0,B8,T) = + —F [P_(A -0,B,T) -e P A=A -0,
2 1 2B(A1—A*) A* fo) 1 O( 1 o B!T)]
s — L e (-0 a8, 1)
28(hy=A") Aj-h
(Ap=A")T
-e Po(—a,B,T)]
1 1 p* 1 A
- — [ (- ) - 7/~ (-1,
28(Ay-A7) A 1
. L 2B+(Ay-A a)? (28+02)
V3(A IAlIaIBIT) = 2 [_—"* X x + l]PO(Al-arBrT)
48 A (Ay=h7) Ay (Ag=A7)
1 28+0L2 -AT
+ 5 e 1P (—OLIBIT)
48° Aq (Ay-A")
28+ (A=A =q) 2 *
- 12 - 1 - e_A Tp (A —A*—OL,B,T)
o1
48 AT (Ay=A7)
11 2
- = = (1-e "
4p® M
A" A
L ok aee™ ) - 2 ae™hy
48 A=A A 1
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*
vV, (A ,Y,B,T)

4

*
Ve (A ,y,B,T)

5

1
-y [P (YIBIT) -e
Ao
- —l~¥ PO(YIBIT) +
2BA
*
4+ 1 . (l—e_A T
2BA

(96)

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

can be expressed in a functionally simpler manner as

* —A*T *
\Y (A IA _aIBIT) - Q (A IA IQIBrT)
V.M AL Ty = 4 1 1 1 ,
1 A A
1
A* A * *
v (A* A o B T) _ VO( r l(T) - V4(A ,Al—a,B,T) + @Vl(A ,Al,T) ,
2 S A A 28
* * , *
* vy (A ,Al,r) - Vg (A ,Al~a,B,T) + aVv, (A ,Al,d,B,T)
V3(A IAlIaIBIT) = 78

*
V(A Y, 8,1

*
Ve (A ,Y,B,T)

5

, and

-A *
Po(Y.B,m)= e T Q (A v, B,1)
*
A
p (" * -A
O( IT) - YV4(A IYIBIT) - €

*

T Ty, 8,0

2R 1 (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
VS(T) given in Eq. (97) in the B = 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 By have a factor 8
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 1V, comparison of these four models
indicates that the Constant Release-Renormalized model is adequate

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

containment building.

ITI. CALCULATIONAL DATA BASE

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

fits as well as the graphic representations generated from the

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

different models are available at present.

The first three models are based on data obtained from
SORS,2 CORCON,3 and AYER.4’5 These models involve three
different calculations of the maximum and average temperature
as a function of the time from the beginning of an LOFC. The
temperature shape as a function of core volume fraction was
obtained graphically from GASSAR.6 A simple scaling law is

used to construct T(x,t) from T(t) and T(x).
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The fourth model is obtained from an inversion of the data
made available from recent AYER calculations.7 The core volume
fraction at time t with temperature above T is transformed into
T(x,t).

1. Temperature vs Core Volume Fraction

The fuel temperature, T(x), vs the core volume fraction
x, or "fraction of the fuel volume above indicated temperature at
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 I
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 dat
was used. That technique had an accuracy of about 1% in T(x), bu
did not have dT/dx continuous across fit boundaries, of which

there were several.

a
t
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However, with the implementation of a general one-
dimensional spline method,8_l the 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 = [T(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
TPVG(t) at a number of time points given in Table II.
TEMPERATURE VS. CORE VOLUME FRACTION
1700 1 14 L] T T T T Ll L}
1600 :
2 1500 ¢ 4
[ %]
wt
w1400 ¢ .
(W}
w
o
¥ 1300% 4
VL]
[« 4
2
< 1200} .
o
w
a.
x
W 1100 ¢t -
1000 ¢ 4
900 i —_— i i 1 e 1 1 N
0.0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
CORE VOLUME FRACTION
Fig. 1. Temperature vs core volume fraction.
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TABLE II

SORS TEMPERATURE DATA

t (h) Tyax (K) t (h) Trye (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 f 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).

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

3. CORCON Data

The maximum and average temperaturg, 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

T (t) and T

MAX curves in the time range 1 < t < 5 h of the

avg (t)
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Fig. 2. Temperature vs time Fig. Temperature vs time
after LOFC, SORS graphic after LOFC, CORCON
data. tabular data.

TABLE IIT
CORCON TEMPERATURE DATA
t (h) TMAX(K) TAVG(K)

0 1192.59 1052.59
0.0083 1192.59 1052.59
0.2167 1280.37 1134.82
1.45 1618.15 1413.71
5.25 2379.26 1920.37 |

10.25 2969.82 2338.71
15.25 3358.71 2608.71
20.25 3630.37 2793.71
25.25 3665.37 2938.15
30.25 3665.37 3026.48 Q
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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

A
TAVG(t) are reproduced in Table IV from AYER data."5

The results of the spline representation of the data
of Table IV are displayed in Fig. 4.
We note that for this data TMAX
the graphite sublimation temperature at 17 h.
Comparing the AYER to SORS temperature histories we
note that T (t) (t) for 0 < t < 15 h and

MAX SORS

AYER® TMAX
. .
TAVG(t)AYER < *AVG(t) SORS for 0 < t < 20 h, with temperature

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

X(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,

(t) attains and exceeds

TMA

TMAX(t)AYER > TMAX(t)CORCON with a maximum difference of almost
200 K occurring at 17 h. 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

Using the temperature vs core volume fraction data, by
spline interpolation we find T(x) for any x in the range
0 < x < 1. The average temperature is given by T = 1174.4 K from
Eg. (98).
(t) and T (t)

MAX AVG
we find these gquantities at any time t by spline interpolation.

From the spline representations of T

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

TMAX(t) - T (t)

T(x,t) = — [T(x) - T] + T,..(0) . (99)
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TABLE IV

AYER TEMPERATURE DATA

t (h) TMAX(K) TAVG(K)
0.2 1199 1167
0.4 1278 1219
0.5 1315 1243
1.0 1461 1338
1.5 1589 1421
2.0 1704 1496
2.5 1810 1566
3.0 1908 1631
3.5 2002 1692
4.0 2091 1749
4.5 2176 1804
5.0 2257 1856
5.5 2335 1906
6.0 2411 1954
6.5 2483 1999
7.0 2554 2044
8.0 2687 2126
9.0 2815 2204
10 2936 2278
11 3053 2347
12 3165 2414
13. 3273 2477
14 3376 2538
15 3475 2596
l6. 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 1in 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

112 elements. Reinterpreting this data as the function T(x,t)

in which the core volume was divided into

and supplying additional interpolated points, we constructed
the tabular values for T(x,t) given in Table V.

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

spline interpolation.

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

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

B. Fission Product Release Rates

The graphic data for fission product release rates as a

function of temperature (T) in the SORS2 and GASSARl2reports has

been fitted to Arrhenius relations of the form

(1) = ge P/T (100)
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Fig. 4. Temperature vs time after LOFC, AYER tabular data.
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for intact and failed particle coatings. The isotopes have been
arranged in the 10 groupings as used by SORS, and listed in
Table VI.

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

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

The release rates using the parameters of Table VI-VIII are
displayed graphically in Figs. 13-15. The SORS data is denoted as
the Ft. St. Vrain fuel model.
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1392
1390
1388
1386
1384
1382
1380
1378
1376
1374
1372
1371

1369

158y
1577
1574
1570
1567
1504
156)
1559
1556
1583
155¢
1547
1545
1542
1539
1536
1533
1530
1527
1524
1521

1518

1897
1892
1888
1884
1879
1875
187}
1867
1862
1858
1854
1849
1844
1839
1834
1829
1824
1819
1814
1809
1804

1799

2043
2038
2033
2028
2023
2018
2013
2008
2003
1998
1993
1987
1921
1975
1969
1953
1887
1951
1945
1939
1933

1927

2180
2174
2168
2163
2157
2152
2146
2141
2135
2129
2143
2116
2109
2102
2095
2088
2081
2074
2067
2060
2053
2045

2308
2302
2295
2289
2483
2¢17
2271
226%
2458
2251
2249
2237
2229
2¢21
2213
2205
2197
2189

2181

aire

2164

2155

TABLE V(cont)

2429
e422
2414
2407
2400
2394
23g7
23g0
2373
236%
2357
2349
2340
233]
2322
2313
23g¢
2295
2285
2276
22¢6

eas?

2342
2234
2226

2»ls8

2511

2203
2%96
2488
2480
as72
2463
2453
2444
2434
2424
2414
2404
2493
2383
2372
2361

2350

2649
2640
2632
2623
2615
2607
2598
2590
2581
2571
2561
2551
2541
2530
2519
2508
2697
2485
2473
2461
2449

2437

2750

2741

2732

2723
2713
2704
2695
2685
2675
2665
2654
2643
2632
2620
2608
2596
2503
2570
2557
2543
2531

2518

2846
2830
287
2811
2807
2190
2780
2175
2765
27353
2742
2730
2717
2104
2691
2617
2663
2649
2635
2621
260/

2594

2938
2921
2917
2906
2895
¢8yY
2873
2861
2849
2837
2825
2812
279y
2784
2769
2754
2739
2723
2708
2693
2679

2665

302>
301¢
300¢
2991
2979
2968
2950
2943
29314
291y
290¢
2890
287>
2860
2844
2827
2811
2794
2778
276e
274¢
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3108
3096
3084
3072
3060
3047
3035
3p22
3008
2995

2980

2965

2949
2932
2915
2897
21880
2862
2845
2828
2812
27197

3188
3174
3162
3149
3137
3124
3111
3098
3084
3069
3054
3037
3020
3002
2984
2966
2947

2929

2911

2893
2876

2860

3334
<kF3
3309
3296
3283
3270
3257

3246

3229

3214
3197
3179
3leo
3141
322
3102
3o0g2
3062
3042
3020
3090
€9g2

3405
3392
3380
3367
3354
3341
3329
331e
3302
3286
3268
3249
3230
3210
319
7
3151
3130
3109
3082
3061
3041

3475
3462
3450
3437
3425
3412
34900
3390
3375
3360
3340
3320
3300
3280
3260
3240
3220
3200
3180
3140
3120
3100
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53
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55
56
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S8
59
60
61
62
63
64
65
66
67

1367
1365
1363
1361
1359
1358
1356
1354
1352
1350
1348
1346
13644
1342
1340
1338
1336
1334
1332
133¢
1328
1326

1324

1515
1512
1509
1505
1502
1500
1497
1494
1491
1488
1484
148;
1477
1474
1470
l467
1463
l46p
1456
1453
lé49
l44g

1443

1793
1788
1782
1777
1771
1766
1760
1755
1750
1764
1739
1732
1726
1719
1713
1706
1099
1693
1087
1%8¢
1675
1669
1663

1920
1913
1907
1900
1893
1887
1880
1974
1867
1860
1853
1846
1838
ia3o
la22
1814
1806
1798
1790
17a3
1776
1769

1762

2038
20#0
2622
2014
2006
1998
1991
1583
1975
1967
1959
1950
1941
1932
1922
1913
1904
1894
1886
1877
1869
1861

1853

2147
2138
2129
2120
2Lt
2102
2093
2084
2075
2v6e
2056
2u4b
2036
2025
20195
200¢
1994
1963
1973
1964
1954
1945

1936

TABLE V (cont)

2247
€237
2227
227
2208
2197
2lg7
elr?
2le?
2156
2145
2134
2123
412
2100
2088
2977
2065
205¢
€043
2033
2023

2013

2340
2329
2319
2408
2e97
2¢86
2¢€75
2¢66
2¢%2
2240
2228
2216
2203
2191
2178
2166
2154
2191
2129
2118
2106
2095

2v85

2426
2414
2403
239¢
2380
2368
2350
2364
2331
2318
2305
2291
2278
2264
2251
2238
2229
2212
2200
2187
2175
2163
2151

2506
2494
2482
2470
2458
2645
2432
2419
2405

2391
2376

2361
2347
2332
2319
2305
2292
2279
2265
2252
2239
2226

2214

2651

2638

2625
2612
(o35
2595
¢s71
2555
2539
esee
2505
2488
2er2
2457
2402
2429
2415
2401
2347
2373
2359
2344

2330

2782
2768
2754
2139
2725
2709
2693
2676
2658
2639
2621
2603
2585
2569
2554
2540
2527
2513
2499
26484
2469
2453

2438

2844
2829
2814
2799
2783
2767
2750
2732
2713

2694
2675

2657
2639
2623

2607

2593

2579

256%"

2551
253¢
2521
2506

2490

€904
<u88
e872
¢856
¢339
€822
2804
¢786
ele6
¢lar
cr2s
efo9
€691
¢eTe
¢658
¢t4s
¢630
€018
%02
¢388
€373
557

¢dup

2944
2946
2929
91
2894
2876
2857
28138
2818
2799
2719
2760
2742
2724
2708
2693
2679
2566
2652
2638
2623
2609

2595

3922
3003
2985
2966
2947
2928
2909
2889
2869

2849
2830

2810
2791
2773
27155
2741
2727
2714
2701
2688
2676
2661
2647

3080
3060
3040
3020
3000.
2980
2960
2940
2920

2900
2880

2860
2840
2820
2800
27187
2775
2762
2750
2137
2125
ana
2700
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68
69
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n
72
73
74
75
76
77
78
79
80
el
82
83
84

8s
86

87
88
89
90

1322
1320
13;8
1316
1314
1312
1310
1308
1306
1304
1302
1300
1296
1292
1288
1284
1280

1276
1272

1268
1264
1260

1256

1439
1438
1432
1429
1425
l421
1617
1414
1410
1406
1402
139g
1394
1389
1384
1379
1375

137¢
1365

1361
135¢
135}

1346

1554
154/
15%¢
1531
1s3¢
15¢0
1521
1542
1510
1504
149Y
1493

1488

lege

1ef1

[
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P

&
¢
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1eb0
1450

1450
1444
1639

1433

1657
165)
1645
1839
1632
1625
1618
1011
1604
1597
1599
1584
1577
1571
1564
1558
1552

1546
1540

1534
1°28
152}
1518

1755
1748
176}
1733
1726
1717
1709
1701
1692
1684
1676
1668
lesl
1653
1666
1640
1633

1626
1619

1613
1606
1558

1591

1845
1837
1829
1821
1812
1803
1793
1783
177e
1764
1755
1746
1738
1730
1723
1715
1708

1701
1693

1686
1678
1670
1661

TABLE V
2004 2075
1995 2u65
1986 2u5S
;976 gpha
1945 2v33
1954 2021
1943 2009
1931 1996
1919 Y84
1908 1772
1897 1760
1887 1949
1877 1939
1868 1929
1659 1720
1851 Y11
1842 1903
1834 1894
1825 1885
1816 1875
1807 1865
1797 1854
1787 1843

(cont)
2l4l 2202
2130 2191
2119 2180
2108 2168
2096 2155
2084 2142
2071 2129
2098 2115
2044 2101
2032 2088
2019 2075
2008 2063
1997 2052
1987 2042
1978 2032
1969 2022
1959 2013
1990 2003
1990 1993
1930 1982
1919 1970
1907 19s8
1895 1945

2261
2247
2230
22¢4
2211
2197
2183
2109
2155
2141
21e8
211>
elue
2093
2084
2073
2063
2053
2042
2031
2018
2005

1991

e3r?
2303
2291
2217
226¢
2250
223>
222
2200
2192
2178
2166
2154
2143
2132
2122
2112
2101
2090
2078
2064
2050

2036

2300
2357
2343
232y
231s
2300
2280
2271
2258
2241
22es
2215
220¢
2194
218V
2169
2158
2147
213>
2léae
elog
2054

2078

2423
2408
2396
2380
2365
2351
2336
2320
2305
229}
22717
2263
2250
2238
2227
2215
2204

2192
2179

2165
2150
2135

2ile

2475
2460
244%
2431
2416
2«02
2386
2371
2356
234l
2326
2312
2299
2286
2273
2261
2248

2235
2221

220°
2191
2174

2157

¢s527
€313
¢498
¢4ss
¢469
¢454
€440
¢e2e
€409
¢393
¢378
¢363
¢348
€334
¢320
¢306
¢29)
¢e77
¢262
¢266
¢ez9
c212

¢l9

2580
2566
2552
2538
2524
2510
€495
2480
24p6
2447
2431
2614
2398
23g2
2366
23s0
2334
2318
€302
2284
2267
2248

2230

2634
2620
2607

2594

2580
2567
2553
2538
2521
2503
2485
2467
2449
2431
2413
23685
2377

2359
2341

2322
2303
2284

2265

2687
2675
2662
2650
2637
2625
2612
2600
2580
2560
2540
2520
2500
2480
2460
2660
2420

2400
2380

2360
2340
2320

2300
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91
92
93
94
95
96
97
98
99

100

102

103

1210
1212
1208
1200
1189
1178
1167
1156
1145
1134
1123
1110
1050

1000

1341
1336
1331
132¢
1321
1315
1309
1303
1296
1289
1281
1273
1263
125
1238
1225
121}
1195
il77
1155
1127
1086

1050

1549
1538
1527
1514
1501
1487
1472
1457
lesl
1425
1407
1347
1343
1336
1304
1245
1221
1174

1125

1717
107
1696
1685
1673
1059
1666
1629
1013
1296
128V
1962
1544
1225
1504
1480
1453
1420
1482
1336
128%
1431

1475

TABLE V
1776 193
1765 1819
1753 1806
l7ral 11792
1727 11017
1he 1176y
1696 (/43
1679 1126
1662 /08
1645 1990
1628 1972
1610 1654
1591 10634
1571 1013
1548 1990
1523 1064
lags 1533
1459 1%97
1418 1453
1370 1403
1317 1367
1259  1¢87
1200 jc25

(cont)

1883 193}
1869 1917
1855 19902
1840 1885
1824 1848
1806 1850
1768 1831
177¢ 1832
1752 1793
1733 17714
1715 1755
1696 1735
1675 1715
1654 1692
1630 1667
1602 1639
1570 1606
1532 1567
1487 1520
1435 1466
1376 1405
1314 1341
1250 1275

19117
1561
1945
19¢s
1910
1871
187¢
1852

1843

1794
1774
1752
1730
1704
1675
1641
1600
1552
1496
143¢
1369

1300

2p2v
200¢
1987
1989
1951
1931
1911
1871
1872
1852
1832
181l
1789
1708
1740
1710
1614
1633
1583
1528
1e02
1374

1325

206¢
204>
202/
200y
199V
197V
1950
1593v
1909
1889
186
1840
1820
1802
177>
1744
1708
166>
lols
15506
1494
14214

1350

2101
2084
2066
2047
2028
2008
1987
1967
1947
1926
1306
1884
1862
1838
1810
1779
1742
1668
1646
1586
1520
1448

1375

2139
2121
2103
2084
2064
2044
2024
2004
1984
1963
1943
1922
1899
1875
1846
1814
1776
1731
1679
1618
15590
1476

1400

2211
2192
2173
2153
21134
2115
2096
2077
2058
2039
2019

1998

1952
1926
18390
185)
1805
1753
1691
1620

1538

10w
16
n
(=]

2246
2226
2207
2187
2168
2149
2131
2114
2096
2077
2059
2039
2017
1994
1968
1933
1893
1848
1798
1739
1667
1878

1475

2280
22K0
2240
2220
2200
2183
2166
2150
2134
2116
2100
2080
2060
2040
2020
1989
1940
1895
1850
1800
1730
1630

1500
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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




1987

TABLE VII

SORS RELEASE RATE PARAMETERS
INTACT FATLED
Group a(h™1) 8 (K) a(h™1) 8 (K)
-4 3 4 4
1 9.7733 x 10 8.2621 x 10 1.82889 x 10 2.2861 x 10
2a 5.3231 x 10° 5.8360 x 10° 5.3231 x 10° 5.8360 x 107
(5 < 5.64 x 1074 (K) 71 (% < 5.64 x 107470
2b 4.6144 x 1072 1.3198 x 10% | 4.6144 x 1072 1.3198 x 107
% > 5.64 x 10 4(K) 1] (5.64 x 10~%4 < % < 7.59 x 1074
2¢c 9.7733 x 104 8.2621 x 10° 9.7733 x 1074 8.2621 x 10°
[% > 7.59 x 10 Y (x) "1
-4 3 3 4
3 9.7733 x 10 8.2621 x 10 8.9524 x 10 2.2657 x 10
4 9.7733 x 10 2 8.2621 x 10° 2.2317 x 10° 2.1229 x 102
5 9.7733 x 10 2 8.2621 x 10° 8.9524 x 10° 2.2657 x 10°
6 7.2751 x 103 8.6963 x 10° 3.9423 x 10% 2.2435 x 10°
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TABLE VII (cont)

SORS RELEASE RATE PARAMETERS

INTACT FATILED
Group a(h™h 8 (K) o (h™h) 3 (K)
7a 1.7385 x 10° 3.5259 x 10% 2.317 x 10° 2.1229 x 10
(% < 5.33 x 1075 (x) 71
7b 9.7733 x 102 8.2621 x 10°
[% > 5.33 x 1074 (x) 1)
8 9.7733 x 10 * 8.2621 x 10° 2.2317 x 10° 2.1229 x 10
9a 1.10548 x 10° 3.4207 x 10% 2.2317 x 10° 2.1229 x 10
[% < 6.26 x 10”4 (x) "1
9b 9.7733 x 104 8.2621 x 10°
(% > 6.26 x 1074 (x) 1]
10 4 3 3 2.2657 x 10

9.7733 x 10

8.2621 x

10

8.9524 x 10
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TABLE VIII

GASSAR RELEASE RATE PARAMETERS

Intact Failed

Group a(h™1) 8 (K) a(h™h B(K)
1" 39.3 1.2 x 10° 1.5937 x 102 1.1861 x 10°
1, 5.40686 2.5798 x 10% 1.5937 x 1072 1.1861 x 10°
25 o 5.9769 x 10° 2.3157 x 10* 1.6154 x 10° 2.6374 x 10°
3, 1.7191 x 102 1.7858 x 104 1.3192 x 103 1.7782 x 10%
3y 1.2282 x 1072 1.4834 x 10° 1.3192 x 103 1.7782 x 10*
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%
55,1 1.0742 x 102 1.0313 x 10* 1.74925 x 103 1.95451 x 10
65, 4.427 x 1072 1.0482 x 10% 1.5004 x 10° 1.7662 x 10%
- 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 1lo0%
8, 5.40686 2.5798 x 10% 1.2316 x 10° 2.8319 x 10%
9, 4.427 x 1072 1.0482 x 104 1.2316 x 10° 2.8319 x 10%
9, 5.40686 2.5798 x 10° 1.2316 x 10° 2.8319 x 10%

10, 0.10280 1.0314 x 104 2.1494 x 103 1.8175 x 10%

10,, 0.10280 1.0314 x 10* 7.3605 1.3777 x 10%

*
B - BISO; T - TRISO; B,T - BISO and TRISO
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Gi; 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, £(T,t).

SORS: f(T,t)

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

Using these assumptions we may write a simple analytic fit
of the data to obtain the failed fraction, f(T,t), as a function
of the temperature (T) and the age of the fuel (t) for BISO and
TRISO fuels.
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Fig. 16. Fuel failure diagram Fig. 17. Fuel failure diagram
6.} 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

ocieBit (i = 0,1) and perform a linear interpolation between the
f = 0 and £ = 1 boundaries. This approximation leads us to the
form

£(T,t) = Tt - To(t) (102)

Tl(t) - To(t)
where
Bit
T.(t) = a.e (i = 0,1) (103)
i i

and the coefficients oy and ﬁi 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%,

%, 7.5% , and 10% failure is added to the 1 yr-,2 yr-,3 yr- and
4-yr-old-fuel respectively.
Figures 16 through 21 were generated using the above equations

and data.
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TABLE IX

SORS TEMPERATURES (K) FOR AGED FRACTION FAILURES, £
Type/£ £f =0 £ =
BISO:
0.12 yr 1858.15 1998.15
4 yr 1360.15 1599.15
TRISO:
0.12 yr 1858.15 1998.15
yr 1273.15 1663.15
TABLE X
SORS AGE-TEMPERATURE FUEL FAILURE PARAMETERS
Type 0 <t <0.12 yr
A 103B K
BISO -13.2725 7.14286
TRISO -13.2725 7.14286
0.12 yr < t < 4 yr
=3 2 -1 ~3 2, -1
Type 10 uO(K) 10 Bo(yr ) 10 al(K) 10 Bl(yr )
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- Gii
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 summérized 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 > T,. The BISO parameters A, B and
the threshold for the linear fit, £

[

o' are given in Table XIII.

For the TRISO particle coatings an exponential fit of the

form
f(t) = ae (105)
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TABLE XI

GASSAR BISO PARTICLE COATING FAILED FRACTIONS AND TEMPERATURES FOR VARIQUS AGES

Age = 1 yr 2 yr 3 yr 4 yr
f T(K) f T(K) £ T(K) f 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

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

GASSAR BISO FAILED FRACTION PARAMETERS

€S

Age (yT) £ A 10%B(K) *
0.00179  -10.3454  4.99105
0.00377 -10.3229 4,98115
0.0815 - 9.4394 4.5925
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
£f(T) = A + BT (106)

was used above fo’ where £ = 1 if T 2 T,. The TRISC 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 Eg. (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
=_1YX S . .
f = 7). fi [6(t -1+ 1) - 6(t - 1)1, (108)
i=1
where t is the age in years, i = [t] + 1, and [ ] means "least
integer", with
4fl i=1 0 <t<1
f. + 3f i= 2 1 <t <2
£S = 1 2 | - - (109)
£, + £, + 2f, i=3 2 <t<3
fl + f2 + f3 + f4 i=4 3 <t< 4
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GASSAR TRISO FAILED FRACTION PARAMETERS

TABLE XIV

Age (yT) AT(K) 10%: 10%8(K) AT A 10%8(K) 7!
1 <1941.15 1.57 1041.15<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 .
£ = zi [(1-x) £ | + x£, C1[0(t-i+1) - 6(t-1)] (111)
i-1 i '
i=1
G _ . G . .
where fo =0, 1= [t] +1, x =t - [t], and fi is given by
G _ .
fi = 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

4
V]
-1 T .
£F=7 :S £.8 (¢t -1+ 1) - 8-, (113)
i1
where
r4xflG i= <t <
v g 3f1G - 2xflG + 3xf2G 1= st
£.°0 = (114)
1 £.6 4+ (2-x)0£.C + 2x£.C i=3 2 < t < 3
1 2 3 s tzs
G G G G _
(£ + £, + £+ xf, i=4 3 <t <4

with

57



using Egs.

£.7 = £(T,t) =

£(T,

i-1 + x)

(115)

14

(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.

We note that the SORS

(Ft.

(LAGE =

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,

stant in

data are

data are

the maximum and minimum,

obtained.

The temperatures of Fig.

time.

1l were used and were held con-

The maximum and minimum failed fraction for the SORS
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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 Felease-Renormalized, and
Intact-Failed Self-Consistent fuel transition (NEQ = 1, 2, 3, 4)
were used.

A typical terminal run output under the NOS system is dis-

played in Fig. 40.
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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 1°1I fraction release in
the coolant is v 20% for any temperature model whereas the various
temperature models differ by as much as a factor of 3.7. Similarly
for the cumulative release the maximum variation is v 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 13*1 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 1311 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 - i1,

2 h for 1311. The approximate upper bound for

The maximum error, 12%, occurs at 6 h as compared to
1311 bounds the 127mTe

results.

-

-
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TABLE XV TABLE XVI

1311 FRACTION IN THE COOLANT 131y RACTION IN COOLANT AT 2 h
ITEMP = 1, IT = 100, IC = 100 ITEMP = 2, IT = 100, IC = 100
~NEQ < REQ
Ty >] 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 |o.0a75 0.0475 0.0483 4 0.0129 0.0129 0.0135
6 |o.284 0.284 0.284 6 |o0.134 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 }0.93s 0.935 0.935 12 0.842 0.842 0.842
14 |o0.948 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 |o0.931 0.931 0.931 20 0.931 0.931 0.931
TABLE XVI TABLE XVIII
131 FRACTION IN COOLANT 1311 FRACTION IN COOLANT
ITEMP = 3, IT = 100, IC = 100 ITEMP = 4, IT = 100, IC = 100
\\\553\ NEQ
THY S| 1,2 3 4 T(H) 1,2 3 4
2 0.000144 0.000144 0.000169 2 0.000220 0.000220 0. 000269;
4 0.0158 0.0158 0.0165 4 0.02035 0.0206 0.0211 5
6 |o.113 0.113 0.114 6 0.139 0.139 0.139
8 ]o.325 0.325 0.326 8 0.362 0.362 0.362
10 |o.s86 0.586 0.587 10 | 0.s40 0.540 0.540
12 |o0.791 0.791 0.791 12 0.646 0.646 0.646
14 |0.895 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 |o0.931 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
L3l oUMULATIVE RELEASE (CURIES)
ITEMP = 2, IT = 100, IC = 100
NEQ
T (H ™ 1 2 3
2 0.164 0.164 0.162 0.177
4 15.101 15.105 14.994 16.071
6 235.211 235.330 234.763 237.816
8 942.483 942.944 942.250 945.159
10 |1909.057 1909.699 1909.208 1911.122
12 |2710.293 2710.852 2710.570 2711.583
14 | 3181.464 3181.803 3181.674 3182.123
16 |3386.173 3386.317 3386.296 3386.450
18 | 3455.200 3455.246 3455.221 3455.327
20 | 3474.843 3474.855 3474.837 3474.919
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TA

BLE XXI

I CUMULATIVE RELEASE (CURIES)

ITEMP = 3, IT = 100, IC = 100
NEQ
T (H) ] 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 764545 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 3324050 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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TABLE XXIII TABLE XXIV

2
L |Ry/Ry - 1] x 10 Bl Iry/r, - 1] x 10

. SN 5 2NCE I £ N J 2
PERCENTAFElgéiiETTYCEI;”_“?BOLSIgofP?§§D TO MODEL 4 PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
MP = 1, IT = 100, IC = ITEMP = 2, IT = 100, IC = 100

131 2

< NEQ NEQ
r 2 3 T 1 2 3
2 15.62 15.62 17.72 2 7.34 7.34 8.47
4 3.0 3.00 3.53 a 6.04 6.01 6.70
6 0.50 0.44 0.61 6 1.10 1.0 1.28
8 0.15 0.10 0.15 8 0.28 0.23 0.31
10 0.06 0.03 0.0 10 0.11 0.07 0.10
12 0.02 0.009 0.013 12 0.05 0.03 0.04
14 0.008 0.003 0.005 14 0.02 0.01 0.01
16 0.003 0.002 0.003 16 0.008 0.004 0.005
18 0.002 0.0015 0.002 18 0.004 0.002 0.003
20 0.0015 0.0015 0.002 20 0.002 0.002 0.002
TABLE XXV TABLE XXVI
Bl jry/r, - 1] x 107 Bl irya, - 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 0.3 0.51 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 0.0
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
1311 calculations using IT = IC = 100 for all temperature
models.

TABLE XXVII
127Mr¢ 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:¢ CUMULATIVE RELEASE (Ci)
ITEMP = 4, IT = 100, IC = 100

TEES\ﬁﬁQ 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
127mpe . [R./R, - 1] x 10°
PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
ITEMP = 4, IT = 100, IC = 100
NEQ
T (H) 1 2 3

2 0.0 0.0 0.0

4 5.00 5.00 5.00

6 12.06 12.06 12.06

8 3.91 3.76 3.83

10 1.49 1.43 1.45

12 0.82 0.79 0.79

14 0.57 0.55 0.55

16 0.43 0.42 0.42

18 0.30 0.30 0.30

20 0.23 0.23 0.23
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‘.> Results for three representative isotopes, 1311, 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

135Xe 138

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

respectively. For 135Xe the different temperature models predict
a 30% difference in fraction released in the coolant with a 4-h

135

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

decaying tail after the peak release.

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

decay overrides the increased failure and a leveling off of the

second peak is expected.

V. CONCLUSIONS :

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

Mo,
M_(Ay,T) = e (A-1)
—AlT
M (Ay,0,8,T) = e Pr_q(-o,8,71) 1 <k <3 (A-2)
- T—BT2
M, (v,8,7) =¥ , (A-3)
—y1—8T2 (A-4)
Mg (v,B,T) = Te yr=et B
T k —Ys-—Bs2 (A-5)
P (y,B,1) = fds s e , and
]
T
P, (1) =_[ ds M, (s), (A-6)
o]

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

as
: k - s—852
Pk(Y,B,T) =/~ds s e Y
o)

= (= 25) P_(v,8,7) (A-7)

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

? —ys-Bs2
P (v,8,1) =[ ds e

o)

2

Y /48

= %‘/% e [erf(y’é”{ + X - erf (‘l“ )] . (A-8)
2/B 2V/B



-

For B = 0, Eg. (A-8) becomes
P (y,0,1) = L (1L - e 'h (a-9)
Ie) r ’ .Y

and for B = y = 0, we have

P (0,0,1) = 1. (a-10)

o

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

2
I 1 _ aTYT-BT _
P (v,0,1) = =5 [1 - (1+yDe "1, (a-12)
Y
and
T2
Pl(0,0,T) = -5 . (A-13)
Similarly, for Pz(y,B,T) we have
1 2 - T—BTZ
P, (y,B, )= — [(Y*+28)P_(v,8,7) - y(l-e ' )
48
—YT—BTZ
+ (y-2B1) e | (a-114)
P2(Y,0,T) = j? [2 - (2+2YT+Y2T2) e Ty, (A-15)
Y
and
T3
P2(O,0,T) == - (A-16)
Using the results of Eqg s,(A-7) - (A-16), we may determine the

Mk(T) functions as given by Egs.(A-1) - (A-4). Specifically, for
B # 0
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—AlT

Ml(Al,a,B,T) = e Po(—a.B,T), (A-17)
e_AlT uT—Brz
MZ(Al,u,B,T) = > [aPo(—u,B,T) + 1 - e 1, (A-18)
and
—MT 2
2 aAT—-BT
My (Ay,0,8,7) = S—— [(a“+2B)P_(~0a,8,7) + a(l - e )

48
..82
- (a-28T)e*T"PT 7. (a-19)

For 8 = 0 and B = a = 0, the Mk(r) 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 kX = 0, 4, and
5 integration of Egs (A-1),(A-3), and (A-4) yields

-AjT
: _ 1 1
Po(lysD) = - (Lme T (a-20)
Py(Y.8,7) = PL(Y,8,T) (a-21)
and
P5(YIBIT) = Pl(YIBIT) r (A-22)

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

Pk(AIYIBIT) = (- ‘s_Y‘) Pl(ArYIBI‘T)I (A-23)

where



~

T
-7
Py (A,y,8,7) =[ds e "% B (y,8,8)
o]

[P, (A+y,B,T) - e“ATPO(Y,B,T)], (B-24)

e

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

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

T
- -A
PZ(AIYIBIT) =de e S Pl(YIBIS)
O

S SR

+ 7é_ (1 - e~ 17T (A-25)
and
T
P3(AIYIBIT) =[ ds e—AS P2(YIBIS)
o
_Lol2er oy M2 o e
402 A o ree
8
FQB+Y2) -AT ‘BTZ‘(A+Y)T
+ Y e PO(YIBIT)+(1 - € )
+ 1 - (A-26)

Substituting -a>y and A1+A in Egs(A-24) - (A-26), we have the results
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-AlT

Pl(AlIOLIBIT) = q [PO(A]_ - a’IBIT)— e PO(—OLIBIT)]I (A—27)
§ (A, ,a,B,T) = + 1 [(A;~a)P_(A,-0,B T)+oce_AlT P (-a,B,T)
2 Wy r QB 2Bh, 1 o 1T Py o' TP,
-1+ e M7y, (A-28)
and
. » 28+ (- %
P (A IaIBIT) = - P (A _G'IBIT)
3'°1 462 Al o'l
2
(-2B+a ) _
+ X e™MT p (~a,8,1)
o
1
2
BT =(A;-a)T _
(1l -e s a - e™T) (a2
1

For the case B = 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, 0,0,7) are multiplied by me/z in thf modelAsolution, Ehey
are not needed. On the other hand PO(T), Pl(T), P4(T), and PS(T)
are needed since their coefficients in the model solution are (or
can be)nonvanishing even if B = 0.

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

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

Pl(AllalolT) = A_ [PO(Al—OL,O,T) - PO(-OL,O,T)] (A"30)
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where Egs. (A-12) and (A-13) are applicable for PO(Y,O,T).

Similarly,
P, (v,0,1) = P (v,0,7) == (1-e'") (a-31)
Pc(y,0,7) = Py(y,0,7) = 4% [1 - (1+yDe . (A-32)
Y
APPENDIX B

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

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

*

=V/ds el s M, (s) (B-1)
and

*
v, (1) =~[ds e™h s Q) (s) , (B-2)

where the M (t) functions are given explicitly 1n Appendix A. We
shall need these functions for the parameters A ’ Al’ o, B, and vy
non-zero and zero. However, knowing the limiting forms of the
Pk(Y,B,T) functions, using the fact that some functions [QZ(T),
Q3(T), QS(T), V2(T), V3(T), and VS(T)] have finite B = 0 limits

and are multiplied by 8, 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 forms are needed

only for the latter functions.
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Evaluation of Qk(r) Q

*
QO(T): For Al # A using Eqgs, (B~1l) and (A-1), we have
T * (A A*)
* - - - T
0, (" hy, 1) =fas et S eMs o Lo ] (B-3)
o Al—A
*
and for Al = A , Eg. (B-3) becomes
* *
QO(A ATy =T (B-4)

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

*

T
Q) (A" 4y ,a,8,7) = [ds s
o]

Ml(Al,a,B,s)

T *
=~/ds el s oS P, (-a,B,s)
o

1 . ~(Ay-1")1
= ————A _A* [PO(Al-A —OL,B,T) -e PO(_G’IBIT)]o (B—5)
1
For Al = A*, we have from Eg. (B-5)
T
* *
Q (A", 0" a,8,7) = [ds P_(-a,8,5) . (B-6)
o]
where
LT Gv2/48 Y v
P (Y,B,T) = 5Vg e [erf (VBt + =) - erf ()] (B-7)

| e >
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and

' 2
' -YT-BT
[ as By (r.B,8) = g5 [(Y+2B0R,(Y,B,0) = 1+ e YTty (B-8)
(@]
Thus,
* % 1 OLT—BTZ
Ql(A A oy0,B8,T) = 28 [(-a + 2BT)PO(—G,B,T) -1+ e 1. (B-9)

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

T
* % _ 1 aT
0y (A, A ,0,0,1) = f ds P_(-a, 0,8) = = [e®" - (l+am)]. (B-10)
o a
*
Finally, if A, = A , and a = B = 0, we have

1

T2
R (B-11)

* *
Ql(A AN ,0,0,T) =

14

which follows from the limit of Eg. (B-10) as a -+ 0 or from using
Eg. (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 Egq. (A-8), namely

P_(0,8,7) = %.Ji erf (VYBT) . (B-12)

Q,(1): For A, # 7¥ and 8 # 0 , using Egs.(B-1), (A-8), (A-18) and

(A-24), we find

*
S

T
* A
QZ(A IAlIalBIT) =Ofds e Mz(AlIG'IBIS)
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*
i * * _(Al—A )T
= —— (Al—A -u)PO(Al—A -a,B,T) + ae
ZB(Al-A )
* (B-13)
_(Al_A )T
X P (-0,B,T) -~ [l-e 1 .
o
Further limiting forms are not needed explicitly. For the
cases
* \
(a) Al = A, B 5£ 0,
* *
(b) Al =AN, B=20, o # Al—A ,
* *
(c) Al =A, B=20, o= Al—A ’
*
(d) Ay =A, =0, a#0,
(e} A, = A*, B =0, a =0,
1
*
the integral for QZ(A ,Al,u,B,T) is finite. 1In addition for
B = 0, Q2(T) is independent of B. Since B2 has a coefficient
involving a factor B, the B = 0 contribution from Q2(T) vanishes.
Re-expressing QZ(T) as
* * A*
(A* A ) _ QO(A IAlIT)_Q4(A IAl_aIBIT)+u'Ql( IAlIa'IBIT)
Q2 7 llaIBIT = 2B
(B-14)
*
eliminates the necessity for the Al = A limit since it is

automatically accounted for by the limiting forms Of,Qo(T),
Ql(r), and Q4(T). In Eq. (B-14) we have used the identity

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

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

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

*
0, (8", Ay ,a,8,7) = [ as e ®my(ng,a,8,8)
O
* 2
L [r2erag-nT-a) %) \
= P (A -A _u;BIT)
4g?]  ap-n” o1
2 (A=A )T
_ 2B+a 1 P_(-a,8,1)
Al—A
—BTz—(Al—A*—a)T
- [1l-e ]
(A -2")
- -A )T
b2 [l-e T 1. (B-15)
Al—A

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

vanishes.

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

0 (A, Ay 0 8,1)=0g (A" A =0, B,T) 400, (A7, Ay 0,8, 7)

*
Q3(A rAlIOLIB:T) = 78

(B-16)

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

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

*
Q4(A IYIBIT) = ,/ ds e
(o]

A s

*
*
M4(Y,BIS) = PO(Y—A IBIT)'

The limiting forms are given in Appendix A.

Qg (1) : Using Egs.

T

(B-1), (A-4) and (A~7) we have

*

*
05 (A",v,8,1) = [ds " M (v,8,8) = P (v-0",8,1).

(@]

For B # 0, from Appendix A we have

1

* * * .
Q5(A IYIBIT) = 3575 [_(Y—A )PO(Y—A IBIT)+l_e

28

Using Eg. (A-12) for

1
(y=A )

B =0, v # A find

*
Q5(A*,Y,0,T) = —% {l-[l+(Y—A*)T] e~ (Y=A )Ty

Eg. (B-20) limits to

*x % iy
2

QS(A A IOIT) =

Since B5

Evaluation of Vk(r):

*

VO(T): For A1 #Z A,

using Egs. (B-2) and (B-3) we have

* T A* *
V (A Ay, T) = j ds e " S 0, (A", Ay,8)
(@]
1 n A
= Lok a-et T - b a-e™m,
A-a" A 1

86

(y—A*)r—erz].

(B-17)

(B-18)

(B-19)

(B-20)

(B~21)

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

(B-22)

-



* »
G'> For Al = A, using Eg. (B-4) in Eg. (B-22) we find

*
Ay, (B-23)

t 1 _ * -
V(A A ,T) = — [1-(1+A T) e
0 A 2

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

T
* _A*s *

v, a0, = [ ds eT F o (T Ay ,0,8,)

O

= L5 p_(Aj-a,8,7)
A A
A*
- (&5 P (A=A -0, 8,T)
A-AT A
e—AlT
= I P (_aIBIT)] . (B-24)
O
1
One could use the identity
T
fdsse'ASP( B,s) = - 9 [f> (A,v,B,1)]
S o YiB, 'ﬂ 1 rir P
= 28=AY) o (pey,8,1) - BT MR (v, 6,)
284 A
p L (1ee BTN (B-25)
280 '

v
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* *
to solve explicitly for Vl(A ,A ,a,B,7t). On the other hand, one
can rewrite Eqg. (B-24) as

*

* -A T *
V4(A ,Al—d,B,T) —-e Ql(A IAlIaIBIT)

v (A*,A larB,T) = (B-26)
1 1 A
1
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

*
S

* _r -A (A" AL ,0,8,8)
V2(A ,Al’aIB,T) - fds e Q2 r l' I 14
(@]

Ay -0 -q *
- X L w-esmn-e

T *
* PO(Al-A _QIBIT)]
ZB(Al—A Yy A

(Al-A)T

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

F
ZB(Al—A ) Al—A

PO (_alBrT)]

*
-1 ik a-e™ ) - L ey, (B-27)
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 B, the contribution B2V2(T)

is zero.
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We may re-express V2(T) as

* * *
v (A* | o0y - VO(A ,Al,T) ~ V4(A ,Al-a,B,T) +<le(A ,Al,u,BJT)
2 ’ llul ' T - 28
(B-28)
which eliminates the necessity for using an explicit Al = A* limit

except through the limiting forms for VO(T), vy(1t), and V4(T).

V3(T): For Al # A* and B # 0, using Egs. (B-2), (B-15) and (A-24),
we find
T *
* _ -A s *
Vi A a8, = [ ds et S o (AT, Ay ,0,8,s)
o)
[28+ (A, A" -a) 2] 2
-A -o
- L L T N 13P_ (Ay-a,8,T)
48 A (Al—A ) Al(Al—A )
1 28+a2 -M 1
+ ) * e 1 Po(—alBIT)
48 Al(Al-A )
*
28+ (A, -A —a?) o .
- 5 - - e PO(Al—A ~-a,B,T)
43 A (Al—A )
A*
- L a-e™h
4B A
* A
+ 12 S [J% (l—e_A - L o1-eTM) (B-29)
48 Al—A A Al

89



-

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

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

Re-expressing V3(T) we have

* * *
* vl(A IAlIaIBIT)_Vs(A (Al_alBlT)'i'Cle(A rAlIO"rBIT)
V3(A IAlIaIBIT) = - 28 ’

(B-30)

which eliminates the necessity for using explicit limiting forms

*
for Al = A except in Vl(T), V2(T) and VS(T). Of course,

V2(T), as given by Eg. (B-28) is expressible in terms of VO(T),
Vl(T), and V4(T).

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

4

*

S

T
* - *
v, (0" v, 80 = [as 7Mo%,y 8,8
o

P_(y=A",8,1)] (B-31)

The limiting forms for V4(T) are accounted for by the forms givenv
for the PO(Y,B,T) function in Appendix A.

VS(T): For B # 0, using Egs. (B-2),(B-18), and (A-24), we find

-
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T
* - *
VS(A IYIBIT) =fds e As QS(A IYIBIS)
(o]

* *

- - *
- - X (v, + A T e (o176,
o (o}
281 281
1 Y
+ - (1-e™" 1) (B-32)
2BA

The limiting cases for B = 0 yield finite integrals for VS(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

VS(T) is removed by re-expressing Eq. (B-32) for 8 # 0 as

* *
-A * -
L™ How, " ye - e T

*
0, (A", Y, 8,T)
A

*
\Y (A IYIBIT) =
5 28
(B-33)

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

i0

APPENDIX C
CODE LISTING FOR LARC-1

PRCGRAM LARCL (INPsQUTFILMIFSETI22FILM)
PARAMETER (N500=500) 9 (N501=N500s1)
REA! NPRIMEWLsNIINZNT4NG I NZERNZERDLAMRDA

DIMENSYON NPRIME(NS001s LINS00)y TINSO0l), RPRIMFING00)s RRHIMINSAA)
1y v(NSany, FF(NSOL)s 7N(NSNO3, ZR(NSOO). 22 (NS00, ZF (NSAR), ZNI (N
25001 7N2(NSU0)s ZNIINSOQOY e ZN4 (NS00} 7RP1(NSOQYe PR2INKRAAY. 7RAIN
3500y r 7R4(NSO0)y ZAT(NS00), ZAZ(NS00) s 2ARUINSONY, 7AL(NSARY, 7F1¢N
4500y yF2(NS00)y 2F3(NS00), ZF4(NSO0)s TARLE(NSHn,a), TADI ¥ NS00,4

S)

DIMENSYON TITLEI{7)y TITLEP () TITLEI(4y, X IM(2), YLIM(2)
DIMENSTON ISET(6)y NSET(5)

COMMUN ZLJUNEW/ TASAVE (TYSAVEs1X291Y2

LOGTCA LLAGEIHISUINDRGAS

REAL NJOLD4N2OLNsNIOLNNANLD

CoMnON /LA/ LAGECAGE ymFUEL+ISOPHISO

COMMUN /TMODEL/ MODEL

MODFL = 1 SORS DATa FROM TMAXs TAVE @gRAPHS
MODFL . 2 CORCON TaaULAR DATA
MODFL = 3 FU = CORT TARIILAR DATA

DATA IQET/145410425,100,200,
DATA NgET/2094041004300,500/

INUm=6

NyUM=g

NE(} =%

NEw INARICATES WHICH EAUATINN SET TO USE

NEQ ® 3 SIMPLE FQ FIRST HALFs OLD EQ SEcOND HALF
NEQ = 2 SIMPLE EQ ROTH HALVES

NEQ = 3 LINEAR RELEASE BNTH HALVES

NEQ = A LINEAR FATILURE 80OTH HALVES

NZERZ3,1%3.,E97/3.7

CALL GFTQ (4LKJ3Ns JOBNAME)

Cary DATEY] (DATE)Y

Z=FDAC°0(0‘0)

ITEMM =4

ITEUF 2y

IF (1TEMP.EQe4) Z3SPLINE(0eOe0e()
ConTINYE

REAN 3a0s NAME,LAMBDA,1S0,vIELDAGE ,MFUE| ,LAGE ,FRAC,NORGAS
IF t1Sn«LTo1) GO TO 200
NZEQU=nZER®YIELD

UNITS AF NZERDO ARE CI (CURTES).

PRIMT 220y NAMELAMRDASISO,YIELDINZERO
PRINT 530y -AGEWLAGEFRAC

IF (NOmGAS) PRINT 240

VSETEN,9

1 (NOQRAS) VSET=0,.0

[ asdUuED RELEASED A4S 91 PERCENT ELEMENTALs 5 DFREENT PARTTAULATE

ANN 4 PERCENT ORGANIC,

FOR TH-SE MATERIALS THE CLFANUP SYSTEM F11.TER FFEICIENGCIFS ARE

«30% .99y AND ,70 RESPECTIVELY,
THEQLFARE EACH RELEASF IS REDUCED By
(901,51 & (,05),99 ¢ (,04),70 = ,8045
RELFASFD FRACTION IS THEREFORF 1035

LaMaua IS THE RAUTOACTIVE PECAY CONSTANT IN UNTTe AF PER HALR

IVFuidX=160

NTQT=1na0

FRInT 210, NEG

IPRTF=nTOT/20

rarwl 250, NTOT

NTOT 18 THE TOTAL NUMAFR OF INTERyVALS

IASI, Identification:

LaRCl
LARC!
LARC]
LARCI
LLARCY
LARC]
LARC])
LARC]
L aRC1
taRrcl
LARC1
LARC]
LLARC]
LARC]
LarCl
LARC)
LaRCl
LaRC1
LARC1
Larel
LLARC1
I.ARCY
LARCY
LARC]
LaRe!
LARC]
LaRcl
LARCY
LaRC1
LARC])
LaRecl
LARC1
LLARC1
LARC]
1.ARCY
LaRCl
LARC]
LaRC1
LARC]
L.aRcl
LARC]
LARC)
LaRCl
LARCL
l.ARC1
LARCY
LARC!
LARC]
LARC]
LARC]
LARCY
LaRC1
LARCI]
L.aRcl
L ARC1
LARC]
LaRrcl
LARC]
LARC]
LaRc1

LP~-0721

O DN W

-



s NeloNeNaNel

OO0O0

20

30
40

50

DT=20, /NTOT

NTOT1=nTOTe)

D0 2V 1=1,NTCT]
T(IYy=(1=1)#0T7

DO 170 NR=149ITEMP

MoprL=nR
PRINT 2560,

TIMeE=T 1)

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

CONTINGE

XLImlyy=T(y)
xppmley =T (NTOTY)
00 =50 1=1,4NTOT

IN1t1)Y=0.0
ZNefl)zouo
IN31yo0,0
INgtIy=nep
221 ¢1)=Na.0
ZR2(Iy20,.0
ZR3¢1)=nap
ZR“(I):0.0
A1 ¢1y=0.0
ZA2(1)=040
4831112040
IAhsclr=0an
IF1(yz040
F2:1y 20,0
IF311)=0.0
ZF4(1)1=040

1 Re¥erS 1o FAILED BISO

2 RFreRS TO FAILED TRISO

3 ReFERS TO INTACT 8180

4 RePERS TO INTACT TR1SO

NPRIME (I} IS THE AMOUNT OF THE ISOTOPE PRESENT YN THE COMTATNMENT
BUILDING AT THE END OF THE ITH TIME INTEeVAL (Tyr. AT TYme T(1))
NPRIME 1) =0,0

HPRYIME ([)=0e0

RSU"‘I)=0.0

L(Iy=entlz24

VII)SVeET

L Is T4E CONTAINMENT SUILDING LEAK RATE_ _aASSUMENn Tn BE ,agi,DAY
For THFr FIRST 24 HOURS AND ,0005/DAY THEREAFtER,

VSET=,a965

VSET ASSUMED TO HE

CONTINUE
PRINT 270

PER=zL, /IVFMAX
DO 120 IVF=1491VFMAX
BIN=FER® (1VF=0,5)

IF (NR_NE.%)

IF (NR,FQ.4)
FRzFRACB(TE)

MODEL s MFUE y NAME
IF (NR_EQ,4)
CALCVIATE SECOND DERIVATIVES FOR SPLINE...e

{xTAXA(0,40)

{=TAVEA (0.0}

Z=Tr™5n(0,0)

T(ly anE THE TIMES OF THE INTERVAL BOUNDARIES (Ta WOURS)
TOE! T=tFMP (040)~117444

D0 30 1=1,NTOT)

«9 AY FOLEY.

TEM=TEMP (] IN)

TEM IS THE INITIAL AVERAGE TEMPERATURE OF ONF PERCENT OF Tur TOTa
CORF TNVENTORY .

IF NR NE,4) TE=FF({1)#(TEMa)174,4)sTAVE(T(1))

TE=SPL(0,+BIN)

LARC]
tLARC]
LARCI
LARC]
LARC1
LARCY
LARC]
LARC]
LaRCl
LaRCl
LLARC]
LAaRC]
LARC]
LARC1
Lakel
LARC]
LARC]
ILARC
1LARC]
LARC]
LARCl
LARC])
LARC]
Lakel
LARC]
Larcl
LaRcl
{.ARC1}
LaRC]
LARCY
LARCY
LARCL
LARCY
LARCL
LARC1
LARC]
LARC1
r.aRc1
LARC)
LaRC]
LARCY
LARC]Y
Lakcl
LARC1
LARC]
I.ARC1
LARCI
LARCY
LaARC)
LARC]
LARC]
LaRC]
LARC]
1.ARC1
LARC]
LARC1
LARC]
LARCI
LLARC]1
LARC1
LARC]
LARC]
| ARCI

111
112
113
114
115
116
117
118
119
120
121
122
123
124

93
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s XN eXel

94

60

FT=FRAFTI(TE)

FRACH = FRACTION OF R1SO PARTICLES WITH rFAlILFD ¢cAATINGS
FRAeT . FRACTION OF TR1SO PARTICLES wITH FAILEn ~naTINGS
FRAC = 006 = FRACTION OF RTSO FUEL IN THf LOADINA
Brsn=ni.

Rlznt (TE)

R3=nl(1E)

BISn=,rFALSE,

R2=nF (vE)

Rézpl (7€)

N1=NZEPO#PERSFRACHFR

N2=NLFOORPER® (] ,0=FRAC)®FT

N3I=NLFDO*PERMFRACH (1 ,0=FB)
N4=NLEPOHPER® (] ,0=FRACI®#(1,0=FT)

Alz=n+g

ﬁ?:n-o

A3=ne

Ab=ne0

NI 1> tTHE AMOUNT OF THE ITH COMPONENT RgMaINING IN THE ¢rRe
KRI 1s THE AMQUNT oF THE ITH COMPONENT RF| EAGED ¥ THE Cani ant
AT 1S THE AMOUNT OF THE ITH COMPONENT IN THE Cnai anT N
ALL SHESE REFER TO THE GIVEN TIMg STEP ann CoRF FRACTION.
SUMS :0

lezo.a

PN2:Y N

PN3=0,4

PN&4=Uan

00 110 1=1,4NTOT

DT=7{1+1)=T(])

FBOIL U=FB

FTO1 U=zeT

TIME=T (I+1)

TEMPS=TEMPERATURE AT BOUNDARY TIMES

IF (NR_NE,4) TEMPBaFF (141)8(TEM=117444) +TAVE (TTME)
IF (NR _EG.4) TEMPB=SP_(TIMEBIN)

FR=FNArB {TEMPB)

FT=rFRA~T(TEMPB)

R10; U=0}

R201 V=2

R30| VU=p3

R4 01 U=r4¢

BISNn=,TRUE,

Rl=oF (TEMPB)

R3zpl (TEMPR)

BISn=,rFALSE,

R2=uF (TEMPB)

Ré=nl (TEMPR)

R{Iy 1§ THE AVERAGE RELEASF CONSTANT OF THE I1SOTNPE DURTIMNA TWE T

INTFRVAL

N10| U=nl

N20j D=v2

N3O Uan3

N&4Oy U=né

DECAY=) AMBDAV (1)L (1)

GO TU (60570+80490)s NEQ

CONTINNE

CaLL CaLCl (N1,N3,R1,R3,LAMBDA,DT,FB,N]1,N3sRR]1,RRI,R10LN,230LD)
CALL. CALCY (N2eNasR29R4+LAMBDAIDTIFTINZM4IRR24RO44R20LN.Q4NID)
CAL). FIN (PN1sRPI4RR1,|_AMBDAGPECAY DT (1))

CALl, FIN (PN2,RPZ2,RR2,LAMANDA,DECAY DT 4L (1))

CALL FIN (PN2+RP3+RR3.LAMBNA,DECAYIDTsL(T))

CALL FIN (PN4sRP4yRR4,|_AMBDANECAY DTl (1))

Go *0 joo

LARC]
LARC]
LaRCl
LARC]
Larcl
LaRel
Larcl
LARC]
LLARCI
LARCL
LaRCl
LARC1
1.ARC]
LARC]
LARC]
LARC)
Larcl
Larc!
LaRCl
LARC]
LaRCl
LARC)
LaRCl
LARC]
LaRel
LARC]
1.ARC]
LaRcl
LaRCl
LARC]
LaRC]
LARC1
LLARC]
LARC]
1LARC]
LARC1
LaARC]
LARC1
LARC]
LARC]
LLARC1
Larel
Larcl
LARCY
1LARC1
LARC]
LARC]
LaRCl
LARC]
LLARC]
Larcl
L arcl
tarcl
LaRrc!l
L.ARC]
LarRCl
LARC]
LARC1
LARCL
LARC]
LARC1
LARC]
LARC]

125
126
127
128
124
130
13y
132
133
134
135
13s
137
138
139
140
141
142
143
144
145
144
147

l4g
150
151
152
153
154
15
154
157
158
159
160
161
162
163
164
1658
166
167
168
169
170
171
172
173
174
175
17¢
177
l7g
179
180
18y
182
183
184
185
184
187
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70 CONTINYE
CALL CalCl (N14N39R19RI‘LAMBDAIDTsFReNL,N2IRR]L4ROILRIOLN, D30 D)
CALL CALCY (N29yN4yR24R41LAMBDAIDTsFTeN2,NGIRR24RO4R20OLN 04N N)
CALL FIN1 (PN1yRP1,LAMRDADECAY DTy (1} ,n10LneIRY, 210LN)
CALI. FIN1 (PN2+RP24yL AMBDASDECAY DT (1) 4N20LNIR2,R20LN}
CapLr. FyNI (PN39RP34| AMRDAGNECAY DTS (1) 4n30LNIRI,RIOLD)
CALL. F1IN] (FN4QRPQOLANQDAcDECAY'DT!L(I)oNAOLn,pa.QAOLD)
60 70 700
80 CONTINNE
CaLL CalC2 (N1sN3sR1+R3IsLAMBDAIDT+FRIN] (N3IIRR14RRIIRIOLND,RAND)
CALL CaLCZ2 (NZyN4sR24¢24,LAMBDASDT4F TeN24N4IRR24RN44R20OLN,B40N)
CALI FINZ (PN1,RPY,LAMADAJNECAY,DT4L (1) ,r10Ln,yRY,By0LN)
CALL FINZ2 (PN2sRP2¢ . AMRDASDECAY DT L (1) sM20LNeR2,R20LD)
CALIL FIN2 (PN3yRP3,LAMBDANECAYOTsL (1) ¢n3I0LNIRT, RIOLD)
CALI. FIN2 (PN4yRP4o{ AMBDAJDECAY (DT (1) ,M40OLN P4, RGOLD)
Go v0 jo00
90 CONTINYE
1CALL CalC3 (N1sN3sR1 P39 LAMBDAYDTFBIFBOI NINYINIRR) *RR3,RTAINIRAA
LDy
1CALL CalLC3 (N2,N4,R2,R4,LAMBDA,DT FT,FTO nyN>,Na RR2,RR4 ,R20| NyRAA
LD)
CaLL FIN3 (PN14PN3sRP14RPIVLAMBNAJDECAY (DTL (1) eN1ALDINIMI N, 21 sRT A
ILD PR3 '°3OLD’FB'FBOLD)
CALIL FIN3 (PN24sPNGyRP2yRP4LAMBDADECAY yNTL (1) 4nuPNILDsNGAI N 02 1R2A
lLDop“onéoLouFT’FTOLD)
100 CONTINULE
ELD=tXp (=LAMBDA®DT)
Aj=AlecLD+RR]
A2za2ap| DsRR2
A3=ndarl.DJRR3
A4zpssprLDeRRG
INTtJ) IS THE TOTAL AMOUNT OfF THE ITH COMPONENT REMAININA TN THE
CORr AT THE END OF THE JTH INTERVAL )
ZR7tJy IS THE TOTAL AMOUNT OF THE ITH COMPONENT og| FASER TA THE
COOI ANT DURING THE JUTH INTERVAL
Zal(Jy IS THE AMOUNT OF THF ITH COMPONENT IN THE GOOLANT AT TWE
END UF THE JTH INTERVAL
ZF1(¢J) IS THE FRACTION OF THE ITH COMPONENT IN Tur COOLANT AT THe
END OF THE JTH INTERVaAL
PN=pWN] +PN2+PN3+PNG
RP=aP1 ,RP2+RPIeRPG
NPRIMF (1) =NPRIME (1) +PN
RPRYME (1) =PPRIME (1) +Rp
SUM=SUMSRP |
RSUM{Ty=RSUM(]) +SUM
INL (1) =2N1 (1) oN]
IN2 (1) z7N2 (1) eN2
INZ 1) =ZN3(]) eN3
ING 1) =ZN4 (1) *N&
ZR1 (1) =2/R1 (1) eRR]
LR2t1)Y=ZR2(1) +RR2
IR3 (1) zZR3 (1) *RRI
ZR4 (1)y=72R& (1) +RR4
Zay(ly=7A1(1)+a1
282 (1) =202(1) +pA2
283¢1)2283(1)+p3
ZAq ) =7841(1) 04
ZF1tIV=ZF1(1)+A1/NZERD
ZF2(1y=/F2(1)+A2/NZERA
ZF3t1)Y=2ZF3(1) ¢A3/NZERD
ZF4 (1) 2 ZF4 (1) eA4/NZERD
110 COMTINIE
120 CONTINGE

LARC1
LARC]
LARC]
LARC1
LARC1
LARC]
LARCZY
LARC]Y
LARC1
LARC]
LARC]
LARC1
LARCI
LARC1
LARC
LARC1
LARCI
LARC)
LARC]
LARC]
LARC1
LaRCl
LARCL
LARC]
LARC]
LARC]
LARC]
LARC1
LARCI
LaRcl
LARC]
LaRcl
LaRcl
LaRCl
LARCI
LaRCY
LARCI
LARC]
1.LARCY
LARC]
Larcl
LaRC]
LaRcl
LARC1
Larcl
LARC1
LARC1
LARC]
LAaRC]
LaRC]
LARC]
LARC]
LLARC]
LARC]
1LARC1
LaRcl
LaRCI
LARC]
LARC1
LARC]
LARC]
LaRCl
LLARC]

18A
149
1990
191
192
193
194
185
194
197
198
199
20n
201
202
203
204
208
206
207
208
209
210
21
212
211
214
218
216
217

218
219

220
221
222
223
224
225
226
227
220
229
230
23
232
233
234
235
234
237
238
239
240
241
24?2
241
244
245
246
247
248
249
250

95
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130

140

150

160

170

D0 130 I=1,NTOT
IN(T)=oNI(I)+ZN2(1) «2ZN3(I)+2ZN& (D)
ZR{T)=7R1 (1) ¢ZR2(1)+ZRI (1) +ZRALT)
ZACY)37A (1) *ZA2(T)eZA3(T)e2p4(T)
LRt =R LT +ZF2 (1) +2ZF3 (1)« 2ZF4 (1)
TABLE(TeNK)=ZF (1)

TaB) X (1 9sNRYy=RSUM(])

CONTINIE

PRINT =10

PRINMT 3209 (IsT(I1+))97ZRIIVZNI(I)9ZAII)92F (1) o IntPRTFINTOT, TPRTF)
IF (NR_NELITEMP) GO Tn 160

I10F=1

LINFAR_LINEAR PLOT x,Y AXES
NCHAR=57

CHARACTER WILL BE

ICoNM=1

POIMNTS WILL BE CONNECTED

YL14(1)y=100,

YLIn(2y=0,

DO 140 TI=1sNTOT

DO 140 JJ=lyNR

YLIMO} 3 =AMINL(YLIM(1) g TABLE(IT9JUY)
YLIMI2y=AMAXL(YLIM(2) o TABLE(ITsJJ))

CONTINUE

CALL SelLOT (IOP+2¢XLIMyYLIMe4A0)

ENCOUE (6742804 TITLEL)NAME 4 1SO9MFUEL s AGE 4L AGF sFRAC,YIELD
ENCOUE (604290, TITLE2)NTOT,IVFMAX 4 JOBNAMF ,DATE
ENCNHUE (354240 TITLE3)

DO 120 IR=1,NR

CALI PIOT (NTOT T (2)41,TABLE (19IR) +14NCHARICON)
ENCAUE (593509 TSAVE) IR

CALi WL CH (IXSAVE=15+1YSAVEsS,TSAVE,1)

CONTINUE

CALL W CV (509800+20920HFRACTION IN COOLANT ,1)
CAL! Wy CH (30049404364 36HTIME AFTER ONSEY OF ACCINENT (HA1IDS) 4 1)
Cali Wi CH (1009965467, TITLEL,Y)

CALL W CH (1004990460, TITLF2,))

IF (MENJEQeY) CALL WLCH (100,5+64,64HNEN=Y CONSTANT RELFASE RATe,

1 CONSTANT FAILURE, AVERAGED RELEASE,]).

IF tNENEQ.2) CALL WiLeW (1n0e5946146HNEQ=2" CONSTANT RELFASF RATe,

1 COMSTANT FATILLURES])

IF (NEN,EQ,3) CALL WLEH (100,5+44444HNED=3 | INFAR RELEASF PATE, ¢

1ONSTANT FAILURF 1)

IF (NENWEG4) CALL WLEH (100,5944,44HNEQ=4  CONSTANT RELFASE RATE.

1 LINtAR FAILYRE,))
CALL. ARV (1)
CONTYINNE
PRINT 140

PRINT 3309 (I9T(I41)oNPRIME(T) sRPRIME (1) 4PSUM(IT) «T=IPRTF MNTAT,IPAYT

1Fy

IF (NR_NELJITEMP) GO Ton 190
Yiimtly=100,

YLIM{2y=0s

00 170 I1=1sNTOT

DO 170 JJ=1+ITEMP
YLIMIT1y=AMINL(YLIM (1) ,TABLX(1T9JJ))
YLIMU2)=AMAXT(YLIM(2) 4 TABLX(TIT s Jd))
CONYINNE .

CALL SPLOT (I10P+24XLIMoYLIMI4BO)

DO 180 IS=1,1TEMP .

CALL PLOT (NTOT,T(2)41,TABLX(1915)91eNCHARYICON)
ENCNAUE (543509 TSAVE) TS

CALL W.CH (TXSAVE=15,1YSAVE+54TSAVE,1)

LARC]
LARC!
LARC]
LARC]
LARC1
LARCI
LARC]
LARC1
LARC)
1.ARC]
LARCI
LARC1
LARC]
LARC1
Larcl
LARC]
Larcl
LARC)
LARC1
LARCI
LARCL
LARCL
LARCL
LARC1
LLARCI
LARCL
LARC]
LLARC1
LARCI
LARC]
LARC1
1LARC1
LARCI
ILARC1
LARCI
L ARC]
LARCY
LARC1
LLARC1
LARC]
LARC]
LaRcl
LARC1
LARC]
LARC]
1LARC1
t.ARCt
LARCI
LARCY
| ARC]
LARC]
Larcl
LARC]
LARC]
LARC]
1.ARCY
L.ARC]
LARC]
LARC1
LARC]
LARC1
LARCI
LARCI

251
252
2513
254
255
254
257
258
259
260
261
262
2h1
264
265
2586
267
268
249
270
2M
272
273
274
275
276
277
278
27q
2R0
281
28?2
2813
284
28%
286
2R7
288
289
29n
2%y
292
293
294
295
294
297
29A

299 -

300
30
302
303
304
305
304
307
308
3naQ
31n
3N
312
3113



180 CONTINYE

CALL WLCV (504800,26¢25HCUMULATED RELEASE (CUR?TES)y,1)

IF (NEnsEQel) CALL WLCH (1004985964 966HNEN=)

‘1 CONSTANT FAILURE, AVFRAGEN RELEASE,])

IF (NFAEQ,2) CALL WLEH (100,5946,46HNEQ=2

1 COMSTANT FAILURE )

IF INFAWFQI) CALL WLEH (1n0,5044,44HNEQ=]

1ONSTANT FATLUREWD)

IF (NEFn.EQes) CALL WLCH (10048944964 HNEN=4

1 LInvEAR FATLURESL)

CONSTANT RELEASF RATE,
COMSTAMT RELFASF RATE,
| INFAR KELFAGE oATE, ¢

CONSTANT RElLEASGFE RATFE,

CALY WwiCH (300,940,3%,36HTIME AFTER ONSET OF ACCTINENT (HADS) 4 1)
CAL; Wi CH (1009965967, TITLF1,)1)
CAL). Wi.CH (1004990460, TITLF2,1)
IF (NDnGAS) CALL WLCH (100,1023,35,TITLE3. L)

CaLy Anv (1)
190 CONTINIE

GO 10 yo
200 CALI ExIT

210 FORMAT (& NEQ =#,11)

220 FORMAT (1XsAl0¢SX9s16HNECAY CONSTANT =9E10.398X7HBROUP =, 12 ,85X s 701y

1IE. 0 =,E10,3+95XsTHNZERD =,F10,3)

230 FORMAT (6H AGE =eFg.2.5X26HLAG
240 FORMAT (% NOHLE GAS.e¢,.CLEANUP RATE ZERnD L3

250 FORNMAT (a NTQOT ze,18)

=9l vSXegHFRAC =2.Fg,2)

260 FORMAT (& TEMPERATURE MODEL USED =%4I1215X¢*MFUF =0,11e5v,2TS0TNDE

1 =% A1)
270 FORMAT (& TVFMAX =#418)

280 FORMAT (A10e2]SO=#e¢1242X0oMFUFL=®s 112X 080E=PeF4,142X08) ARF=®ol 1,

12X nFRACE®9F4 102Xy 0YTELD=04F5,2)
290 FORUAT (aNTO! =814 42X a0 IVFMAX=9913,10Xs0 10B209A1042Xs8DATEn5,A8)
300 FORMAT (A10¢E10e391104E10430FB428I19L10F1090349%41 1))

310 FORWAT (# INTERVAL NO,

TIME

TEMAINING AMOUNT IN COO{aNT
320 FORMAT (I104,0PF12,24104F21,2)
330 FORMAT (110+F12.211PE25.5+50P2F25.5) )
360 FORMAT (/13H INTERVAL NOesGX9aHTIMEsS5X9234AMT TN CANTAINvEMT RLDA,

113x,124AMT RELFEASED+BYs1THAUMILATED RELEASE /)

350 FORMAT 111,4X)
END
FUNATIAN RI (T
LOGTCA LAGEBISO

AMOUNT PEIFASED
FRACTIAN IN Cnnji aNTa/ /)

COMMUN /LA/ LAGEsAGEIMFUEL»ISOIBISO

IF (MFLEL.EQ.1) GO TO 160

GO 7O (10930940960180+509100911091309150) IS0

10 IF t81g0) 6O TO 20
RI:Q¢46686¢EXP (-25798'/T)
RETUKXN

20 RI=1Y,a%EXP(=12000./T)

RE TN

30 RI=GYT7,69#EXP (=23157./T)
RETIIRN

40 IF (815%0) 60 To so
K1z, 0)2282%EXP («14834,/T)
RETHKN

50 RI=y71 ,914EXP(~17858,,/7T)
RE TUIHN

60 IF (BIgO) 60 TO 70
R1=5:446860EXP (=25798,/T)
RETIIMN

70 RI=)e8a225E58EXP(=28652,5/T)

RE T1IRN
80 KRi=, U1n7428EXP(~10313 /T)

AMOUNT p

LARC]
LARC]
LAaRC]
LARC]
LARC]
LLARC1
LARCY
LARC]
LARC)
LARC]
LARC]
LARCY
LARC]
LARC]
LARC]
LARC]
LaRC)
LARC1
LARCY
LARC]
LARC]
LARC]
ILARC1
Lakcl
LaRCl
LARC]
LARC]
LARC]
LARC)
LARC]
LARCL
LARCI
1.ARC1
LARCY
LARC1
LARC]
LARC]
LARC]
LARCY
LARC]
LARC]
LAaRC]
LARC]
Larclt
LARC1
LaRCl
LARC]
LARC]
LARC1
LARC]
LLARC]
LARCI
LLARC1
LARC]Y
LARC]
LARC]
LARC!
LARC!I
LARC]
LARCY
LARC]
LARCL
LARC!

314
318
31s
37
31R
319
32n
321
322
323
324
325
326
327
328
32a
33p
I

332
333
334
335
334
33>
33R
33¢a
340
341

34p
347
344
345
346
347
34A
349
35n
35

35p
351
%4
395
354
357
358
359
369
36
362
363
364
365
366
367
368
369
370
371

372
373
374
378
374

97



120

130

140

160
170

180

190

200
210
220
230
240

250

260
270

280

290

300

10

30

40

98

RETHRN

RI=,0642T#EXP («104824/T)
RETHKN

R1z=6+4n6B6#EXP («2579A8 /T)
RETiIRN

IF (B1s0) GO TO 120
RI=5e4n6B6EXP (=25798,/T)
ReTyMN

R1z,0442T79EXP (=10482,/7)
RETHRN

IF (8120) 60 To 140
RI=5s4A686%EXP (~2579A, /T)
RETIIRN

RI=,044274EXP (=10482,/7T)
RETURN
R1=,10280PEXP(=103144./7)
RE THRN

GO TU (1704180+2109220+230+2409250927092205300y, 150

RIz0e7733E=4%EXP («8262,1/T)
RETUHRN

IF t1,/TeGTe5e64E=4) 50 TO 19p
RI=5e¢3231E94EXP (=5836n,/T)

RE THRN

IF t1,/T.GTe7.59E=4) a0 TO 200
R[:,Ua5144°EXP(u13198./T)
RETHRN

RI=3e7733E=4REXP (=8262,1/T)
RETHRN

RIz0e7733E=4%EXP (=8262,1/T)

RE THRN
R129,7733E=4%EXP (<8262 ,1/T)
RETHRN

R1=ne7733E=4%EXP (=8267,1/T)
RETURN

R1=27+2751E«3%EXP («-8694,3/T)

RE T1IRN

1IF (l./T-GT.S.JaE*“) GO T0 269
RI=) (3,54 XP (=35259,/7)
RETHHN
R1z20¢7733E=4%EXP=8062,1/T)
RETURN
R1=Qe7733E=4*EXP(=8262,1/T)
RETIKN

1F (l‘/T.GT'ﬁ.Zhﬁ-Q) a0 To 299
R1=1 e 1nS4BE4REXP(=364207,/T)
RETUHRN

R129.7733E=4%ExP (=8262,1/T)

RE T1HN

RI=9+7733E=4%EXP (=8262,1/T)
RETHRN

END

FUNATTAN RF (T)

LOGTCA; LAGESRISO

ComMHON /LA/ LAGEsAGF+MFUEL2IS09KIS0

IF (MFLEL.EQ.1) 6O TO 120

GO TO ()10420936,40,50,A0570:80390,100)

RF2150 374FXP(=118614/7)
RETINN

RF =) a6 154E64EXP («26374,/T)
RETHRN
RF=131Qe2%EXP(=177824/7T)
RETURN

RF=122316E68EXP (=2d310,/T)

ILARC1
LARC]
LLARC1
LARC]
LARC1
LLARC1
LARCL
LARC1
LARC]
LARC!
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC1
{.LARC1
LARC)
LARC]
LLARC]
LLARCI
LARC]
LARC]
LARC1
Lancl
LARC1
LARC1
LARCY
LARC]
LARC}
LARC1
LARC]
LARC]
I_LARC]
LARC]
LARC]
LARCI
I.ARC1
LARC]
LARCY
LARC]1
LARC1
l.ARC1
LARC!
LLARC]
lLARC1
LLARC1
LARC]
LARC]
LaRcl
ILARC1Y
t.ARC]
ILARC1
1LARCI
LARC]
LARC)
LARC]
LLARCY
LARC]
LARCY
LARC]
LARC1

377
378
379
380
am
382
383
3834
385
384&
387
3818
389
3%
391%
392
393
39
395
394
397
39R
399
400
40
402
403
504
408
406
407
408
409
41p
411
412
413
414
415
414
417
418
419
420
421
422
423
424
429
426
427
428
429
430
431
4137
433
434
435
434
437
43R
439



Y

50
60
70
a0

90

160
170
180
190
200
210

220
230

240

RETHRN

KFz1740,258EXP («19545,1/T)

RET1RN
RF=19004%EXP («17662,/T)
HE THIRN

RF=1e23]16E69EXP(=283109,/T)

RETURN

RF=142316E6#EXF (~28310,/T)

KE TRy

RF=1¢2216E6%EXP (~28310,./T)

RE T1)XN

IF (871<0) 60 TO 110
RF=7436405%EXP (=13777./7)
RE TN

RF=2140,4%EXP (=~18]175,/1)
RETIIRN

GO YO (1309140917001809190+200°21092209230°240)+
RF=1+8289E4®EXP (=2285K) ,/T)

RETHIRN

IF (1./TeGY,5.64E~4) 60 TO 150
RF=5+3231E9%EXP (=58360,/T)

Re TNy

IF (1./TeGT47%9E=4) an TO 160

RFa,0441448EXP (=13198, /1)
ReTiRy

RF=Qs7733E=42EXP (=8262,1/T)

RE TUIRN
RF2RY52 ,48EXP (=22657,/T)
RETHRN
RF=22374 T*EXP (=212294/T)
RETIIXN
RF=n985 ,42ExP (=22657,/T)
RE TURN

RF219403eEXP (=224354/T)
RE TN

RF=223772EXP (=21229,/T)
RETURN
RF=023)« THEXP (=212294/T)
RETURN

RF 22237, T#EXP (=21229./T}
RETUKRN

RF =096 54 ¥EXP (=22657,/T)
KE TUIRN

END

FUNeTIAN FRACBO (T)
DIMENSYON 10P(2)s TAB(3)
LOGTCA) LAGEsBISO

COMMUN /LA/ LAGE2AGE«MFUEL +1S09BISO

CoMuON /F/ Flef29F3,4Fu

DIMENSTON W3(B)s A(R)s B{B)
1)y T4 (0)
DATA FoAC3/.0052bv.ooqoo.on71o.ollés.oles.-056..n57..081=/_ .
DATA T2/169041541743,15,1793,1551873.15,41917,18,75973,15,2000,092A7
13.1=/
DATA FRAC4/,00718,,0079+,019,0214,0557y,109,222,,6039/

DATA T4/16T7341591697+15¢1733015917936¢1541R53,1547803415+712973,.15+2p
173,19,
SPLTNE HOUNDARY CONDITYIONS ETC,

1J=1
1op (1) =5
1ap(2) =5
N3zA
N4 z=n

T3(R)ys FRACA A

LARC]
LARC!
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LARC]
LaRCl
LARC]
LARC)
LARC]
LARC!
LARC1
LARC]
LARCI
L.ARC]
Larcl
LaRC1
L.ARCIY
LARC1Y
LARC]
LARC1
LARC]
ILARCY
LLARCY
LARC1
LARC]
LARC]
LARC1
LARC]
LARC]
LARC]
LARC]
LARC]
LARCI
LARC1
LARC]
LARC]
LARC]
LARC1
LARCY
LARC]
L ARC1
LARC1
LLARC1

LaRcl

LARC1
LARC]
LARCL
LARC]
L ARC1
LLARCY
LARC1
LARC]
LARC]
LARC]
ILARC]
LARC]
LARC]

440
44

442
4493
444
445
bbe
447
448
440
4Sq
491

45?2
4513
454
45%
456
457
458
459
460
461

46?2
463
464
465
466
467
468
460
470
47Ty
472
471
474
475
476
477
47q
479
48n
481
482
483
484
485
486
487
48R
48¢q
490
49

492
4931
494
49
496k
427
498
439
500
501

502

99




CALL SoL1D1 (N3,T3,FRACIWWIIINPIJsA4BC)
CaLr, SoL1D1 (NGsTasFRACLIW4LIIOPsI JrABeC)
RET1HN
ENTRY gRACB
IAGF=AGE
I1aAGEl=1AGE!
Flz=n.0
F2=ne
Fl=nen
Fa=naD
F23zY,n
X=Ant-1AGE
IF (A.nEWY,0) GO TO 10
IF (AGF.EQ,0,0) GO TO 10
X=1,V
IAGFl=1AGE
IAGF=TaGE=1

10 ContINngE
IF (MFIIEL.EQel) GO TO 160
Fl=1'0
F2a1e0
F3z1.0
Fazte0
IF (1,a£.2273.15) GO TO S50
IF (T,aE«2073.15) GO YO 40
Fl1=,00179
F2=,00277
IF (T.1.T«1673.+15) GO 10 20
CaLL SpL1D2 (N4 yTA4FRACGIWAITIJrTsTAB)
FazTA3,1) ;
IF (T, T+1690415) GO TO 30
CALL SoLlDp2 (N3I+T3,FRAC3sWIsTJsTeTAB)
F3=7AR (1)
G0 t0 50

20 Fé4=,00718

30 F3= Y0576
GO 10 go

40 CONTINE
F12-10,345444,99105E=34T
F2z=10,3229+44,98115€~34T
F32.9,43944144 ,592500F 34T
Fazab,77512442,96050E=34T

50 ConTINnE
F23=20,5¢(F2+F3)
IF (eNNnT.LAGE) GO T0 100
IF (lapF+UTe3) GO TO o
GO 1O (60470980490), TAGE]

60 FRACH=AGE®F]
GO TU 150

70 FRACHZA2S52(34%F 1 =2, ,8xX%F1+3,8X%F2)
60 TO 750

B0 FRACH=ZA,256(Fle(2,aX)usF2+2 #X8F3)
Go U 150

00 FRAMB=2A 254 (F1eF24F3exaF4)
Gn TV j80

100 IF t1ARE«GT43) GO TO 140
GO 1O 71110412042304140), TAGE]

110 FRACB=zAGERF]
G0 v0 180

120 FRACBzF 1 +X#8(F2=F1)

100

GO 10 150
13) FRACB=F2eXu# (F3=F2)
GO 10 15)

LARCH
LARC1
LLARC]
LARC)Y
LARC1
LaRcl
Larcl
LARC1
LARC]
Larcl
LARCL
Larcl
LaRrcl
LaRcl
1.aRC1
LARC]
LaRC]
Larcl
ILARC]
LARC]
LaRC1
{LARC1
LARC]
LARC]
LARC]
LARCI
LARC1
LARC]1
LARC1
LARC]
LARC1
LaRrRcl
LaRC]
LARC1
LARC1
LARC]
LARC1
LARCI
LLARC1
LARC1
LARC]
LARC])
LARCY
LARC]
LaRCl
LLARC]
LARCY
|LARC]
LARC]
LARC]
LARC]
LLARCY
l.ARC]
lLARC]
LARC]Y
LARC1
LaRCl
LARC]
LARC]
LARC]
LARC1
LARC1
LARCL

503
504
509
506
507
504
509
510
S
512
513
Sle
5lg
S51s
517
S1R
Slg
520
521
522
521
524
524
526
527
52g
529
5130
531
532
533
53a
S3s
534
5137
5138
539
S4n
541
845
S417
S44
545
546
547
S4n
549
55n
551
552
551
554
558
556
587
558
559
560
561
S62
5613
564
568



v

149
150

160

170

180

160

200

210

220

230

260
270

280
290

FHACB=F 3+ (AGE=3,) #(F4=F3)

RETUMRN

SORS FIIEL AGE MODEL-=RTSO

IF ¢(LARE) GO TO 200

FRACB={00

IF (AGrnGTo°012) GO ToO 180

IF (T,rT.1998,15) GO 70 190

IF (T, T.1858.15) GO ™0 17n
FRACE=.13,2725+7,14284F =307

GO TO 190

FRACU=6‘O

GO r0. 199

BISA CANSTANTS
TONFZ2A1)097%EXP (=, 05740984AGE)
IF (T,aF.TONE) GO TO 100
T760027876,17%EXP (= ,08040980AGE)
1IF (T, EWTZERO) GO TO 170
FRAABS(T=TZERQ) Z(TONE=TZERDN)
FRACH=ERACR+ 4 025%AGF
FRACEHB=AMIN]L (FRACH 1,0

Re TRy

Fi=syen

Fez1,.0

F3z1.0

FQ:].O

AGEY =X

AGE?=1 X

AGE3I=2, e X

AGEA=3, +X

IF (A,4T.0,12) 60 TO 220

IF (1,AT.1998,15) GO T0 23n

IF (7, T.1858,15) G0 Tn 210
Flzel3 272547,14286F=34T

GO TU »30

Fl=nen

G0.v0 »30
TONFLIz2011¢97#FXP (e 057609R%AGE] )
IF 1T.AT.TONEY) GO TO 2960

TZERO1 2187641 7T#EAP (~,00040Q84AGEL)
IF (T E.TZERUL)Y GO To 210
Fl=¢T=7ZEROL1)/(TONE1=Y?FRO1)
TONFZ=50119T#EXP (=, 057409A%AGE2)
IF (T.aT.TONE2)Y GU 7O 290

T7ERUD 1876, 1T¢EXP (-, 0804 0980AGER)
IF (T ETZERO2) GO Tn 240
F2=z(Tat1/EROZ) / ({TONER=T2ERO?)

GO TU %0

F2=nen

TONF3=20)11,97"EXP («,05740GR2AGE3)
IF tT.AaY«TONE3) GO TO 290

TZzERUI 1876 ,1T#EXP («,0RN409BaAGE3)
IF 1T, E«TZERO3) GO Yo 260
F3z(T=«7/ERO3)/(TUNE3=TZERO3)

G0 U >70

F3=ﬂoﬂ
TONE4=5011,97REXP =, 067409R%AGES)
IF (T,AT.TONE4) GO TO 290
TZERU4=1876,178EXP (=,0R040084AGES)
IF (T4 FeTZEROU4) GO Tn 280-
Faz(T«T/ERO4)/({TONES=T7EROS)

GO 0 290

Faznep

IF (lasE.GT.3) GO TO 13130

LARC1Y
LARCY
LARC)
LARC1
LARCY
LaRC]
LARC1
LARC]
LARC]
LaRcl)
LARC]
LLARC]
LARCY
LLARC]
LARC!
LARC]
LARC1
LaRcl
1LARC]
LARC]
1.ARC]
l.ARC]
LaRrcl
LARCY
LARC]
LARCL
LARC!
LARC]
LARC]
Larcl
LARC1
LARCY
LARC]
.ARC1
LARCY
LaRcl
LARCY
LARCL
LarRcCl
LaRCY
LARC1
LARCY
Lakel
LaRc1
LARC1
LARC]
LaRel
LLARC]
LARCE
LARCL
1.aARC1
LARC1
LARC]
LARC1
LARCI
LARC)
LARCE
LARC1
LARCY
LARC]
LARC1
ILARC]
Larcl

566
567
568
869
570
571
572
5713
574
5§75
S76
S77
578
s79
580
581
582
583
584
s5AaR
584
5R7
588
589
560
591
592
5913
594
595
596
597
593
599
600
601
602
6013
604
605
604
607
60n
609
61n
611
612
613
6la
61%
616
617
6148
619
620
62)
622
6213
624
625
626
627
62a

101




140
300

310

320

330

340

10

20
30
40
50
60

102

Go TU'(300631043203330)v 1AGE1
FleFls, 0259AGE)

FRACB=f1

GO 70 40

Flsrle 025#AGE}

F2=r2s 025%AGE2
FRACB=A.254 (Fle3,aF2)

GO TV 240

Fl=rle 0n25%#AGE}L

F2=r2s 025%AGE2

F3zr3s 0258AGE3
FRACH=h.25% (F1eF242,9F3)
GO tU 140

Fl:rlo.OZSOAGE[

F2=Fc+ 025%AGE2
F3=F3s_025#AGE3
F4=r4..n25uA654
FRACB=zA 254 (F1+4F2eF3+F4)
FRArB=AMINL (FRACB,1,0)
KETHRYN

END

FUNCTIAN FRACT (T)

LoG1CA; LAGE3ISO

COM4YON /LAy LAGE,AGE MFUEL,150,81S0
COMMUN /F/ FlaF29F34F4
1AGE =ARE

IAGF Ll=1AGE )

Flz0,90

F2=1,0

F3=0,0

F4a=peo

F23=0,a

K=Art=71AGE

IF (A ,nE,0,0) 6O TO 10

IF (AGr.EQ.040) GO TO 10
x=],0.

IAGrl=z1AGE

IAGF=]1AGE=]

CONTINIIE

IF (MFHELLEQ.1) GO TO 170
Fl=1e0

F2=1e0

Fl=yen

Fazlel

IF (T.5E.1941,1%) @go 10 20
F1=,00157

IF (T,aFe1902415) GO TO 30

THIS 18 A CHANGE IN CALLCULATION OF F2 IN FRACT

F2z0:90665E~44EXP (9,15323F~44T)
IF (T,nE.1888.85) GO TO 40
F321e27240E=-3%EXP (1,0R109FE=34T)
1IF (T,/E.1873,15) GO T0 So
Fas1e171T76E=-3%EXP (1,10064F=30T)
GO T0 40
F12=95,a3614,2300732FE=26T
F2z.0,/A9224+,258005F 20T
FR2.4,05934,257762E=24T

Fazab ,62094426T728F«207
CONTINIE

F23=0,a®(F2+F3)

IF (eNAT.LAGE) GO TO 110

IF t1agEeGT.3) GO TO 100

LARC1
LARC)
LARC]
LARC]
LARC)
LARC]
LARC]
LARC}
LARC)
LARC]
LARC]
LARCY
LARCL
LARCY
LARC)
LARC]
LARC1
LARCY
LARC1
LARC]
LARC]
I.LARC1
LARCI
LARCL
LARC]
LARC]
LARC]
LARC!
Larcl
Larcl
LARCI
LLARC]
LARC]
t.arcl
LARC1
LLARC]
L.aARC]
LARC]
LARC]
1. ARC]
LARCY
LaRCl
LARC]
LARC]
LaRcl
LaRC1
1.ARC1
LARC]
LaReY
LARC1
LARCI
LAaRC!
LARCY
LARC]
LARCI]
LARCY
LARC1
LARCL
LARC]
LARC1
1.ARC]
LARCI1
1LARC]

629
639
63
632
6313
634
635
63k
637
63n
635
&40
641

642
6413
644
645
646K
647
648
649
650

651

652
6513
654
659
6556
657
65
659
660
661
662
667
664
665
6664
667
668
669
670
671
672
677
674
675
674
677
678
679
6830
681
682
681
684
68y
686
6R7
68n
689
690
691



]

70

80

180

190,

200

210

220

230

240

GO tU (70+804904+100)y TAGE}
FRAAT=24GESF]

GO TV 160

FRACTaA 250 (3 e¥F1w2,8y8F1e3,8X0F2)
Go t0 160
FRAPT=R.25¢(F10(2.-X)0F2¢2.“X¢F3)
G0 t0 j60
FRACT=n 250 (FlaF2+F3exaF4)

Gn TV 160

IF (lARF.GT,.3) GO TO 150

GO O (12Ys13091404150)s TAGE)
FRACT=AGE®F]

Go 10 760

FRACT=F1eX8 (F2=F1)

GO 70 169

FRACT=F24x® (F3-F2)

GO TO y60
FRACT=F 3¢ (AGE=3,) #(F4=F3)

RE TIIRN

SORS FIIEL AGE MODEL==TRISO

IF (LagE) 60 TO 210

IF (4GF,6T7,0,12) GO Tn 190

IF (T.AT41998,.,18) GO TN 200

IF (T, T.1858.15) GO 0 lan
FRACT=013,2725¢7,14284F 30T

GO T0 »o00

FRACT=A.0

6o 10 200

TONFZ2309+53%EXP (=,0472964%AGE)
IF (T,rF.TONE) GO TN 200
TZERU= 880, 1%EXP (=,09744594AGE)
IF (T E-TZERO) GO TO 180
FRACT=(T=TZERO) / (TONE=TZEROD)
FRACTzFRACTe,0259AGF
FRAFT=AMINI(FRACTs1.0)

RE T1IRN

Fl=ve0

F2=10

F3=10

Fé=1e0

AGE1 =X

AGEZ =1 _eX

AGE3I=2 X

AGE4=3 X

IF 1X,AT.0,12) GO TO 230

IF (T,aT.1995.15) G0 Tn 2ag

IF (7,1 7T.1858,15) GO TO 220
Fl1zel3,2725%7«14284E=30T

GO t0 240

Fl=nep

60 10 540

TONFL1=0009e53%EXP («,0472964%AGE])
IF (T,aT.TONELl) GO TO 300
T7ERVU1.1880,19EXP («,09744598AGE] )
IF (T, E«TZEROY) GO Tn 220
Fl=(TwrZEROL) /(TONEY=T7ERNT)
TONF222009,53%FXP (= ,04729644AGE2)
IF (T,aT«TONEZ2) GO TO 300
TZERU221BBC,19EXF (=, 00744502 AGE2)
1IF (T, E.TZERD2) GO Tn 250
Frz(Tav/ERD2) /{TONER2=T7ERN2)

GO 70 260

ILARCI
LARC1
LARC1
LaRC
LaRCY
LARC]
LARC]
LARC]
LARC]
LaRC1
LARC1
LARC]
LARC]
LARCY
LARCI]
LARC]
LARC]
LARCI
LARCY
LARCI1
LARC1
LARC]
LARC]
LARC]
LARCI
LARC]
LARC1
LARC1
Larcl
LARC1
LaRcl
LaRC)
LARC]
t.ARC]
LaRC]
LARC]
LARC]
LARCI
1.ARC]
Larcl
LLARC1
Lakel
Larcl
LARC]
LARC]
1.ARC]
LARCY
t.aRc1

‘LARC1

LARC]
LARCI
LARC]
L ARCY
LaRCl
LARC]
LARC}
LARCl
LaRCl
LARC]
LARC]
LaRct
1 ARC)
Larcl

692
6913
694
695
694
697
698
699
700
701
702
703
704
705
704
707
708
709
Tio -
Th
T12
711
T4
715
714
17
718
719
720
21
122
723
724
7258
726
127
728
729
730
3N
132
733
734
738
734
737
738
739
T40
T4
742
763
T44
745
744
T47
748
749
750
751
757
751
754
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250 F2znep LaRC) 755
260 TONF3=22009,537EXP (=,04T72964%AGES) LARC) ka-13
IF (T.AT.TONE3) GO TN 1200 LARCY 757
TZERU3 21880, 1 %EXP (=, 0974459%46E3) LARC] 758
IF (T, E.TZERO3) 60 Tn 270 LARC] 759
F3=tTavZER03)/{TONE3=TZERDZ) LARC] 760
Q0 10 280 LARC] 761
270 F3=asp LARC] 762
280 TONE4=2009,53%EXP («,0472964PAGE4) LARGL 763
IF (T.nT+TONE#) GO TO 300 LARC] T64 .
TZERU4 21880, 1#EXP (=,09746459%AGE4S) LaRCl 765
IF (T, E«TZERV4) GO To 290 LARCY 766
Fa=(T=rZERQC4)/ (TOUNE4=T7ERNG) LARC] T67 N
GO TV 700 LLARC] 768
290 Fé=ren LARC) 769
300 IF (lAAF«GT.3) GO T0 1340 LARC1 770
6o TV (310,320,330,340), IAGE} LARC] Iaa)
310 Fl=Fle 0258AGE) LARC] 172
FrRarT=r1 LAaRCY 113
G TV 250 LARCY T74
320 Fl=rls, 0259AGE] LARC1 175
F2zrcs ,0254AGE2 LARCY 776
FRANT=zA,25# (F1e3,8F2) LARC) 777
GO 7O 150 LARCY 778
330 Fl=srls, 025%AGE] LARCI 770
F2zrce, 0254AGE2 LARC] 7890
Fizr34 025%4GE3 : LARC] 784
FRACT=ne2S5% (F1eF24+42,%F3) LARC] 782
GO r0 250 LARC] 783
340 FizFle 025#AGE] LaRC] 784
FRz=rde 02S%AGER LARCY 78
Fizede 02545GE3 L aRCI 786
Fazp4s 025#ACE4 LARC1 787
FRAAT=ZA,250 (F14F2+FVeF4) LARCI 788
350 FRACT=AMINL (FRACT,1,0) LARC] 789
RETURN I.ARC]} 790
END LARC1 791
SUSROUTINE PLOTINsX9sMX9YIMYsJCHAR s ICON) LARC1 792
DIMFNSYON X{(1)se Y(1). LLARC] 793
COMMON /CUEOQT/ IXLoIXRyIYT,IVYRyXL XR,YT,yA LARC] 794
COMMUN /LUNEW/ IXSAVE.TYSAVEsTX24+1Y2 LARC] 795
c THIs SHBROUTINE 1S MONTFIEN BY THE INCLUSTON OF | JNEW LARC] 796
c LJUNFW 1S INCLUDED SO THAT TXSAVE, IYSAVE MAY BE (SED FOR TrTLES LARC1 197
INTFGER BLANKSPLTDOT LARCY 794
DATA By ANK,PLTDOT/60B,528/ LARC] 799
IXSAVEZX(]) LARCI 80n
IYsSavVe=Y (1) LARC] 801
YNG=U. %Y (N) LARCY 802
IF (N.r().Z) YN6='ZUO LARCI 801%
FXzyRaxl L.ARC] 804
IF (FX_NE.0) FX=(IXR=TXL)/FX LARC] 80%
FY=yBayT LARC] 80g
IF (FY _NEJ.O) FY=(TIYR=TYT)/FY Larcl a0y .
K=1 LARC) 808
MzNal LARC1 A09
I=0 [LARC] 8l0 )
J=0 LARC] 811
L=0 LARCY 81>
JCONZ1ON . LARC1 8113
IF ({1aHARGEQRLANK) oNRe ( {LTCHARLEQePLTDOT) s AND, tM® JCONLNF,.0))) Kah [ ARCI 8ls
10 IX22MINO(MAXC(IXLSIFIX ((X(To2YmX I¥FX)oTX )oTXD) LARZC] 815
IY2=MINO(MAXO(IYTHIFIX (Y J+1)=YTI?*FYI?IvT) o TYR) LARC) 8164
IF (KenEo0) CALL PLT (IXZ241Y2,4ICHAK) LARCY 817
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-

20

10

IF ¢(bnEL0) CALL DRV (IX14IY10IX2,1Y¥2)
IfF (M Es0) GO TO 130

IF tY(1+1),G6T.YNE) GO TO 2n
IXSAVERIX2

IYSaVFerY?

CONTINIE

Mz=Mal

I=1.Mx

J=jeMy

L=JcON

IX1=1x»

Ivlziy>

G0 YU 30

RE TN

END

FiuneTIaN TEMPD (VF)
DIMENSYON I0P({2)y TAB(Y)

LIMENSYON x(14)y TEMPF(14)s W(l4), A(l4y, B(18), C(16)

COMMUN /SPEC/ TEMPF X

DATA X/049,0194033334,066665,15,2,03046,,51,60,7,,8,,9,1,,
bata TFMPF/1699.82.158R.71.1479.26,1ao¢,:°'1347,=°.1255_:7,1205.17
191173.419216700491127,5991)10642691079¢084104442649224047

SPLINE BOUNDARY CONDITIONS ETCe

IJ:]

10P (1) 25

10P (2) =5

Ni=14

CaLt, SeL)1D]Y (N1sRsTEMPF4WeTOP4IJsasRpsC)
WETHHRN

ENTOY TEMP

CALL SrL1ID2 (NLeXsTEMPF o WeTJsVFsTAL
TEMPSTAR (1)

RETHRN

END

FUNCTIAN TMAXO (T)

DIMFNSYON T0P(2)s TAB(3)

DIMENSTION TT(29)s TMAXF (2939 W(29)s At29y, B129y, C(29)

COMMUN /TMODEL/ MODEL
COMMUN /SPECM/ NTsTTeTMAXF

THIS CoMMON CONTAINS NIMENSIONS TN MAIN ppOGRAM

SORS DpTA
DIMFNSTON T1(11)9 TMAXY (11}

DATA T1/0691032243+43i515¢106092109.42+1203¢1703926.5,6047/
DATA TMAX}/1227.39'IGAA.2601922.04'2199.87'24,7.qq'2755.17‘3033.1=

1¢3310,23,3588,7143922,04,3922,04/

CORAON TARBULAR DATA
DIMFNSYON Ta2(10)e TMaAX2 (1)

DATA 75/0,9,00834,2167,1,45,5,25410,25+15,25,24,5%,25,2%,9n,2%/
DaTa TMAX2/1192,5941192,59,1280,37,1018 15,2379 26,2969 ,87,3358, 77
193630 ,9793665,37+3665,37/

FU « CART DATA
DIMENGYON T3(2%9)s THAYI(29)

DATA 71/02'-4’l59loo’]05’20O'?'S'3:0’33‘;94'0".:'5.0’50:06.(‘}.6!507
1198_'9.010.911.o12.vl?.014.l15-016.017..19.v19,o?O./
Dara THAX3/1199,41278,41315.41461491589,,1704%,1219,41908, ,2002.,2
109].'2]761'2257-’2335.'2‘1)0124830'?55“.0?68700?Q75-'?934.030q3.-3
2165_03973..337b.o3475_.3570.,3663.93635,.3664..3ﬁ6§./

SPLTME BOUNDARY CONDITTONS ETCe
1J=1

IorP(l)as

Ior(2)a8

GO TO 104304503 MNODFL

N2eyl

LaRrRCY
LARC]
LARC]
Larcl]
LARC]
LARC]
LARC])
LLARC}
LARC]
LARC1
LARC1
L arcl
L aRc]
1.ARC]
L.ARCY
LLARCY
LaRcl
LaRC]
1.aRC1
1LARC]
LLARC)
LARCY
L ARCI
{.ARC]
LARCY
LARC1
L.ARCY
LaRCY
1LARC]
LARCE
LARC]
LLARC1
LARC]
LARC]
LARC]
LARC]
LARC)
LARCY
LARCI
LARCY
L ARC1
LARC)
LARC]
LLARC]
LARC]
LARC]
LARC])
LARC]
LARC]
L ARC)
ILARC1
1 ARC1
LLARC]
LARC]
LARC]
LARC]
LARC]
LARC]
LARC]
t ARC1
1.ARC]
LARC]
|.ARC1

aln
819
820
821

822
8213
824
a2g
826
827
828
829
830
831
R3?
8313
834
835
834
837
8138
839
840
84

847
8413
844
B4R
846
847
84p0
849
850
851
852
8513
854
85%
854
A7
858
859
86
8M

862
863
864
86s
8664
867
868
869
87n
871

872
873
874
875
874
877
87a
879
CET)
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NT=9 LARCY 881
DO 20 p=1,4N2 LARCY 88>
TT(t)aTitl) LARC] 883
TMAXF (1) =TMAX]I(]) LARC1 LYY
20 CONTINYE LARC] 8as
Go 10 =70 LARC] 884
30 N2=1¢ LARC] 8a7
NT=4 LaRrcl 888
U0 4V palyN2 1LARC] 889
TTir)=z20D) LARC] B90 ‘
TMaxF (1) =TMAX2(]) LARC] 89)
460 CnnTINGE ILARC1 892
Gn Y0 =70 LARC] 893
850 N2=»>Y LARCY 894
NT=29 LARC]) 895
DO AU 7=1yN2 LARC! 894
Trir)=13(1) LARC] 897
TMAXF (1) =TMAX3(T) LARC1 89n
60 CONTINNGE LARC1 899
70 CALL SoLID1 (N2,TT,TMAXFoW,10PsI1J,A,BsC) lLARC1 900
RETIIRN 1.ARC1 901
ENTRY TMAX LARC) 902
CALl SoLlD2 (N2+TTsTMAXFeW,1JsTeTAH) L.ARC1 903
TMAY=TAR(]) lLARC] S04
RETIIRN IL.LARC1 9098
END 1.ARC] 906
FUNATINN TAVEQ (T) L ARCY 907
DTMENSYON I0P(2)e TAR(3) t.arRC1 9nA
LIMENSTON TT(29)9 TAVEF(29)y W(29)s A(29), B(20), £(29) LaRC) 909
CoOMuUN /TMODEL/ MODEL LARC] 31n
COoMMON /SPECA/ NTsTTsTAVEF LARCY 911
c THIS CAMMUN CONTAINS NIMENSIONS IN MAIN pPoOGRAM 1LARC] 912
c IN THE MAIN PROGRAM, TT IS CALLED T3 IN THIS CnAmunn STATeurMTY LARCY 911
C SORS DaTA LLARC] 914
DIMFNSeON TY1(11)s TAVEL(ID) v LARC] 915
DATA T1/04914192.594,24643410,914,8,72,5,34,6940,450,./ LARC] 916
DATA TaVE1/1088,71,1366,48,1646402691922,04+2199,22,2677,59,2755_97 LARC] 917
193033,715¢331049393374,4293459,08/ LARC] 918
C CORCON TABULAR DATA LARCY 919
DIMENSYON T2{1n)s TAVF2(10) LARCl 920
DATA T5/0¢9400839.21674146595,25410,259158,25420,2%+25,2%430,25/ LARCY 921
DATA TAVE2/1052.5991052.5941134,82914123,71+1921,97,2338.71.2608,77 LARCI 922
1v2703,7142938,15+3026,48/ LARC] 923
c FU - cnRT DATA L arRC1 924
DIHMENSTON T3(29)s TAVFI(29) LARC] 525
DATA T/e204%9.551.0914592,092¢59300¢305944044,5:5,015,546,n046,5,7 |_ARC] 926
1asB,99 91000ilent2,013,914,915.4164917491R4319,,420,/ L.ARC1 927
DaTa YAV53/1167.v1219..12«3.o1338.'1421..1495-.1q56.9163{..1A92..1 LLARC1Y 928
1749 01R04,451856,,1906 41956,,1999,92064,,21264,2204,42278,,2347,,2 | ARC] 929
2414 92477 ,,2538,,2596 ,2653,,2707,,2756,,2801.,2R40,/ LARCY 939
c SPLINE BOUNDARY CONDITIONS ETC. 1LARC1 931
1J=1 LARC]) 932
10P(l)=5 LLARCY 9313 .
Inp 2y =% L.ARC1 934
GO TO (10,30+50)y MODFL LARCY 935
170 N3=11 1LARC] 936
NT=7 LARC] 937
Lo 20 y=l,4N3 LARC] 93n
TT(t)=vl(l) LARCY 939
TAaveEF (1)y=TAVELl(]) LARCL 9490
20 ContlingE LARC] 941
Gdy 7V 70 . LARC] 947
30 N3I=V LLARC] 9413
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a

-

c

49

50

AQ
70

NT=q

DO 40 y=14N3

TT(t)=y2101)

TAaveF (1)eTAVE2(D)

CONTINIIE

6o 10 70

Ni=pY

NT=2Y

00 AY 1=21,N3

Trir)=73(1)

Tavel (1)=TAVE3 (1)

CoONTINGE

CaLt, SoL1DY (N3.TT,TAVEF yW,IOPsXJgA,H,Cy
RETHRN

ENTDY YAVE

Call SpL1D2 (N3¢ TTeTAVEFsWeIJeTsTAB)
TAVFETAHL(])

RETIRN

END

SURPUUTINE FIN(PN,RP4RR,LAMBDA4DECAY,DT ,p EAK)
ORIGINAL ANSKWERS

HEAL LaMBDA

E=EvP (DECAYHDT)

RN=oX/DECAYHDT)
RP=°LEAK“((PN-RD)“(l.-E)/DECAy‘RDGUT)
FN=PNap sRD® (] 4=F)
RETHRN

END

SURPOUTINE FINY (PNeRP .| AMRNAINECAYDTIR EAKIOLN IR ROLD)
SIMPLE EQUATIONS SECOND HALF

KEAI LAMBDA

E=ExP (DECAY#DT)

El=1ewf

S=0,58 (R¢ROLD)

ALA=LAGHDA+S

ELzFAP (=ALARDT)

EMzyeapl

IF (VERAY,EQJ.ALA) GO To 10

RP=nLEAK® (PNREL/UECAY+S®OLN® (EM/ALA=EL/DECAYYZINnFCAY=ALAY)
PNzF#PyeS#0LD® (EL=E)/ (DECAY=ALA}

6N YO »p

FP=nlE K (PNOE}/DECAY+SHOLN® (F1=DECAY®DTHE} / (DECAYSDECAYY )Y
PNz ® (pN+S®OLD#DT)

keTiHy

END

SUHROUTINE FIN2(PNyRPLAMRNA,NECAYIDTsRLFAK gLN,p.pOLD)
LINFAR RELEASE SECOND HALF

REAL LaMBDA

E=EYP (uDECAY®DT)

El=1e=F

$=0,5% (ReROLU)

ALA=LAMRDASROLD

BH=neSa (R=ROLD) /DT

¢

“PTEQMz (DECAY=LAMBDA)®PZERO(ALA=DECAYsBHonT)

RP=RLEAK* (PNYE1/DECAY+OLD* (E1=LAMBUA®PZEDOLALA AR NT) =ESBTFOM) /NPL

lay)

PNzE® {oN¢OLDY (PTERMe] ,=EXP ({ (DECAY=LAMBDA=S) ®nT) )
RETURN

END

SURRUUTINE FINI(PNFsPNTIRPFIRPIVLAMBDAYDFECAY «DT«RLEAKINEAI NaNTOLN,

IRAQQFOLUQRBQRIOLUQFoFOLD)
LINFAR FAILURE SECOND WALF
REAL. LAMBDAINFOLDSNIOLNDsMO M4

LARCI
i.arRC1
LARCI
LARCY
LARCY
L ARC1
lLARC1
LaRC1
LLarcl
LARC)
1.ARC1
).ARCY
LaRCY
1.ARC]
LARC1
LARC1
1 ARC1
1LARC1
LARC]
LARC])
1 ARC1
[_ARCI
LARC]
LaRCl
LARC]
LLARC]
LARC]
L.ARC1
LaRC1
LLARC]
LaARC]
LAaRC1
L.ARCY
LARC]
LARC]
LaRcl
LARC]
LaRcl
LaRcl
LARC]
LARCI
LaRC]
LARC]
LARC]
LARC]
LLARC1
LARC1
LARC]
LARC]
LARC]
LARC]
LARC]
LARC1
LARC]
LaRc]
LARC]
l.ARC]
LARC]
LARC1
LARCI
l.ARC]
LARCY
LARC]

944
949
944
47
948
949
950
951
952
953
954
955
956
557
958
959
96&0
961
962
963
964
96g
LYY
967
968
969
970
371
97>
973
974
978
976
S717
97a
979
980
9a1
982
9813
384
98g
984
98”7
983
989
990
991
992
991
994
998
996
997
994
999
1000
1001
1002
10013
1006
1008
1006

107




108

10

30

40

Ut

E%EXP (DECAY®DT)

El=1e=f

RF=neSa (RASRFOLD)

Rl=neSs (RBsRIOLD)
RFP=LAMBDA«RF

KiPr=LAuRDA+RI

Aa=nlioy

Aoz=nF 0y D

DF=F=FnaLD

DFOTY=De /DT

DR=pt=n]

FI0|1 V=7.=FOLD

AL PUA=zT10L.D#DR

GAM=NFP=ALPHA
GaM=RFpaFOLD+RIPHFIOLN
BET<URaDFDY

BETA=8FT/2,

1F (FIGLDuEQOOoO’ A5=000

IF (FINLDeNE«O.0) AS==DFDT®#A4/FIOLD
AlzaAS,DR4FOLD%AS

A2zuUR4 (FIOLL=FOLD) #ASR
A3=nKanFDT#AS

DT2=0TaDT

Méz=r XD (=GAMB)T=-RETASDT?2)
MO=r AP («RFPOUT,

WE=MU/F

OL=nkCAY=RFP

ADL -At bHALDL
Q4=0LF00(GAM=DECAYsRETAYDT)
IF (BET.NEL0.0) Q2=2'() (-M&/E+ANL#Q4) /DET
THIS T WS FOR HBETA +NF, 0,0
IF (UL [ FQene0) GO TO 10
@o=(YWEL1,0) /7L

Glz(YELPZERDO (=ALPHAGBFTAWDT)=04) /DL
60 t0 4C

wo=nl

THIS T8 Q0 FCR DL ='0,0

IF (YFET.EQ.0.0) GO TO 20
QlsnTans=Qb

THIS 1< Q) FOK BETA NE, 0,0y GL 2 0.0
GO 10 40

1F (ALDHAWEQ.0.0) GO TO 30
Q1=¢W4_,00) /ALPHA

THIS 18 G1 FOR BETA = 0,0s DL = 0,0, ALPHA «NE, 0,0

Gn 10 40
Ul=nesa)T2

THI& 1g Q1 FOR BETA = 0,00 DL = 0,0y ALpwA = 0,0

VO:(t]/UECAY'EQQO)/RFP
Vas(PZePU(GAMIBETAINT) =E%Q4) /DECAY
Vi=(V4.E#Q1) /RFP

IF (8FT.EQ.040) GO TO &0

W2= U004 s ALFHA®QL) /BFT

U3= (41 .05+ALPHASQ2) /RFT

V2= (VN.V4+ALPHA®VY) /ACT

vS= (b1 /DELAY=GAM®V4«EnQ4) /AET

V3= (V1.VSeALPHARVD) /RET

RPFzMLFAR® (PNFHEL/DECAYSRFH (AQRVOSAI#V]Isap®*VeA30Va))

RO M rake (PhIoE] /DECAYLRT 4 (A4BVALASHVS)y
PNF=E# (PNFeRF®(ANPQN+A1 201 +A280C+A3IRA3))

PNT=to (PNTIsRI® (A49Q4+ARH#QER))

G0 10 g0

conTINNE

KPFZRLFAK® (PNFRE]/DECAY+RF# (AQ®VO+AI®V]))

LARC!
LARC]
LARC1
LARC1
LARCL
LARC]
LARC1
LARC]
.ARC]
LARCI1
LARCY
1LARC]
LARC1
LARC]
LARC]
LARC]
LARC!
LARC1
1.ARCY
LARCY
lLLARC]
LARC!
LARCY
LARCI
1LLARCY
LARC1
LARC]
I.aRC1
LARC]
LaRCl
lLARC]
L ARC]
L.ARC]
LARCI
LARC1
LARCIY
LARC]
LaRrRC1
LARCI
t.ARC1
LARCI
LARC]
LARC]
LARC]
L ARC1
LARC]
LARC]
LAaRC]
LARC]
LARC])
LARC]
LARC]
lLaRC1
LAaRCY
LaARC]
ILARC1Y
LARC1
LARC]
LARC]
LARC]
LARC]
LARC1
1.ARC]1

1007
1008

1009
10190

1011

1012
1013
101s
1018
101s
1017
101R
1019
1020
1021

1022
1023
1024
1028
10264
1027
1028
1029
103n
103y

1032
10393
1034
1035
1036
1037
10348
1930
1040
1041

1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
10523
1054
1058
1056
1057
1058
1059
1060
106y

1062
1061
1054
1068
1064
1067
1068
1069



60

10

2n

10

RPI=RLFAK® (PNTIOE) /DECAY+RTI#ALBVS)
PNF=Eo (PNFeRF® (A08Q04A1401))
Pngté{PNI¢RI§A4“OA)

RE TRy

END

SURROUTINE CALCIINFOLNWNIOLDsRACRBILAMBNA DT Fonran1+sRREWRRT 4RFOI'A

1,R1nLD,
SIMeLE CQUATIONS FIRST HALF
REAL NFPINIP

REAL NeOLDsNIOLN oL AMBNA GNF oNT MO oM] 4M2 oM M4 M

IF ((NcOLDsNIOLD) ,EQ.n,0) GO TQ 10
An=nFOp D

As=nIl0y 0

NF=neSa (RASRFOLD)
RI:n'Sn(RBORIOLD)
KREp_ME  LAMBDA
RIP="TLAMEDA
KFL=RFpeDT
RIL=K1o®DT

MO=EXP (=RFL)

El=rXAp =RIL)
NFP=NFALD*MO
NIP=NINLD®ET
SUM=NFDeNIP
NF=F®gIM
Ni=(l,.F)esum

RRF =MF s {AQ=NFP) /RFP
HRI=KT1a8 (A4=NIP)/RIP
Go TO 29

NFznep

NT=N.0

HQF:O.a

RpI:U.f"

RET RN

END

SUNROUTINE CALC2(NFOLNsNIOLDsRASRASLAMBDA DT sFaMr NI sRRF4RRYT4RFO| B

lerinl.ny

LINFAR RELEASE FIRST MALF

REA]L NrPsNIP

KEAt NeOLDeNIOLDsLAMBNDAWNF NI

1F ({NFOLDeNIOLD) ,E?.0,0) RO TO 190
RF=nA

HI=pY

Ap=nFOy D

As=n1lO)D

EF=£XP (=LAMBOA®DT~0,5% (RFOLD+RF) 45 T)
El=FXp (= AMBDA®DT=~0,58(RIO| DeRI)*DT)
NFP=NFALD#EF

NIP=NInLO®*E]

SUM=NFpPpeNIP

NF=zF®SIM

NI=tl,uF)®SUM

GAMF=RrOLD«LAMBDA

GAMT=RTOLD+LAMBDA
BETF=(pF=RFOLD)Y /DT

BETAF =nETF /2,

KRF c=anoL AMBUA®PZERO (GAMF yRETAF ¢yDT) 4208 (), =EF)

BETT=(e]=RIOLD)/DT
BETAl=nETI/2,

KRI2=A42L AMBDA®PZERO (GAMI(BETALDT) sAbe (1 =ET)

G0 T an
NFE=neD
NI=nMe0

LARC]
LARC]
LARCY
LARCI
LARCY
LaRcl
LARC1
LARC1
LARC)Y
LARC]
LARC]
LARCY
LARCI
{LARC]
LARC]
LARC1
LARCY
LtaRcl
LARCY
LARCY
LARCL
LARC1
LaRcl
LARC]
Larcl
1LARC]
LARCI
LARCI]
LARC]
LARCIE
Larcl
Larcl
LaRcl
Larcl
1_ARC]
1.ARC])
LARCI]
LaRel
LARC)
Larcl
1.aRC1
ILARC]
LARCY
LARC)
LaRcl
tarcl
LLARC1
LARC1
LARC]
LARC]
LARC]
LARCI
LaRC1
LARCI
LARC]
LARCI
1.ARC1
LARC]
LARC]
LaRC1
LARCY
tARCHY
Larcl

107¢
(LRS!
1072
10713
1074
1075
1074
1077
1078
1079
1080
1081
1082
1082
1084
10885
10P4
1087
10Ra
1089
1090
1091
1092
1093
1094
109%
1096
1087
109R
1089
1100
110
1102
11019
1104
1108
1106
1107
110R
1109
1110
1111
1112
11113
1114
1lls
1116
1117
111R8
1119
1120
1121
1122
1123
1124
11258
1126
1127
1128
1129
113n
113
1132

109




20

10

20

30

10

20

30

O

110

RRF=0,n

HRI=Y,0

RETURN

END

SUBROUSINE PZERO(AsB ()

UATA SaPI1/1.772453850905514/

CENFY (79D)=RERECID) =EYP (Z2#7=2 40872 ) 4RERF (D=7)

1F 'B,r0.0,0) 6O TO 1n

1F (8,1 T.0,0) GO TO 30

SAR=SQuT(’)

HSQR2=5nH+SERB

ARGY=SNARC

ARGP==p/SQR2
2EU=¢aPT#FNEwW LARGL 4 ARGR) /5QR2

HETURN

IF (A,rQ.040) GO TO 29

P7ER0z (1emEXP (=A®C) ) /A

RETuRy

bzEnU=e

RETHR:

CONTINIIE

S50B8=3QRT (=R)

SOR2=SNB+SAB

ARG =5nB*L

ARGYI=Z (ALWAYS POSITIVE)

ARGo=A ,SUBY

PZERPO=QQPI#CFNEWIARG] +aARG2) /5082

RE TUKN

END

FUINeTTAN RERFC (7)

IF (ARQ(Z,'GTOAOO) G0 TO 10

RERFC=AERFC (1)

RE TN

RERFC=AERFC(Z)

RETURN

END

FUNETTIAN QERFC (LTEMP)

COMpLEY SeTHZ

OATA EPS/1,0E=15/

DATA SnPl/1.772453850905516/

IF (L{TEMPeEGL0,0) GO To 30

L=CMP Ly (0,0 ZTEMP)

h=sabPry2

T=7/0

ST+l ,n

L=1

K=l

contlINyE

K=Kasl

T=Talen

D=2,/ ((K+1)®D)

S=ST

1F (CARS(S),EG,0.0) Gn YO 20
IF (CAuSI(TI/CABSI(S) ,GTLEPSY 60 TO 1o

L=l s+

[F (L, Ts4) GO TO 10

QFRFC=A IMAGI(S)

RE TURN

pParat 40 ZaKel

GO0 TY J0

QFERFCza,0

RETURN

LARC]
LARC!
Larcl
L.ARCY
1.ARC1
LARC1
LARC1
LARC]
LARC]
LARCY
LARC]
LaRCl
LARC]
Ltancit
LARC]
LARCY
LARC]
LARC]
LARC]
LaRc!
1LARC1
LARC]
LARC]
LARCY
LLARCY
LaRel
LARC]Y
{.ARC1
1LARC)
1aRCl
LARC]
LARCL
LARC]
LLARC]Y
1LARC]
LARC]
1LaRC1
ILARC]
LARC]
LARCY
LARC]
LARCY
LARC1
LARCI
LARC]
LARCI
LARC]
[LARC]
LARC]
LARCY
LarRCl
LARC1
LaRCl
Lavcl
LaRcl
LaARC]
Larct
LaRC1
LARCL
L.ARC]
LLARC1
LARC]
1LARC]Y



)

-

40 FORMATY

10

20

30

40,

S0

10

END

FUNCTIAN AERFC (2)

DATA EnS/1,0E=15/

DATA SAPI/1.7724%3850905514/
IF (Z,F0,0,0) GO TO 40
CON=l,n/7(29SQPI)

(VEyL Y4

v=pn,5

T=psV

S=1,0ery

L=1

K=l

CONTINNE

Kakael

UzKal, g

rsavez=t

T=Tab/y

S=8.T

IF (T,AT.TSAVE) GO TO 20
IF (SaFQOOOO) GO TO 30
IF tARSIT/S) «GTEPSY g0 TO 10

L=la}

IF (L1 Tes) GO TO 10
CONTINNGF

AFRFC=AONS®S

RETIRN

PRINT g0e ZeKoL

6o TO 10

AERFC=dQO

RETHRN

FORMAT (# Sa0.0 FOR Z2#+E10,34% Ka?9I20,0 Lassy1n)

END

2] INE C LC3( OLI). 10t [ L] ‘Rel L . . . L L ’ L] ’ L]

IRFQ Ve IOLD) .
LINFAR FATLURE FIRST waALF

HEAL NFOLD NIOLDLAMBDA (NF NI ,Mp M1 ,M2,M7, M4, Mg

OATA SnPI1/1,772453850905514/

IF tINFOLDSNIOLD) LER.0.0) 60 TO 70

AN=nF0y D

Aa=ml0) D

KF=neSa (RASREOLD)
RlzneRa(RBeRIOLD)
RFP=HF +LAMBDA
RIP=RILLAMADA

RF{ 2aHFaeDT

RIL=HYnsDT

MO=FAP (=RFL)
El=rAP(=RIL)
POzl MUY /RFP
NDFac=FALLD

VFDT=Ene /DT

FX:\u-c

F10i1U=y.-FOLD

IF tKF_NE,R]I) GO TO 30
IF (FenTe0,0) GO TO 10
NF=ne

RRF:an

Hlz=p%ep]

RRI=01  =EI)®#RI®A4/RIP
G0 10 an

IF (FO1DeLTele0} GO Tn 20

{# S2040 FOR Z22+E10,34% K=®4110,8 Ledst1a)

LARCE
LARCI
LARC1
LARC
LARC])
LaRCl
LLARC1
LARCI
LARC!
LARC1
LARCY
LARC]
LARC]
Larcl
LaRC]
LARCG]
LARC)
LARCI1
LARC]
LARC1
LARC1
LaRcl
LARC1
LARCY
1.aRC]
LaRel
LARC]
LARC1
LARC]
LARC]
LARC]
LARC]
LARCE
LARC1
LARC)
LARC]
LARCY
LARC1
LARC]
LaRCI
LaARCI
LARCI
LARC1
LARC]
LARCI
LARC)
LaRrc!
LARCY
LARCI
LARC]
L ARC]
LARC1
LARCI
LARCI
LARC]
Larc!
LaRC!
LaRCY
LLARC]
LARC]
LARC1
1LaARCY
LARCI

1194
1197
1198
1199
1200
1201}
1202
12013
1204
12058
12064
1207
120¢g
120g
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
122%
1226
1227
1228
1229
1230
1231
123>
12313
1234
12135
123g
1237
1238
1239
1240
1241
1247
12419
1264
1245
1246
1247
1248
1249
1250
1291
1252
12513
1254
1255
12564
1257
1258

111




20

30

40

50

112

A0

NI=AeD

RR1=0.n

NF=A0eu0

RAF=RF4AD#PO

GO 0 a0
NlzpssclI®F1/FIOLD
NF=mUa  A0+DFHAL/FIOLD)

PART=DcDTARIAALS (1 ,=(1,+RFL)6M0) / (FIOLDBRFPURFD,

HRF =P AQT+RF#A0#P0
HRIz"PARTeRFHAL4#PY

GO rU a0

[F (F.AT«040) GO TQ 49
NF=Ae0

HRF -0, a

NI=Frlaps
RRI=KTas(A%aN]) /RIP

GO TO an

IF (F01 DelTels0) GO To SO
fil=ne0

RR1=0C,4

NF:AU°VQ

RRF=HF3A0%P0

G0 v0 g0

DY2=0T 4T

VR=pF=nl
Al=(UFNT*DR4FOLD®FIOLN) *A4 /FIOLD
ASz.UFRTRA4/FIO0OLL

APz URs (FICLDWFOLD) #AG
AZ=nRanFDTRAS

AL PHA=ZETOLD®DR
GAM=RFn®FOLD*RIP*FIOLN

IF (DF EQ.0,0) GO TO &0
BET=UR4DFOTY

BETA=RET/2,

[F (dETA-LY.0.0) PRINT g0y BETAWDF DR
IF ‘BETA.LTtolo) BETA:0.0
SRRB=SHLTI(BETA)
SAR?=SAR+SQB

SQRT=SHRHDT
SAC=ALnHA/SQR2
SAE=~GaM/SNH2

WH=FNEW (SQBT 2 SQE)
wT=mUacNEW (SURT4SQC)
MAzERD (=GAMBOT~RETA#DTD)
M9 znTausb '
M1=s0pPrewT/Sub2

M2z (MO MG A PHA®MY) /BF Y
M3z (A DHA®MP2 M) =M5) /BT
P43qUPyRWE/SUR2

Pz (]l , ~GAM®P4=M4) /BET
Pl=tPe M1} /RFP

PPz (Po.Pient PHASPL) /8T
Pz (A PHA®P+P 1 =PS) /BEY
NFzAUBuNsATaM] s AREM2eAT0MI
Nliza4sus e ASaME

RRF=XFa (AQ%¥PY+A1"P1+APSP2+A34P])
RQI=HTa (A4spseaASaeps)

GO 0 a0

M4=r AP (=GAMBDT )

Mlx (M&é_MN) JALPHA

Paz (1, M&)/GAM
Plz(P4.P0)/ALPHA
NFzalaugenlaml

LARC1
Larcl
LARC]
LARC1
LARCI
LLARC1
LARC)
LARC]
LARCI
1.ARC]
LARCI
LARC]
LARC)
1LARC]
LARC1
LARC]
LaRc)
LARC]
LARC]
LLARC1
LaRc]
ILARPC1
LLARC1
1.aRC1
LARC]
1LARC1
LARC1
LARC]
LLARC1
LARCY
LARC1
LLARC1
LARC]
LARC]
LARC]
LARCY
LARC]
LARC]
LARC1
I_LARC]
LARC1
LARC]
LaRcC1
LARC]
LARCI
LARC]
LARCL
LARC]
LARC1
LARC]
LARCY
LARC]
LARCI
LARC
t ARC1
ILARC]
LARC]
LARC1
LARC])
LARC1
LARCY
LARC]
t.ARCI

1259
1260
1261
1262
1263
1264
1268
1266
1267
1268
1269
1270
127
1272
1273
1274
1278
1276
12717
1278
1279
1280
128
1282
1281
1284
1285
1 2R4
1287
1288
1299
1290
1299
1292
12913
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1308
1304
1307
130R
1309
1310
131y
1312
13113
1314
1318
1314
1317
1318
1319
1320
132y



c

Nizabous

RAF=RFa (A0#P0+A14PL)
RR1=KR1aA4aP4

GO v0 a0

T0 nNF=nen

Ni=pne)
RzF=V,n
RR1=Y,n

80 KETUHN

9n FORYAT (#* RETA NEGATIVE IN CALCe BETA =2#.Elgedes OF =o,r19,308

10

20

an

102 =%,r10,39® BETA SFT TO ZERO®)

END

FUNETTIAN FNEW (Z9D)

IF (U1 Ta0,0) GO TO 20

IF (Z.4T+D) GO TO 10

CASF 1 Cua66Te0, D.GT.Z

FNEWTEYP (=2#242,22%0) sPQERFC(N=2) =PQERFC (D)

RETUNN

Cass » D0,6T,0, 2,670

FNFuT5 #EXF (D¥D) =PQERFC (D) =EXP (=28Z2424%740) #pAERFC (2=0)

RFTIIRN

CaSr 3 D,LT,0, 2,67,0

IF (V,a72) GO YO 3¢

FENEWSPAERFC{=N) =EXP (=782+2,¢78D) *PQERFC(7=D)

RETURN

Casr 4 D.LT.Ol D.GT.Z

FNEWT =2 ®EXP(DOD) ¢PAERFC(=N) +EXP (228242 a7%D) R 0ArQeC(D=7)

RETHRN

END

FUNATIAN SPLINE (TIME.QIN)

DIMENSTON IBU(6)y Z1(113)y 22(113)s 23(113)s FxX(20,113), FY (20911
1y, FXy20,113)

DIMFNSYON TE{(200113)r TH20)» F(113)
10!MF?S}ON TI(200)s T2(2001s T3(200)y T4(200), TS (200)s TA(2ANYs 7

(20n

OIMENSTON TB(200) s T9(200)s T10(200)y T11(200), T12(60)

OATA T3/16455¢,16964,19954,2073¢,22364429R76,2526,,2657,,5723,,294]
le93nl6 +03126¢93232,937233413431¢03525493616093524,936304020%4,014%;
2,01691 21891,+2070,42232,42380,42521,12650,+2775 2896, ,2n75,,312p
3,4032285 _43323,43420,,3517,43010,03620493527,,36373_,1452,,74R° _,1R04
Ger2nb8 12007409237 2,925814092640092764412R87093040.23)10e922712,93215
Sev13410.735060°3500e9301209362249363)1+114%nev 1688 37AB ), a0nk0,02222
6,12304 42507,12630,,2752,47872,42987,93100417200_43300,,2703,,3405
7443584 4,3602.43618,,3629,,144%,,1685,,1877,,2052,,5214,,2357_,240K
Bewphg. 1274192857402 T7e03075+03180e9 328593326, ¢34B)492547,93507
Der30lp,903626e101846,91479,01872.920%6,42207442360,42690,0210,42720
$,42950 92956 ,43002,43167,,43271,4337),934k4,4350 28R4, ,2614 3521
$.o14“4.-lb76.v1868..2036..9200.-23«n.saann.o?6nﬁ_.>7)9..;&n7_.294q
3, 03n50, 93185693257 ,43387,03644949353449357Re0¢612, 03620414487 ,01471
S, 01R03 42027 ,42185,,23304424704125904928730442825_,2935,,2040n, 43145
50'33?5.'33“3"3431.035]7-03567.'36100O36]700]an,01670.Q1Q<°.020|n
$,02170,92315,42460,,2580,,7699,42812,42925,43075,,3135,,3275_,3129
$493615,935000935504936004436150914384016,7641884,,5009,,2159,,23n5
$,02620 92572,+2686, ,2R00,927710,43020,93120,4322n_,3315,,2400_,34813
$003:37_'3590093612./

DATA T0/16436491664,91R5069200061215149229T7¢12645,425h4,42-T7R,427040
1,92900 03010493110,+3205,43295.43383,434£7443530,435R0,424n9, 4,144
2001‘61.01846-91996-02]46-.?29?002440-'dFQﬁtq?67n_.9786..3004..3056
3.‘3]00.'3192.!3?51.03?66-91450.-3522.v3=70-916nﬁ.,163?..{gqﬂ‘.1841
4001992 92141442287,42433442548,42663,92778,,42828 ,5990,,2p0%,,317%
5443265 43350403433,43515:43560443603491430441688,,783h,,7008, ,211¢
62582, 92425042540442655442T70e928804929R0443071,,3)162,.,3252, 433164

Larct
LARCY
LARC]
LLARC1
LARCI
LARC1
LARCL
LARC]
LARCY
LARC]
L.ARC1
LARC]
1.ARCI
LARCY
LLARC]
LaRcl
LARC1
LaRe!
LARC]
LARCY
LARCY
LaRcl
LARCY
LARC1
LaRcl
LaRC1
LARC]
I.aRCY
LaRCl
LARC]
LARC]
LARCE
LLARC]
LARCY
LARC]
LARC]
LARC]
t ARC}
LARC]
i.AaRCl
LARC]
LARC])
LARC)Y
LARC)
1. ARC)
LARC)
LaRC]
LARC]
ILARC}
LARC)Y
LARC]
LARC)
L ARC]
LARC]
LARC1
ILARC!
LARC]
LARC]
1.aRC1
LARCY
LARC]
LARC]
I_ARC]

1322
1323
1324
1325
132¢
1327
13249
1329
1330
1331
1332
1333
1334
1335
133¢
1337
1338
1339
1340
134)
1342
13419
1344
1345
1344
1347
1348
1349
13%0
1351
1352
1353
1354
13585
1356
1357
1353
1359
1360
1361
1362
13613
1364
136%
1366
1367
13619
135838
1370
137
1372
1373
1374
1378
1376
1377
1378
1379
1380
138y
138>
1383
1384

113




114

Teidale 43498 ,43557,43600e91428491652.018304919R4,,42130,42277,,52416
Bes2531,92646492760492870092970093060693150¢93240.93320,92400.93491
F.93546,93586,91627,,1649,41827,41980,12126442272, 42408, ,7820,¢2A70
$0102740,.928500929604930400931200+3220+330809338n,93464,42%20,+357
$.91425_91646,491823,,1975,,2122,42207442600492510,,2610,,2730,42840
$4929°90,03020493100,93200493288,43360,93433,,3570,,3557,,7427,,1641
$.901218,91971492118.02752092393492500.926009272n,:¢2R30,.+2937,93015
$,93n088, 43187 ,93277,,3340,93400,013500,93543,91421,41640,,1214,,10947
5.0?115.0225701?386.0249300?593.I2710092820.9297, 03000.'1077 03‘7=
$.43566, oaazo-91387.v34ﬂ3--1579--1419.-1616-'1809.o1°6?.o?v1>.~2P=?
$,92380, 92485.07556.02700007810.029v1.03900003068.01\62..1935..3100
$,933/5_43467403514,/

DATA 71/1417.'163?..]RnS..]9SR..?108..29A7..p371,,>¢80,,9q?c,.25°n
le92a00, 02900.9?950..30%5.;1180.03?44.93?0?.n13ﬁ?_.1450..3rnn,.141q
2..1Ad8,.1800..1°51..?104..?241..2366..-471..?57: 16BN, 42790, 42890
3.-?o'o 030644931374432330+32854933504934330934R7,41413,91h24,¢1707

4,019%9,12100,92236,12360,42467,42564,92671,92779_,287R8,,2960 4,307
5..31c5_.3?22..3217,,3a49..3417..3a75..1410..\670_.1794,.,o4= 2 POOS
bo-2931,o2353-v2460.v?5§7.9?66?.02769.vaRA7oo?9:n_o1022.oa1{?.'3?i1
7001769 »3338,.4+3400 ,346?.,1403..]616.'1791.,194[..?090.,997Q 02346
8.’3656 .?550.-2652,.27§8..?836..2940.,3011.,1lnn..i?on,,1;A7 03394

Fa03187 9346500914054 91812e9178R80019370920R4ev221A,.92340e0244R, 92524

.,?k“3.,2747.,PQQS 02Q10091000.'105R0’J]q’013266.0131? "177 .3@57
s..1402,.1608..1765.,1013.;2079..2211..4331..?44:,.>537,.9&11,.27a7
$,02936 _ 42920,92993,,3n75,,3172,43231,93300.97340,,3425, 41400, 41kn0
30'175].919780'20/4..2?060,?32&-‘2436.'¢5310‘3626;‘2726..90?1.’29‘a
$,926086,93063¢931634¢3215403283493349¢9341269130R_47A00.07777,01954
$,42009 .?200,,??20 92430,4P525,42615,42715,42817_,42900,42975,,30%n
50'3125 200,,3?67.'3133,,3400,.1396,,1%08..1771 |1°20.q?0ﬂ1..21°1
$,02915. 0g425-'25]5.026]0ov?710c023100'2995"2960.91036.91!10.031°1

.$.v3?5d.03317.03390_/

DATA Td/lag“.,1596"176q"‘916"2058"2186"?31n-'?“?ﬂ-‘?:hg.OZﬂﬁﬁ
1,¢2705,42805,92870,¢2067,43023493100493187492233,,3300,42378,_41305
2,01594 _41765,41912,,2053,42180,42305,42415,42590,,2A00,,270n,42%a0
30928595 92930693010, 93085693153932224932R009334N0.97390,97572,0172
6.910U9.92058.l?]7“,v??OO.o?“]O.'?697.g2591.,?6gq.,7775‘.7ggn..2q95
5,43n00,93070,93140,43711,43260,43340,+13R0,4159n_,7757,,19A4,42041
Ba92157,92290¢9280049269304258609267R4927524972826,42900.92%R2,+30%6
Ter312R +3200493240,93320.91386,9158R4317544491900,4203R,,4,214n0,42204
B,,2986 ,2479,,2573,,2667,,7740,,2813,,28R7,,2945 _,3040,,717a,,3175
F493220,93300091384,915R6491750491895092032492152,92270,92373,02646
$,92550 42655,+2733,,2000.42873,4294R,33026,453100,,3150,,220n, 43299

$.013%2 .vlSS“.o174‘ V1890, 42027, 42147, 42060442359, 2453, 2547, , 2644

o0?75?.'?7FQ-'?96000?930-v1000c'3070-'31]%.0115n..1?60,,11n0.,1qa?

$,01742 0 1B85,,2022,42140447250,123%5,92440,92535_,2633,,2774,,2779
$.,28%4.42909,,2975,,3040,43080,,3133.93240441378.,1580,,7738.,18a;
$.40n16., ’2134-'2?400!211qoy?43n.92@&?.!&6??-!?70&..:769‘,9R1<.,gqﬂo

-!2050 03025.9~060 1]]7..1220.'1376.91573.,171ﬁ .187 ..9011 '?]’7

.0??30.02325,!2480 25]5.,?612.,269§.,¢7qq.'?8]5..9875..?q,;..3066
}0q3ﬂ“0.|3190"3200./

DATA T8/1376491575,91731451870442005,92120e02225,42318,42412,092546
102600, 92673,42736,,2R800447850,92900.92973,4,3025,,3079,.3180,,137>
20916873, 91727 691866,49200009211009222092310¢924N00.025004+2878,02644
3,02712 02781,92837 ,,2R90,42946,43000,93089,93140,41371,,1871,,17219
4441002 41992,42105,,22154423054423904424074,28R9_,2629,,270n0,,274>
5092025, 92878¢92932442985493043493]1202136£9091560,47720.9788R8,41%0ay
6..?3Uﬁ,c2210.;?300..21“0..?47q.y2q49.v£600..967n W 2741 4 2R10 42844

T,.291%, .?970.o10c6..3100..1367..1%66.,1716..18na..197=..7n0n 1 P2PAR
Banpndp, 02370e92463,02536012590692660292730e92800,42050,42900. 02904
9,430 ,Joqo.']30%.,1q63..]7l?..lﬂbn..lﬁa?.,?ggn ¢2200,422an, '21‘6

$,,2490, .252«..2560..2650.,?720..2785..dR37..28ﬂQ..?945..1n5n..30An

}a03163 _-1560.-1708,.18&6..1958..gnTn..21n?..ggvn_.7150..paqy.,?q;?
5o-2<73 126400127100927700028234228774029330029A08 430640497241, 91587

LARC]Y
LARC]
LARC]
LARC]
LARCY
LARC]
LARC])
LARCI
LARC)
LARC1
LARC]
LARCI]
LARC1
LARCI
LARCY
LARC]
L.ARC]
LLARC1
LARC]
LARC1
LARC]
LARC]
LARC]
LARC]
LARCY
LARC1
t.ARC]
LARC]
LARC]
LARCY
L ARC]
LARC]
LARC]
(LARCY
LARCY
L.ARC1
LARC]
LLARC1
LARC1
LARC}
L ARCI
LARC]
LARCY
LLARCY
(LARC]
LARC1
L ARC)
LARCI
LARC]
L ARCY
I_LARC1
LARC]
LARC]
LARC]
LARC)
1.ARC)
LARC]
LARCY
LARC]
LARC]
LLARC]
LARC]
LaRC]

138
1386
1387
1388
1389
1390
139

1392
13913
13%
139«
1396
1387
1398
1399
1400
1401

1402
1403
1404
1408
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421

1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
143>
1433
1434
1435
1636
1437
1438
1439
1440
14641
1642
14473
1444
1445
1446
1447



Be01704 _01088)401948,42056412164492260.9272400928758,42500,42847,¢2629 | ARC] 1448

£.02700,02755.42808,,20664479214427970.93020491358°_,15654,,77An,,1827 (ARC] 1449
3491039, 42042.92146,42750442330602412,98489,,555% ,23422,,2521,,274] LARC] 1459
$492000,9285%¢12910,92955493000.01358,916R71441698, ,1832,.77274,9202% LARC) 1451
3492138, 902260092320402400e9P475492542.92611092669,42T726,42704,42842 LARC] 1452
$,42000,02945,42980,/ LARC] 1457
DATE Th/1356,+1568,41490,,182R,41929,,2030492130,,27230,42770,+2321 LARCI 1454
1e02400,92525%002600492656092T713602767.92a21092878,42922,4294R.91224 | .ARC] 1455
2.41545 4 1685,11R8246,41024,42024,+2120,92220492300,,2367,,.24%4,,2510 | ARCI] 1456
J..?=56 -2643..?700..2750..?Soo.,asbn..dan..?Qan..13%?..v=4>..lsnn LARC] 1457

..1480..1920..?0?0,.2115..?21n..?asi,.eazo..?417..9505,.;471,.?611 LarCl 1458
By 2bB0 0273544278 0442R035,288044”2920644350041530, (1675,,7016,,1977 LARC) 1459
6er2nlB 2211Ce12200e922A7e923334024006924°900025A0,42620402RAn,22754 LARC] 1460
Tes2790,02620,92860,02900.47348,41536,,1670.41812,,1915,.2014,421458 [ ARC] 1461
8,42170,12266412325,,2790,,2465,42530,9€500442640, ,2690,,2740n,,28nn LARCI 1662
Des R4 128B0er]346,0)1533.416A5.+130Re91908e92000.+20%R,0218n.92255 | ARC] 1463
$.,2115_.2380..2450,.?Rno..?SSn..260n,.26:0..?75n.,97q0,‘pnnn.,2nkh 1LARC) 14644
$-v]?44,'153Co’1650.'1R04.c1995.01955..2090.9?170‘,p?ho‘,quh.,aqyo LARC] Y465

$,02430 12480,92530,42590,92637,42683,92733,92T78A_,2R40,.1782, 41857 | ARCI 1466
$.,1ﬁ5ﬂ_.1800.,1ﬂﬂq.,1070.,?056.,?150,,&;10.,?Jn<.'7159.'941n ,24‘0 LtARC] 1467
b,92510. '?560.’?6?3.9?667.0?717.02768-'28?0001340.v1§24-016'n.vl7°] LARCY 1468
$.,1H75,o1960.,20#€..P130..?21R..??90.'4390,.?4nn,.?4%0..~Gnn s2620 |LARC] 1469
2,02h10,02650,12700,42750,42800,01338,91521.91645_17R4,,1847_ ,192p LLARC] 1470
s-v?nJ3 121160927200¢92202092341092387.024400924%0.,12540.92800.92h48 [LARC] 147

$,42670,02760,42787,/ LARC] 1472
UAT'\ T7/1336.9]‘)18,,1660.,]774..1958..191‘?- '?0?“;‘?]10007;n’.'22<6 thcl 1473
l"c?l?.'é‘7q0'2“30-'24900'?5100'2538-0264no'769n,'?730..,77:,.1114 LARCY 1474

7,41515 41635,41765 ,1R49,,1933,42016,42100,42147_,2233,,230n,,23%2  ARC] 14758
3-.?4&0,.&470..?Hgo.,Z%?%.,?630.,267n.,c7?0.,27k>,,‘13;.,1k19,'1610 ILARC) 1476
4091759 918400901926, 0200Bae2084.02150.9€216e922R4, 42350, 92470.02440 LARC) 477
S e s 2Rl 0. 1256590926200 026F0e22T10e92750¢11230¢015n00,471625,07745,41820 LARCY 1478
6,41915 42000,92007 ,02133,42200.,42207,92337,42%00, 2650, ,2%05_,25%8 | ARC] 1479
Tov2816_ 02650,42700,42737,,1328,,1506,41620441735_,1827,,191n_,1995 {ARC] 1480
BowpnD7.92123¢92190002085+02300+92375e9243R092490,42550,00an0.9764pn LARC] 148
e r2hB3 42725,91326,,1503,,1615,41725,41R25,,190%_,1980,,2047_,2116 [ ARC] 1482
Pes 2 H0. 02235092055, 92155 426000124574 12633092578, 4262040 2467.92T15 LARC] 1483

..1166 v1500.olﬁlﬂ..l770..YREO.oIQuO.yl°70.o?017..?109..91’n,.2974 LARC] 1484
5..??’0..2?31..?3/5..2417..? 0N e 125900926006 e288n0,,2T00.41322,,1408 | ARC] 1485

-']aoﬁ -171%.91810."RQQ.~195n.v203q.vz100.op1sn,.;?10..p:&n,,zzyc LaRC]) 1486
$,02350,02410,02400,42510.¢2560,02610.92607491320_,1490,,160n0,41718 LARC) 1487
S.01800 s RAD.I1985,42N25,42002,42154.9220Ge022686, 4230k, 9215k, s2405 | ARCY 1488
5..5450 .2500.,?5“0.,2600..?67%.,1318..1494..15°<_,,7050,170n sy 1835 1 ARC) 1489
S..anq 12U200120834921470922000°2250923030972352,95400602447.924%6 1LARC) 1499
$,42R32_ 12579,92662,/ LARC) 1491
DAya 79/1316..147°..1%°o..1700..17“n.,1asn..191= 12010,42075,42140 1ARCI 1492
1"?1)5.!?245'O??OO-02363009397002430-odb??o.?s]h,.7557..96=n.91114 LARC) 14917
2er1473 01584 ,91690,41770.91850,41925492000692087_,2133,42185,42274 | ARC) 1494
3..2:”1 22328 42375 ,,2620,,2661,,2500,42541,,2637 _,1312,,1442 ,157a | AgC) 1495
4-.16”0.»1760-v1340-.1913~.198R-.?o5?--d11~-'?16°..7220.,;asv +2314 LARCY 1496
5.'2102 12410¢926504124RFe4252R09262n49431Ne114R2, 01572,4187n,01720 LARC] 1497
.leJﬂ 91901.91975,¢2060,42100,92150,42200,92260_,2300,4238%0,42320 LARC] 1498

..246% 12665 ,92510,12612,41308,41657,41565,41629_,1740,,1220,,1R827 LARC] 1499
a--1°57 '2026-vznﬂ?.-?114-v?1n4.v2?Ja-vh?F>-v;?:n.-awﬁs..aann.-za&n 1L.ARC) 1500

Y,02489 +2600,41306,41452,41559,41649,41722,4181n,,1875,,7040,,2012 | ARC] 1501
s-.znba.-211/-.21b7-.22\7-.9267..a310-.easuo.?3n7..2430..9477 « 2584 LLARCY 1502

$4901204 _11466491593,01638491724,01800,91Rcna91925,42000,42045,421A0 | ARC] 1501

$,92150,92200,92250,92300,47337,42376,92616,4245R ,2560,41302,41447 LARC) 1504
$.,1ra7 1163109171691 789:91848¢01F]1&.910R00972030.970RPe92132,921249 LLARC) 1505

$,02293 _42275,02317,02360,4,2403,42445,92560441300_41435,,7541 41624 [ ARCL 1506

,,17uq_,177Q,.1840.,1908.,196n,,?ols,.ena=..zl1q..9166,.7>17..22:9 I.LARC] 1507
$..210g,o2350.92393.,2437.o2520.o1296.vlaan-oySq:..1617..1vnn..17Ao LARCI 1508

$.91R33 41900491952, 420104+2060,02107,42163442200,,2244,,2290 _,2328 | ARC] 1509
$09282_ 92422412500,/ LLARC1 1510

115



116

DATA TQ/71292431426,4,15784,160941694441759091825,,1891,,7044, ,204%
1e02n5%,92100692166,02192,1223%40227Re92321012366,92407.02400,41200
2.ola18.s1520.y]600,,16ﬂ7..]751.olﬂlﬁ.ylﬂaj.p19A9..?ooo..70=n s 2001
3042139 42186442227 ,42270447313442356,92400432460,,12R4,,7415_,1515
400]<9A.016800917“4.0]R08-0]87?o01936-019900’2061‘o?ﬂRb,.?]?Q.oZ]?R
5,42717 _42260,92305,42368,,2387,42440,517R0e9140A,41505,,75808,,1474
6.y1737 ,91800,91863,,1923,41980,+2026,9€072492120_42170,42212,,2256
Te12295 0233741237644 24206912760914009150Nne91582, 41667 ,4773n,91791
Byy1856 2191049 1960,42015,,2065,42115,92165492200,42P40,472%4,,2324
Yes290, 42600,91272,,1395,,1494,0157h,38640e9017232_ 1787 ,,1045,,19n8
$.919595,92010092000,02110+0216009219040223002227A,92310,02245,4230
b, 1298 1389, v 1488, 1871 ,41654,41716,917R0401842, (1897, ,104k 42040
b-o?qSO.OZICOoOP]“0.v2180|'?22”-92260-9!300!'?31D.'?360..?9A4..13”4
Per 1480 91565691647 ,917100017734291R37491R0ONer1940, 01987, 9207, 02n00}
$,42120_ 42165,42210,42247,,2281,+2315,+923604412h0_,,1379,,7475,,15=0

e 1A40. 9170509176649 1P2549187%0019274901975092020,920h2,021AA2218A

$,92200,42233,42267 ,42300,47320,51296,41274441450 1553 ,74A33,,1749
5-.1752..180Jo,1857-.lqlo-.196?~,?ol?-.2047..?on1..?131..7\vn..2:1a
3)09?9“7 0287‘*00?100 /

DAya 710/1?52.-1368,'1463,.15a7,.)6?7.,1aq4..1765,,17q%.,1a=n.,1n0
10001950 002000692033402067,4211244215544272004,2227,,22564,,220n,41%4
:8.o1Jh;.v14%1.'1541.v‘620.'1675.o1I3n.y]7R5.o181:..1R87,,1917,,)Qn
30,42000,+2050,92100,92130,421A0,42100,42220,422An0_,1244, 7T, 4148
41,41535,,1613.51665,,1717,.1769,,1821,,1873,,102=_,1960, ,1008 _,2n13
S0e9PUbRe12100092135,92170,92205492240e91240091357,41445,,7529,9124
€7,.41650,01709,91760,11R11,41862,+1912,910946,410an,,2015, ,2055,42n0
T4 42120 ,92163,42191,42220,91236,41346,414239,,1523,,1600,,1450,,174
bo."751.'1“00-'1350.9]qoo.019?3-'196700?n00.02066.'?093.~?1?1c'7“
95,42177,92200,91232,91240,51632,91517,,1587 41642 ,,1696 1747 4170
52.,\B3g.o1876.-1909.a1962.-1975.'2022.v?n60..2\nﬁ..?\?n..:qu..?wg
33.0122R491336091425,91511¢015754916370a916%0.9017792,401776,,1815,9195
$3,,1885,91917,91950,92000,42033,42066,,2100,,42132,,2166,,1224,01722
38, 1418,41505,41562,41615,41667,,1700441760,,1784,,1825, ,Y240,¢170
$0,90172%201970692000492044.02075,92122492150441220,41322,41411,91%9
$0,4155n0,91600,91033,,1467,.,1700,91740,,1780,,1820,,1860_,190n0,4102
$0,41780, 920t2.9‘050.,?111..2134..1216.,1317..14ns,.1475 1527 4188
50-0\b?ﬂt91663-01095;’1730.v1770-01510o01R49o’IRRQ.,19?6..yQAo.1?n6
$0,942U25,92100,92116,/

DATA T11/1212491311,51400441450,51500491850,41A08,,1660,,1490,,172
10,,1760,91800,41838 _,1876,,1913,,1940,41978,,20nn,,2050,,2104,4120
25"130%"17/30']“00-’1A81-')540-'1597o!1615ov167).y]7]n..17a§.'1vn
31,41802,41850,91700,41920,,19%5,41990,,2025,,20%0,,1200,,1300,¢174
67-915°:o°]A63-'15ﬂn.'1R65.-1610.-1695.o1700..1711..1769..,704..‘n?
55,41862,91900,+91933,,1967,,2000,+2060,41189,,1287,,1335_,1390 4144
65..150n.'1650..1boo..1637.,16'5..1110..1745..17an W1R10,,1R42, 4108
’o~.191s-'19“0o.1983..?040..11’3-.1268~.\:91..117a..14?7..1ARn..1=1
BOar190a,01600491650,01700441733041767491794.41827,41860,,12A/0,41919
93.,179674920200,1167,,1251., 013006913500 916106,1480,,1510,,18AN0,4157
35,901625401666421700491733¢917A7:91800091P33,41R47,,1900,.1780,9198
$0,,1454,41234,01280,91335,,41393,+1440,,31490,4154n,,1550,,.1400,,41417
$2,41667,01700491733,,1767,,1800,41833,01R867,,190n0,,1940,,1145,,12
$7.9126R+91318491375,91420441650491520091535491845,,15%98,,1433,91%4
Sbn"TOA.’17330’17653’1775a’18330'1865011R°5-011ﬂ6.01190.;196“."56
50..\Jsh..1400.-1430.u1a65..1s00.~1530..1:A5..1605..1639..iaaq..176
$0,91730,91765,01800,¢1830,41850,01123,51170,41224,,1270,,7320,0145
P} 113979162409 1458,91492.915206915500918R0e9)ANT,91635..70A5,3149
$£.QT’£0|!17g0-01800 /

UATA 7\2/1110..1140..1?00..1240..1280..11;0..11=n..\380.,7415..143
10.-1“70-’1500-'15?5.018%0.o1€7 et1600e91625,01A60,01675,.1730,9108
C0,e1110.91150,91190,91770,41245,91270,41300,,132%,,1350, ,7720,01417
JO-.l“1=0914dv'9]“90nq1q?00.1545-v1570091ﬂ00-.\5“01.1000..\ﬂﬁﬂgo107
45,0110, 91125001150,03175,01200,032259.91250,41275,,1300,.1232%,917¢
50,1378, 91400,01425,4145%0,,1475,41500,/

LARC)
LARC1
LARC]
LARCY
I.ARC)
LLARC]
I_LARC1
LARC]
LARC]
LARC}
LARC]
LARC!
LARC]
LARC)
1LARC)Y
1LARC)
LARCY
LARC)
LARC!
LARC1
ILARCY
LARC)
|.LARC]
I.ARC)
LARC)
LARC]
ILARC]
LARCY
LARCI
LARC]
LARCY
LARC]
LARCI
LLARC)
LLARC]
LARC]
LARC)
1LARC]
LARC)
LARC)
ILARC)
LARC)
LarRC)
LARC]!
LARC]
ILARC]
LAaRCY
LARC]
LARC]
LARCY
LARC1
ILARC)
LLARC1
LARCY
LARC]
L.ARC)
LARC]Y
LARC)
1.ARC)
LARCI
LARC])
LARC]
LARC)

1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1527
1523
1524
1525
1526
1527
1528
1529
1530
153y
1532
1533
1534
15135
1534
1537
1538
1539
1540
1541
1542
1543
1544
1545
1544
1547
1548
1549
1559
1851
1552
15513
1554
1558
1554
15%7
1558
1559
1560
1561
1562
1563
1564
1568
1566
1SA7
1568
1569
1579
1571
1612
1573



»

EQUIVALENCE (TI{1)TE(1o1)0s (T2R1VWTECILI1) )y (33 ITEITLO1) )
1Ta (1) FEC1931) 00 (TSC112TE(L401) 00 (TOC1) TECLRT) )0 (T7/T)oTEL1 4
213)s (TBCLITE(IoTIN ) (TOLL)WTE(10BL) )y (TLI0 (1) TE (19T,

3)eTF {1,101 )9 (TI2(1)4TE(14111))

10

20

30

40

50

&0

COPYSF

00 10 ¢T=1,10

DO 10 7v=24919

DO 1V y=2,112

TECIY 1 =0e25% (TE(Tal s NoTE(Te1 0 U)o TE(T 9 et ) ¢TE (T, )=1))
CONTINIDE

Calr anV (1Y

WRITE (12¢60) (U (TE(TsU)oI=1920) 00719113}

CALL AnYV (1)

Do 20 y=1,20

Ty ™=y

DR=zyes712

VO 30 7=1,4113

Fily=(r1=1lyaht

(8D (1) =3

18D (%) 23

18D ¢3) 23

IRD(4)=3

IR0 (21 =1

IBD(b)zl

FXY(ley)=040

FXxYtle113)=040

FXY(20,1)1=0.0

FXY(20,113)50,0

D0 490 t=1.20

FXUr2))y={TE(Is2)=TE(TL1))} /DB

FX(re1 13 =(TE(Is113)~TE(1+112))1/08

ConTIMpE

DO sV 1=1,113

FY(191ySTE(2¢1)=TE (19T}

FY (POt ISTE(CO eI =TE(1G4])

CONTIMIE

CALL SpL2D1 (1139F 420, TeTEWFXFYIFXY12041RD471,72,723)
KRE TUKN

ENTRY <PL

SPL=5P 202(BINyTIMES113eF s 200 ToTEGFXeFYFXY02040.0)
RE TURN '

FORMATY (/1X213+20F6.0)
END

JENn OF FILE

LARCY
LaRCl
LARC]
LARC)
LARCI
ILARC]
LARC]
LARC)
LARCY
LARC]
ILARC1
LARC)
LLARC]
LARC1
ILARC)
LARC]
LARC)
LaRC]
LARCY
LaRcl
LARC]
LARC]
LaRCl
LaRC)
LARC]
LARC)
LARC!}
LARC)
LARCI
LarCl
LLARC]
LaRel
I.ARC]
LARC
LARCY
LARCl
LLARCI
LARC]
LARC]
LARCL
LARC]
LARC])
LARC]

1574
1578
1576
1577
1878
1579
1580
158y
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
150?
15913
1594
159%
1596
1567
1588
1599
1600
160
1602
1607
1604
1605
1606
1607
160R
1609
1610
1611
1612
1613
1616
1618
1616
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FUNCTION ERFC (D i2333A
DIMENSION A3 »B(2 T DB »g (D C333A
DATAA ) s 151,3>,333.473242560234235,1542.67231240372» C335A
C1347.12413402752,723. 040002777522+ 255.5004245624253 C3335A3
C32.2400101122141,3.37653103141270,.5541325524425610~/ ©335A
DATAC(BC(I> » Ix1+2>/333.473242603422+2544,57334330275 £333A
23337.22135622322612606.7120152651151333.55227557226, 23335A
C460.233512362156015,103.3002543274633514.3470122375234+1.0~ C333A )
DRATACC(ID » 115355 /1.63271561351242352.353560143223557 C333A
£3.03135304244322, .3251571322555055.554132533547236~ C333A )
DATACDC(I>»1=155>1,22314373033422+5. 030302104356232» C335A
C4.24642630032680395.3733234542704351,.53562472424627+1. 0~ C3335AR
DATAE (1) s 1=1+4>/-.5,.75+-1.375,1.7724533502035516~ C335A
eRFC £ 0.0 <3334
IF (Z .56E. 26.2 RETURN . C335R
IFfr ¢ Z2.6e. 0.5> GO TO 1t C3335A
ERFC = 1.0 - ERF (D £335R
RETURN C3335A
1 ERFC = EXP (-Ze2D> <335A
60 10 & C335R
eNTRY PRERFC C335A
IFr ¢Z .5E. 0.5 50 70 7 £335A
ERFC = EXP(Z2e2) & (1.0 =~ ERF (2> C333A
RETURN C335A
7 ERFC = 1.0 £333A
6 IF (2 .6e. 100.> &3 T3 3 £333A
IF (2 .Ge. 8.0> &0 70 2 C333A

PR +Z20 (A2 +Z¢ (R (3420 (A +2¢ (A(SI+Z2¢ (A (B +Z* (A(?> +Z2eA(3)))>)>) C335A

TII/C(BUI+Z2e(B(2)+Z20 (B3> 420 (B4 +2¢ (B(3) +2¢ (B(5) +Z2¢ (B(?) 42 (B(3> + (333A

CZeB(2)23)))))>) £335A
53 Td 4 c335A
2 P(C (1) +Ze (T (2420 (T(3) +24 (T (4> +20T(SII)))> 7 C335A .
C(DC1>+20 (D> +20 (D3> 424 (D(4) +2 (D (S +2eB<EI I C335A
530 TO 4 c335A ]
3 W = 1./(ZeD) £335A
Pr (1. +We (2 (1) +e (E @) +W*E (3D / (E A o) 23334
4 ERFC = ERFCeP £33%A
RETURN £333A
END £333A
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10

20

APPENDIX D

PLOTS

PROAKAM PLOTS (INPyOUYTFILMirsET12=FILM)

DIMFENSTON X(14)s TEMPF (14)

DIMENSTON BIN(101)s TIME(IN))s TPLOT(101)s TM{1AY)s TA(1AY)
COMMUN /SPECs TEMPF X

COMMUN /SPECM/ N2sTTIPG) s THMAXF (29)

COMUBUN /SPECA/ M3,T73(29)sTAVEF (29)

IN TAVEO, T3 IS CALLED YT TN THIS COMMON STATEMENT
COMMUN JCUREOT/ TXLeTXReIYToIVRASIXHNYXMAsYMX s YHN
COMMUN /CUF0B8/ XMINeXMAX I INTVALX e KkXs YMIN,YMAY S INTVALY SKY
ConuUN /TMODEL/ MODFL

COMMUN JLUNEW/ TASAVE TYSLVE,IX2,1Y2

NCHAR=27

L=TeEMPA10,0)

NTOTH1a)

DR=14/(NTOT=1)

DY=20, /(NTOYT=))

00 1V v=1sNTOT

BIN(I)=(I~1)%0R

TIMelTy=(I=))enT

TPLAT (1) =TEMP(BIN(T))

ConTINNE

PRINT 40

PRINT «0s (I4BIN(I) TPLOT(T),T=]1,NTOT)

CaLy PLOPB (BINsTPLOTNTOTs190'NCHARI0een,*7,23auTEMPERATIIRE VS, ¢
1ORE V01 UME FRACTIONs34420HANRE VOLUME FRAGTION.PRe22HTEMBERATURE ¢

COEGREF e K)e23eNne09242)

CALL PLOPB (X+TEMPFel4,s1 9=t pallX00a0Res? 00901040000 00000,2472)

CALL ARV (1)

DO AV wmODEL=]93
Z=TmMiXn(0,0)
T=TAVEN {0,0)

U0 »Y y=14NTOT
TM(T)=TMAX(TIME(])
TA(T)=TAVE(TIME(])
ConTINnE .
PRINT 404 MODEL
FRIMT 90 (I9TIME(I) s TMUIYaTACI) s I=1sNTOT)
AMINZN,

XMAYZ2A. "

INTUAL x=10

AX=n

YMIN=1n00,

YMAY=3a00,

INTYRL y=7

Ky=0

}
)

CALI PLOPB (TIMEsTM¢NTOTs)14091RMs=2,48.48,931HTEUPFRATURE Vg, Trump
1 AFTER LOFCs31+12HTIMF (HOURS) 1=12923HTEMPERATIRE (DEGREFS K1 922,50

C€90e202)

CAL; PLOPB (TToTMAXFINZ9lowlywlRXe0,08,,0,00000040,04000004242)
CAL) POPB (TIMEsTAUNTOT o a0yalRA3=2,98, 4Res000eNeml20000sNe09245)
CALL PLOPR (T39TAVEFeNTslrelow]lRXs0,98048,909000.0+s00000000202)

CALL COMVRT (9.0s7XsXMN9XMX oI XL » IXR)

IF (MONFLEQe1) CALL CONVRY (320049IY9YMNeYMYITVYR,TYT)
IF (MONELeNE&l) CALL CONVRT (3050,.9IYsYMMN,YMYITYQ,TYT)
CALL DLCH (IXsIYsbdyaHTMAX,Y)

CALL CANVRT (1249 IXeXMNs XY TXL o IXR)

IF (MONFLEQ.1) CALL CONVOT (27K0,9TY9YMNLYMY,Tva,TYT)
IF (MONELWNEel) CALL FONVRY (26U0 2 IY9sYMMNoYMYsTYa,1YT)
CALYL D CH (IXoIYebodHTAVE LY

IF (MONELWLEQ.1) CALL NLCH (160+10004999HSNRS DATA D)
IF (MONELLEQ.2) CALL NELCH (1009100041141 1HCORCAN NATA?)
IF (MONELFQe3) CALL DLCH (100310009 99HAYER DaTA D)

PLOTS
P1LOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLLOTS
Py OTS
PILOTS
By 0TS
PILLOTS
PI.OTS
pLNTS
PLOATS
PLOTS
PLOTS
Py 0TS
P 0TS
PLOTS
PLOTS
P} OTS
PLOTS
P OTS
PLOTS
PLOTS
Py OTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLNTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
P OTS
Py OTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
Py 0TS
PLOTS
PLLOTS
PiL.OTS
PLOTS

—t s
DO D NPIPALWN

s bt et Pt b pont et et
OD 4P NS WDV

20

WWMN NN NN NYN NN
D L0 DN ON S W Y

w W
> WOV

W W w
~ x> N

W
-2 0>

E
S W
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CALY ARV (1) P_OTS 64

30 CONTINNE P1.OTS 65
caLy. P OTS P1 OTS 66
Caty PLOTY PLOTS 67
CapLp PLOTR2 PLOTS 6R
CALy PLOT3 Py 0TS 69
Catr FyxIT PLOTS 7n

c PINTS 73

40 FORMAT (SXe)HIs7Xe3HNTN93Xe16HTEMP HIGHEP THAN/) PLOTS 12

S0 FORMAT (1X91595XeF5,2,5XsF10.2) P 0TS 71

60 FORMAT (///5X91HI>9XsaRTIMEFs11Xs4HTMAX9T1Xs4NTAVE 10X sBHMARE 2911/ P{ OTS T4

1) P 0TS 75

70 FORMAT (1X91S595XsF8,2.2F15,2) £ 0TS 74
END PLOTS 17
SURROITINE PLOT) PLOYS A
DIMENSTON FB(131)s FIR(131)s F2B(131)y FAR(131). FaB(131), TT(137) PLOTS 79

Lo FT(3al)y FIT(I31)s F2T(131), F3T(131), ¥éT (131, P OTS 8n
DIMENSYON TIILE(S) P OTS A1
LOGTCA LAGEYBISO PLOTS 82
COMMON /F/ FleF2sFI4Fa P OTS 813
COMUUN sLLAy LAGE JAGE ¢MFUEL (ISNIRISO P 0TS 84
COMMUN /L JNEW/ TXSAVE ,TYSAVE,TX2+1Y2 PLOTS Ag
COMMUN /CUEOT/ IXLOIXReTIYToaIYRYXMNSXMXIYMXSYMN PLOTS Ak
COMMOA /CUFE OB/ XMINGXMAX o INTVALX oKXy YMIN,YMAX s TNTUALY ¢KY PLLOTS a7y

(o INTYla) 12E PLOUTS PLOTS 8n
NCHAR=S7 PLOTS 8q
¢ INtrla; 1Z2E SPLINE P OTS 9n
Z=FOACEN(U40) PLOTS 391
NN=1 31 Py 0TS 92
LAGE=S,.T. PLOTS 913
AGE=%,0 PILOTS 94
0o 110 mFugL=1,2 PLOTS 38
PRInT 140 PLOTS 96
Prin’ 150, MFUEL4AGE,LAGE P TS 97
I0PTE) PLOTS 9a

po 1Y% y=1l,nNN PLOTS 99
T=1100,+(4=1)%10, P OTS 100
FR(1)=cRACB(T) P OTS 10
Flgrly=Fl PL.OTS 10?7
Fau(lya¥re PLOTS 103
FaR(l)=F3 PLOTS 104
Fag(ly)-Fa P OTS 105
TTit) =7 PLOTS 104
FT(1)=pRACT(T) P} OTS 107
Fitely=F1 PI.OTS 108
FPTtly=F2 P1.OTS 109
Far(lya#3 P 0TS 11p
FaTel)=F4 PLOTS 1

10 CoNTINNE P1 OTS 112
PRINT 760 , ) v PLOTS 113
PRINMT 3700 (I9TT(I)aF1R(I)eF2R(I)sFIBII)«F4BIIYaFR(I)oTmTonn) P OTS 114
XMINZ1200, P OTS 115
XMAYT2400, PLOTS 114
INTYA( ¥=6 PLOTS 11y
KX=n P OTS 118
YMINZ0, 0 PLOTS 119
YMAYE] 0 P OTS 12n
INTUALY=10 PLOTS 121
Ky=1 P OTS 122
CALL PLOPB (TTIFIBeNNsTs0sMCHARCD,97e98,4090,234TEMPERATIIRE (DEGOE PLNTS 124

1S k) 4.23928HFRACTION OF FAILFD PARTICLES,2B,0,n,2,2) PLOTS 124
CALl PLOPB (TToF2ByNNe1909s=NCHARING+7298,0000000aP2100050s0,2¢2) PILOTS 125
CALY PLOPB (TTsF3RNNy1909=NCHARy 04 aTe9B,4090905a”390900n4NeP02) PLOTS 124
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20

30

40

CALI. P1OPB: (TTsF4BINNG1400=NCHARG D4 sTesR,3010¢00a?31040904042+2)
IF (MFIIFLWEQel) CALL NLCH (25095¢24424HFT, ST, VDATIN FUFI MANFL 42y

IF (MFIELLEQe2) CALL DLCH (25095424424 H ATEST aARSAR FUF

IF (MFUHELWNEWYY GO Y0 20

CALl CAMVRY (14R0,9IX ¢ XMNeXMXoIXLoIXR)
CALL CANVRT (0,69TYJYMNGYMXsTIYH,IYT)
CALL M CH (IXeIYe)ylHaywl)

CALL CONVRT (1580,¢7TX,XMNsXMXyIXLoIXR)
CALL DLCH (IXsIYs)y1HR41)

CALL CANVRT (1690, TXaXMNsXMXeIXL9IXR)
CALI DI CH (IXsIYs)slHPeY!

CALY CANVRT (1810, TXeXMNyXMXeIXLyIXR)
CAL} DI CH (IXysIYselglH1W1)

6N vL 20

CALL CANVRT (2100s 91Xy XMHyXMX o IXL 9 IXR)
CALL CAMVRT (0D sIYoYMNYMYX»IYBoIYT)
CALL PICH (1X3IYelylH1W1)

CALY CNANVRT (2060,,1X XMNyXMX4IXL,yIXR)
CALY DLCH (TXsIYalylHp,1)

CALL CANVRT (200044 IXyXMNoxMXsIXL s IXR)
CAL] CANVRT («0BsTYsYMNeYMYSIYBWIYT)
CALY N CH (IXsIYe)lalhyel)

CALl CNANVRY (188049 TX e XMNeXMXeIXLyIXR)
CALY CANVRT (4)S9I1YeYMNeYMYX9TIYBWIYT)
Capgy DICH (IXeIYslolHael)

CONTIMIE

ENCOUE (430150 TITLEIMFUEL «AGF L AGE

CALy
capl.
PRIMT
PRINT
PRINMT
PRIMT
catt

Catt
Caty
CaLy
IF (M
IF (M

DI.CH (10051005443, TITLESY)
ApV (1)

140

180 MFUELYAGE s AGE

160

unnfEl +«2)

J70y (IsTTCI) W FIT(L) oF2T(T) o F3TUI) ,FOT(I)4FT(I)el=V et

PLOPRB (TToF1TsNNe1sOINCHARI N4 9T7e98,40909s23HTEMPFRATIIRF
1ES x) 2a23s28HFRACTION OF FAILFD PARTICLF€42R40,0.2,2)

FLOPR (TTeF2TyNM, 1 e09aNCHAR ;0ae 7092, 409ne04u?3900s0en4N422)
FLOPB (TTIF3ToMNel190s=NCHAR snesTern, e0sn90ea239000909Ne202)
PLOPB (TToF4TyNN T o0 saNCHERIDe e TarR, 0090104 2P39090e0¢N4202)

FIFL,EG,1) CALL NICH (25045 ¢24,24HFT,
FIIEL«EQe2) CALI. NLCH (250959244 24H_ATEST

IF (MFUELNEL1) GO TO 40

capL
CaL
CaLy
CaLy
CAaLi
CaLt
CALy
CaL
CALY
Go t0
CALL
Capy
Capy
CALL
CALY
CALy
CALY
CaLy
CAaLy
CaLl
Capy
Capt

CANVRT (1460, I Xy XMNyXMXyIX[ 4 1XR)
CAMNVRT (0ot IYeYMNIYMYsIYHeIYT)
DILCH (TXsIYslslHasl)

CAONVRT (1580, ¢ IX¢XMNoXMX9IXL s 1XR)
Dy CH (IXeIYelylHa,1)

CANVRT (169U0e s TX e XMNoXMX o I XL o I XK}
DI CH (IXsTYolalk2el!

CANVRT (1B10e ¢ IXogXMNgXMXGIXLyIXR)
DLCH (IXeIYslyelH1,1)

<0

CONVRT {1970, 41X XMNsXMX y1XLyIXR)
CANVRT (o0S5eT1YsYMNsYMYX9IYBWIYT)
DLCH (1XxeIYs1lalH1Ws1)

CANVRT (19300, 1X,XMNoXMX s IXL 4 IXR)
CANVRT (408sTYsYMNsYMYX»IYBsIYT)
DICH (IXsIYelslH241)

CANVRT (1900 ¢TX XMNJXMX4IXL4IXR)
CANVRT (o 09eIYsYMNaYMY9TIYHOIYT)
NECH (IXsIYelylHAW1)

CaMVRT (187003 TX ¢ XMNsXMXeIXL o IXR)
CANVRT (QosloIYaYunN s YMXeIYleIYT)
DECH (TXsIYslelHal)

AARSAR FUFR)

MANFL, o)
MANEL v o)

thEans

PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTYS
Py OTS
PLOTS
PLOTS
Pt OTS
PLOTS
PLLOTS
PL.OTS
PLOTS
pLoTs
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
P OTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
£ 0TS
Py OTS
P OTS
Py 6GTS
PLOTS
PLOTS
PLOTS
P 0TS
PI.0TS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
Py OTS
P aTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

127
128
129
130
13)
137
1312
134
135
134
137
138
139
l4n
14
147
143
144
145
146
147
l4nr
149
150
151
152
151
1594
155
164
157
158
159
160
161
162
162
164
168
164
167
168
169
170
171
172
173
174
178
176
177
174
170
180
1814
182
183
184
185
186
1R7
188
189

121



50 CONTINIE P.OTS 190
ENCOLE (43,1809 TITLEIMFUEL+AGELAGE PLOTS 191
CAL! DI CH (10041005443, TITIEy1) PLOTS 192
CaLy AnY (1) PLOTS 193
FLIMIT=2.0E=3 PLOTS 194
DO &Y y1=14NN PLOTS 19g
IF (F1n(l),EQe040) FIR(I)=FLIMIT PLOTS 196
IF (F2a (1) EGe040) F2R(I)=FLIMIT PLOTS 197
1F (F3ar(]),EU40,0) F3R(I)=FLIMIT PLOTS 198 .
IF (P4 (l)EWL040) F4R(I)=FLIMIT PLOTS 199
1IF (FR(1),EQeD,0) FR{TY=FLTMIT PLOTS 200
IF (F1T(I).EQa0.0) FIT(I}=FLIMIT PLOTS 201
IF (FaT(1)EC,0.0) F2T (1) =FLIMIT pLNTS 202 :
IF (F3aT(I)4EGQe040) FITII)SFLIMIT PLOTS 203
IF (FAT(I) FQaDL0) FAT(T)=pFLIMIT PILOTS 206
IF (FT¢D) EC.040) FT(Ty=FLIMIT PLOTS 205

60 CONTINNE P OTS 206
YMINZ=q, P{ OTS 207
ymax=0_0 PLOTS 20q
INTVAL ve=3 P OTS 20q
Ky=" P) 0TS 210
CALL PLOPB (TToFLIByNN, =190 NCHARsOo97e3R,+0s0 02 uTEMPERATIRE (DEAP PIOTS 211

1EES K) ,=~2332BHFRACTION OF FATLED PARTICLESs2290,n¢242) PLOTS 21»
CALL PLOPB (TTGF2B,NN,o190,=NCHAR,0,47,,R,9040404=23+0404040429s21y PLOTS 213
CAL) PLOPB (TTsF3BsNN,=1904=NCHAR 0427000 ,2090400=239090s00n0292) PLOTS 214
CaL| PLOPB (TToF4ByNN =l 90, =NCHARG 0,07 e 4B ,9040404=23404040s04242y PLOTS 215
IF (MFHEL,EQe1) CALL DICH (250+5424,4,24HFT, ST. YDATN FUE) unAnfFL,sy P OTS 216
IF (MFHELJEQe2) CALL NLCH (250195424 924HLATEST RASSAR FUFEI MNNELs2y PLOTS 217
IF (MFUEL ,NEL1) GO TO 70 PLOTS 218
CALL CANVRT (142044 IX,XMNeXMX,IXL ,IXR) PLOTS 2190
CALL COANVRT (=ol4sIY YMN YMXY,31YB,IYT) PLOTS 220
CALL NI CH (IXsIYslslHo,1) Py OTS 22y
CaLl CNANVRT (1530e,IX4XMNyxXMXyIXL ¢1XF) PLOTS 222
CALI DLCH (IXeIYalslH3,1) Py OTS 223
CALL CANVRT (164049 TXeXMNsXMXoIXLsIXR) PLOTS 224
CALL DLCH (IXeIYslylHPy1) P OTS 225
Cap CANVRT (176049 1X ¢ XMNoXMX s IXL o IXR) PLOTS 226
CALp, DLCH (IXsTIYslslH141) PIOTS 227
GO TU a0 PLOTS 228

70 CALL CANVRY (1740+eTXsXMNoXMXyIXL s IXR) PLOTS 229
CALL CONVRY (=1e89IYsYMNIYMXyTYBYIYT) PLOTS 230
CALL DLCH (1%41Y 01 91Ha, 1) Py 0TS 27
CALL CANVRT (1800e¢sTXeXMNoXMXoIXL 9 IXR) PLOTS 23>
CALl CANYRY (=2.09IYsYMNIYMX4IYHIYT) PLOTS 233
CALL DILCH {IX,1¥s141H3, 1) PLOTS 234
CALL CHNVRY (190045 X XMNoXMX0IXL s [XR) PI.OTS 235
CALL CNAMVRT (=243, TYsYMNSYMX,TYRVIYT) P 0TS 236
CALL DI CH (IXeIYslylu2, 1 P OTS 237
CALL CnANVRY (200049 IXsXMNIXMXoIXL 9 IXR) P 0TS 238
CALL CANVRT (=2,6,31YsYMNsYMX,TYRVIYT) P OTS 239
CALY DICH (IXsIYelslH1s1) PLOTS 240

RO CoONTINNE PLOTS 24
ENCALDE (434150 TITLE)MFUEL yAGF s LAGE PLOTS 247 ’
CALl DI CH (100,1005443,TITLE,1) P OTS 261
CALr armv (1) Py OTS 244
CALL PLOPB (TT FIT NN, =130,NCHAR (e yT09R,404092I4TEMPFRATURE (DEAR PLOTS 245 .

1EES K) ,=23,28HFRACTION OF FAILED PARTICLESI2RsAA4292) P OTS 246
CALL O OPB (TT4F2T 4NN als0,=NCHAR 0, 074,n,90,0404=2390404040,292) PLOTS 247
CALL PLOPB (TToF3TeMNN =100 =NCHAR 0,407 43R, 900040 =2390900040e292) PLNOTS 248
CALy PLOPB (TToF4TaNN, =l o0 =NCHORG O, 07 ey 90,0,04=234050404Na292)y PLOTS 249
IF (MFIELeEQs1) CALL NLCH (250459244 24HFT, STe VRATIN FUFI MAPFL.2) PLOTS 250
IF (MFUEL,EQ.2) CALL DLCH (250,5,24,24H1 aTEST AASSAR FUF uMANEL,2) PLOTS 251
IF (MFHELWNE.L) GO TO 90 P1.OTS 252

122



90

100

110

2

CAL| 'CANVRT (1400,,IXyXMNyXMXy <L IXR)
CALL CANVRT (=,4+TYeYMNsYMXIYESTYT)
CALy DECH (IXsIYslslHasl)

CALL CANVRT (151069 1X o XMN9XMX 4 IXL,IXR)
CALY DI CH (IX2IYs191HR,1)

CAL| CANVRY (1620, ¢TX¢XMNgXMXoIX[ 9IXR)}
CALI DI CH {IXyIYs1l41H2,1)

CALL CANVRT (1760.9TXeXMNoXMXsIXL oIXR)
CALL DICH (IXsIYslolHy,l)

Go *0 300

CALL CANVRT (1B00¢sTX¢XMNaXMXyoIXLyIXR)
CAL| CANMVRT (=1.991YrYMNsYMX4TYByIYT)
CALI. DI CH (IXsIYs191Hae1)

CALY, CANVRT (=2,15,1Y,YMNsYMXoIYR,IYT)
CALI. DILCH (IXsIYsl91HR41) .

CAL{ CANVRY (=2,391YsYMNaYMXyIYHIIYT)
CApLp DLCH (IXsIYslglK2,1)

CALL CANVRT (=2,791Y9YMNyYMXGTIYRWIYT)
CALL DI CH (IXsIYslylH141)

CONTINNE

ENCOVE (434180, TITLE)MFUEL 4AGF#LAGE
CALL DILCH (1004100543, TITLEWY)

CALl AnV (1)

CONTINNE

XMINZ1200,

AMax=2200

INTVAL x=5

KXx=0 .

YMIaEn 0

YMaY=3,0

INTVALYy=3

Ky=n

FIRQ‘ FOR BISOQJ‘.OOD

USE Fg ARRAY FOR LOWER TEMPs FT FOR HIGHER TEMP, TT FOR Tiue

IT(1)=7.0

Fa(1)=7858,15

FT{1)=27998,15

TT(?)=A3.

FR(2)=]HSR,15

FT(2)=21998,15

TT(3)=2700040

1o0ne NAYS = 1000./36%.,25 YEARS
FB(A)=1876,17%EXP (=80,4098/365,25)
FT()=2p0]11,97#EXP (=57 ,4098/365,25)

CALL PLOPHB (FBeTTeas=140NCHARI0es8,980,30HFYs 8T, VRAIN é”fL Monr
1L==nlSne30+28HFUEL TEMPERATURE (NEGHEES k) 1=28¢21HTIRRADTATION Trup

(DAYS) 92340900242)

CALL PLOPB (FTsTTe3s=1e09=NCHARY0.98e98,4020909=284090900n0292)

CALL CANVRT (1400,4TXXMNsXMXsIXL9IXR)

CALL COANVRT (1429 1Y3YMNyYMX9IYByTYT)

CalLl WLCH (IXsIY919¢1aHNO ROATING FAILURESS])
CALL CANVRT (1250,¢1X,XMNsXMXoTX| o IXR)

CALI CANVRT (2.241Y,YMN YMXIYBWIYT)

CAL) W) CH (IX9IY922422HPARTIAL FATILURE RPEGIONITYY
CALL CANVRT (18004 61Xy XMNyXMX9IXLsIXK)

CALL CANVRT (2479 IY YMNGYMY,TYByIYT)

CALI WiICH (IXe1Y928,28M100 PERCENT COATINA FAlitInES.1)

CaLy Anv (1)

FOr TR1SO DO THE SAMF,

FR (1) =7880,10EXP (=97,4459/365,25)
FT(2)=20009,53PEXP (=47,2964/365.25)

THESE NUMBERS ARE THE SAMF AS THOSE IN THF FoACR AND FRARY <iIBRO!IT

INE<....0.5/9/76 LeCoe

P{ OTS
PLOTS
TR
p.0TS
BLOTS
PLLOTS
PLOTS
°.0TS
P1 OTS
Py OTS
P OTS
PLOTS
Py 0TS
PL.OTS
PLOTS
PLOTS
P OTS
Py 0TS
PL OTS
o) 0TS
pPL 0TS
P1.OTS
P OTS
P 0TS
P OTS
PLOTS
PI.OTS
PI.OTS
P OTS
P_OTS
PLOTS
PILOTS
PI.OTS
PLOTS
PLOTS
Pt 0TS
PL.OTS
PLOTS
PL.OTS
PLOTS
Py OTS
pPLOTS
PLOTS
PLOTS
P 0TS
PLOTS
P|.OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
P 0TS
PINTS
PLOTS
PI_OTS
PLOTS
P OTS
PLOTS
P1 OTS
PI.OTS
PLOTS
PLOTS

2513
2%4
25s
254
257
258
259
260
261
262
2613
264
265
266
267
268
269
270
2N
272
273
274
278
276
217
27n
279
2a0
281
2R82
2813
284
285
284
287
288
289
290
291
292
2913
294
29s
296
297
298
299
300
in
302
303
304
305
304
307
308
309
310
3N
31>
KR
314
31s

123



OO0 O0

130

124

CALL PLOPB/ (FBrTTs3+=140INCHARIO,+8,98,031HFT, ST, VRAIN FIIFi MORF PLOTS
1L==TRTc0s31+2AHFUEL TEMPERATURE (DEGRERS K)1w2/s23I4IRRANTATIAN TTM PLOTS
CE (DAYS)92390¢09292)

CaLy
capl
Capy
CaL
capy
CAL}
CALL
CALY,
caL
CAL
CALy

PILOPB (FToTTe3em1409s=NMCHARGO 98,98 ,4090404=208,010904042¢2)

CANVRTY (14000OIXQXMNQXMX'IXL'IXH)

CANVRT (1,20 1Y, YMNoYMXIYB,1YT)

Wi CH (IXs1Y91G410HNO FOATING FAILURESH])

CANVRT (125049 IX o XMNeXMX s DXL 9 1XK)

CANVRT (2425 TY,YUN,YMX 3 TYB,1YT)

Wi CH (IX92IY9122:22HPARTIAL FATLURE RERIONTYY)Y
CANVRT (1800 49X ¢ XMNsXMx s IXL oo XR)

CANVRT (2,701 Y YMNYMXgTYH,TYT)

Wi CH (IXsIY928,2aKH100 PFRCENT COATIMG FAI UDES))
AnvY (1)

NOW WE USE FlH, F2B, F3B TO RFPRESENT J, FOLEY, aYFR AND snpS
MOpelS FIRST HALFse FIT ANND F2T TO REPRESENT 1o FALFY AND AYER
MaDELS SECOND HALF,

INITLA) TZE SPLINE FUNeTIONS

2zUT"Pn10,0)

I=AYERN(0,0)

2=snHsn 0, 0)

LzutMpr0(0,0)

2=AYERFO(0,0)

NN=1U1

DYT=pl,/(NN=1)

DO 1390 I=1NN

TTlrt=(1=1)%DT

T=1701)

IF (1. 7.2,0) 60 TO 179

Fle¢lyzUTup(T)

F2rR (1) ZAYER(T)

FI ey =SORSHIT)

F1T(l)zUTHMPC(T)

FaT (IyZaYERC(T)

G0 v0

130

Finily=0.0
£2a(1y)=0.0
Fanthyzn.o
F1T¢I)=0.0
F2T(1)2040
CONYINUIE

XMINZ0,0

AMA Y=

2n,0

INTVALx=10

axs=n

YMINED O

YMAx=

1,0

INTVALY=D

Ky=1
caLl

O 0PB (TT9F1ReNNy1s0sNCHARD 98445, ¢42HUNTFARM TEMPERATURE. 3
1YER ANn SORS RESULTS+4293AHTIME AFTER ONSET OF ACCTDENT (14NAURS) sud

29,10MFoaCTION IN COOLANT41090404242)

CALY.
CAy,
Capl.
CaLr,
Cayy
CALY,
Capr
CaLy
CALL,
CaLr
CaLy

PLOPB (TTeF2B16601901=NCHARI0es8e95,4090900=4909080900202)
PLOPB (TT+F3BsB8l4190+=NCHARG0a1Bes%,40000042369090004047+2)

CANVRT (2409 IX ¢ XMN g XMX 9 TXL o IXR)

CANVRT (0 8s1YsYMNsYMXIYBeIYT)

Wi CH (IXsIYs18,1RHUNTIFORM TEMP MODE| 4 1)
CANVRT (6400 ITX XMuN o XMX s IXL ¢ TXR)

CAMVRY (0abslYoYMNoYMY9IYB,IYT)

WICH (IX91Yosy4HAYERGY)

CANVRT (8,00 TX o XMNoXMX s IXL s TXR)

CANVRT (0.59s1YsYMNsYMXsTYBoIYT)

WLCH (IXs1Y9444HSORSHY)

PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
PLOTS
pLOTS
P OTS
PLOTS
P 0TS
oL 0TS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P OTS
P1.OTS
P 0TS
P} 0TS
Py 0TS
P} OTS
PI.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PILOTS
Py OTS
PLOTS
PLOTS
PLOTS
P 0OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PLOTS
P OTS
PLOTS
PLNTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
Py OTS
pLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS

316

317

318

319
320

321

322
323
324
32s
3256
327
328
329
339
N

332
331
334
335
3138
337
33a
339
340
341
342
343
344
348
344
347
34g
349
350
M
352
351
354
355
354
357
359
3509
360
369

362
363
364
368
366
367
368
369
370
374

37>
373
374
375
374
377
378



OO0 OO0

CALYL AnV (1)

YMAYS4AN0,

INTVAL y=4

KY=n

CaLl. PLOPB (TTIF1TyNNs1e0sNCHARGD 18495, I6HUNTFARM TEMPERATURE an
1D AvER RESULTS36+38HTIME AFTFR ONSET OF ACCIDENY HOURSG) 4.3As33ur
2=131 CiMULATIVE RELFASF (Ci1RIES) +33900042,2)

CALY PiOPB (TTeFZ2TyNNe1s09s=NCHARI Qe sBe95,90909012369000sne0s202)
CALL CANVRT (4,0 eTXoXMNyXMX o IXL s LXR)

CAL! CANVRYT (300044IY,YMNyYMXyIYR,IYT)

CALr Wi CH (IXs1Y918418HUNTIFORM TEMP MODE| 1)

CALI CANVRT (1049IXaXMNgXMYsTIXLeIXR)

CALL CANVRT (240049 TYsYMNoYMXsIYRWIYT)

CALYI Wi CH (IXpTYsd 4HAYER,])

CALL AnV (1)

RE TiRN

140 FORMAT (1HO}
150 FORMAT (# MFUEL =8,11,5X99AGE =84F4 195X ,0LAGE mi,1 1,9 RTQN®)
160 FORMAT (/8XolHIolaXolnuTelaXe2HF1o13X12HF2413x92HE3413Xs20r4a,14Xy1 1
1F /)
170 FORMAT (15,6F15,5)
180 FORMAT (% MFUEL =911 +SX12AGE 2#sF4,1 95X 8LAGE =0 1o TRTISN®)
END
SUHROUTINE PLOT2
LOGTCAY LAGEHBISO
DIMENSTON FRAC(241)s RFRACI(241)s TFRAC(24))s A(2s1)
DIMENSTON FUEL (2)
COMMUN LA, LAGE ,AGE ,MFUEL,1S0,4RI1S0
LAGE Is A LOGICAL VARTABLFE SET TRUE IF alLL FoUr AarS OF rlUFL ARF
TO nt SEDe. IF LAGE 1S TRUEy AGF IS SET FQUAL Tn THE Trwe SINCE
THE REACTOR WAS TURNED ON,
IF | AGr 1S FA{SEs AGE TS SFT FQUA[ TO THE AGE aF AL OF THF FUE ,
MFUFL = 1 FT., STs VRAIN FHLEL MODEL
MFUFL = 2 GASSAK FUE|. MODFL
NCHAR=27
INIYLA IZE PLOTS
INITIA; T2E SPLINE
Lo 3V yL=l.p
IF (1L ,EQe1) LAGE=,T,.
IF tIL,EQ.2) LAGES,F,
DO U 4FUEL=192
ENCHAUE (18340sFUEL)MFUFEL 9L AGE
PRINT =0 MFUELLAGE
NTL=247
DO U YAGE=1NTL
AGE=(1AGE=1)20,025
A(1AGE)=AGE
BFRAC(TAGE)=0,0
TFRAC(TAGE) =00
NN=1UQ
DO YU 1=19NN
PER=1, /NN
BIN=PER®I=PER/2
T=TEMP (RIN)
FR=FRARB(T)
BFRAC(1AGE)=BFRAC{IAGF) «FR
FT=rFRA~AT(T)
TFRAC(1AGE)=TFRAC(TAGE Y +FT.
10 CONTINDE
BF#aC(1AGE)=BFRAC(IAGF)#PER
TFRAC(TAGEY=TFRAC(IAGF)*PER
FRAC(TIAGE)=0+6#BFRAC(TAGE) +0,4%TFRAC(IAGE)

P1LLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PILOTS
PIDTS
PI.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PILOTS
PLOTS
£ 0TS
PLOTS
PL.OTS
PILOTS
PLOTS
PLOTS
PLOTS
PLNTS
PILOTS
P} OTS
PILOTS
PL.OTS
PILOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
P OTS
Pt OTS
PLOTS
PLOTS
P1.OTS
PL.OTS
PL.OTS
PLOTS
P1.OTS
PLOTS
PLLOTS
P1LOTS
PLOTS
PILOTS
PILOTS
Py OTS
PLOTS
PLOTS
PI.OTS
PLOTS
P1.OTS
PLOTS
PILOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS

379
380
381
kLY
3813
384
385
386
387
388
389
399
39)
392
3913
394
395
394
397
398
399
400
40
402
403
404
408
406k
407
408
409
41n
411
412
419
414
415
416
417
418
419
429
421
422
423
424
429
426
427
428
47q
4139
431
437
433
434
435
434
437
43n
439
449
441

125




126

20 CONTINNE

30

40
50

60
70

10

PRINT 40

PRINT 700 (I9A{1)4BFRAC(I),TFRAC(I) +FRAC(T)oT=T NP
CAL|L PLOPB. (A+BFRACINTL 91 909INCHAR)0,984,8,9040,417HAGE
LOHFAILED FRACTION BISNe2090000242)

CaLi. DI.CH (100,1005,18,FUELs1) _
IF (MFUFLGEQel) CALL NLCH (375¢5024424HFT, STe VRAIN
IF (MFIELWFQe2) CALL DLCH (325+5924424H ATEST AAQSAR
CaLy Anv (1)

CALI P OP2 (AsTFRACYNTL 91 s0sNCHAR O, 9B0e4R,90,0,1THAGE
1IHFAILED FRACTION TRISA,21404N9242)

CALYL DI CH (100+100541R,FUFLs1)

(YEARSY o 11,2

FUR
FUF)

(YEARSY e 11,7

MANEL ¢ 2)
MNANFL ¢ 2)

IF (MFOFLEQel) CALL NLCH (32945,24424HFT, ST, VDAIN FUF} MNANEL2)

IF (MFIEL4EQe2) CALL NLCH (325895424924 H_ATEST BASSAR
capr, AnvV (1) .

CaLl PILOPB (AsFRACINTL 9190 eNCHARIe1Be98,90909 1 1HARE
1HFATLEN FRACTION TOTA| +21+09049292)

CALL DICH (100+1005418+FUEL 1Y)

FUE}

vANEL ¢ 2)

(YFABRY 411021

IF (MFUELWEQel) CALL NLCH (32595424420HFT,. STe VRAEN FUF| MANELs2)

IF (MFUEL ,EQ,2) CALL DLCH (325,5424,24HLATEST 6ASSAR
CALy AnV (1)

CONTINHE
RETIMN

FORMAT (‘MFUEL=“0Il)S!o“LAGE:#yLl)
FORMAT (#OMFUEL =#,11,5Xs# AGE =#,L1)

FUF}

MANEL 4 2)

FORMAT (/,/41.1H1.17x,3HAGE’IQX.SHFRAC8,15x,gHrpﬁci.16x,AHroAC/)

FORMAT *(I534F2045)
END .

SURnOQUTINE PLOT3
LOGTCA LAGEBISO

DIMENSTON RINTAC(151)s RFATLD(1S1)s TT(151)s TT4(15))e BT NG(151),

1 RF 06 (151)

COMMUN /CUe 07/ TXLsIXPoIYTeIYRIXMNIXMXsYMX s YMN
COMMON /CJEORB/ XMINGXMAXs INTVALX oKX YMIN,YMAXy INTVALY
COMMUN /LA/ LAGEWAGE +MFUEL 9 ISO9RISO

COMMUN ZLJUNEW/ TXSAVE,TYSAVE.1X291Y2

NCHAR=2T

WN=al

DO 10 y=1sNN

TT{.(I)-.Q-O‘(I"I)“O.I

TT(1)=10FE4/TTa(])

MFUFL=]

AMIN=3_0

AMAYEQ 0

INTVAL x=6

BISf\:.S’o

KXzl

YMINZwg o

YMavy=y

INTVALy=T7

RY=n

CaLy Py OPB (TT4oRFATLNGNNI=1 00 INCHAR 005,97 .924HFTe STe VRATIN FiIF
1L MAUE 9=24919H1.0E4/T (DERREES K)9=1993AHPARTICLE COATYNA RELEASF

2 RATE , HOUR936404042,2)

CALL CANVRT (3,59TXsXMNeXMXsIXL s IXR)
CALL CANVRT (=4a75,1Y,YMNeYMX,1Y8,1YT)
CALY WLCH (IXeIYs12910H193,4,5,9,10,1)
CALL CANVRT (=3,59IYsYMNeYMXyIYHIIYT)
CALt WL CH (IXeIYslelHAN])

CALL CANVRT (3.691XsXMNeXMY s IXL e IXR)
CALL CAMVRT (=2.7sTYsYMNIYHMX g TYRWIYT)
CALI. WI.CH {[IXsIYs191H741)

' KY

PLOTS
PLOTS
P{ 0TS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
P.OTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
Py OTS
P{. OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
P{.OTS
PLLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
P;.OTS
PLOTS
PLLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
PLOTS
Py OYS
PLOTYS
PLOTS

442
4417
444
44%
446
447
448
449
450
451
452
451
454
455
456
457
45R
459
46p
461
462
463
464
465
464
467
468
469
47y
47
472
473
474
475
476
477
478
479
480
481
482
4R13
484
4859
486
487
48R
489
490
49
492
4913
494
495
496
497
498
494
500
501
502
5013
504



CALL. CONVRT (3.9 IXsXMN9XMxoIXL e IXR) PLOTS 505

CALI. CANVRT (=2.0+sIYsYMNeYMXyIYRsIYT) PLLOTS 506
CALI Wi CH (IXyIYelyslHoel) ’ PLOTS 507
CALIL CONVRT (4,5¢TXeXMNsXMX s TIXL o IXR) PI.LOTS 508
CALL CONVRT (=145¢IYeYMNIYMXGIYHsTIYT) PLOTS 509
CALI. Wi CH (IXsIYely91H2,1) PLOTS 510
CAll CANVRT (6,09 IXeXMNs XM IXL ¢ IXR) PLOTS 511
CALt CANVRY (=3.03IYsYMNIYMXy3TYBWIYT) P) OTS 512
CALL WiCH (IXsTY979TH4sT1B,9,7) P OTS 511
CAL!L CANVRT {6459TXsXMNsXMY s IXL ¢ IXR) PLOTS S1a
CALL CANVRT (=] ,0¢IYsYMNoYMX3TYROIVT) P OTS 518
CaLy Wi CH {IX9I1Y96s6HASI1N]) P|.OTS 516
CAp) CANVRT (4.SeTXe XN XMX 2 TXL o IXR) PLOTS 517
CALL CONVRT (0e00IY YNy YMXyIYBoIYT) PLOTS 518
CAL). Wi CH (IX+IYs191H1,41) PLOTS 519
CaLr CNANVRT (4e75 IX o XMNsXMX T X 9 TAR) PLOTS 52n
CALILL CAONVRT (O4lsIYaYMNyYMX9IYBaIYT) PLOTS 521
CALY Wi CH {IXsIYelslHA,L) PLOTS 522
L0 30 1SO0=1,s10 PILOTS 523
02 2V r=1sNN PLOTS 524
T=rrin PI.OTS 525
RINTAC 1)=RI(T) PLOTS 524
REATLD (T)=RF(T) PI.OTS 527
RILNAG (1) =ALOGLI0(RINTAC(I)) PLOTS 528
RFLLAG (1) =ALOGl0o (RFAILN(I)) PILGTS 529
20 ConTINNE PLOTS 53p
PRINT gpns ISUWMFUEL PLOTS 531
PRIMT qoy (IsTTUI)aTT4 (1) sRINTAC(I) sRILOGII) «REATLAII) +RE I AR(T)sre PLOTS 532
11en0) PLOTS S3q
CALL PL()F’B (TTAORFAILDQ'NNQ'-I.Op-NCHAROO..3.,7..0.0.00-19.0.0.0,0,? PLOTS 534
122 ' o PLNTS 535
CALt PLOPB (TT“'RINTACONNQ-Iin-NCHAROO.05-97.00.0»0’-10.0.000’00? PLOTS 534
1+2) PLOTS 537
30 CONTINYE PLOTS 538
MFUFL=a PLOTS 539
caLrL Anv (1) PLOTS 540
AMIN=3 0 PLOTS 541
AMAX=7 0 PLOTS 542
INTVALx=4 P OTS 5413
KXz P OTS S44
YMINT =4 PILOTS 5485
YMAYX=2 0 P OTS S46
INTVA(L V=6 PLOTS 547
Kyzn PLOTS S4g
Cayy PI.OPB (TT4sRFAILNINNe=1309NCHARSIZe 45,97 ,936u3ASSAR Ftley MODeyp PLOTS 549
1 = FATI ED PARTICLES,=34,19H1+0E4/T (NEGREES ) ,=79,36HPARTIALE CAA PLOTS 550
2TINA RELEASE RATE / HAUR3690+09242) PLOTS 591
CALL CANVRY (4,091XeXMNyXMX9IXL 9 IXR) PLOTS 552
CALI CANVRT (=144, 1Y YMNaYMX,TYHsIYT) PLOTS 551
CAL{. WI.CH (IXsIYsBy8BH1N TRISOs1) PILOTS 554
CALY CNANVRT («0e49TYsYMNaYMX,TYU,IYT) PL OTS 555
CALI WILCH (IXsIYelslHg,l) PILOYS 554
CALL CONVRT (6.04TXeXMNeXMXsTXL s IXR) PLOTS 557
CALL CANVRT (=]1,091YsYMNIYMX,TIYHRWIYT) PLOTS LT
CALy W CH (IXsIYslelHRW1) P OTS 5549
CALL CONVRT (3.9¢IXsXMNyXMXsIXL s TXR) PLOTS 560
CALL CONVRT (04401Y s YMNaYMXoIYBWIYT) PLOTS 561
CALL Wi CH (IXsIYel9lHAW1) PLOTS 562
CALL CONVRT {3.69IXeXNeXMX9TXL ¢ TXR) PLOTS 561
CAL)I. CANVRYT (0,601YsYMN9IYMX9IYBIYT) PLOTYS 564
CALY WL CH (IXyIYsTy7HIN BTS0,1) PLOTS 565
CAL) CNANVRT (680 IX s XMN9eXMXoTIXL 9 IXR) P; OTS 566
CALL CANVRT (=1a391Y,YMNyYMX,TYByIYT) M OTS 567

127




128

40

50

CALL WL CH (IXeIYs1lslH1el)

CALIL CANVRT (3,6 IX9XMNIXMXYIXLsIXR)
CALI CANVRT (1,091YsYMNoYMYsIYR4IYT)
CALL WLCH (IXeIYsTaTHasT9Re9,1)

CALL CANVRT (44,2597 X e XMNeXMXy TXI s YTXR)
CALI CANVRY (1.501YaYUNsYHYQIYBWIYT)
CAL) Wi CH (IZslYelelR2.1)

DO sV 1SO1=1+11

1S0=1S5n1

IF (1Sn.EQ,1)) BISO=.T.

IF (1Sne.tQ.11) 1S0=10

DO 4U- 7=l 4NN

T=Trin,

RFATLD (1) =RF(T)
RFLAG(1)=ALOGLO(RFAILN(T))

CONTINIE

PRINT ans ISOsMFUEL

PRINT 700+ (IsTT(I)oTT4(I)RFAILD(I)eRFLAGITY 9727 oNN)
CALL PLOPB (VT4 RFATLD NNymly09=NCHARSIO, 4509 Teg00e0400=14040400045,

12) )
CONTINIE
CaLr AnvV (D)
AMINZS 0
AMAY=Q 0
YMINZ=T,
YMAXZ0,
INTVAL x=5
KY=h
INTVAL y=7
KY=n

CALI. POPB (TT44RINTACINNs=1,04NCHARIZ4,5,97,936HAASSAR £1IF. MODFL
1 =« INTACT PARTICLES+=36+19H1,0E4/T (NEGREES K) +=w79,36KHPARTTICILE CnA

2TING RELEASE RATE , HNUR3A404042,2)
CALl CANVRT (7.09IX9XMNsXMX9IXL s IXR)
CALL CANVRT (=624 1Yy YMNyYMX TYHIYT)
CALI WL CH (IX9IYsT9e7HY TRISO,1)

CALI CANVRT (4,89 TXeXMNsXMXTXL ¢ IXR)
CALY CANVRT (=483 1Y9sYMNgYMX,TYRBYIYT)

CaLp Wi CH (IXeIYs17917HT5(19448+9 TRISO),Y)

CALI CNHAMVRT (5400 TXoXMNsXMX 9T X[ s IXR)
CALt CANVRT (=4,13TYsYMNsYMX TYBsIYT)
CALy Wi CH (IXsIYrlslHr,1)

CALL CANVRT (=3,74IYsYMNsYMXoIYRYIYT)

CALY WICH (IXsIYe124s12H69 (899 BISO)e1)

CALL CANVRT (=319 TYsYMNIYMXyTIYBIYT)
CAL| WLCH (IXysIY92,42H10,1)

CAL| CANVRT (=2,1s1YsYMNoYMX4IYHBsIYT)
CALI. WL CH (TX91Y9191HPs1)

CALI CONVRT {(Be0¢IXsXMNIXMXIXL o IXR)Y
CAL{ CANVRT (=4,0sTYIYMNyYMX,TYBYIYT)
CALI W) CH {IAs1Y9646H BISOs))

CALL. CANVRT (=2,4¢1YsYMN9sYMX TYRIIYT)
CALp WLCH (IXs1Ys6yAH1 BISNs1)

CALL CAMVRT (4,691 X¢XMNyXMX o TXL o IXR)
CALL CANVRYT (=0s4sIY9YMNIYMXyTYReIYT)
CAL). Wi CH (IXe1YshybHs BISN])

DO 70 1S0=1,10

00 TV tBISO=192

IF (IB1S0EQe1l) BISO=,F,

IF (‘RfSO.EQlZ) BISO=,T,

D0 AU r=1sNN

TxTT(I)

RINTAC (I}=RI(T)

P} 0TS
PLOTS
P OTS
PLOTS
P1.O0TS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P.OTS
PI.OTS
PLOTS
PL.OTS
Py OTS
P{.OTS
Py OTS
PL.OTS
PILOTS
PLOTS
PLOTS
PI_OTS
PLOTS
PLOTS
PILOTS
P{ OTS
Py OTS
PLOTS
PI.OTS
PILNTS
PL.OTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PILOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOYS
PLLOTS
PLOTS
PILOTS
PLLOTS
Py OTS
PLOTS
PLOTS
ProTs
Py OTS
PLOTS
PI.0TS
PLOTS
PlLOTS
PLOTS

568

569
S70

XA

57>

573

574

578
576
577
578
579
580
581

582
5813
584
585
5864
5A7
588
5Rq
59n
591

597
5913
594
595
594
597
598
599
600
601
602
6013
604
60%
60¢
607
608
609
610
611
61>
613
614
615
616
617
618
619
620
621

622
624
624
625
626
627
62a
629
63n



RILAG () =ALOGLO(RINTAC(T))

60 CONTINE

70

B0 FORMAT (6HQISO =912e3XsTHMFUEL 2e11010Xe7H140E4/To1BXs2HRT 118X ISUR

90
100

10

20

30
40

S0

PRINT a0s ISCsMFUEL

CAL L PLOPB ‘TT“.PINTAC.NNQ-I’o'-NCHAR'OQ.g.’7..0’0.00.19000000095.

12)

CONTINIIE
CALY. AnV (1)
RETIIKN

11L0RY 18X+ 2HRF 9 15X s SHRFL0G/)

FORMAT (1A,154,F124145F2045)

FORMAT (1X9159F12e19F20eS140X92E20+5)
END

SURPOUTINE PLOT4

INTFOER DATE

DIMENSYON T(41)s FF(4Y)e TX(41950)9 8(50)e VECP(28n)
DIMENSTON TEMP] (41,50) s TEMP2(41,50)
CommUN /TMODEL/ MODEL

DO 1V 121,436

ITIvLE (1) =10H

CAL). GrTQ (4LKJRN, JOBNAME)

CALL DaTEL (CATE)

ITITLE (1) =JOBNAME

ITITLE (2)=DATE

ITITLE (12)=10ATEMPERATUR
ITITLE13)=10RE MODEL =

2=SoL InE{Ds020.0)

L=TcMpn(0,0)

CApr anpv (1)

NTOT=4n

IVFMAX =50

DT=»0,/NTOT

NTOTl=nTOTel

0o 2V y=1,MNTOTY

T(I)=.(1=1)%DY

ITEMP=a

UN &l GODEL=1sITEMP

ENCOVE (1047091TITLE (14))MODEL

IF (MONREL EQ.4) GO TO 40

Z=TaAVEN{0,0)

L=TrHAXn(0.0)

ToE1 T=TEMP(0,0)=1174.4

DO 0 =1 eNTOTY

TIMEZT (1) .

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

PER=L./IVFMAX

DO g0 rVF=1sIVFMAX

BIN=FER®(IVF=0.5)

BervF)=BIN

DO =0 1=1,NTOT1

TIME=T D) .
IF (MORELeNE %) TEZFF(1)®(TEMP(RIN)=1174 _4)eTAYE I TIME)
IF (MORFLL,EQ,4) TE=SPL (TIMF+BIN)
TX(T21yFI=TE

CoNT INNE

ITITLE (9) =1 0HT IME (KRS,
[TITLE(10)=10HCORE FRACT

ITITLE (11)=10HTEMP (K)

PRINT p0e MOQDEL

PRINT Q0+ (Ja(TX(14J)yT21yNTOT1s2) e =19 1VFMAY)
CaLy P NOW (TX NTOTYsTVFMAXeT9ByVECF 2504 TTITLF)

ITPTI R (36)

PLOTS
PLOTS
Py OTS
PL.OTS
PLONTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
P{.OTS
pPLOTS
P1 OTS
PLOTS
P{.OTS
PLOTS
PLOTS
P1.OTS
pL0TS
PI_OTS
PILOTS
Py 0TS
PLOTS
PI.OTS
PLOTS
PLOTS
PLLOTS
P 0TS
PLNTS
PLOTS
PLOTS
PLNTS
PLOTS
PI.OTS
PLOTS
PILOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PinTS
PL.OTS
PLOTS
PLNTS
PLLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PILOTS
PLOTS
P{.OTS
PLLOTS
Py OTS
PLOTS
P OTS
PLOTS
PI.OYS
PLOTS
PLOTS

63

632
633
634
635
636
637
638
639
640
64

642
643
644
645
646
647
6419
649
650
65,
657
657
654
655
654
657
658
65q
660
661
662
663
664
665
564
667
668
669
670
671

6772
673
674
678
674
AT
67a
679
680
681
682
6813
684
685
684
687
684
689
69n
691

692
693

129




130

60

70

30

CALY PTICTURE (TXITEMPYeTEMP2INTOT1 IVFMAXSNTOTI91,0014002,0¢2,002, P OTS

1099“0..3700.'00‘2'3000-1o)

WRITE OB IDENTIFICATION

CALL DI CH (154499244+4HJ0R=y])
CALL DLCH (206,992,510, 1TITILENY)
WRITE nATE

CALL DI CH (4001992485 +5KHDATE=])
CALI DLCH (45644992,10,1TITILE(2) 1)
wWRITE 10

CALt DICH (1544972960, ITITLE(12)091)
WRITE FUNCTION RANGF

CALI DI CH (696995217 +7HRANRE==9])
CALL DL CH (7804952420, 1TITLE(3)s])
WRITE ¥ RANGE

CALt DLCH (7809972920, ITITLE(S)])
WRITE v RANGE

CALIL DLCH (7804992420, ITITLE(T)»])
CALy Anv (1)

CALL AnV (1)

CONTINIE

CaLl ExM

RETUKN

FORMAT (12+8X)

FORMAT (//% TEMPERATURE MODEL 3¢s11/)

FORMAT (1X913+21F6,0/)

END

FUNRTIAN UTMPO (T)

THESE nUMBERS FROM TaArtLAR DATA IN REPORT BY J, FOLEY
DIMENSTON 10F(2)s TAB(3) ‘
DIMFNSTON X(16)e F(16)s W(16)y Al16)s Brra)s Crra)

DATA X/?.'3.)4.15.'6.o7.98.,9.'10.'11-’l?.’13!01A.v16o'lﬁ.o?6./
DATA F ,004e0157400658,,1774943355,¢5280,,7147,,8670,49177,.9473,.9

1550,99537949534,9464,9399,933/

SPLYINE BOYNDARY CONDITTONS ETr.

1J=y

10P1)=5

10P (%) 25

N1=10

CALL SPLID1 (N1sXsFsWoI0PsTJsAsRC)

RE TN

EnTaY 11 TMp

CALL SPLID2 (NlysXsFeWa1JsT,TAR)

UTMp=Tad (1)

RETURN

END

FUNCTIAN AYERO (T)

THESE MUMBERS FRUM GRAPHICAL DATA IN REpPoRT RpY 4, FOLFY
DIMFENSTON I0P(2)r TAB(3)

LDIMENSYON X(T)s F (750 wi(Ty, A(Tyy B(T)y (T
DATA X/ 2694496498491 0,4124413,/

DATA F/OlIollS'o“350.645'.75'082’a§45/
SPLTNE BOUNDARY CONDITTIONS ETCe

Iu=1 )

Iop(l)=5

iop(2)=5

N1=7

CALL SPLIDY (N1sXsFeWaTOPsTUsAsHeC)
RETURN

ENTLY AYER

CaLtL SPLID2 (Nl1eXsFoeW,1JsT,TAR)
AYER=TAH(])

PI'OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P 0TS
PLOTS
PILOTS
PLOTS
PLOTS
PILOTS
pLoTS
PLOTS
P1LLOTS
PLOTS
PILOTS
pPLOTS
PLOTS
Py 0TS
PLNTS
PL.OTS
PLOTS
PLOTS
PL.OTS
PLOTS
PILOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
pLOTS
PLOTS
PLOTS
P1.OTS
Py OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOYS
PLOTS
PL.OTS
PL OTS
PL.OTS

694
695
654
697
658
699
700
701
702
703
704
708
706
707
708
709
710
71y
712
711
714
715
T16

717
T8

Tla
T20
72)
122
723
724
725
726
727
728
729
730
731

732
733
734
71358
734
737
7138
739
740
741
742
7413
Tay
745
746
T47
T48
749
750
75

752
7513
754
75%
754



OO0

RETUKN

END

FUN~TTAN SORSO (T)

THESE NUMBERS FROM GRAPHICAL DATA
UVIMFNSYON 10P(2)s TAB(3)
DIMFENSTON X(8)s F(8)e W(B)s A(B)
DATA X/20044960050910,0120034,1916
DATA F'/O.o.OBS' «340, 0560'0700079'
SPLINE BUUNDARY CONDITIONS ETC.
INED

10Pt1)=5

10P 25

Nl=a

IN REPNRT RY ),

B(8)» ¢(8)
o/
+8459,8R/

CALL SobL1D1 (N1yXyF W, I0PyTJyAsBsC)

RETHRYN

ENTRY §ORS

CALL SpPLIVZ (NloXeFeW,TJsT,TAR)
SORS=TaAH(])

KE THIRN

END

FUNETIAN UTMPCo (T)

FOLEY

THESE nUMBERS FROM TARULAR DATA IN REPORT BY J, FOLEY

DIMFNSTON T0P(2)s TAB(3)

DIMFENSION X(16)y F(16), W(16), A(16)s B(1K)s Cl1a)

DATA X /2093094095 ,0609T7e98,89,010021167120213¢91409160012,92047

DATA F,0,,19.24102,8,319,4,702,7,1240,+1R66,,2454,

1169793949347 3693493.974964+349%6,4/
SPL tNE BOUNDARY CONDITIONS ETCe
IJ=1
IoP(1) =%
10P %) =8

Ni=y6

CALL SPLID1 (NlyXsFoWsI0PsTJsA9BC)

RETHRN

ENTRY 1 TMPC

CALL SoL1D2 (N1eXoFoW,TJsT,TAR)
LUTMPC=TAB (1)

RE TURN

END

FUNCTIAN AYERCH (T)

2909,.3200, 9374

THESE nUMBERS FROM GRAPHICAL DATA IN REPART aY .y, FOLEY

DIMENSTON IOP(2)s TAB(3)
DIMENSTON X(B)e F(8)s W(B)y A(B)
DATA X/2e94496,98,910,0124014,491°

B(B)e ¢ (8)

o/

DATA F ,0,4250491020,01930,.248004+2800,43000,43110n,/

SPLTNE RUUNDARY CONDITIONS ETCe

1=
I0P(l)=%
10P(2)=5
Nl=A

CALL SpLIDL (NlsXsF oW, T0PsTUsA9BsC)

RETIIRN

ENTRY AYERC

CaLl, SPL1ID2 (N14XsFsWeTJsT,TAR)
AYEnC=7AB (1)

KETHRN

END

SUNNPOUTINE PLOPR(XsYsNPTSesINCsLNNyNSYMaC o XAASYAALARELZ on71 o LABFL Y

1oMX| *LABRELY SNYL s LABELR «NRLWLSTZE .

1512¢€)

PLOPEB PRODUCES A STANNARD 2=PIMENSIONAL P OT StmiLAR TO P NJR
WHIFH 1S SUITABLE FOR PUBLTCATION,
LAsrLS MAY BE WRITTEN ON & SINES OF PLOT

LSI?E 1S THE SIZE OF THE LABELS.

151A8S (1. SI1ZF) ¢h

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py NOTS
Py QTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PL.OTS
Py OTS
Py OTYS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
Py.OTS
PLLOTS
P1.OTS
PLoTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{ OTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOYS
PLLOTS

757
75R
759
760
761
76?7
7613
764
768
766
T67
T6R
759
770
AR
T2
773
T74
775
774
177
778
779
780
784
782
7813
784
785
784
187
78R
789
790
791
782
7913
794
168
794
797
7918
799
800
801
802
807
8N4
305
R0k
807
804a
R09
810
a1
a1?
R113
8la
8lg
814
817
81a
819

131




132

10

20
30

IF US17E > 0+ DEPENDENT VARIABLES ARFE PLOTTED ON LEFT«HANN SCALF
IF 1.517E < 0+ DEPENDFNY VARIAARLES ARE PLOTTEN AN ATGHT=HANN GCALEe
ISI7E 1S THE SIZE OF THE SCALFS. 1S1a8BS(1S1Zr)cs

LINFAR PLOUTS FOR DEPENNENT VARIARLES MAY WAVE 2 CALES O
MULTIPLE PLOTS.

IF 1SI7E 2 0y ONLY LEFT SIPE OF PLUT HAS SCALE

IF {S17E > 0 AND ISIZF < 0+ ALLOWANCE IS MADE Tn DoaW SCAtF AN
KIGHT <TDE WITH A LATER CALL TO PLOPH

IF | S176 < 0 AND IS17¢ < 0, STALE IS DRAWN On nYAHT SIDF,
SCarts PRINT 4 FIGURES, DATA MUST BE AULJUSTEP afrFnrE CALy P nPB,
IF 1 ARFL OTHER THAN TOP DOFS NOY FIT ON ONE ( INrF,

LSI7t wIlLL BE REVLDUCED RY 1

ALSH TyE LOG AXES Wily BE FULL CYCLES.

IF XA AND/OK YYA ARE NON-7ER0 THE |LENGTHS

WIL) HF CONSIDERED AS RATINS WHERE THE | ONGFEST

SInE Is FITTED ON A Aagn POTNT LINE.

AXES ILFNGTHS WILL BF REDUCFU IN ORDER Tp ALLOW mPnOM FOR
Larrls ANU SCALES IF NFCESSARY,

COMMUN /CUEOT/ TIXLseIXReIYTsIYR®XMN9XMA9YMX s YMN

COMMUN ZCJEOB/ XMINsXMAXSMAJORX sKX s YMIIY YMAX (MA JNRY 4 KY
DIMENSION X{l)s Y(1)

DIMENSTON ISZ(6)s IVS7(6)

DATA 1Q72/12+18424930036042/

DATA TySZ/164264532,40,4B4567/

INTFGER GRIDF

BAMAXT (AMAX] (Cr04)# (L NN®1)»0,)

LTN:LNN

KSYU=TAHS (NSYM)

KINFEMAXO (TABS (INC) o 1)

MPT: }AHS(NPTS

MZ =MZu=TARS (NZL)

Xxa=ARg (XAR)

YYA=4RBe ({YAR)

NXN=NXv=IABS {NXL)

NYN=NYu=TARS (NYL)

NRN=NRAM=TABS (NRL)

LSZ2=1ARS (LSIZE)

1S17=1aRS{ISIZE)

GRINF2AMAX] (1e2ABS(C))

IF (NSyM.GT.0) CALL Apv (1)

1IF (NY oL.Ta0) GO TO Sn

IF ({NGYMeL Te0) oA (ISTZE«GTe0)) GO TO 199

Cap MaXV (XaKINCsMPTSeISURSXMX)

CALL MAXY (YsKINCyMPTS,ISURYMX)

CALL MINV (XyKINC,MPTS,ISURyXMN)

CaLl. MINV (YsKINCoMPTS, ISURyYMN)

IF (AXA.EQ.D) XXA=6,

IF (YyasEQ.0) YYA=10,

IF (NPTS,1T,3) GO TO 20

IF (AMAMGNEJXMX) GO TO 10

DXMze0Al®AHS (XMX)

IF (Dxm,EQ,0) DXM=,0001

XMNzAMN=DXM

KMXzAMy +DXM

CALI AGCL (SeXMNsXMXsMAJXsMINXPKKX)

GO tU 10

XMN=ALNG] 0 (XMN)

AMX=AL AGLO (XMX)

IF (INc.LTL0) GO TO 60

IF (YMMNEL,YMX) GO TO 40

DYM=e0nl1#*ARS (YMX)

IF (DYu,EQ,0) DYM=,00nm

YMN=YMN=DYM

PLOTS
PLOTS
PLOTS
Py OTS
P1LOTS
P OTS
PILOTS
PLLOYS
PLOTS
PI.OTS
PLOTS
PLOTS
Py 0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLNOTS
P1LOTYS
P1.OTS
PLOTS
PLOTS
P OTS
PLOTS
PLNTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLLOTS
PLOTS
PILLOTS
PILOTS
Py OTS
PI.OTS
PILOTS
Py OTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PILOTS
PLoTs
PLOTS
PLOTS
P1.OTS

820
821
a2z
8213
824
A28
826
827
828
829
830
8131
83>
8133
B34
A3s
834
837
83n
839
84n
841
842
841
844
B4
B46
B47
84g
849
850
851
852
853
854
855
85k
857
8sa
8%9
86n

861
862

869
864
865
R6K
867
868
869
870
871
872
8713
874
875
876
877
87a
879
88n
881
882



40

S50

60

70

80

100

YMXuYMysDYM

CALL AGCL (SeYMNeYMXsMAJYsMINYIKKY)
GO t0 20
AMNZAMTN
AMX=AMAX
MAJYSMAKX=MAJORX
KK X=RX

YMN=YMIN
YMX=YMaX
MAJYSMAKYSMAJORY
KKY=KY

GO t0O 0
YMN=ALAGLO0 (YMN)
YMX=AL AGLO(YMX)
MAKY=Gn [DFOMAUX
MAKY=Go IDF#MAY

IF

INSVYM.LT.0) GO TO 90

IXL=4%,c%157(1S12)+1,541V52(LS2)
IH=TVS7(IS12)

IF

tINCOGEL0) THSIH/2

1YT=CauaX0 (IVSZ(LSZ) s IH)

1F

(IM7L*1)%1S2(LS2) eGTe1023=1XL/2) IYT21YTeIVSZ )1 S2)

FACT=BA0./AMAX)Y (XXA,ZYYA)

IXR=MIMO(IXLeIFTIX(FACTOXXA) 91023=MAXO(36TVSZ (LS} /2+4152(7877)450871¢

12(1c123y/2))

IF

1YB=MINO(AYTeIFIX (FACTRYYA) 91023=5#1VSZ(1SIZ1/3=301VSZ(1.87)/2)

(ISTZEel Te0) [XR=TXR=4%*1SZ(IS12)

Calt FRAME (ITXLsIXR4IYTHIYR)

If

(§IGN(loOxAA)oGT.0’ GO Y0 A0

SWAP=xXuN
AMN = XMy
AMX=OWapP

IF

tS1aN()l.sYAA).GT.0) GO TO 90

SWAPFYMN

YMN=sYMy

YMX=SwaP

CALL, DA {(IXLeIXRaIYToIYBeXMNeXMX o YMX 9 YMN)

IF
IF
IF
IF
IF
IF
IF
IF
IF
60
IF
IF
IF
IF
G0

(LSTZE«LTe0) MAKY==MAKY

(INCYMoLT+0) A (LST2E«GT40)) GO TO 23q ,
(ANGYM LT, 0) oA (LST7E4LT40)4A, (ISIZE 6T.0)) 6n TO 230
prTS'LToOuANUoINCoLTQn) CALL DLGLGT ) .
(NPTSeLTe0eANDeINCLGE«DY CALL DLGLNT (MAKYsTST7E)
(NPTS,CE40eAND ¢ INC,1t. Te0l) CALL DLNLGT (MAKXSTST?F)
(NPTSGE 0o ANU o INC,GE4N) CALL DLNLNT IMAKX9MAKY,IST2F)
(NPTS.LT.0) 60 TO 110

(NSYMeGTe0) CALL SPLN (MAUXIKKX9TSIZ)

70 y20

¢tNSYyM.GTe0) CALL SRLG (IS12)

tINFLLTL0) GO TO 120

(ILSIZEGT,0) A, INSYM,GT,0)) CALL SLLN (MAJY,kKYsISI7)
(L QIZEeLTe0) oA (ISTZEL1.Ta0)) CALL SRLN (MA)YexxYs1ST?)
+0 a0

CALL St LG (ISI2)
IF (IS71ZE.LT+0) CALL SRLG (IS12)
CALL ExL

IF

(NSyMeLT.0) GO TO 230

KSZ=LS7

1F

(NY| 4GE,0) GO TO 229

KRSZ2==Ksg/

IF
Do

(tM2v.EQ,0) 60 TO a0
1590 K=1g¢MZM

CALy FrRTCH (KsLLABELZokK)

IF

(KK GE o 60B) MIM=MZus+]

PLOTS
PLOTS
PILOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PL.OTS
PILOTS
PLOTS
PLOTS
P 0TS
PLovs
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.0OTS
PILLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PILOTS
Pi.OTS
PLOTS
PLOTS
PLOTS
PLLOTS
PILOTS
P} OTS
P1LOTS
PLLOTS
PLOTS
PL.OTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{OTS
PLLOTS
PILOTS
P1LOTS
P OTS
PLNTS
PLOTS
PLOTS

881
8R4
885
884
887
8RA
889
890
B9}
BG9?
893
894
895
894
BR9?
898
B39
90n
901
902
9013
904
905
906
907
Qng
909
910
91

912
913
914
5lg
916
917
9lg
9lg
920
92

922
9213
924
925
926
927
92na
929
930
931

33>
9313
934
935
934
937
938
93a
940
94

947
943
944
S48
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134

150
150

170
180

190
200

210
220

230

240

250
250

270

280
290

300

310
320

CﬁNTINuE

IF (NXHQEQQO’ GO TO la0
DO 170 K=14NXM

CaLy FFTCH (KsLABELXsxK)
IF (KK ,GE+608) NAMaNXMel
CONTINIIE

IF lNYM.EQ.O) GO T0 2n0
U0 190 K=14NYM

CALl FrTCH (KeLABELYyKK)
IF (XK _GE,60B) NYM=NYMs1
CONTINNE

IF (NRu,EQ,0) GO TO 220
DO P10 K=1yNKM

CALl FeTCH (KoLABELR,KkK)
IF (KK, GE.60B) NRMz=NRMe]
CONTINNE

CONTINGE

IF (NXNeNEap) CALL DLCH (MAXQ(IXL/20IXL& (TXR=IX| =1SZ(LSZ) &nxn1 /29,

L1IYReO 0 VSZ(ISIZ) /3¢ 1VSZ(LSZ) /29 NXMsL ABEL ¥ 4KSZ)

IF (NYMJNEL0) CALL DLCV (O0,MINO((IYRe1022)/2,1YR.(1YB=IYF.187(LS7)

1eNYN) /o) oNYMyLABELY sKg7)

IF (NZp «NEoQ) CALL DILCH (MAXQ(IXL/2¢1XL4 (TXRaIXL=1SZ(LSZV8M7 )/},

L0 oMMy ABELZ 9/KS2)

IxXx=1IXnp
IF t1S717E.LTe0) IXXs1xXe481SZ(IS1Z)

IF (NRMoNELO) CALL DLEV (IXX4TVSZ(LSZY/241SZ11517)/2¢MINAI(TYR*]AD
131/201v8~(1YB=1YT=1S2(LSZ)aNRN)/2) sNRMs| ARELR sk &7}

capr ExH

1F (N7) .LT,0} GO TO 320

PLOT PNAINTS AND/OR LINF

MPTSEMp TS#K INC

0o 110 pr:l,MPTS’K’NC

XTWNZX (NXP)

YTWNATY (NXP)

IF (NPTS.LT.0) XTWO=A 0Gl0(XTWO)

IF. (INFoLTa0) YTWO=ALOGIO(YTWO)

CaLt CANVRT (XTWOZNXTWO 9 XMNexMXsIXL o IXR)
CALL. CANVRT (YTWOINYTWOsYMNIYMXsTIYBsIYT)
IF (NXp+EQ4Y) GO TO 290

IF (LIneGEsQ) GO TO 2nap

IF tMOp ({INXFP=1)/KINC)+IARSILIN)) ¢NE«Q) &0 TO 254

CALL ExL

CALL DI CH (NXTWOINYTHNAL09KSYMs1)
CALL ExH

60 TU q00

IF (B.rQ40e¢) GO TO 30n

DO 210 I8=1,4

CALI P T (NXTWOSNYTWO,42)

Go TV 200

IF (B.rQe0s) CALL DRV (NXOME,NYONEyNXTWQ,NYTWO)
IF (LINWNELO0) GO TO 249

IF (B.NEW0s) GO TO 260

NYOME=NYTWO

NXOME=NXTWO

CONTINIE

RE THURN

END

SUKRVUTINE SLLN(NNY NK4ISI7E)

COMMON ZCJEO7/ IXLsIXRyIYT-IYReXLsXRsYT,vR
DIMFMSTION I1S2(4)s IVSZ(4)

DATA 1c/7/12018424430/

UATA 1uSZ/16926432440/

DATA MaSKR1/7/0000000000000000008/

PLOTS
PLOTS
PLOTS
P OTS
Py OTS
PLOTS
PLOTS
PLLOTS
PLOYS
PLOTS
PILOTS
PLOTS
PLLOTS
Pl OTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
P1LOTS
PI.OTS
PLLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PL.OTS
PLOTS
Py OTS
PINTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
PILOTS
PILNTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
P1.OTS
P OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS

944
947
948
949
950
9514
952
9513
954
958
956
957
95
959
96n
961
962
9613
964
965
964k
967
968
Q96q
970
971
972
973
974
978
976
9T
979
979
980
981
9A>
9813
984
985
986
Clhd
988
989
990
99,
992
591
994
99g
994
997
998
999
1000
10014
1002
10013
1004
1005
1004
1007
1008



10

20

30

40

50

10

20

DATA' ' MASK2/007777777777777277778/
NNK =NK

NC=MAXA (INT (ALOG10 (AMAX] {ARS (¥YT) ¢ AHS (YB) )1 ¢¢00007)410sd)

IF (MIMO(YToYB)oLTo0) NCENCe]
IF (NN oGT40) NC=NCel

IF (1S7UISIZE)®(NCHNNK+,5).LT,IXL) GO To 20
IF (NNkoeGT40) NNK=NNK=1

IF (NNk,oGT,0) GO TO 1»n
NC="1NA (NC4NNK &)

IF (YT.GE.,.D05) GO TO 30

IF (NNv,L,LE,5) GO TO 30
NC=nCa Y

NNK=NNk +1

CONTINNE

ENCOUE (6+509FMT)NC o NNK
ENCOVUE (104FMT90OUT) YR

IF t(oNT.ANDMASKY) (Fn.1L®) OUT=(QUT.AND,MASK2) ,AR, 1L,

THIS CWANGE SHOULD REPLACE ® BY . AT LEFT OF Firn
WE Oy D HAVE USED CALILL PUT (190UTe1Re)
IXT=1X =1SZ(ISTIZE)# (NC+e5)
IVS=1VgZ(1S14E) /2

CALi DILCH (IXT4IYR=IVS,NCsOUT,ISIZE)
CALL TSP (IXLsIYHyplrlHe)

IF (NNvel.E,0) RETURN
NY=MENA({IYB=1YT) ,1VS? (ISIZE) ,NNY)
DY=(YTLYB)/NY+YT#1F=]n
DOY=FLAAT(IYT=1YB)/NY

DO 4V p=1yNY

YCzvyBep DY

IYC=lyp«l#DDY

ENCAUFE (10,FMTeQUT)YC

CALL DICH (IXTsIYC=IVS,NCsnUT,ISIZE)
CALL TsP (IXLsIYCoelelHe)

RETURN

FORMAT (2H(FellalHesI141HY))

END :

SUBROUTINE SLLIN(NNYNK)

COMMON /CUEOT/ IXLeIXReIYToIYRIXLsXRoYT,vYR
DIMENSTON FMT(14), OUT(2)

DATA (FMT(K) oK=21914) /76H(FT7,0) 46H(F8,1) 98H(FI 2) 4 7H (F10,3) 4 7H(F1Y 4

PLOTS
PLOTS
PLOTS
PLOTS
P OTS
P OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
P OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PI.OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1. 0TS
PLOTS
PLOTS
PI OTS

1) s 7HIF {245 e TH(F 13461 4AH1PET,0) 9s8H(1PER, 1) 98H{1PEG,2) 901 (1OF1 0,2} PLOTS

CrFHIIPr11,4) 99K (1PE12,5) o 9u(1PEL3,6)/
IF (Nk _GT.6) GO 70 10
K=MIND (69MAXO (O9NK) ) o
NC=w*g
Gn 0 20
K=MIND (16 4MAXO (10 gNK) ) =2
NCzw=)

AsFuT (i)

ENCNAUE (209A90UT) YR
IXT=lx) =128NC=6

CALI WLCH (IXTsIYRyNC,0UT,Y)
CALL TaP (IXLolYBelylwue)
IF (NNye+LE.0) RETURN
NY=mINA (128 4NNY)

IYC=lYm

DY=(YT-YB)/NY
DDY=F{nAT{IYT~IYR) /NY
DO 3V 1=1lenNY

YC=yBereDy

IYC=lynel®DDY

ENCAVE (204A20UT)YC

P) OTS
PILOTS
PLOTS
PLOTS
PLOTS
P} OTS
PLOTS
PL DTS
P1.OTS
P OTS
PLOTS
P OTS
PLLOTS
P1.OTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1009
1010
10

1012
1013
1014
1018
1018
1017
1018
1019
1029
1021

1022
1023
1024
1025
1026
1027
1028
1029
1030
100

1032
1033
1034
10358
1034
1037
10318
1039
1040
1041
10472
1043
1044
1045
1044
1047
1048
1049
105n
1051

1052
1059
1054
1058
1054
1057
1054
1059
1060
1061
1062
10673
1064
1065
1064
1067
1068
1669
1070
1071

135




CALyL WL CH (IXTsIYCeNCOUT*Y) PLOTS 1072

30 CALY TeP (IXLeIYCselelne) PLOTS 1073
RETUHNN PLOTS 1074
END P1.OTS 1075
SUBROUTINE SRLUIN(NNYsNK) PLOTS 1076
COMMUN /CUEQT/ IXLsIXPaIYToIYRIXLIXRIYT,vR PLOTS 1077
DIMENSTON FMT{12)s NUYT(2) P1.OTS 1078
DATA (FMT(K)9K21912)/2H(FelH o1H,s1H s1H)BH(1PF7 0)4BH(TPrA 1) ,a8 PLOTS 1079

1U1PFY.2) sOHILIPEL1D43) 90K (1PF11,4) sSH(IPEL12,5) 494 (TPE13,6) PLOTS 1080
IF (NK_,GT,.,%) GO TO 10 P OTS 108y
NCzMAXA (INT(ALOGLO (AMAX] (ARS (YT) 4ALS(YBy)))eye1y PLOTS 1082
IF (MINO(YTaYB) JLT,40) NC=NLe) PLOTS 1083
IF (NK_,GT40) NC=NCel PLOTS 1084
NCz=NCanK P1.OTS 1088
ENCAUE (109409FMT(2))INC PLOTS 1084
ENCAVE (104409FMT (4))NK PLOTS 1087
K=} PL OTS 108R

GO tu 20 PLOTS 1089

10 KzMtNO (16sMAXO (0INK) ) =4 PLOTS 1090
NC=x*) PIOTS 109

20 ENCOUE (20+FMT(K),0UTIYB PI.OTS 1092
CALL ToP (IXReIYbslylHe) PLLOTS 10913
CaLy. TeP (NC,OUT) pPLOTS 1094
IF NNy LE.D) RETURN PLOTS 1065
NY=MINA (128 9NNY) P1LLOTS 1094
1vc=ivn PILLOTS 1097
DOY=FLAAT{IYT=1Y8)/NY PLATS 1094
Dy=(YT.YB)/NY PIOTS 10949
DO 20 y=1eNY PILOTS 1100
YC=vBayelyY PILOTS 1101
IvC=lyn+120DY PLOTS 1102
ENCAPE (204,FMT(K)»0UTYYC PILOTS 1101
Calt TgP (IXRyIYColelMs) PLOTS 1104

A9 CALl TeP (NCIOUT) PLOTS 1105
RETHRN PL.OTS 1106

C PL.OTS 1107

40 FORMAT (I12) PLOTS 1108
END pPLOTS 1109
SURQOUTINE SBLIN(NNXsNK) PLOTS 1119
COMMON /CUEOT/ IXLoIXRelYToIYRIXLIXReYT,YR PLATS 1111
DIMFNSYON FMT(12)s OUT(2) _ . PLOTS 1112
DATA (FMT(K}sK=1912)/2H(Fs1H olHoslH 91H) 4BHI1PE?,0) +BHITDFA, 1) 400 PLOTS 11113

1(1PF9.2) 9 9H(1PEL0#3) s9H (1PF1],4) 991 (1PE12,5) 494 (TPE13,6) PLOTS 1114
Iy=1YR_ ' PLOTS 1118
Ivpebl=12 PLOTS 111¢
GO tO 10 P{.OTS 1117
ENTRY §TLIN PI.OTS 1118
IY=1YT P1.OTS 1119
I1YDrL=a)2 P OTS 1120

10 IF (NKk_.GT.9) GO TO 20 PLOTS 1121
NC=HAXA (INT(ALOG10(AMAX]1 (ABS (XL ) +ABS(XRy)1¢400007)4141) PLOTS 1122
IF (MINO (XL XR) (LT .0) NC=NCe] PLLOTS 11213
IF (NK_GT,40) NC=NCel PLNTS 1124
NC=rCenK Py 0TS 1128
ENCAVE (109509FMT(2))INC P OTS 1126
ENCOVE (109509FMT (4))NK PILOTS 1127
K=1 PLOTS 1128
GO v0 10 PLOTS 1129

20 K=MINQ(164MAXD (10 4NK) Y ab PLOTS 1130
NC=w*®} PI.OTS 1131

30 ENCNUE (209FMT(K)0UTy XL PLOTS 1132
CALI TGP (IXLsIYslslHe) PI.OTS 1131
IXTTSTyL=6%NC 6 PILOTS 1134
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40

50

10

20

30

40

IYCelyY,1YDEL

CALL WILCH (IXTTelYCaNEC«OUTH1)
IF (NNX.LEIO) RETURN

NX=MINA (NNXy128)

Ixc=1Ixy

UDX=F | nAT(IXR=IXL)/NX
Ox=(XRLXL}/NX

DO 4V r=1yNX

XC=vLasreDX

IXT=1X1T+18DDX

IXCzlx) +108DDX

ENCAUE (209FMT (K) 20QUTy XC
CALI TeP (IXColIYolglHe)

CALL Wi CH (IXT2IYCyNCsQUTs1)
RE TN

FORMAT (12)
END
SUPOUTINE SHILOG

COMMUN /CUEDT/ IXLoIXRyIYT,IYRyXL,XRyYT,yR

DIMENSTON XY (4)y IXY(4)
EQUTVAL ENCE (XYoXL)s (IXYoIXL)
DATA TEN/2H10/
Ivy=1Y8

IYDFL=zop

IX=71X

IXprl=.8

1121

[2=>

Gn 10 29

ENTRY gTLOG
Iv=1YT

Ivypel=212

60 10 Yo

ENTRY <RLOG
IX=tXR

IXDrle=g

GO TU 20

ENTEY gL LOG
Ix=1X_

Ixhel=z_48

Ivy=rYR

IrvorL="

Il=4

I12=3

Xl=xY(11)

X2=xY (¢2)
XMINTAMINL (X19X2)
XMAXZAMAX] (X19X2)

XMINZAMINT CAINT (XMIN) ,STGNAINT (ABS (XMIN) ¢ 0999} s¥MiN))
AMAYZAUAX] (AINT (XMAX) ¢ SIGN(AINT (ABS {XMAX) 24999) ¥MaX) )

Xl=xMin

X2=YMay

NY=ABS  X1=x2)

IF Ny NE,0) GO TO 40
YTT=X141e

IF (X2 1.TeX1) ¥YTT=xl=l,
NY=)

xl=ylY

XY(1ly=x1

XY (1%)2x2

IXYwy=Xxy(I1)

Nu=mMAXY (ABS(XY(I1))sARS(XY(I2)))

PLOTS
PLOTS
PLOTS
PLOTS
P|OTS
Pi.OTS
PLOTS
PLOTS
PI.OTS
PLOYS
PLOTS
PLOTS
PLOTS
P{OTS
PI.OTS
PLOTS
PILOTS
P OTS
PLOTS
PLOTS
P OYS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLLOTS
PILOTS
PILOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILLOTYS
P OTS
PILOTS
P1.OTS
P{.OTS
PLOTS
PILOTS
P OTS
PLOTS
PLOTYS
PLOTS
PLOTS
PLOTS
P NTS
PI.LOTS
PLOTYS
P OTS
PLOTS
P1.OTS
PLOTS
PLOTS
P OTS
PI.OTS
PLOTS
PL.OTS

1138
1134
1137
1138
1139
1140
114)

1142
1143
1144
1145
1146
1147
1144
11409
1159
1151
1152
1153
1154
1155
115¢
1157
1158
1159
1160
1161
1162
1163
1164
11685
1165
1167
1168
1169
117n
1171
117>
1173
1174
1178
1174
1177
1175
1179
1189
118y

1187
1183
1184
1185
1186
1187
1188
1189
1190
1191

1197
1191
1194
1198
1196
1197
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Ny =wINTIXY (1) eXY(I2)) ’

NC=MINA{INT (ALOGIO(FLOAT(NH]} ) 4400001)02,4)
IF (N .GEl.0) GO TO 60

IF (1AQS(NL) +EQ.NH)} Gn TO 50

IF (INT(ALOGLIO (ABS(FLAATINLI )N} JLToINT(ALNGLO(FLAATINKY) Y)Y AD TO &

10

80 NC=MINAINCel94)
60 ENCHADE (443]1003FMT)INC

70

RO
90
c
100
c
c
c
c

138

NX=AMINI (ABSIXY (I1)=XY(12))925,)
ENCAUVE (10+FMTIOUT) IXYV

CALL T&P (IXesIYeloelHey

IF ({11 .EQa4) A lIXEN,IXL)) IXDELZIXDELeR® (4=NE)Y
IXC=1X, TADEL

Ivc=1Y.IYDEL

IXx=1Xr+8

[YX=1lYr=8

CAL|L T&P (IXCeIYCs2,TEN)

CALI W CH (IXX=Ry1YX=129490UTs])

IF (Nx FQ,0) RETURN
IDXYV=ySIGN (e IFIX (XY (12)=XY(TI1))])

Do U ¢=]14NX

IXYV=TxYVeIDXYV

ENCNUE (109FMTOUT) IXYV

IF (11 ,FQ.1) 60 To 70

INC=1Y, IYDEL+ (I8 (IXY(12)~IXY(T11)))/NX
CALY TgP (IXsIYCel,lHs)

Go <0 e0

IXC=IX IXDEL*(To(TXY(12)=IXY(T1}))/NX
Ixx=Ixr+8

CALL TgP (IXXeIYelyalHe)

CALy TaP (IXCoIYCy2,TEN)

CALI Wi CH (IXXw8y1YXe12,440UT41)
CONTINGE

KETIHIRN

FORMAT (2H(T9T191H);

END _

SURROUTINE PLNOW (FLUX e TX0JYIXPLToYPLTVErPy I VEeR o TTITLE)
LOGTCA; ITOPsJTOP+NFOUNDe TPR

CoMMON /CNTRCOM/ ISYM(50) « SCFAC

COMMUN JCUEGT/ IXLGIXR,yIYT,IYRNXNMyXMXyYMXyYMN

DIMENSTON FLUX{1)y XPLTI1)e YPLT(1)s VECP(1)Ws TTITLE(]D)
UATA T7GER/SLLARCY/

LCP LT 0 WE COMPUTE GONTOUR INTERvVALS
LcP En 0 NO CONTNURS
LCP 6T o CONTOUR RAUTINE €OMPUTES INTERVALS

PARAMETERS FOR COMPUTTNG RFGIONS TO RE conTOUREND
NCL=10
Larbx=TTITLE(9)
LARFLY=ITITLE(10)
LARFLZ=ITITLE(LY)
LCP==23

FFz=,Ua

CINTZ=1,0

IaR1U=g

IMT=1X

JMT =JY
IMUMT = MTaUMT
SCAI £=2040

ANGT=1 0671976
ANGE =D D

AMUy X=1,0

PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
Pt OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
pLOTS
PLLOTS
PLOTS
PILOTS
P|.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P 0TS
PLLOTS
PLOTS
P 0TS
PILOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PI.OTS
Py OTS
Py 0TS
P OTS
P1.0TS
PLOTS
Py OTS
PLOTS
PILLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1OTS
PL.OTS
PLOTS
Py 0TS

1198
1199
1200

1201

1202
1207
1204

1208
1206
1207
1208
1209
1210
17211

1212
1213
1214
1218
1214
1217
121R
121a
1220
1221

1222
1223
1224
1225
1226
1227
122
1229
1230
1231

1237
1233
1236
1235
1234
1237
1238
1239
1240
1241
1242
17242
1244
12458
1244
1247
124n
1240
1250
1251

1252
172513
1254
1255
1256
1257
1258
172%9
1260



10

20

3¢

40

59

&0

70

80

AMUL RayPLTLIY) ZXPLT(IX)

THI& SHOULD PRODUCE A SQUAPE ‘BASE. FOR THE 3=n PIAT
AMU| Y=fo0

IDxas=1

10XL SMAXO (IMTsUMT 4 21)
IDXR=1nXA®IDXL

IDXC=TINXBe DXL

IDXP=InXCeIDXL

I0XI *InXD+1DXL=1

IF (IDYL.LE.ILVECP) Gn TO 10
PRIMT 19Uy T0XLsILVECP

RETIIRN

CoOMPUTE 2ERO ORIGIN,

CONTINUE

XMINEXpt T L))

AXMAY=XpL T({IMT)

YMIN=YeL T (1)

YMAXSYpL T(JMT)

TEMY=Fy 1IX (1)

TEMPMzTEMX

U0 2U DY=1eIMUMT
TEMPI=pLUX{TIDY)
TEMXSAMAXY (TEMX s TEMPT)
TEMOM=AMIN] (TEMPMyTEMPY)

END OF 1DY LOOP,

COMTINUE

TEMDZ0,0

IF (TEMX(GT,TEMPM) TEMp=SCALE/(TEMX«TEMpM)
17 (TEMPJEQW0.0) GO Tn 40

Scart valUES TO BE PLATTED

DO 30 t0Y=]1eIMJMT
FLUX‘InY)—TENP“FLUX(TnY)
CONTINNE

CoNT N E

ENCALE (2092304 ITITLE (5) ) XMIN.XMAX
ENCODE (2092400 ITITLE (7)) YMINSYMAX
CMAX=TEMX

CMINSTEMPM

IF (TEMPoNELD0.D) CMAX=CMAXSTEMP
1F (TEMPWNEL0.0) CMIN=CMIN®TEMP
SCcMAK=TEMX

SCMIN=TEMPM

IF (CMAXSLELCMIN) GO TO 160
RELATE R AND Z VALUES TO ORIGIN
DO =0 TOY=1,4IMT
XPLTIAY)=XPLT(IDY) =XMIN
ConTINpE

DO &V tDY=] 9 JMT
YPLTOINY)SYPLT(IDY) =YMIN
CONTINUIE

PRINT 200, LABELZ

CALL PLTXYZ (FLUXSXPLT,YPLToIMT» MTHANGT, ANGFoAMan.AMULV.Vch(THX
1A) +VECP (IDXB) + VECP (I1DXC) s VECP (IDXD) ¢ IRA,IRBW ICR, 10}

RESTORF R AND 2 VALUES

DO 70 DY=1,1IMT
XPLTIINY)=XPLT (1DY) e XMIN
CONTINYE

DO AU 1DY=],,JMT

YPLTUINY)=YPLT (TDY)+YMIN
CONnTINUE

WRITE 108 IDENTIFICATTION

CALL NDLCH (154999244 +4KHJ0BayY)
CALY DI.CH (20645992510, 1TITLE,))

PLOTS
PLOTS
PLOTS
P.OTS
PILOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
P 0TS
P1.OTS
PLOTS
PLOTS
PLOTS
Py OTS
PLNTS
P OGTS
PLLOTS
PILOTS
PLOTS
PLOTS
Py 0TS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
PLOTS
Pi_OTS
Py OTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
Py OTS
PIOTS
PLOTS
PLOTYS
P NTS
PLOTS
PLOTS
P 0TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1261
1262
1263
1264
1268
1266
1267
1268
1269
1270
121
1272
1273
1274
1275
1276
1277
1278
1279
12Rn
1281
1282
12813
1284
12858
1286
1287
1288
1289
1290
12N
1292
1293
1294
1295
1296
1297
1298
1299
1300
13N
1302
1303
1304
13085
1304
1307
1308
13009
1310
1311
1312
13113
1314
1318
1314
1317
1318
1319
132n
1321
1322

1323

139




c
c
c
c
C
c
C
C
90
100
110
120

140

WRITE NATE

CALL D1 CH (400499245 HDATF=,1)
CALL DL CH (4649992410, 1TITLE(2),1)
wRITE 1D

CALYL DI CH (1544952460, ITITLE(31)01)
WRITE FUNCTION RANGFE

ENCOUE (2042204 ITITLF (3))SCMIN,SCMAYX
CALL DI CH (6964952979 7HRANGFaw=s])
CALI DLCH (7804952420, ITITLE (3)41)
wRTTE x RANGE

CALY DI CH (7804972420, TTITLE(S) 1)
WRITE v RANGEL

CALI DI CH (7804992,20,1TITIE (7))
CALIL. DILCH (1544972460, TTITLE(12)0])
LASFL THE AXES

IRA72=1RA=T2

IRA7Z=uAX0 (IRAT2+0)

CALt DICH (ICCoIRAT2¢NCLILABELXy])
CaLr DI CH (ICByIHB=1)1 4 NCLsL.ARFLY )}
CAL; DICH (270480sNCLLABF1LZ42)
CALL. DILCH (2004445, TIGER2)

CALI. ARV (1)}

DIVIOS=zaARS(CMAX)

I7 tDIVISEQe0a0) DIVIS=ABRS(CMIN)

IF (lCMAX=CMIN) ZUIVIS ILEs1,0E=6) GO TO 160

IF (LCP+EQ.0) GO TO 160
IF (LCr.GT.0) GO TO 1nn

coMpUTe PLOT INTERVALS GIVEN FF AND NC

NC=1ABS (LCP)

ANC=NC

VNC=1,R7ANC
VNCM=] 0/ (ANC=1,0)

EOne=p 7182818

ALPHTVHCMS LANCHEXP (FF ) -EONF)
BETAZANCHVNCM® (EONE=EXP (FF) )
CDIF=CMAX=CMIN

DO a0 n=1oNC

VECP (Ny=CYIF®*AL OG(ALPHSFLOAT (N) #VNCHRETA) +CMIN

CONTINE

CMINZ (1.0=FF)®#VECP (1)
CONTINYE

Il=n

IMl=IMT

IMx=!

JM]:JM?

M=l

JTOD=,Fo

D0 140 J=l,yJdMT
NFOIIND=oTo

ITOD?'Fu

Do 120 I=1,4IMT
I1=vley

IF (FLUX{IT)eLT4CMIN) GO TO 120
NFOIIND=oF o

IF (17TaP)y 60 TO 110
IT()D=.1'0
IMI=MINO(IMLe])
IMX=MaX0 (IMXe 1)

GO tO Y20

IMX=MAXO (TMXs]}
CoNTINNE

IF (NFaUND) GO TU 140

PILNTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
P 0TS
P1.OTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLLOTS
P OTS
PILNTS
P OTS
P1LOTS
P OTS
PLOTS
PLOTS
PLLOTS
PLOTS
P1.OTS
PLOTS
PLLOTS
P1.OTS
PLOTS
PLCTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P 0TS
PLLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
P 0TS
PLOTS
PILOTS
PILOTS
PLOTS
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{L.OTS
P OTS
PL.OTS
Py OTS
pLoTS

1324
1325
1324
1327
1378
132q
133n
13N

1332
1333
1334
1335
1336
1337
1338
1339
1340
1349

1347
13479
1344
1345
1344
1347
134n
1349
135
1351

1352
1353
1354
135§
1356
1357
1358n
1359
1360
1361
1362
1363
1364
1368
1364
1357
1368
1369
1370
137

1372
1373
1374
1378
1375
1377
1378
1379
138n
1341

13872
1383
1384
1388
1384



-

130
140

150

160

170
180

IF (JTAP) GO TO 130
JTOP=0;0

JMI=MINC (UMY )

GO vU Y0
JIMX=MAXO (UMX s J)
CONTINIE

IF nU REGION FOUND 60O T0O ERROR PRINT ANp SKIP £ONTAUR PLAT

IPR=+FALSE,
IF (JIMY.GE ,JUMX) 1PR=,TRUE,
IF (sNnaTLIPR) GO To 189

PRIMT 510s IMYIvIMX9gMy e gMXySCMIMeSCMAX

G0 T0 160

ToPx=xpLT (IMX)=XPLT (IM])
TOPYZSYPLT (UMX) =YPLT (UM])
Ig=idMi=l)aIXeIM]
NJY=JdMy=JM]l el
NIX=lMy=1M]e1

TO pASs SCALE FACTOR Via CNTRCOM TO CNTRJR FOR CANTOUR LanFLS

SCFaC=1EMP
CAL;- AnV ()

CALr CMTRUB (XPLT (IM1) oNIXSYPLT (UML) oNJY FLUX(T.J) o IX o JY 4} AP, CMIN, A
IMAX CINTOVECP s TOPX s TOPY s IGRID s IDRWILABEL X« 104 LARFLY 1 0)

KX=1XAR410

KX:MAX;\ (KX'IXLOQBO)

KX=MINA(KX9780)

WRITE OB IDENTIFICATION

CALI Di:CH (KX=)68930¢48+4HINBE,])

CaLl DL CH (KX=120+¢304104ITTITLES])
WRITE nATE

CALI NI CH (KX+36430,5,5HDATE=,1)

CAL)L DI.CH (KX+96930+1neITITLE(2)$1)
WRITE FUNCTICN RAMGE

CALL DI CH (KX=G0sIDRW T THRANGE ==y 1}
ENCNAUE (204220 ITITLE (3))SCMINSSCMAX
CAL)r DICH (KXsIDRW,20.ITITLE(3)4])
IDRWi=yDHWe20

WRITE n AND Z RANGE

AMINC=YPLT(IM)

XMAYCZyPLT(IMX)

ENCOAVE (2042302 ITITLE (27)) XMINC ¢ XMAXC
CaLl. NILCH (KX+IDKFW]1420.ITITLE (27,1
IDRUWEZ=TDRW] 20

YMINC=yPLT (M1}

YHAvC=yPLT (YMX) .

ENCNUE (20,240, ITITLE (729))YMINC,YMAXC
CAL) DLCH (KX9IDFW24204ITITLE (29)41])
wWRITE 1D

CaLL DILCH (IXLyIURW)L AN ITTITLE(31)s1)
IDRW3=TIRW2+20

CAlLy DI CH (IXLsJORWISRNITITLE(L12)9])
LABFL THE FUNCTION AXT1S

CALI DLCH (1104304304 LARBEL7 1Y)

CALL DLCH (5044354 TIGFRy2)

CaL)y Anv (1)

END OF IDX LOOP,

CONTINNUE

RESYORE FUNCTION VALUFS

IF (TEMPLENL,0.0) GO Tn 180
TEMPI=y . 0/TEMNP

0O 170 T0Y=1yeIMgMT
FLUXLINY)=FLUX(IDY)#TEMPI

RETHIRN

PLOTS
PLOTS
Py 0TS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PILLOTS
PILOTS
PLOTS
PLOTS
P NTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P{ 0TS
PLOTS
PLOTS
PILOTS
PLOTS
PLLOTS
P 0TS
P1.OTS
PLOTS
PLOTYS
PLOTS
P OTS
PI.OTS
P{.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1387
138A
1389
1390
1391
1392
1393
1394
1395
1394
1397
1398
1359
1400
1409
1407
14013
1404
1408
1406
1407
1408
1409
1410
1411
1412
1413
1414
1618
1416
1417
141R
t4lo
142n
1421
14272
14273
16424
1425
]426
1427
14218
1429
1430
143y
1437
14313
1434
1438
1434
1437
143R
1439
14490
1441
Y442
1447
1444
Y445
1644
]447
144R
1649

141




190 FORMATY

200 FORMAT (#
210 FORMAY (%0
1 1Ml IMA, UM1e UMXy SCMIN
FORMAT (1X91PEQ, 29298, 1PEI,2)
FORMAT (ox=09FB, 348, u,F8,3)
FORMAT (#Yz#9F 8,394, #,F8,3)

220
230
240

19

30

40
50

142

END

SURRUUTINE CNTRUB (X yNNX oY s NNY 3 Z ¢NZY oNLZY N9 ZMN g ZMX 4 DLZ s 701 AN (DMPY

SCMAX

(%0 NOT ENOUGH STORAGE AVAILAKLE FOR PLATSING®*/20v,.4 REQUID
1ED =®Tnedhy0 AVAILABLE =®16)

PLOT MADE OF #A10)
ERROR N CONTOUR VALUFES=~p| 0TS CANNAT RE mANFo/®

B941591P2F 14, 4)

1DMPY YT RRD Y IDRW, LABEL X ¢ NXLRL sLABELYINYLBY )
COMMON /CJEOT/ IXLoIXReIYTHTYRIXMNIXMXsYMXyYMN
COMMON /CNTRCOM/ 1SYM(50),SCFAC
ODIMFNSTON XSCALE(2)s YSCALF(2)

EQUTVYA ENCE (XMINyXSCALE (1))
EQUTVYALENCE (YMINGZYSCALE(1)),
DIMeNSTON X (1) Y(1)e Z(NZX9e1)s

DIMeNSTON FMT(2)
LogiCa; TEST
NOC=MINO (TABS (NC) +50)
IMINTZuN

IMAXZ 7K

DELZ7=ny 2

pMADX=nMP X
pMAaDY=nMPY

NOX=1AnS (NNX)
NOY=TAaRS (NNY)

Do 1V 1=1+50
ISyu(r)=o

ESTAYL 1SH SCALES
XMIN=X (1)

AMAXYFX (NOX)

YMINZY (1)

YMAY3Y (MNOY)

FGRa=n,

IF (16004GT.0) FGRD==16RD

CALI P JB (XSCALEsYSCALE92+191919FGRDIDMAPXenMaAPY el ABELX«NY| BLLAR

1ELY Ny Bly=l)
IF (NC.LT.0) GO TO 50

(XMAX o XSCA) F (2))}
(YMAX,YSCALF(2))

ZPLAN(L)Y

IF (NNxeLbo0) CALL MINM (ZosNZXINOXOINOYr 1, JoZMINY
IF (NNy.LEJ0O) CALL MAXM (ZoNZXINOXINOYoy1,. joZMAY)

IF (Vg Z.G6T40) GO TO 20
DEL7=(7MAX=ZMIN) / (NOCal,)
IF (N2yeGT,0) GO TO an
IMAXE7 04X =AMCD(ZMAX +DF| 2}
ZMINZIMIN=AMOD (ZMINLDFLZ)

NOC=MInDINOCHIFTX ((7MAX=ZMTIN) /DELZ*¢1.01))

ZPLAN(y ) =ZMIN

Dn 4C y=2,NOC
ZPLAN()Y3ZPLAN(I=1)+DFLZ
Convinnf

D0 QU nY=2¢NQY
IX=40NNY 4 2)

DY=v{NyY)=Y (NY=1)

DO Al yNX=24yNOX

NX=v1NX

IF (IX _NEL0) NX=NOX=INX+2
LTl=L (mX=19NY=1)
LT2=4(nXoNY=1)

ZY3z4 (NXeNY)

LVa=L (mX=14NY)

DX=x (Ny)=X(NX=1)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PL.OTS
P OTS
PLOTS
pinTs
PLOTS
PLOTS
PL.OTS
PLOTS
PLOTS
P 0TS
Py.OTS
PLOTS
pPLOTS
PL 0TS
PLOTS
PLOTS

PLOTS

PI.OTS
P1L.OTS
P} OTS
P{.OTS
PIOTS
PI.OTS
P OTS
PIL DTS
PLOTS
PLOTS
P OTS
PLOTS
PLOYS
Py OTS
PL.OTS
Py 0TS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
Py OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS

1450

1451

Y457
16453
1454

145%
1454

1457
1458
14509
1460
1461

1462
1463
1464
1465
1466
1667

1468

1460
1470
141
1472
1471
1474
1475
1475
1477
1678
1479
1480
1481

1487
14813
1484
1485
1484
14487
14R8
14R9
1490
1491
1492
1493
1494
1495
1496
1497
149R
1499
1500
1501

1502
1501
1504
1509
1506
1507
1508
1509
1510
151

1512



OO0

OO0

c

(@]

60
70

80
90

100

110

120

IF (ARG(ZT3=ZT1)~ABS(7T4=2T2)) 70,6060

CALY TRCJUY (X(INX)sY(NY)s=DXs=DYsNOC+ZPLANIZTA972T247T2)
CALI ToCJB (X{NX=)) Y (NY=1)sDXsUY4NOCsZP AN9Z2T247T1+2T4)
GO TO qo

CALL TPpCUB (X (NX=1) oY (NY) sDNXomDYsNOCoZPI ANIZT3,4274,2T1)
CALY TRCUB (XAMX) oY (NY=1) +=DXsDYINOCILPIL ANSZT1472T2,2T2)
CONTYINNHE

CONTINNE

IDRW=TvB+40

IDRW=MINO (IDRV ,4945)

USE ULeH IF SPACE PERMITS

OLCY USES 12SP/H.CHAR « 1SSP /V,CHAR

TSP USeS 8SP/H,CHAR = 12SP/V,.CHAR

TEST=.F'

I1T0p=54

IXR = RIGHT BOUNDARY

NOC = nUMBER OF CONTOUHRS

ITop = SPACES DOWN FROM TOP LEFT FOR LARFL
1TSY=[vR+142

IF (ITqT.GE.1024) TEST=,T,

ITSTENNC*15«1TOP

IF (quTlGEQIOZQ) TESY:.Tn

KX=1XAR,10

KC=xX.y50

IF (TEQT) KC=KXe+B80

KY=1Tor

DO 110 I=14NOC

ITEM=2ZPLANI(T) /SCFAC

ENCAUE (104120,FMT)2TEM

IF (TeeT)y GO TO 190

CALY DI CH (KXsKYe10+FMTs1)

CALL DI CH (KCoKYs091,41)

KYzwYe25

Go t0 Y10

FMT (2)=SHIFT(I+54)

CALI TeP (KXsKYsl]l9FMT)
KY=xYey?

CONTINNE

RETUKN

FORMAT (1PE9+241K)
END

SUBRUUTINE PLUB (XeYINPTSeINC,L NNyNSYMsC,xAAsYAA, ARELX ¢ Nyt o ARELV,

INYL!NZL) .

COMMUN /CUEOT/ TXLSIXRsIYTeIYRBIXMNEIXMAPIYMX 0 YN
DIMENSTON X (1) Y (1)

INTFGED GRIDF

BzAUAXT (AMAX]1 (Ce Qo) P (INN®Y)sp,)
LIN=LNN

KSYM=TABS (NSYM)

KINC=MAXO (TABS (INC) o 1)

MPTS=[ARS(NPTS)

KXazARg (XAA)

YYA=RRG(YAA)

NXN=IARS(NXL)

NYN=1anrS (NYL)

GRINF=AMAX] (140ABS(C)

IF (NSyMJLT.0) GO TO 130

CALI. MaXV {XSKINCIMPTS,ISURSXMX)

CALY MaXV {YsXKINCsMPTS,ISURsYMX)

CALI MINV (X eKINCIMPTG,ISURyXMN)

CALl MINV (YsKINCIMPTS,ISURYYMN)

ALLSo TuE LOG AXES Wl BE FULL “YCLES,

PLOTS
PLOTS
PLOTS
pPLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Py OTS
PLOTS
PLOTS
PLOTS
P1.OTS
PINTS
Py OTS
PLOTS
PLOTS
anTS
PL.OTS
PLOTS
PLOTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P DTS
PLOTS
PLOTS
PLOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Pt OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P.OTS
PLLOTS
PLOTS
PLOTS
Py OTS
PLOTS
P OTS
PL.OTS
Py.NTS
PLOTS
PLOTS
Py NTS
PLNTS
P{.OTS
PLOTS
PLCTS
PI.OTS
PLOTS
PLOTS

1513
1514
1518
1518
1517
15114
1519
1920
1521
1522
1523
1524
152%
1526
1527
1528
152¢
1530
15
153>
1533
1534
1538
1536
1537
1533
1539
yS4n
1541
1542
1541
1544
1548
1544
1547
1548
1540
1550
15581
1552
1553
1554
1558%
1556
1557
1558
1559
1560
1561
1562
15613
1564
1568
1566
1567
15643
1569
1570
1671
15772
1571
1574
1575

143




(e NelNe]

IF wXA AND/OR YYA ARE NON=7ERO THE LENGTHS
Wit: Ar CONSIDERED AS RATINS WHERE THE | aNMGEST
SIDF 18 FITTED ON A 8an POTNT LINE.
IF (KXNUEQQO) XXA:G.
IF tYYa.EQ,0) YYA=1n,
IF ¢NPTS,LT,0) GO TO 20
IF (At e NE G XMX) GO TO 10
DXt4zenal“9ABS (XMX)
IF (Dxu,EQ.0) DXM=,0001
AMN = AMA =D XM
AMX = XMy +DXM
10 CAL) AeCL (SeXMNeXMXeMAJXsMINX e KKX)
G0 TQ an
20 AMN=AL nG10 (XMN)
XMx=A AG1O(XMX)

30 IF (INm.LT,0) GO TO Sn
IF (YMNGNELYMX) GO TO 40
DYM=ze0n1#ABS (YMX)

IF (UYu EQR.0) DYM=,0001
YMN<YMN=DYM
YMX:YMX"DYM

40 CALI ASCL (SeYMNeaYMXoMAJY sMINYIKKY)
GO TU 40

S0 YMN=A| nG10(YMN)

YMX=A| AGIO(YMX)

60 IF (1STGN{YsNYL) eLTe0,ANDeINC4GTa0) YYA= (YMXLYMNY/ZYYA
IF (ISTGNILONXL) sLTe0 ANDeNPTSeGT0) XXAz (XMX=XMN) /XXA
MAKY=AnDF #MAJX
MAKYSGR TODFEMAJY
FACTZR4ANG/AMAX] (XXA,YYA)

IX =06

1Y71=5n

IXR=1X) +860.

IYR:lY'i”B(}O.

CALl FrAME (IXLsIXRslIVYTHIYR)

IF t1SInaN(1,9XA%),6T,0) GO TO 70
Swap=XuN

AMN =AMy

AMX=SWAP

70 IF (SIaN{l,9YAA)«GT,0) GO TO a0
SWAPTYuN
YMN=YMy
YMX=SWAP

80 caLl NaA (IXLOTXReIYToIYBoXMNeXMX9YMXYMM)

IF (NPTSeLT.0eANDGINC,LTe0) CALL DLGLG
IF (NPYS,LT,0,AND,INC,GE«0Y CALL DLGLN (maKY)
IF (NPTSeGE«NeANDINC,ILL.Toe0) CALL DLNLG (mAKX)
IF INPTS.GE«OeANDeINC.GE«0) CALL DLNLN (MAKX MAKY)
IF INPTYSWLTe0) GO TO 90
CALl SalLIN (MAUXyKKX)
60 v0 00
90 CALL SrLOG

100 IF (INm,LT,0) GO TO 110

CALL SILLIN (MAJYsKKY)
GO TU 120

110 CALL S1LOG
120 CALL ExL

144

INXMN=28

IF (NXnoNELO) CALL DLCH (MAXQ(S4sIXL* (IXPaIX| =12aNXN)/2}, TYRs INXK,
INXNLARELXY)

INCxY=314 . . .

IF (NYMJNELO) CALL DLCV (INCXsMINO(IYB4GSP IYR=(TYRalYT=12aNYN)/2),
INYN LARFLY s}

1574
1577
1578

1579
1580

1581

1587
1583
1584
1588
1584
1587
1588
1589
1590
1591

1592
15813
1594
1595
1594
1597
159A
1599
1600
160
1607
16013
1604
1605
16064
1607
1608
1600
1610
1611
1612
1613
161a
1618
161n
1617
16ln
16lq
1620
1621
1622
1623
1624
1629
1626
1627
1628
1629
1630
163)

1632
1633
1634
1635
16136
1637
1638



Qii}

130

140

150
160
179

180
190

200

210
220

10

20

CaLy EwH

IfF (NZy1«LT,0) GO TO 220

PLOT PAINTS AND/OR LINE

MPTSEMpTSeKINC

DO 210 NAPELIMPTSKING

XTWASX (NXP)

YTWASY (iNKP)

IF (NPTS.LT,0) XTWO=A(OGl0 (XTWO)

IF (INFAWLT.0) YTWO=ALNRIO(YTWO)

CALl CANVKT (XTWOSNXTWO e XMNsxMXsTIXLo]IXR)
CALI. CNANVRT (YTWOZNYTWOYMNoYMXsIYE»IYT)
IF INXp.EQ.1) GO T0 190

IF (LIneGEL0) GO TO 18D

IF (Mon ((INXP=1)/KINC) s IABRS(LIN)) ,NELO) 6O TA 15a
CALL Fxb

CALI DLCH (NXTWOWNYTWA,09KSYM, 1)

CaLy £vH

GO TU »00

IF (H,pafe) GO TO 29n

DO 170 IH=1,4

CaLt PILT (NXTWOLNYTWO,42)

GO TV 200

IF (8,560s0s) CALL DRV (NXONESJNYONEsNXTWO,NYTWO)
IF (LinaNELO) GO TO 140

IF (B, nFe0,) GO TO 160

NYONE =Y TWO

NXOE =X TWO

CANTINVE

RE TIIRN

END

SURRUUTINE TRCUB(XsYsDXsDYsNOCIZPLANYZX 472V ZY)
COMMUN /CNTRCOM/ ISYM(S0) +SCFAC ‘
DIMENSTION XP(2+50)y YP(2450), ZT(4)y ZPLANI(])
LT(11=7X

2T (?'=7V

IAREREYA

FASTRES S

ZTMIN=AMINL(ZT (1)} 92T (21427 (3))
ZTMAX=AMAXY (2T (1) 42T (2)92T(3))
IMINENACH]

IMay=0

po 10 c=1,n0C

Je=NNCaw+]

IF ¢4P) AN(J) oGELLTMINY IMIN=y

IF (4P) AN{K) s LEeZTHAX) IMAX=K

CONTININE

INT=IMaX=IMIN

1IF (1N+iLTlo.ORQZTMIN.EOOZTMAX) GO TO 130
12=)

DO 110 K=1,3

ZIMARZAMAXYL (2T (K) 92T (K41}
ZPMIN=AMINY (2T (K) 92T {Ks)))

MIN=NNr el

Max=Y .

0o »Y =l,nM0C

INZ=NOr=J*]

IF (P ANCINZ) (GT,2PMTIN,OR, (ZPLAN(INZ) (EN,ZPMIN, aNNZTMIN FA_ ZPMiN

11y mINzINZ

IF 4Py AN(Y) eLEZTMAX) MAX=)

CONTINIE

INZ=MAx=MIN

IF (IN7.LT.0,0R.ZTMAX,EQ.ZPMIN) GO TO 110
IF (IN7=INT) %0.30,40

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
P1.OTS
PLNYS
PLOTS
Py TS
P OTS
PILOTS
PLOTS
P OTS
Py OTS
PLOTS
Py OTS
P OTS
PLOTS
PL.OTS
PLOTS
PLOTS
P OTS
P1L.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P, 0TS
PILLOTS
P 0TS
PLOTS
PLOTS
PLOTS
P1.OTS
PI_OTS
PLOTS
P{LOTS
PILNOTS
PLOTS
P{ 0TS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLLOTS
PL.OTS
P OTS
PL.OTS
P OTS
PLOTS
PLOTS
P{.OTS
PLOTS
PLOTS

16309
1640
1641
1647
16413
1644
1645
1644
1647
1641
1649
1650
1651
16572
1654
1654
1658
1654
1657
1658
1659
1660
1661
1662
16613
1664
1665
1666
1647
16619
1649
1670
167
1672
1673
1674
1675
1676
1677
1678
1679
Y1
16A1
1682
16813
1684
1685
1684
1687
1688
1689
1690
1691
1692
16973
1694
1695
1636
1697
1694
1694
1709
17014
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30 Go v0 50,40), 12

40 1221
GO TU &0

50 I2=>

60 DO 100 U=MINsIMAX
GO YO (7080090} K

70 XP (12,4 )) =XSDXO(ZPLAN(S) 2T (2)) /(2T (1) =2ZT(2))
YR 12y g)2Y
GO TV 700

B0 XP (12, RERS
Y2 (TCe J)=YSDYR(ZPLAN( J)=ZT(2))/(2T(3)"2T(2))
GO TU. 700

90 AP 12y ) =X+DX®(ZPLANL Y =2T(3))/(ZT (1} =2ZT(3})
YP (124 )Y=YeDYR (ZPLAN( I =ZT(1))/(2T(3)=2T (1))

100 CONTINUE
110 CONTINIE

1
1

146

DO 120 J=IMIN.IMAX
ISYulsy=ISYM(J)+1]
L=3
IF (MOR(ISYM(U)e10) NFL1) L=0
CALY P JB (XPUlsJ)sYP(1oJ)s2eloL9=)e0904040509040+0)
20 CANTINIF
30 RETHRN
END
SUBPOUTINE PLTXYZ(FaXaYeIXeJYsANGToANGF o aMULX 9 AMIIL YsAA+ARDACRB, ¥R
1A,T0B,41CB,1CC)
DIMENSTON F 1)y A{1)y Y(1), AA(L), AB(1), RA(ly, RA(])
YT=2IN(ANGT) #AMULX
AT=00S  ANGT) #AMILX
YP=SIN(ANGF) #AMULY
XP=OS (ANGF ) ®AMULY
YTRYTaX(IX)
ATR=XTaxX{IX)
YPH=YPaY (JY)
XPB=APaY (JY)
XAz=x TR XPH
EAz="e
Eq=] 0000
0o 1Y g=lygx
L=1
DO 1V g=1,9Y
ExsF (L)X (1)®YT=Y(J)aYp
EA=AMAY 1 (EAWE)
EB=AMIND (ERJE)
10 L=Lelx
YC=vTR,YPB
IF (ERy 20,40,4,40
20 DIF=YC+EB
IF (VTe) 30940940
30 YB=-DlF
GO TU g0
40 YR=ne
680 vYa=zvCevHeEA

CALl DpA (12391023,0490040 ,0,xXA4YA90,0)
CALl FpAME (123+1023+04900)

YD=yBevyTH

Ih=1Xey

oo &Y y=l,1x

L=1a=]

AA(Y) =xTB=XT&X (L)

AQ (1) =yPBsAALT)Y

K3 (1) =yD=YT&X (L)
60 RA(T)=vPReRB(I)

P1LOTS
PILOTS
P OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PILOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLNTS
PILOTS
pPLOTS
PLOTS
PLOTS
pLOTS
P OTS
PLOTYS
PLOTS
PLLOTS
PLLOTS
PLOTS
PL OTS
PLNTS
PLOTS
PLLOTS
PLOTS
PLOTS
Pi.OTS
PLOYS
P OTS
P OTS
PLLOTS
P1.OTS
PLOTS
P OTS
PL.OTS
PL OTS
PLOTS
PLOTS
PILOTS
PILOTS
PLOTS
P{ OTS
PL.OTS
Py OTS
P OTS

1702
17013
1704
1708
17%¢
1707
1708
1709
171ln
1711

1712
1713
1714
1715
1716
1717
1718
171q
1720
1721

1722
17219
1724
1728
1726
1727
172R
1720
173n
173y
173>
1733
1734
1738
1736
1737
173a
1739
1740
174y
1742
1343
17485
1744
1747
1748
1749
175n
1751
1752
17513
1754
1758
1755
1787
1758
1759
1760
1761

1762
17613
1764



o

70

80

S50

100

110

120

COPYSF

‘CALL P1OT (IXeAAs)4RA,1432,0)
CAL{ PLOT (IXsABs),RB,1+32,1)
YE=vBeyPB

DO 70 =1,JY

AA L) =xPRY ()

AR () =vTBeAA L J)

R4 () =vE=YPeY ()

R (1) =vTHBeRA ()

CAL' p[‘OT lJYoAA'l.RA.lv:iZ.l)
CALL PLOT (JY?AB?119RR419324+0)
ZH= U5 4FA

YF=yCavyR

00 n0 | =1s21

AA (g )=yTH

RA (1 ) =yF+ZH®FLOAT (L=1)
CONTINOF

CALL PIOT (21sAAs)4RA,1632,1)
DD 100 I=141IX

L=1

DO 20 =1,JY

AR () =xTBaX(1)RXTeY (J)2XP

RA( ) eyF=X(I)#YT=Y{))aYP+F (L)
L=L.IX '

CALI PiOT (JYsAA914RAL1142,41)
CONTINKFE

L=1

U0 129 J=1sJY

00 110-1=1s1x

AA (T =y TB=x (1) exTey (JyoxP
RA(T)=vF=X(1)®#YT=Y(J)sYP*F (L)
L:L.l

CALlI P OT (IX98A9s])14RA,1+42,1)
CONTINGE

CAz=pZ2, s (XPB+.58XTB)#113,/XA
CA=zaMInl(LAL116,0)
CA=2esyPBESE 5/ XA
CC=xTRal113./XA

RB=S/ ,a(l,=(e58YPRsYR) /YA ],
Kazgl,5(1,=(.58YTBsYB) /YA) &1,
T1Y=RR416,0=-840

IRR=LFTX(TIY)

Tiv=Raa16,0-8.0

IRA=LlFyYX(TLY)

TIXx=CcunReleb,e

IcC=1rrXx(TIX)

T1x=CR88.0=b40

Ica=lrpx(TIX)

RETHRN WITHOUT ADVANCE OF THE FRAME,

RETIRY
END

LENn OF FILE

Py OTS
P1LOTS
PYLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P| OTS
PLOTS
P).OTS
PLOTS
PLOTS
P1.OTS
PI.LOTS
P1.OTS
Py OTS
P1LOTS
PLOTS
PLNTS
P1LOTS
PLOTS
PLOTS
P OTS
PLLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
PL.OTS
P OTS
PLLOYS
P 0TS
PLOTS
PLOTS
Py OTS
PI.OTS
PL.OTS
PLOTS
PLOTYS
PLOTS
PL.OTS
PLOTS
PLOTS
P OTS
PI.OTS
PLOTS
PILOTS
PL.OTS
PLOTS

1768
1766
1767
1768
1769
1770
177
1772
1773
1774
1778
1776
1777
177n
1779
1780
1781
178>
1783
1784
1785
1784
1787
1788
17Rq
1750
179
179>
1797
1 7QI‘
1735
1794
1797
1798
1799
1800
1891
1802
18013
1804
180%
1804
1807
1808
1809
1810
1811
1812
18113
1814

147




APPENDIX E Q

COMPARISON OF FRACTION IN COOLANT
AND CUMULATIVE RELEASE AT TWO HOURS

Calculations for 1311 were made for the Ft. St. Vrain fuel model

(MFUEL = 1) with an average age of 2.5 yr (AGE = 2.5) and the fuel
was not aged (LAGE = F). A BISO-TRISO mixture (0.06, 0.04) was
used (FRAC = 0.6). Six partitions of the core volume IC =1, 5, 10,
25, 100, 200 and five partitions of the 20-h time period IT = 20,
40, 100, 300, 500 were used. The four temperature models SORS,
CORCON, AYER, and AYER Fu-Cort (ITEMP = 1, 2, 3, 4) and the four
equation models, Simplified Model Equation-Renormalized, Constant
Release-Renormalized, Linear Release-Renormalized, Intact-Failed
Self-Consistent fuel transition (NEQ = 1, 2, 3, 4) were used. The
most sensitive test of these 320 calculations was the comparison
of the fraction in the coolant and the cumulative release at 2-h
time.

In Tables E.I through E.XXVIII we exhibit a summary of these
results at 2 h. We note that the maximum variation between (IT,

IC) of (100, 100) and 500,200) for the °1I fraction release in the

coolant is 20% for any temperéture 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 1311 cumulative release.is about 19%, whereas the various
temperature models differ by as much as a factor of 3.03 (NEQ = 4,
ITEMP = 1,3; IT = 100, IC = 100).

It should be noted that we are comparing the fraction at the

10—4 level and the release at less than the 1 Ci level here.
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131

TABLE E.I

I FRACTION IN COOLANT x 10% at 2 h
ITEMP = 1, NEQ = 1, 2

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 pRACTION IN COOLANT x 10% at 2 n
ITEMP = 1, NEQ = 3
IT |
IC 20 40 100 300 500 |
1.38 1.14 1.26 1.38 1.41 |
1.75 1.97 3.17 3.70 3.80 l
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 i
TABLE E.III
1311 FRACTION IN COOLANT x 104 at 2 h
ITEMP = 1, NEQ = 4
IT i
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

I FRACTION IN COOLANT x lO4 at 2 h
ITEMP = 2, NEQ = 1,2

131

~._ 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
IC 20 40 100 300 500
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
T

1C 20 40 100 300 500
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

1317 PRACTION IN COOLANT x 104 at 2 n
ITEMP = 3, NEQ = 1,2
IT
IC 20 40 100 300 500
0.93 0.81 0.78 0.78 0.78
1.08 0.95 1.05 1.14 1.16
10 1.11 1.05 1.24 1.36 1.38
25 1.13 1.10 1.35 1.48 1.51
100 1.14 1.18 1.44 1.59 1.62
200 1.14 1.18 1.45 1.60 1.63
TABLE E.VIII
131; pRacTION IN COOLANT x 104 at 2 h
ITEMP = 3, NEQ = 3
IT
Ic 20 40 100 300 500
0.93 0.81 0.78 0.78 0.78
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
1317 pracTION IN COOLANT x 10% at 2n
ITEMP = 3, NEQ = 4
T }
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

1317 pracTION IN COOLANT x 10% at 2 h
ITEMP = 4, NEQ = 1,2
T
IO 20 40 300 500
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
131r pracTION IN COOLANT x 10% at 2 h
ITEMP = 4, NEQ = 3
~
e 20 40 300 500
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.XII
1317 pracrTION IN COOLANT x 10% at 2 h
ITEMP = 4, NEQ = 3
T
Ic 20 40 300 500
0.97 0.86 0.82 0.81 0.81
5 3.12 2.46 2.37 2.35 2.34
10 3.30 2.62 2.53 2.51 2.51
25 3.40 2.73 2.63 2.61 2.61
100 3.47 2.79 2.69 2.67 2.67
200 3.47 2.80 2.69 2.67 2.67
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TABLE E.XTIII

lBlI CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ =1
IC
IT 20 40 100 300 500
1 0.187 0.125 0.114 0.114 0.115
5 0.238 0.195 0.220 0.238 0.244
10 0.251 0.264 0.284 0.309 0.316
25 0.265 0.299 0.325 0.355 0.363
100 0.282 0.332 0.362 0.393 0.401
200 0.286 0.335 0.364 0.395 0.403
TABLE E.XIV
1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 2
IC
I 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

1311 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

s 20 40 100 300 500
1 0.263 0.151 0.122 0.117 0.116

5 0.566 0.309 0.265 0.254 0.253
10 0.677 0.411 0.341 0.329 0.328
25 0.720 0.461 0.389 0.378 0.377
100 0.756 0.501 0.429 0.416 0.415
200 0.760 0.505 0.432 0.419 0.418
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TABLE E.XVII

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ =
- Ic 20 40 100 300 500
1 0.129 0.102 0.096 0.095 0.095
5 0.157 0.127 0.121 0.121 0.122
10 0.163 0.138 0.136 0.139 0.140
25 0.172 0.151 0.151 0.155 0.156
100 0.179 0.161 0.164 0.169 0.171
200 0.180 0.162 0.165 0.171 0.172
TABLE E.XVIII
1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 2
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

I~ & 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

or

o3 IT 1 20 40 100 300 500
1 0.132 0.099 0.089 0.088 0.087
5 0.152 0.113 0.107 0.108 0.108
10 0.157 0.121 0.116 0.119 0.120
25 0.159 0.125 0.123 0.127 0.128
100 0.160 0.131 0.129 0.133 0.135
200 0.161 0.131 0.129 0.134 0.135
TABLE E.XXII
l3lI CUMULATIVE RELEASE (Ci) at 2 h

ITEMP = 3, NEQ = 2
. 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.XXITI

1311 CUMULATIVE RELEASE (Ci) at 2 h
ITEMP = 3, NEQ = 3
s 1T 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
131I CUMULATIVE RELEASE (Ci) at 2 h
ITEMP = 3, NEQ = 4
S T 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

l3lI CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 4, NEQ = 1

o T 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
1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 2

IS 20 40 100 300 500
1 0.139 0.110 0.102 0.100 0.100

5 0.182 0.162 0.170 0.181 0.183
10 0.184 0.167 0.178 0.189 0.192
25 0.186 0.172 0.183 0.195 0.198
100 0.186 0.175 0.186 0.198 0.202
200 0.186 0.175 0.186 0.198 0.202
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TABLE E.XXVIT

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 3
= T 20 40 100 300 500
1 0.120 0.105 0.101 0.100 0.100
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
1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 4
2T 20 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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