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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-I. code is described.
Four analytical models of fission product re-
lease from an HTGR core during the LOFC accident
are developed. Effects of diffusion, adsorption
and evaporation of the metallics and precursors
are neglected in this first LARC model. Com-

parison of the analytic models indicates that
the constant release-renormalized model is ade-
quate to describe the processes involved.

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

I. INTRODUCTION

In early 1975,a simplified model of fission product release

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

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

Foley.
1

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).



4. The release rate of an isotope from the failed particles
2

is given by the release constant from the SORS report ,

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

In December 1975 we began developing the LARC code (Los ~lamos

Release Calculation) with the goal of calculating analytically the
*

— —

fission product transport of noble gases and metallics in an HTGR

during the LOFC accident.
.

We have systematically removed the as-

sumptions of the simplified model. We have also studied the simple

analytical models relative to more complex analytical models so as

to judge the relative accuracy of the simple models used as a basis

for extending the theory.

In this report we review the models developed to the present

time, discuss the data base as developed thus far, and illustrate

the workings of the LARC code with preliminary results. The cur-

rent version, LARC-1, neglects the effects of diffusion adsorption

and evaporation of the metallicsl 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:

?%e Simplified Model, the Constant Release-Renormalized

Model, the Linear Release Renormali.zed Model, and the Linear Failure

Self-Consistent Model.

In Section 111 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 fractionl and the algori-thm for computing the aged

fuel failure fraction.

Section IV discusses and compares the results of release cal-

culations for different isotopes. The relative accuracy of the

models is compared with the conclusion that the Constant Release-

Renormali_zed Model is justified for further theory extensions, for

example for precursors and diffusion processes.

2
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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)
dt = -A1(t)N(t), O ~ t : Tr (1)

T

(2)R(T) =/ rends,

o

dN’ (t)
dt = s(t) - ~*(t)N’ (t), o:t:~, (3)

‘r

R’(T) =
J

L(s)N’(s)ds, (4)
o

where

N(t) is the number of atoms of the isotope in the core

at time t in the interval O < t < T,

Al(t) = A + rl(t), and A is the isotope decay constant,

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

%
Supported by the Defense Advanced Research Projects Agency work
order #2095, under Office of Naval Research Contract NOO014-75C-0661.
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R(’r)

N’ (t)

R’ (’r)

A* (t)

v(t)

L(t)

s (t)

In the

is the amount of isotope released in the core

during the time interval T,

is the number of atoms of the isotope in the con-

tainment building at

is the amount of the

ment building during

= A + V(t) + L(t) is

time t, .

isotope released from the contain-

the time interval T,
.

the total decay constant for

the containment building,

is the containment building cleanup rate,

is the containment building leakage rate,and

is the source rate to the containment building from

the core.

Simplified model we assume that rl(t), V(t), and

L(t) are constant in the time interval O

assume that the source rate can be taken

name ly

:t:T. We further

as a constant average,

()<t<’cs(t)=%, _ _ (5)

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

the other models we use

dR(t) ,
s(t) = dt (6)

which avoids that assumption.

The solutions to EqS. (l-4) , using Eq. (5), are given by
-AIT

N(T) = N(0)e f (7)

rlN(0)
R(T) = (l-e-AIT) , (8)

‘1 * *

N’(T) = N’(0)e-A T + ~ (1 - e-A ‘), ad (9)
TA

4
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R’ (’r)= ~ N’(0) (l-e
LR(T) ~e-~*~ _(l+&) ] .

-~*1 + *2 (lo)
A TA

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

k~ , the activity is accumulated according to

A(k~) = A[(k-l)~]e ‘AT + R(T) and (11)

A’(k~) = A[(k-l)~]e-AT + R’(T) .
(12)

In addition, the values of N(t) and N’ (T) at the end of a time

step become the initial values N(0) , N’ (0), respectively, for

the next

The

up rate,

time step.

release rate, ;I, the leakage rate, L, and the clean-

;, are determined by

~ [r(O) + r(~)l,FJ
1 (13)

i=; [L(O) + L(T)], and (14)

v=; [v(o) + V(T)] . (15)

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

The decay constant is an input quantity.

B. Constant Release - Renormalized Model

V?hereas in the Simplified model we treated only failed

particle release, we now assume a constant release ri for failed

(i=l) and intact (i=2) particles. In addition we calculate the

release from BISO and TRISO particles separately and sum the

releases using XTOTAL = a ● XBISO + (l-a) “ XTRISO where a = 0.6

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

equations corresponding to Eqs. (l-4) and (6) are

5



dNi (t)

dt = - Ai(t)l~i (t)/

T

Ri (T) =
J

rinds ,

0

dN; (t)
— = Si (t)
dt - A*N;(t),

(16)

(17)

(18]

‘r

R;(T) = ( L(s) N;(s) ds, and
./ (19)
o

dRi (t)
Si (t) = dt = ‘i(t) Ni (t) . (20)

Integrating Eqs. (16-17) , using EqS= (2) and (13-15) we find

-AiT
Ni (T) = e Ni (o), (21)

:. -AiT
Ri (T) = # (l-e )Ni(0), (22)

i

1e-A*T
F.

N;(O) +
A;-A ‘e-Ai’- ‘-A* T)Ni(0) ‘f ‘*# ‘i’

N;(T)= i

[

e-A*T
*

N;(O) + ;i~e ‘A T Ni (0)
*

if A = Ai, (23)

+

+

-1.

A*-A:
-L

iii

[

— 1-*2

A

[

-AiT
~ (l-e )
i

~l_e-A’T1)Ni(0) if

1(l+A*-r)e-A*T Ni (0)

A*# Ai/

if A*=Ai,

(24)

.

.
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where A ❑A+;i and A*= A+i+v.
i

Since ;i 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

from failed

step as the

justified.

(Section D)

Simplified model where we treated the release only

particles,using the final value for N(-c) of a time

initial value, N(0) , for the next time step was

However, from a study of the intact-failed transition

it became clear that matching the failed fraction

(for BISO and TF!ISO) as a function of time is crucial. The

failed fraction is defined as

N1 (t)

F(t) = .
Nl(t) + N.-Jt)

(25)

Assuming that we know F(t) , which we do, then we want to adjust

the ratio N1/N2 while maintaining the constancy of the sum Nl +

‘2 ●

This renormalization of Ni(’r) at the end of a time step to

Ni(0) at the beginning of the next time step is accomplished

by the transformation

F(T) [N1(T) + N2(T)] + N1(0)

[1 - F(T)] [Nl(d +N2(’r)l +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.

The quantities Ni(t), Ri(~)/ N;(t) , R~(~) 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 ;i,

we also tried time centering ;i defined by

F. =
1 ri[T(~/2)]. (27)

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

in parameter studies involving time steps and core volume

fraction.

c. Linear Release - Renormalized Model

In the Constant Release-Renormalized model we assumed

that the release rate for failed and intact particles was

given by

over the time interval

ri(~)l i=l,2 , (28)

T.

Now we approximate the release function of time over the time

interval -r, given by suppressing the subscript i)

r(t) =
I

[ak + bk(t-tk)l[e(t-tk) - e(t-tk+l)],

k=l

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

{

l,X>O
e(x) =

o, x< o .

Denoting

‘k = r[T(tk)]

T = tk+l - tk

(29)

(30)

c.

.

*

.

(31)

we solve for the ak and bk in Eq. (29) to obtain

a



ak = ‘k ad
(32)

bk = (rk+~ - ‘k)/T .

.
Note that using Eq. (32) in (29), we obtain

. r(tk + ~ ‘) = ~(rk + ‘k+l) , (33)

which is equivalent to Eq. (28) .

The same remarks concerning BISO and TRISO particles pre-

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

linear release model. The differential equations for the Linear

Release-llenormalized model are

dNi (t)

dt ‘
- Ai(t)Ni(t) , (34)

T

Ri(T) = ( rinds , (35)

o

dN;(t)

dt
= Si(t) - A*N;(t), (36)

.T

R;(T) = j Lids,

o

dRi (t)
Si(t) = dt = ri(t)Ni(t) ,

(37)

(38)

Ai(t) = A + ri(t), (39)
.

ri(s) = ai + bis t i = 1,2 (40)
.

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

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

9



a.
1 = ri (o) and

bi = [ri(-c) - ri(0) l/T. (41)

After solving Eqs. (34-38) we apply the same renormalization ●

as discussed in the Constant Release-Renormalized model, namely

Eq. (26). .

The integration of Eqs. (34-38) is straightforward, using

the methods developed in Appendices A and B, with the results

that

-ziT
Ni(T) = e Ni(0) / (42)

-iiiT
Ri(T) = [1-e - APo(Ai,6,~)lNi (0), (43)

*

N\(T) = e-A T INi(0) + [(~ + ~)Po(Ai-A*,6,T)

-(Ai-A*)T
+ l-e ]e

-A*T
Ni(0) / (44)

R;(T)= > (l-e-A*T)N~ (o)+~ [l-e-A*T_~p (A ,6,T) +

A 1
A oi

(~+~)e-A*Tpo(Ai-A*/B/~)]Ni(o)/ (45)

where
bi~

iii= A + ai +—
2’

Ai = A+ai,
(46)

and
-r

r
k 2

pk(Y,6,T) = ds s e ‘YS-BS = (- &)k Po(y, (3,’r) (47)
o

10



with

Various limiting forms of Po(y, ~,’r) are derived in Appendix A

where it is shown that

(49)

PO(Y,O,T) = +(l-e-yT) if y # O, B = O (50)

and

PO(O,O,T) = -r if y=~ = O .

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

derived in Appendices A and B, are the integrals

J
‘T

P1(Y,f3,T) = ds s e-ys-~s2 = y p (y,f3,T)-Zq70
o

+ * (1-e-Y@T2) ,

(51)

(52)

‘r

Jds e-A*s PO(Y,6,S) = > [PO(A*+ y,~,-r) - e-A*Tpo (y,~,~)], (53)

o
A

and



T

J d.s e-A*s
1

P1(Y, B,S) = — [-(A*+ y)Po(A*+ y,~,T)

o 2f3A*

+ ye -A*T po(y,!3,~)+ l-e
-A*TI

. (54)

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

explicitly as

y = Ai-A*, @#o :

-A*T
* 2

N~(~) = e N;(O) + e‘A ‘[aiPo(0,f3,~) + I-e-pT ]Ni(0)

-A*T
R;(T) = ~ {l-e* N;(O) + ~ [(ai-A*) Po(A*,f3,~)

A A

-A*T-aiPo(0,6,~) + l-e ]Ni(~)] .

y=h i-A*#0,6=O:

(55)

(56)

-A*T ‘ a. -(Ai-A*)T *

N;(T) = e Ni(0) + ~ [1-e ]e ‘A ‘Ni(0)
A.
1

(57)

{

l-e-A*T a.
R;(T) = ~

[
N:(O) + ~ ~ (1-e

-A*TI

]}
- ~ (l-e-Ai’) N (0) .

A* AA i
i

i (58)

y = Ai-A* =o, f3=o:

-A*T ‘
*

N;(T) = e Ni(0) + ai~e ‘A ‘Ni(0)
(59)

●

✎

.

.
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R;(T) = i { I-e-A*’
N;(O) + %2 [1-(l+A*’r)e-**%Ji(c)}. (60)

A* A

In the ~ = O limit, ai + ;i using Eq. (41), and Eq. (57)

and Eq. (53) for N:(T) and Eq. (58) and Eq. (60) for R;(T) are

seen to be identical with Eq. (23) and Eq. (24) , respectively,

for the Constant Release model described previously, as they

should .

In terms of numerical evaluation it suffices to use the

limiting forms for Po(y,6,T) given in Eqs. (48-51) in Eqs. (42-45)

since there are no singularities.

D. Intact - Failed Self-Consistent 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 ~. We assume that the failed

fraction, F(t) , is a linear function of time over the time in-

terval -r.

The transition of intact to failed fuel, including decay

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

can be represented by

dN ~
—= -(~+;l)N1 + &N2
dt (failed),

dN2
— = -(A+;2)N2 - &N2
dt (intact),

(61)

(62)

where A is the isotope decay constant and the ;i are the release

constants. We assume that the release consi;ants are averaged

13



over

from

the time interval T and are given by

* [ri(0) + rl(T)l, i = 1,2.:.a1 (63)

The transition rate, & , in Eqs. (61) and (62), is determined
.

the definition of the failed fraction
.

N1 (t)
E’(t) ;

Nl(t) + N2(t) - (64)

Differentiating (0 E -&) Eq. (64), we obtain

il (t) i2 (t)
i’(t)= [1 - F(t)] - F(t) (65)

‘l(t)
+ N2(t) t

‘l(t) + ‘2(t)

where we have used Eq. (64) . Defining

A =~+;
i , i = 1,2 (66)

i

and substituting Eqs(61) and (62) for &l(t) and fi2(t) into Eq. (65) ,

we find

i’(t) = F(t) [1-F(t) ](A2-Al) + [l-F(t)]& . (67)

Solving for b(t) we obtain

. i’(t)
G(t) = ~_F(tl + (A1-A2)IW) . (68)

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

a linear function in the time interval T,

F(t) = a + bt , 0 ~ F(t) < 1 (69)

then

14



a= F(0)

~ = F(T) - F(0)
-c

(70)

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

3

N1 (T) =2 Ak Mk(~)

k=o

and

1N2 (T) =-= Ak Mk (T),

k=4

where the functions Mk(~) are defined as

-AIT
MO(T) = e r

M4(T) = e-y T-6’2 , and

2
M5(T) = ~e-y~-~~ .

(71)

(72)

The constants (in the time interval -c) a, 13,y, and A
k are

given by

a = (A1-A2) (l-a) ,

6 ‘“ (A1-A2) b/2,

y= Ala+ A2(l-a) =A1-a, (73)

and ●



A. = N1 (0) J

N2 (0)

‘1
= [b + (A1-A2) (1-a) 1 ~_a 1

‘2(o)
‘2

= (A1-A2) [b(l-a) -abl ~_a ~

b2N2 (0)

‘3 =
- (A1-A2) ~_a f

(74)

‘4
= N2 (0) , and

bN2 (0)

‘5=-l-a”

The release from intact and failed particles is given by

‘T

Ri(T) = J ds ri Ni(s), i = 1,2
0

or

3

I

A
RI(T) = ‘k ‘k ‘~)

R=o

5

R2(T) =
I

Bk Pk(~) ,

R= 4

where the functions ;k(T) are defined by

T

Sk(T)=J ds Mk(s)

o

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

F
‘k=lAk

()~k~3

(75)

(76)

.

.

(77)
.

.

(78)

‘k = ‘2 ‘k
k=4,5e

16
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The functions Mk (T) and ;k (T) are derived explicitly in

Appendix A. They are all expressible in terms of exponential

and combinations of exponential with error functions. If we

define the function. Po(y,f3,T), cf. Eq. (A-8), by

T

/

2

po(Y,6,T) =
ds ~-Ys-fis

o

(79)

then by integratiorl and differentiation [with respect to the

parameters of Po(y,13,~)] , the Mk(T) functions for 6 # O are given

by

-~.lT

MO(A1,T) = e I

-Al T
M1(A1,a,6,T) ‘: e Po(-a,(3,’r) ,

-AIT

M2(A1,a,&~) =’ ‘2P
[

~T-~T2~
UPo(-a,~,T)+ l-e _l’

e-Al~
M3(Al,a,6,T) =’

[ 1(a2+2(3)Po(-a,6,T) + u(l-eaT-6T2) ,
4f32

2
-(a-2@~)eaT-6~

2
M4(y,~,T) = e

‘-yT-fh ,

and
2

M5(Y,&~) = ~e
‘yT-~T .

The functions M2(T) and M3(T) are expressible as

M2(AI,0J3,T) =

(80)

(81)

and



The limiting forms are given in Appendix A. In particular we

note that the integrals for M2(T) and M3(~) in the (3= O limit

are finite and independent of (3. The contribution from AkMk(T)

k = 2,3, is therefore zero since A2 and A3 have a factor of @

in them.

(82)

.

r

Similarly, integration of Eq. (77), using Eq. (80), as derived

in Appendix A, yields for the ;k(~) functions the results

-AIT
~o(A1,~) =+(l-e )Z

1

~1(A@3,T) = +
-A -r

[po(A1-a,6,~)-e 1 Po(-a,6,T)l,
1

;2(A@3,T) = &

[

-AIT
(A1-a)Po (A1-a,6,~)+ae Po(-a,6,T)

1 1!

A

L -(l-e-AIT) I
[26+(A@2] (-2f3+A12) -AIT

Po(A1-a,8,T) + e

‘1 ‘1

.@ (Al-a) T
Po(-d,8,T)+(l-e )- ; (l-e-AIT)

P4(Y,EM = po(Y,hd, and

~5(Y,6,d = - ~ po(y,&T) + + (l_e-Y-2) , (83)

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

The functions ;k(T) are expressible as

18



l-Mo(Al, T) ,
;O(A1, T) =

A,
L

A

;2(A1, a,6, T) =

P4(A1-a,6, T) - Ml(Al, a, &T) ,

11
1

A A A

PO(A1, T) - P4(A1-a, @) + aP1(A1, a&T)
r

26
A ,-.

pl(A1,a,@,T) - P5(A1-a,6,~) + aP2(A1,a,(3,T)
;3(A1,a,6,T) = 26

t

A

P4(YA3,T) = po(y,~,~) , and

1- y;4(Y,&T) - M4(Y,@)
~5(Y,6,T) = 26

. (84)

In particular we note that the integrals for ~2(~) , S3(T) , and

;5(T) in the 6 = O limit are finite and independent of f3. The

contribution from Ak;k(T) for k = 2,3, and 5 therefore vanishes

for 13= O. The other limiting forms are automatically accounted

for using Eq. (84) and the limiting forms for Po(y,13,T) given in

Appendix A.

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

intact particles released in the containment building is governed

by

dN :
— = Si(t)
dt~

- A*N;(t) 1 (85 )

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

or intact particles,

dR .
Si(t) = + = riNi(t) . (86)



The decay constant, A*, is defined as

A* = A +V+ E , (87)

where V(T) represents the containment building cleanup system

removal rate and L(T) represents the containment building leakage

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

define

v ❑ * [v(o) + V(T)] and

(88)

i : ; [L(O) + L(T)] .

The release from the containment building is given by

‘t

R;(T) = { ds L(s)N;(s). (89)

o

Integrating Eqs. (85)and (89) , using Eq. (86) , we may express

the solutions in the form
‘r

N;(T) = e-A*T N;(O) + ;ie -A*T J dse A*s N (s)
i

u

and

[

(90)

-A*T) ‘r

I@) = E (l-e
N;(O) + ;i

J 1dse-A*s~ds’eA*s’N (s’) ‘
A* i

o -o

*
where ;. A ,

1’
and ~ are given by Eqs. (63), (87)1 and (88) ,

respectively.

,

.

.

.

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

the solutions as

20



N;(T)

.

~-A*T= N;(0) Bk Qk (T) ,

(91)
5

N;(T) = e
-A*T

N;(O) + e
-A*T -.

1
Bk Qk(T) ,

R= 4

and

R;(T) -A*T
3

= l-e
L

N;(O) +
A* I ‘k ‘k(=) ‘

k= O

(92)

R;(T) -A*T
5

= l-e
L

N;(O) +
I

Bk Vk(’r) ,
A* k= 4

where the functions Qk (T) and vk(~) are defined by

T *

Qk(’c) =~ds eA. s Mk(s),

o

(93)
-r

vk(T) = J ds e-A*s Qk(s) .

0

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

Appendix B.

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

-(A1-A*)T
Qo(A*,A1,~) = A lA* [1-e ],

1-



-(A1-A*)T

Q1(A*,A1~a~6~T) = A lA* [Po(A1-A*-u, f3,~) - e PO(-%6, T)I’

1-

1
Q2(A*, Al, a,13,T) =

2(3(A1-A*)

1
T

Q3(A*, A1, U,6,T) = —
4f32

4

(A1-A*-a) Po(A1-A*-a,&T)

- (AI-A*) r
+ ae Po(-a,~,-r)

-(A1-A*)T
- (l-e

L

[213+(A1-A*-a)21
Po(A1-A*-a,f3,~)

AI-A*

_ (2 f3+a2)e-(Al-A*)Tp ~_a,6, T)

AI-A*
o

-(3T2-(A1-A*-CX)T
- [1-e 1

[

-(A1-A*)T
+a [1-e 1

AI-A*

Q4(A*,Y,6,T) = po(Y-A*,~,T) , and

Q5(A*,y,6,~) = P1(y-A*,8,~) .

P1(Y,6,T) is defined

The expressions

functionally simpler

t

f

(94)

in Appendix A.

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

manner as

22



.

. Q2(A*, A1, CL fLT) =

Q3(A*,A1,WB,T) =

QO(A*,A.@ - Q4(A*,A1-IX,&~) + uQl(A*,A1,a,6,~)

2B

‘l (A*,A1,a, @,T)-Q5(A*,A1-a, 13,T)+UQ2(A*,A@3,T) .

2f3
(95)

Again, the integrals for Q2(T), Q3(T), and Q5(T) in the f3= O

limit are finite and independent of 6. The contribution from

Bk Qk(T) for k = 2,3, and 5 therefore vanishes for f3= O since

those Bk have a factor (3in them. The other limiting forms are

handled correctly using the limiting forms for PO(Y,6,T), P1(Y,6,~)

and QO(T) given in Appendices A and B.

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

1
VO(A*,A1,T) = * [* (l-e-A*~) - ~ (l-e-Al=)] ,

AI-A 1

1

[

e-A*T
V1(A*,A1,(L6,T) = — PO(A1-MLT) - A lA* PO(A1-A*-M3,T)

AIA*
1-

A*

~-Al-c 1Po(-a,@) ,
‘1
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(A1-A*-a)
-A*TV2(A*,A1,CI,B,T) = + ~ [pO(A1-IX,B,T) -e po(A1-A*-a,j3,T)l

2~(A1-A*) A

+
a 1

* [PO(A1-A*-U3,T)
213(A1-A*)AI-A

(A1-A*)T
-e Po(-a,f3,T)l

1 [+ (l_e-A*~)- + (l-e-AIT) ] ,
2f3(A1-A*) A 1

2i3+(A1-A*-a)21 _ (2(3+CX2)V3(A*,A1,W3,T) = — [— + llPo(A1-a,&T)
462 A*(Al-A*) Al(Al-A*)

+A 2B+lx2 e-AITp (_a,P,~)

4(32 Al(Al-A*) o

-.-L
2p+(A1-A*-Cd2 *

e-A ‘Po(A1-A*-~lB,T)
4B2 A*(Al-A*)

●

✎

.

.

1+— -J% [~ (l-e-A*T) - + (l-e-AIT) ] ,
4f32 AI-A A 1
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V4(A*,y,B,T) =
-A*T

4 [po(Y,6,T) -e po(Y-A*, LT)l, and
A

V5(A*,y,&T) = - &- Y-A* ~-A*T
PO(Y, !3,T) + — po(y-II*,13, T)

2(3A 213A*

The expressions for VI(T), V2(~), V3(T), V4(’r) and V5(T)

can be expressed in a functionally simpler manner as

*

V4(A*,A1-a,13,T) - e‘A ‘Q1(A*,A1,a,B,T)
tV1(A*,A1,T) =

‘1

VO(A*,A1,T) - V4(A*,A1-a,&T) + CXV1(A*,A1,T)
tV2(A*,A@3,T) = 26

V1(A*,Al,T) - V5(A*,Al
*

‘U,~,T) + M72{A ,A1JXd3/T)
?V3(A*,A1,CL6,T) =

2(?

PO(Y,S,T)- f=
-A*T

Q4(fl*/YIM) , and
V4(A*,y,&~) =

A*

;O(A*,T) -A*T- YV4(A*,y,f3,T) - e Q4(A*,Y,6,T)
V5(A*,y,f3,~) =

26 ‘ (97)



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

Finally we remark that the integrals for V2(T), V3(T) and

V5(T) given in Eq. (97) in the (3= O limit are finite and inde-

pendent of ~. The contribution from BkVk(T) for k = 2,3,5

therefore vanishes for 6 = O since those Bk have a factor f3

in them. The other limiting forms are handled correctly using

the limiting forms for Po(y,f3,T) and Vo(A*,A1,-r) given in

Appendices A and B.

As we shall see in Section IV, comparison of these four models

indicates that the Constant Release-Renormalized model is adequate

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

containment building.

III. 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
2 3

SORS , CORCON ,
4,5

and AYER. 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
6obtained graphically from GASSAR. 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
7

made available from recent AYER calculations. 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
6rated power” is given graphically in the GASSAR report. 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

o

0.01

0.03333

0.06666

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1699.82

1588.71

1479.26

1402.59

1347.59

1255.37

1205.37

1173.41

1147.04

1127.59

1104.26

1079.08

1044.26

922.04

Originally a simple analytic polynomial fit to the data

was used. That technique had an accuracy of about 1% in T(x) , but

did not have dT/dx continuous across fit boundaries, of which

there were several.
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However, with the implementation of a general one-

dimensional spline method,
&lo

the accuracy of the fits is

maintained,dT/dx is smooth,and d2T/dx2 is continuous.

The average temperature ~ is used in scaling and is

determined from numerical integration of the spline representation

as

1
~= JT(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, T~X(t) and

‘AVG (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 TmX(t) and

TAVG(t) at a nufier of time pOintS giVen in Table II.

1700

1600

; 1500
W
w
& 1400
0
w
o
- :300
k’a
: 1200
wm
: 1100

1000

900
0

TEf4PERATuRE VS. CORE VOLUl& FRACTION

1 .1 -z .3 .4 .5 .6 .7 .8 .9 !
CORE VOLUt4F FRACTICIN

.

.

●

✎

0

Fig. 1. Temperature vs core volume fraction.
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TABLE II

SORS TEMPEW4TURE DATA

t (h)
‘MAx (K) t(h)

‘AVG (K)

o 1227.59 0 1088.71

1.3 1644.26 1.1 1366.48

2.3 1922.04 2.5 1644.26

3.5 2199.82 4.2 1922.04

5 2477.59 6.3 2199.82

6.92 2755.37 10.0 2477.59

9.42 3033.15 14.8 2755.37

12.3 3310.93 22.5 3033.15

17.3 3588.71 34.6 3310.93

26.5 3922.04 40.0 3374.42

40.0 3922.04 50.0 3459.08

We note that the SORS data as given in Ref. (2) does

not have a maximum temperature exceeding the graphite sublimation

temperature (3925 K).

The results of the spline representationgof the data of

Table II are displayed in Fig. 2.

3. CORCON Data

The maximum and average temperature,
* T~x(t) and TAvG(t),

are given in Table 6-4 of the CORCON report. 3
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

‘MAx
(t) and TAvG(t) curves in the time range 1 < t < 5 h of the
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Fig. 2. Temperature vs time
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Fig. 3. Temperature vs time
after LOFC, CORCON
tabular data.

TABLE III

CORCON TEMPERATURE DATA

t(h)
‘MAx

(K)
‘AVG

(K)

o 1192.59 1052.59

0.0083 1192.59 1052.59

0.2167 1280.37 1134.82

1.45 1618.15 1413.71

5.25 2379.26 1920.37

10.25 2969.82 2338.71

15.25 3358.71 2608.71

20.25 3630.37 2793.71

25.25 3665.37 2938.15

30.25 3665.37 3026.48

“

.
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CORCON data relative to the SORS data shape, Fig. 2. In general,

after t = 1 h the CORCON data has lower temperatures, with dif-

ferences upwards of 150 K, than SORS for both T~X(t) and T~vG(t) .

4. AYER Data

The maximum and average temperatures, T~X(t) and

T
AVG(t) are reproduced in Table IV from AYER data. 4,5

The results of the spline representation of the data

of Table IV are displayed in Fig. 4.

We note that for this data T~X(t) attains and exceeds

the graphite sublimation temperature at 17 h.

Comparing the AYER to SORS temperature histories we

note that T~X(t)
AYER < ‘MAx (t)SORS for O < t < 15 h and

‘AVG
(t)

AYER < ‘AVG
(t) SOW for O < t < 20 h, with temperature

differences of the order of 50-200 K. After 15 h, T~x(t)AyER

‘MAx
(t)Sow until t w 20 h when the 2 models are equal.

Comparing the AYER and CORCON temperature histories

‘ote ‘hat ‘MAX(t)AYER < ‘MAX(t)CORCON ‘or ()< t < 1005 h with

maximum difference of approximately 100 K. For 10.5 < t < 20

>

we

a

h,

‘MAx (t)AYER > T~x(t)coRcoN with a maximum difference of almost

200 K occurring at 17 h.
‘AVG (t), on the other hand, for AYER

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

20 h. AYER is first lower than CORCON (O < 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

O<x<”l. The average temperature is given by ~ = 1174.4 K from

Eq~ (9;).

From the spline representations of T~x(t) and TAvG(t)

we find these quantities at any time t by spline interpolation.

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

given by

T(x,t) =
Tmx(t) - TAvG(t)

[T(x) -~]+T
T(0) - ~ AVG(0) “ (99)



t(h)

TABLE IV

AYER TEMPERATURE DATA

‘MAx
(K)

‘AVG
(K)

0.2

0.4

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

9.0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1199

1278

1315

1461

1589

1704

1810

1908

2002

2091

2176

2257

2335

2411

2483

2554

2687

2815

2936

3053

3165

3273

3376

3475

3570

3663

3636

3664

3665

1167

1219

1243

1338

1421

1496

1566

1631

1692

1749

1804

1856

1906

1954

1999

2044

2126

2204

2278

2347

241.4

2477

2538

2596

2653

2707

2756

2801

2840
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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 O < x < 1, 0<t<20h in Fig. 5-10 for the SORS (Model 1),--

CORCON (Model 2) and AYER (Model 3) data.

6. AYER Fu-Cort Data

Data was available for x = x(T,t) from recent results
4,7of the AYER code in which the core volume was divided into

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

and supplying additional interpolated points, we constructed

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

Performing a two-dimensional spline fit we calculate

T(x,t) for any (x,t) in the range O ~ 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
12

and GASSAR reports has

been fitted to Arrhenius relations of the form

r(T) = cxe
-(3/T

(loo)
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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 ,,2“added for a conservative estimate. In the GASSAR data,

BISO and TRISO release rates are distinguished in some instances.

The fitted parameters for the SORS and GASSAR data are given

in Tables VII and VIII, where the parameters are further subdivided

as intact or failed. In the case of GASSAR parameters a subscript

B (BISO) or T (TRISO) on the group index further distinguishes the

release rate parameters.

The release rates using the parameters of Table VI-VIII are

displayed graphically in Figs. 13-15. The SORS data is denoted as

the Ft. St. Vrain fuel model.

v

.
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ISOTOPE GROUPING OF RELEASE RATES

Group Isotopes

1 Sr

2 Cs, Rb

3 Ba, Sm, Eu

4 Ce

5 Xe

6 Kr

7 Zr, Nb, Mo, Te

8 Pm, Nd, Pr, Y, Pd, Sn, La

9 Ru, Rh

10 Se, Br, Te, Sb, I

.
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Fig. 13. Fission product release rate vs temperature, SORS data.
The upper set of curves qives the release rate for failed
particles; the lower set-is for intact particles.

~GASSAR FUEL MOOEL - FAILED PARTICLES

i.0E4/T (DEGREES K)

Fig. 14. Fission product release
rate vs temperature for
failed particles,GASSAR.
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Fig. 15. Fission product release
rate VS temperature for

intact particles,GASSAR.
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c. Fuel Failure Fraction (Particle Coatings)

The BISO and TRISO particle coatings begin to exhibit

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

particular fuel rod in the reactor) of irradiation.

Analytic fits and a functional algorithm were developed

from the graphic data displayed in the SORS2 and GASSAR6 reports

for the failed fraction of particle coatings as a function of

temperature and age, f(T,t) .

SORS : f(T,t)

The SORS data is displayed graphically in Figs.5-1, 5-2

of the SORS report (see also Figs. 16 and 17) . The failed

fraction is approximated as a linear function of temperature in

the partially failed region. The boundaries of no coating failures

and 100% coating failures are a function of age and type (BISO,

TRISO) .

Using these assumptions we may write a simple

of the data to obtain the failed fraction, f(T,t) ,

of the temperature (T) and the

TRISO fuels.

t I

,OLUJ1800 2000 2200
FUEL TEMPERATURE (OEGREES ~>

Fig. 16. Fuel failure diagram
for BISO particles,
SORS data.

age of the fuel (t)

10

analytic fit

as a function

for BISO and

m CMTIIMFWRES

10 0 I
1200 1400 1600 1800 i

FuEL 7Et4pERA7uRE(DEGREES u

Fig. 17. Fuel failure diagram
for TRISO particles,
SORS data.
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The temperatures for f = O (no coating failure) and f = 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 O < t < 0.12 yr

are taken to be the same for BISO and TRISO fuels.

For O ~ t < 0.12 yr,
.

the failed fraction can be represented

as a linear function of temperature by .

f = A+ BT J (101)

where the coefficients A and

Table X.

For 0.12 < t < 4 yr, we

‘“t (i = 0,1) and performaie ~

f = O and f = 1 boundaries.

form

where

B for BISO and TRISO are given in

fit the f = O and f = 1 boundaries by

a linear interpolation between the

This approximation leads us to the

T(t) - To(t)

‘(T’t) = Tl(t) - To(t) ‘

i3it

Ti(t) = aie (i = 0,1)

(102)

(103)

and the coefficients ai and B. for BISO and TRISO are given in
1

Table X.

As is mentioned on page 6-3 of the SORS report, 2 linear fuel

failure is assumed with 10% failed fuel at 4 yr. This is an amount

that is added to the fraction that fails due to temperature; 2.5%,

5%, 7.5% , and 10% failure is added to the 1 yr-,2 yr-,3 yr- and
.

4_yr-old-fuel -respectively.

Figures 16 through 21 were generated using the above equations -

and data.
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TABLE IX

SORS TEMPERATURES (K) FOR AGED FRACTION FAILURES, f

Type/f f=o f=l

BISO :

0.12 yr 1858.15 1998.15

4 yr 1360.15 1599.15

TRISO:

0.12 yr 1858.15 1998.15

4 yr 1273.15 1663.15

TABLE X

SORS AGE-TEMPERATURE FUEL FAILURE PARAMETERS

Type O<t~O.12yr

A 103B K

BISO -13.2725 7.14286

TRISO -13.2725 7.14286

0.12 yr ~ t ~ 4 yr

Type lti3ao(K) -110260(yr ) 10-3LZ1(K) 10261(yr-1)

BISO 1.87617 8.04098 2.01197 5.74098

TRISO 1.8801 9.74459 2.00953 4.72964
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Fig. 18. Fraction of
SORS data.
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failed particles vs temperature, BISO particles,
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Fig. 19. Fraction of failed particles vs
cles, SORS data. This figure is

50

temperature, TRISO parti-
derived from Fig. 17.
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Fig. 20. Log of fraction of
failed particles vs
temperature, BISO par-
ticles, SORS data.
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W- ,1 m = 4.0 m =1 turn

Fig. 21. Log of fraction of failed
particles vs temperature,
TRISO particles, SORS
data.

GASSAR: f(T,t)

The graphic data obtained from Fig. 1 and 2 of the GASSAR re-

port are summarized in Tables XI and XII for various aged fuels

and particle coating failed fractions.

For the BISO particle coatings, a spline fit to the data was

used below a certain failed fraction, f
o’

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 f = 1 if T z T1. The BISO parameters A, B and

the threshold for the linear fit, fo, are given in Table XIII.

For the TRISO particle coatings an exponential fit of the

form

f(t) =ae~T (105)
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was

row

was

and

used for f s fo, which corresponds for TRISO to the first

of Table XII. A linear fit of the form

f(T) = A + BT (106)

used above f
0’ where f = 1 if T 2 T1. ‘2F.eTRISO parameters

their temperature ranges are given in Table XIV.

The data described by these analytic fits are displayed for

BISO and TRISO in Figs. 22-25.

D. Aged Fuel Failure Fraction (Particle Coatings)

Different segments of the HTGR core have been subjected to

different irradiation times, or aging, due to the replacement of

1/4 of the fuel rods each year with new fuel rods.

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

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

particle coatings is given by

~ = f(T,t) , (107)

where t is the age in years and Eq. (107) is evaluated using

Eqs.(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

F=:
I

fis [6(t-i+l)-6(t -i)], (108)
i=1

where t is the age in years, i = [t] + 1, and [ ] means “least

integer”, with

(
4f1 i=l o~t<l

fis = 1
fl + 3f2 j-=2 l<t<z

(109)
fl + f2 + 2f3 i=3 2~tc3

fl + fz + fs + f4 i=4 3<t<4

.

a

.

.
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Fig. 22. Fraction of failed par-
ticles vs temperature,
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data.

o
LATEST GASSAR FuEL MODEL

10
~

a
U
d
u

E 10
-1

2

!!
:

u.o 4

E 10
-2

* 3
u
<
E z

1

,<’~
1200 1400 1600 1800 2000 2200 2400

TEMPERATURE (OEGREES K)

m :2 ACE = 4.0 UCE =1 am

Fig. 24. Log of fraction of
failed particles vs
temperature, BISO par-
ticles, GASSAR data.
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Fig. 25. Log of fraction of failed
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data.
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and

fi = f[T, t

where x ~ t - [t], using

GASSAR: For the GASSAR

mod(4)] = f(T, i-1 + x) , (110)

the parameters of Table X.

data, if the fuel is not aged, then a

linear interpolation is performed between the two nearest ages,

or

4

LF= ‘ [(l-x)f~_l + xf ‘][e(t-i+l)
i

- e(t-1)] , (111)

i=l

where fGS O, i = [t] + 1, x = t - [t], and f,G is given by
o 1

fG
= f(T,t) = f(T, i-1 + x) ,

i (112)

using Eqs. (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

F=;
I

;G
i

[O(t-i+l) -e (t-l)] ,

i=l

where

(113)

( GG+ f2 + f3G G
‘1 + xf4

i=l ()<t~l

i=2 l<t<2

(114)
i=3 2<t<3

with
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~G=
i

using Eqs. (104-106)

The failed

BISO + 0.4 TRISO for

Figs. 26-37 for aged

f(T,t) = f(T, i-1 + x) , (115)

and Tables XIII and XIV of Sec. C.

fraction in BISO, TRISO, and TOTAL = 0.6

the SORS and GASSAR models are displayed in

and not aged fuel. (LAGE = T and F respectively)

We note that the SORS (Ft. St. Vrain) model exhibits an

exponential rise in the failed fraction between refueling com-

pared to the linear rise of the GASSAR model in the same circum-

stance. The temperatures of Fig. 1 were used and were held con-

stant in time.

The maximum and minimum failed fraction for the SORS

data are (0.08, 0.04). The maximum and minimum for the GASSAR

data are (0.004, 0.0025). Thus, a factor of (20,16) decrease in

the maximum

obtained.

and minimum, in going from SORS to GASSAR data is

FT. ST. VRAIN FUEL MODEL

““’~

.07 -

.06 -

g

iii . 0s -
z
0

;
o .04 -
s
Lb
0
u
A .03-

z
k

.02-

.01 -

0.00
0 1 2 3 4 s

AGE (YEARS)

Fig. 26. Failed fraction vs age
of the fuel in years,
BISO particles, SORS
data, aged fuel.
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Fig. 27. Failed fraction vs age
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TRISO particles, SORS
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3 4 5
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fuel, SORS data.
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Fig. 30. Failed fraction vs age
of the fuel in years,
TRISO particles, SORS
data, fuel not aged.
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Fig. 29. Failed fraction vs age
of the fuel in years,
BISO particles, SORS
data, fuel not aged.
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Fig. 31. Failed fraction vs age
of the fuel in years,
averaged total for fuel
not aged, SORS data.
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Fig. 32. Failed fraction vs age
of the fuel in years,
BISO particles, GASSAR
data, aged fuel.
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Fig. 34. Failed fraction vs age
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fuel, GASSAR data.
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Fig. 33. Failed fraction vs age
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data, aged fuel.
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Fig. 36. Failed fraction vs age
of the fuel in years,
TRISO particles, GASSAR
data, fuel not aged.
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Fig. 37. Failed fraction vs age
of the fuel in years,
averaged total for fuel
not aged, GASSAR data.

Iv. COMPARISONS

A comparison for
131

I 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

(FWC = 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, Simplified Model-Renormalized,

Constant Release-Renormalized, Linear F.elease-Renormalized, and

Intact-Failed Self-Consistent fuel transition (NEQ = 1, 2, 3, 4)

were used.

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

played in Fig. 40.
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Fig. 38.

Fig. 39.
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30 6.00
35 7.00
40 a.ila
45 ?.00
30 10.00
35 11.00
60 12.aa
65 13.oa
7cl 14.00
75 15.oil
80 16.00
25 17.00
?3 12.00
?~ l?.~~
100 20.00

DOES amTHER ca3E m_Lw?
? ~~
EXIT
/

ai’lilW4T

i?EilaIiiIiiG
(CURIES)

7.76E+c17
7.72E+37
7.63E+07
7.30E+07
6.5”?E+07
3.-lliz+o7
3.35~+07
2.s7E+~7
1.51E+a7
a.12E+M
4.03E+M
1.a-lE+a6
7.7?E+05
2.??E+M
1.MZ+05
3.4i3E+W
?.31E+03
2.31E+i33
5.71E+02
1.15E+02

ailEl:JiiT
IN zzmaw
(C:JRIES>

a.67E+02
4.aaE+04
7.7K+03
2.7?E+a6
1.i)7E+a7
2.22E+07
3.63E+07
5.ij[tE+07
6.04z+a7
6.71E+O?
7.o?E+a7
7.2aE+07
7.%E+07
7.3az+07
7.33E+c17
7.3:E+[17
7.33E+07
7.31E+07
7.2aE+07
7.26E+U7

1.llE-05
6.26E-04
?.22E–i13
4.33E-i32
1.37E-31
“2.”2-lE-ol
4.6aE-ol
G.42E-01
7.75E–al
2.61E-01
?.lclz-al
?.25E-01
?.43E-cll
3.4aE-al
?.47E-01
2.4.lE-cll
?.41E-01
?.32E-01
?.35E-01
?.~1~-ol

NOS system.Fig. 40. Typical terminal run output for LARC-1 under
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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 1311 fraction release in

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

temperature models differ by as much as a factor of 3.7. Similarly

for the cumulative release the maximum variation is ~ 19% for

any temperature model, whereas the various temperature models

differ by as much as a factor of 3. At times greater than 2 h

the variations decrease rapidly.

.

.

The 131 I fraction in the coolant and cumulative release as a

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

XXII for the four temperature models with IT = IC = 100. We note

that better than two-digit agreement for the fraction in the coolant

between the various equation models occurs after 4 h for all temp-

erature models, Tables XV - XVIII.

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

as a standard, we compare the 131
I cumulative release in Tables XXIII-

XXVI. Again we note that the maximum difference occurs at ~ 2 h

where as much as a 17% error can occur at the 0.4 Ci level. However,

comparing Tables XIX - XXVI we can estimate an approximate upper

bound on the error in the cumulative release, displayed in Fig. 41.

A good rule of thumb is that the error made by the renormalized

models compared to the Intact-Failed Self-Consistent model is “ less

than 5% at 50 Ci, and less than 1% at 300 Ci.”

127~e, and is sum-A similar set of comparisons was made for

marized in Tables XXVII - XXIX for the fraction in the coolant, the

cumulative release and the comparison to model 4. We note that the .
cumulative release at 20 h has only reached 25 Ci, as compared to

3500 for
1311

The maximum error, 12%, occurs at 6 h as compared to
131 ●

.

2 h for I. The approximate upper bound for 131
I bounds the 127~e

results.
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2

4

6

8

10

12

14

16

18

20

TABLE XV

1311 FRACTION INTIIECOOLANT
ITIXP = 1, IT = 100, IC = 100

NEQ

\?(H)

2

4

6

8

10

12

14

16

18

20

1,2 3 4

0.000522 0.000s22 0.000626

0.0475 0.0475 0.0483

0.284 0.284 0.284

0.641 0.641 0.642

0.861 0.861 0.861

0.935 0.93s 0.93s

0.948 0.948 0.948

0.944 0.944 0.944

0.938 0.938 0.938

0.931 0.931 0.931

TABLE xVI

1311FRACTIONINCOOLANT
ITEX? = 3, IT = l!IC,IC = 100

1,2 3 4

0.000144 0.000144 0.00016’

0.01S8 0.01S8 0.016S

0.113 0.113 0.114

0.32S 0.325 0.326

0.s86 0.s86 0.587

0.791 0.791 0.791

0.89S 0.89S O.89S

0.929 0.929 0.929

0.934 0.934 0.934

0.931 0.931 0.931

\NEQ

r(H)\

2

4

6

8

10

12

14

16

18

20

TABLE XVI

1311 FRACTIONIN COO!.ANTAT 2 h
ITENP= 2, IT = 100, IC = 100

1,2 3 4

0.000157 0.0001s7 0.00017!

0.0129 0.0129 0.013s

0.134 0.134 0.13s

0.401 0.401 0.402

0.670 0.670 0.670

0.842 0.842 0.842

0.917 0.917 0.917

0.936 0.936 0.936

0.936 0.956 0.936

0.931 0.931 0.931

TABLE XVIII

1311 FRACTIONIN COOLANT
ITEMP = 4, IT = 100, IC = 100

2

4

6

8

10

12

14

16

18

20

0.000220

0.0205

0.139

0.362

0.s40

0.646

0.717

0.767

0.803

0.827

0.000220

0.0206

0.139

0.362

0.s40

0.646

0.717

0.767

0.803

0.827

0.000269

0.0211

0.139

0.362

0.s40

0.646

0.717

0.767

0.802

0.827 I
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TABLE XIX

1311 CUMULATIVE RELEASE (CURIES)
ITEMP = 1, IT = 100, IC = 100

T(H)

2

4

6

8

10

12

14

16

18

20

T(H)

2

4

6

8

10

12

14

16

18

20

1 2 3 4

0.362 0.362 0.353 0.429

63.620 63.646 63.299 65.617

556.424 556.781 555.819 559.238

1654.131 1655.048 1654.214 1656.690

2687.453 2688.273 2687.888 2689.032

3232.777 3233.196 3233.047 3233.480

3430.953 3431.101 3431.045 3431.212

3485.639 3485.678 3485.651 3485.742

3497.822 3497.831 3497.810 3497.883

3500.136 3500.137 3500.118 3500.188

TABLE XX

131CUMULATIVE RELEASE (CURIES)
ITEMP = 2, IT = 100, IC = 100

1 2 3 4

0.164 0.164 0.162 0.177

15.101 15.105 14.994 16.071

235.211 235.330 234.763 237.816

942.483 942.944 942.250 945.159

1909.057 1909.699 1909.208 1911.122

2710.293 2710.852 2710.570 2711.583

3181.464 3181.803 3181.674 3182.123

3386.173 3386.317 3386.296 3386.450

3455.200 3455.246 3455.221 3455.327

3474.843 3474.855 3474.837 3474.919

.

*

.

.
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TABLE XXI

.

.

.

.

\

NEQ

T(H)

2

4

6

8

10

12

14

16

18

20

K NEQ

T(H)

2

4

6

8

10

12

14

16

18

20

1311 CUMULATIVE RELEASE (CURIES)
ITEMP = 3, IT = 100, IC = 100

1 2 3 4

0.129

19.972

212.131

764.819

1620.123

2468.057

3043.649

3323.847

3429.105

3463.127

0.129

19.976

212.199

765.116

1620.675

2468.659

3044.072

3324.050

3429.180

3463.152

0.127

19.871

211.822

764.545

1620.123

2468.291

3043.891

3323.975

3429.143

3463.130

0.142

21.152

214.730

767.487

1622.351

2469.601

3044.513

3324.247

3429.285

3463.227

TABLE XXII

1311 CUMULATIVE RELEASE (CURIES)
ITEMP = 4, IT = 100, IC = 100

1

0.186

27.313

262.656

‘888.430

1610.957

2126.310

2469.188

2711.513

2888.546

3020.609

2 3 d.

0.186

27.320

262.801

889.010

1611.575

2126.664

2469.388

2711.641

2888.635

3020.671

0.183

27.172

262.290

888.353

1611.152

2126.440

2469.256

2711.552

2888.569

3020.616

0.214

28.390

264.627

890.765

1612.910

2127.661

2470.152

2712.238

2889.110

3021.063
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TABLE XXIII

1311:
li?i/R4- 1[ xI()*

Percentage DIFFERENCE IN MODELS CONPAREDTO NODEL 4

NEQ
\T

2

4

6

8

10

12

14

16

18

20

ITE!4P= 1, IT = 100, XC = 100

1 2 3

1S.62 1S.62 17.72

3.04 3.00 3.s3

0.s0 0.44 0.61

0.1s 0.10 0.1s

0.06 0.03 0.04

0.02 0.009 0.013

0.008 0.003 0.00s

0.003 0.002 0.003

0.002 0.001s 0.002

0.001s 0.001s 0.002

TABLE XXV

1311:
lRi/R4 -11

PERCENTAGE DIFFERENCE IN NOOELS

NEQ

\T

2

4

6

8

10

12

14

16

18

20

ITENP = 3, IT = 100,

x 102

COMPAREDTO MDEL 4
IC = 100

1 2 3

9.1s 9.1s 10.56

S.S8 ‘5.56 6.06

1.21 1.18 1.35

0.35 0.31 0.38

0.14 0.10 0.14

0.06 0.04 0.05

0.03 0.01 0.02

0.01 0.006 0.008

0.005 0.003 0.004

0.003 0.002 0.003

TABLE XXIV

1311:
[Ri/R4- 11 X102

PERCWTAGE DIFFERENCEIS MODELS CONPAREOTO MODEL 4

NEQ

\T

2

4

6

8

10

12

14

16

18

20

I“rEMP= 2, IT = 100, IC = 100

1 2 3

7.34 7.34 8.47

6.04 6.01 6.70

1.10 1.05 1.28

0.28 0.23 0.31

0.11 0.07 0.10

0.05 0.03 0.04

0.02 0.01 0.01

0.008 0.004 0.005

0.004 0.002 0.003

0.002 0.002 0.002

TABLE XXVI

1311:
{Ri/24 .11 Xlo2

Percentage DIFFERENCE IN NODELS CONPAREO TO NODEL 4
lTEMP = 4, IT = 100, IC = 100

T

2

4

6

8

10

12

14

16

18

20

13.08

3.79

0.74

0.26

0.12

0.06

0.04

0.03

0.020

0.015

13.08

3.77

0.69

0.20

0.08

0.05

0.03

0.02

0.016

0.013

14.49

4.29

0.88

0.27

0.11

0.06

0.04

0.03

0.019

0.01s

.

.

.
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Fig. 41. Approximate upper bound to error in cumulative release in
-l?-l
‘JLI calculations using IT = IC = 100 for all temperature
models.

TABLE XXVII

127’”Te 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 0.043s 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

—

-J
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2

4

6

8

10

12

14

16

18

20

TABLE XXVIII

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

0.002

0.019

0.627

5.063

10.573

14.597

17.746

20.517

22.970

25.102

0.002

0.019

0.629

5.071

10.571

14.601

17.749

20.519

22.971

25.103

0.002

0.019

0.627

5.067

10.577

14.600

17.748

20.519

22.971

25.102

0.002

0.020

0.713

5.269

10.733

14.717

17.847

20.605

23.039

25.160

2

4

6

8

10

12

14

16

18

20

TABLE XXIX

127%e: lRi/R4 - 1[ x 102

PERCENTAGE DIFFERENCE IN MODELS COMPARED TO MODEL 4
ITEMP = 4, IT = 100, IC = 100

1 2 3

0.0 0.0 0.0

5.00 5.00 5.00

12.06 12.06 12.06

3.91 3.76 3.83

1.49 1.43 1.45

0.82 0.79 0.79

0.57 0.55 0.55

0.43 0.42 0.42

0.30 0.30 0.30

0.23 0.23 0.23

.

.

.
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Results for three representative isotopes, 1311 135xe

138Xe
t , and

t 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
.

smallest.

The sensitivity of

the fuel is the Ft. St.

the AYER-Fu Cort (ITEMP = 4) model the

the accumulated release to fuel modeling where

Vrain (FSV) or GASSAR model is illustrated

in Figs. 42 and 43, respectively, where there is a 50% reduction at

9 h in using the GASSAR model.

The sensitivity of the temperature models and the effects of

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

138xe

For 135

r

respectively. Xe the different temperature models predict

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

time spread in the maximum. The ~35 Xe decay constant causes the

decaying tail after the peak release.

The double peak exhibited by
137

Xe in Fig. 45 was investigated

in detail and is explained as follows: the first peak is formed

because of release from intact particles. Decay causes it to fall

because most of the amount available for release is depleted by

decay. During the fall, the rise in temperature of the SORS model is

sufficient to cause a large increase in the failed fraction before

decay again causes the second peak to fall off. In the CORCON and

AYER temperature models. The temperature-time behavior is such that

decay overrides the increased failure and a leveling off of the

second peak is expected.

v. CONCLUSIONS

We have developed and compared four analytical models of fis-

. sion product release from an HTGR core during the LOFC accident.

We have also developed a numerical data base for release constants,

. temperature modeling, fission product release rates, coated fuel

particle failure fraction and aged coated fuel particle failure

fraction. Analytic fits and graphic displays for these data were

given for the Ft. St. Vrain and GASSAR models.
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LARC-1 RESULTS

1 4 1 I I I I 1 1

J 1 , 1 t 1 1

TIME AFTER ONSET OF ACCIDENT (HOURS)

131
Fig. 42. Calculated time-dependent release of ‘=’l from the reactor

core using the Ft. St. Vrain fuel failure model and using
four different core temperature models.

1.0
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0.0

LARC-1 RESULTS

I I 1 , 1 # I I I
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TIME AFTER ONSET OF ACCIDENT (HOURS)

Fig. 43. Calculated time-dependent release of 131
I from the reactor

.

.

.

core using the GAS~AR fuel failure model and using four
different core temperature models.
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LARC-1 RESULTS

1 1 1 1 1 I 1 1 I

1

2468-

TIME AFTER ONSET
10 12 14 16 18 zo

OF ACCIDENT (HOURS)

Fig. 44. Calculated time-dependent
HTGR using four different

release of
135

Xe from a large
core temperature models.

*

.
1-
(-)

2

100

.8

.6
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LARC-1 RESULTS

I 1 t 1 1 I # : 1

h 0.0 , 1 t 1 1 ,

0 2 4 6 8 10 12 14 1(3 lfj ~()

TIME AFTER ONSET OF ACCIDENT (HOURS)

Fig. 45. Calculated time-dependent release of
138

Xe from a large
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

experiment, must be emphasized.
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APPENDIX A

EVALUATION OF THE Mk(T), and ~k(T) FUNCTIONS

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

-AIT
Mo(A1,~) = e

t
(A-1)

-@
Mk(Al,a,(3,’r) = e

‘k-1 (-a, B,T) , l<k<3 (A-2)

M4(Y,B,T) = e
-yT-b-2 ,

2
M5(Y,f3,’C) = Te

-yT-flT
t

T

‘k(y,~,T) =
!

ds Sk e
-ys-Bs2

,and
o

(A-3)

(A-4)

(A-5)

T

;k(d = [ ds Mk(s)O (A-6)
o

First, we investigate the function Pk(y,6,T) given by Eq. (A-5)

as

L

J

2
‘#y,&d = ds Sk e-y.s-~s

o

k
= (- +) PO(Y,6,T) .

Thus , Eq. (A-5) need be integrated only

forms may be found by differentiation.

‘r

po(Y,f3,T) =
J

ds e-ys-lkz

o

(A-7)

for k = O as the other

For @ # O, we find

IJI e

Y2/4i3

[
Y,erf(ti~-c + ——

1
‘).‘2B - erf (— (A-8)

26 2m
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For @ = O, Eq. (A-8) becomes

PO(Y, O,T) = + (1 - e-yT) (A-9)

.

and for @ = y = O, we have

.

PO(O, O,T) = T. (A-1O)

Using Eq. (A-7) we find for P1(Y,6,T) and its limiting forms

P1(Y,6,T)= - 1P (26 0 YJB,T) 1
-YT-6T2, ,

‘@l-e (A-n)

Pl(y,o,’r) = + [1 - (1 + yT)e-yT] ,
Y

(A-12)

and

2
P1(O,O,T) = > . (A-13)

Similarly,for P2(y,f3,T) we have

P2(YWT)= ~ [( Y2+2(3)po(y, f3, T) - y(l-e-yT-6T2)
4(3

2
+ (Y-26T) e-yT-BT ] ,

P2(Y,0,T) = -+ [2 - (2+2yT+y2T2) e-yT] ,
Y

(A-14)

(A-15)

and

.
3

P2(0,0,T) = ~ . (A-16)
-

Using the results of Eqs,(A-7) - (A-16), we may determine the

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

(3+0
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-AIT
M1(A1, a, f3,T) = e Po(-a, @,T), (A-17)

-A1-T
e

M2(Al, c@,d = ~e [~pO(-~,6,~) + 1 - e~T-6T2],

.

(A-18)

.
and

-AIT
2

ciT-f3TM3(A1, U,LT) = ‘~ [(a2+2f3)Po(-a, f3,T) +a (l-e )
4f3

- (a-213T)e~@z1. (A-19)

For f3=Oand(3=a =0, the Mk(T) functions for 1 ~ k ~ 3 are

found from Eq. (A-2) and the limiting forms of Pk(y,@,T).
A

Next we address the evaluation of Pk(T) . For k = O, 4, and

5 integration of Eqs (A-l), (A-3), and (A-4) yields

-AIT
~o(A@ = #(l-e ),

1
J.

~4(Y,~,T) = Po(Yd3,d ,

(A-20)

(A-21)

and

~5(Y,B,T) = pl(y,@) , (A-22)

where we have used Eq. (A-7) . For 1 ~ k ~ 3, using Eqs.(A-6)

and (A-2) ,
.

k.
~k(A,y,@) = (- *) Pl(A,y,~,T), (A-23) -

where
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‘r

;l(A,Y,W =/ ds e-As PO(Y, LS)

o

.

-A-r
PO(Y,LT)I,= ~ [PO(A+Y, B,T) - e

.
(A-24)

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

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

‘r

~2(A,y,(3,T) = J ds e-As
1

P1(Y,6,S)

o

-AT
+ ‘:;~) PO(A+Y, B,T)- —=

2~A e PO(Y,B,T)

& (1 - e-AT)
+ 2f3A

and

‘r

~3(A/Y,&T) = J
ds e-As P2(Y,f3,s)

o

1 {_[213+(y A)21=—

4(32
~ ‘o(A+y ’@’T)

+ (+ e-AT po(y,f3,T)+(l - e
-@2- (A+Y) T,

“

+ ~ (1 - e-AT)} (A-26)

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



;l(Al, W&T) = # [PO(A1 - ci,13,-r)- e -AIT Po(-a, b-c)l,
1

(A-27)

-AIT p (-a,6, T)~2(@a,13,T) = + & [( A1-a)po (A1-a,6, ~)+ae
1 0

-1 + e-AIT], (A-28)

and

(-2f3+a2)
-AIT po(-u,@,T)+ e

‘1

+T2- (A1-cx)T
‘ALT)} (A-29)+(1 - e )+ ~ (1 - e

For the case (3= O, ~k(A,a,O,-r) and ~k(A,O,O,-r) are clearly

integrable and convergent for k = 2,3 using the limiting forms

for Pk(y,f3,-r). However, since for k = 2,3 these ~k(A,a,O,T) and
A
Pk(A, O,O,T) are multiplied b.y f3mb/2 in the model solution, they

are not needed. On the other hand ;O(T) , ~1(~), ~4(’r), and ~5(T)

are needed since their coefficients in the model solution are (or

can be)nonvanishing even if 6 = O.

For @ = O, ~o(A1,T) is still given by Eq.
A

(A-20) . For

P1(A,CX,O,T) we may use

;l(A1,WO,T) = # [PO(A1-CX,O,T) - e-AIT Po(-a,o,T)]
1

.

.

(A-30)
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where Eqs. (A-12) and (A-13) are applicable for po(Y~O/T) “

Similarly,

.
Qy,o,T) = PO(Y, O,T) = + (l-e-y T)

“

Qy,o,T) = P1(Y,O,T) = -+- [1 - (l+y-c)e-yT].

Y

APPENDIX B

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

The functions Qk(’r) and Vk(T) are defined by

‘r

JQk(T) = ds e
A*S

Mk(s)

o

and

T

v+) = Jdse.-A*s Qk(s) ,

(A-31)

(A-32)

(B-1)

(B-2)

o

where the Mk(T) functions are given explicitly in Appendix A. We
.

shall need these functions for the parameters A“, Al, a, f3, and y
.

non-zero and zero. However, knowing the limiting forms of the

‘k(y16/T) ‘unctions? using the fact that some functions [Q2(T) ,
.

Q3(T), Q5(T), V2(T)1 v3(d, and V5(T)] have finite ~ = O limits

and are multiplied by f3, and that these same functions are expres-

sible in terms of QO(T), QI(T), QQ(T), VO(T), VI(T), and Va(T) leads

to considerable simplification in that limiting fo~ms are needed

only for the latter functions.



Evaluation of Qk(’r)

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

T

QO(A*,A1,T) =
J

dseA*se-A1s= 1 [l-e- (A1-A*)T] (B-3)

o Al-A*

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

QO(A*, A*, T) = T. (B-4)

Q1(T) : For Al # A*, using Eqs.(B-1) , (A-17) and (A-27) we have

T

Q1(A*,A1,CI,(3,T) =
I
ds eA*s Ml(Al,a,B,s)

o

-r

= dseA*se
J

-Als Po(-a,f3,s)

o

4.

1 -(A1-A-)T

= A _A* [Po(A1-A*-u, @,T) -e Po(-a,f3,T)]. (B-5)

1

For Al = A*, we have from Eq. (B-5)

‘r

Q1(A*,A*,a,13,T) = Jds l?o(-a,~,s) ,

0

where

(B-6)

(B-7)

.

.

.

.
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and

T

J
2

ds PO(Y,6, S) = ~ [(Y+2f3~)pO(y, f3,~) - 1 + e-yT-6T ]e (B-8)
.

0

.
Thus ,

Q1(A*, A*, W3,T) = ~ [(-a + 2~T)PO(-a,f3,T) - 1 + eaT-6T2]. (B-9)

*
NOW for Al = A , and ~ = 0, using Eq. (A-g) in Eq. (B-6) We fi]id

-c

Q1(A*,A*,U,O,T) =
J

ds Po(-a, (),s) =
a-r

-j [e - (l+(x-r)]. (B-1O)

o

Finally, if Al = A*, and a = 6 = O, we have

Q1(A*,A*,O,O,T) = ; , (B-II)

which follows from the limit of Eq. (B-1O) as a + O or from using

Eq. (A-1O) for PO(O,O,T) in Eq. (B-1O). The limiting forms for

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

.
(B-12)

.
Q+: For Al # A* and f3# O , using Eqs.(B-1) , (A-8), (A-18) and

(A-24), we find

‘r

Q2(A*,A1,@,T) =
J
ds eA*s M2(A1,%(3,S)

o
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1

[

-(A1-A*)T
= (A1-A*-IX)Po (Al-A*-a,f3,T) + ae

-

-(A1-A*)T
x PO(-a,f3,T) - [1-e 11.

(B-13)

.

.

Further limiting forms are not needed explicitly. For the

cases

(a)
‘l=A

*,@#o,

(b) Al = A*, (3= O, cx# AI-A*,

(c) Al = A*, B = O, a = AI-A*,

(d)
‘l=A

*, f3=o, a#o,

(e) Al = A*, (3= o, cl= o,

the integral for Q2(A*,A1,a,f3,T) is finite. In addition for

6 = 0, Q+) is independent of (3. Since B2 has a coefficient

involving a factor 6, the (3= O contribution from Q2(T) vanishes.

Re-expressing Q2(T) as

QO(A*,A1,T) -Q4(A*,A1-W B,T)+CXQ1(A* ,A1,CM,T)
Q2(A*,Al,CM,T) =

26

(B-14)

eliminates the necessity for the Al = A* limit since it is

automatically accounted for by the limiting forms

Q1(T), and Q4(T). In Eq. (B-14) we have used the

ycA ~-a from the definitions given in the text.

Q3(T) : For Al # A* and (3# O, using Eqs. (B-1) ,

of QO(T),

identity

(A-7) ,

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

‘r

(Q3(A*,Al,CX,LT) ‘- ds eA*s M3(A1W3,S)

o

I~ [2(3+(A@*-a)21
PO(A1-A*-W3,T)=

462 AI-A*
.

213+a2 ~
-(AI-A*)T

Po(-a,f3,T)
AI-A*

_$TZ_(A1-A*-u)~
- [1-e 1

.

.

-(A1-A*)~
+U [1-e

I
1.

Al-A*
(B-15)

Further limiting cases are not needed explicitly, just as for

the Q2(~) function. The coefficient B3 has a coefficient 6,

and all the limiting forms involving (3= O for Q3(~) are finite

and do not involve 6. Thus , the f3= O contribution from Q3(T)

vanishes.

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

Q1(A*,A1,C@,T) -Q5(A*,A1-IX, 6,T)+IXQ2 (A* ,A1,W3,T)
Q3(A*,A@3,~) = 2(3

(B-16)

eliminates the necessity for the Al = A* limit since it is

automatically accounted for by the limiting forms of QI(T) ,

Q2(T), and Q5(T).

Q4(T): Using Eqs. (B-l), (A-3), and (A-7) we have
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T *

Q4(A*,Y,f3,T) = fds eA s M4(Y,B,S) = pO(Y-A*,13,T) .

0

The limiting forms are given in Appendix A.

Q5(T): Using Eqs. (B-l), (A-4) and (A-7) we have

‘r *

Q5(A*,y,~,-c) = ~ds eA s M5(Y,6,S) = Pl(y-A*,f3,T).

o

For 6 # O, from Appendix A we have

* 2
Q5(A*,Y,6,T) = ~ [-(y-A*)Po (y-A*,6,~)+l-e- ‘Y-A ‘=-6= ].

Using Eq. (A-12) for f3= O, y # A* find

Q5(A*,y,0,T) = 1 {1-[l+(y-A*)-r] e-(y-A*)T}.
(y-A*) 2

For @ = O and y = **, Eqo (B-20) limits to

2
Q5(A*,A*,0,T) = > .

(B-17)

(B-18)

(B-19)

(B-20)

(B-21)

Since B5 has 6 as a factor, the f3= O limits will not contribute.

Evaluation of Vk(T) :

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

T *

VO(A*,A1,T) = /- ds e-A s Qo(A*,A1,s)

o

1= [~ (l-e-A*T) - ~ (l-e-AIT)]. (B-22)
AI-A* A 1

.

.
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.

.

.

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

*

VO(A*,A*,T) = ~ [i-(l+A*~) e-A ‘] .
A

(B-23)

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

-r *

V1(A*,Al,a,13,T) =
I

ds e-A s Q1(A*,A1,(x,6,s)

o

1=—

~ A*
Po(A1-a,6,T)

J.

1
-A*T

[>- Po(A1-A*-a,@)
Al-A* A

-AI T
e
A.

Po(-Cl,f3,T)l .
J-

One could use the identity

T

Jdsse
-As

J?O(YJV) = - & [~l(A,Y,LT)l
o

l+A-c2f3-A(A+y) p (A+y,@,T) - — e-AT=
o A2

PO(Y,LT)
2fiA2

+
1
2$A

[l-e-BT
2-(y+A)Tl

(B-24)
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to solve explicitly for V1(A*,A*,a,f3,T). On the other hand, one

can rewrite Eq. (B-24) as

V4(A*,A1-a,$,T) -e‘A*~~(A*,A1,a,8,~)

V1(A*,Al,a,&T) =

‘1

(B-26)

.

and incorporate the limiting forms from Q1(T) and V4(~) .

v2(’r): For Al # A* and (3# O, using Eqs. (B-2) , (B-13), and

(A-24), we find

‘r *

v2(A*,A@3,T) =
J

ds e-A s Q2(A*,Al,cx,6,s)

o

Al-A*-a
~ [Po(A1-a,~,~)-e ‘A*TPo(A1-A*-a,6/~) 1=

2f3(A1-A*) A

1 (AI-A) -c
‘~ [PO(A1-A* -a,f3,-r)-e x

2f3(A1-A ) AI-A*

P. (-a, f3,T)l

1
[+ (l-e-A*T)- _& (l-e-AIT) ]. (B-27)

26(A1-A*) A 1

Further limiting forms are not needed explicitly. For the cases
given in connection with Q2(T), all the V2(T) integrals are also

finite. In addition in the (3= O limit they are finite and inde-

pendent of (3. Since B2 has a factor ~, the contribution B2V2(T)

is zero.

.

.
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We may re-express V.(T) as
L

VO(A*,A1,T) - V4(A*,A1-a,&T) + aVl(A*,A1,a,f@
tV2(A*,A1,a,@,T) =

26

(B-28)

. which eliminates the necessity for using an explicit A
1 = A* limit

except through the limiting forms for VO(T) , VI(T) , and V4(~) .

v3(-r): For Al # A* and f3# O, using Eqs. (B-2), (B-15) and (A-24),

we find

‘r

V3(A*,A1,a,(3,T) =
!

ds e-A*s Q3(A*,A@3,s)

o

[2f3+(A1-A*-a)2]
2(3+a2

+ l}Po(A1-a,6,T)= ${
A*(A,-A*) “ A, (AI-A*)

L -1. -L

+~
26+a2 -AIT Po(-a,8,T)e

462 Al(Al-A*)

1-—

4!32

*
213+(A1-A*-a2)

&A T po(A1-A*-a,6,T)

A* (Al-A*)

1 -A*T)-— ~ (l-e
4f32 A

--% [f (l-e-A*T)- L (l-e
-AIT)I (B-29)

AI-A ‘1
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Further limiting forms are not needed explicitly, just as for the

V2(~) function. The coefficient B3 has a factor f3, and all the

limiting forms involving f3= O for V3(T) are finite and do not

involve f3. Thus , the B3V3(T) contribution vanishes for @ = O.

Re-expressing V3(T) we have

V1(A*,A1,a,&T) -V5(A*,A1-U, @,T)+aV2(A*, A1,a,f3,T)
?V3(A*,Al,a,f3,T) =

2f3

(B-30)

which eliminates the necessity for using explicit limiting forms

for Al = A* except in VI(T), V2(~) and V5(T) . Of course,

V2(T), as given by Eq. (B-28) is expressible in terms of VO(T),

VI(T), and V4(’r).

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

‘r

V4(A*,y,6,T) =
J ds e-A*s Q4(A*,y,6,s)

o

= -A*T
4 [po(Yr6,~), - e po(Y-A*,f3,T)l
A

(B-31)

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

for the Po(y,~,T) function in Appendix A.

v+): For ~ # O, using Eqs. (B-2), (B-18), and (A-24), we find

90

.

.

.

.
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T

V5(A*, y,6, ~) =
J
ds e-A*s Q5(A*,y,f3,s)

o

Y
~ PO(Y,13,T) +

y-A* -A*T=- ~e po(Y-A*,&T)
2$A 2LlA

1+— (1-e
-A*TI

2f3A*
(B-32)

The limiting cases for 6 = O yield finite integrals for V5(T).

Since B5 has a factor f3,the f3= O limit contribution from V5(T)

vanishes. The necessity for writing the other limiting cases for

V5(T) is removed by

7

re-expressing Eq. (B-32) for 6 # O as

-A*T
*

(l-e )-W4(A*,Y,(3,T) - e-A T Q4(A*,y,6,T)
J.

-T
A

V5(A*,Y,6,T) =
2f3

and using the limiting forms for V4(T) and Q4(T) .
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APPENDIX C
CODE LISTING FOR LARC-1

COMPILF
LASL Identification: .LP-0721

PROGRAM LARcl (INPco~T,FILM$FsETl~=FILM) I A!?cl
PARAMETER (N500=SO0 )s(N50i+jOO*l ) [i!?cl
REA! NPRIME9L*NI,,N~QN3,N4QNZEQ,N7ER0,LAPRDA L4RC1
DIMFNSTON NPHIME(N500), L[N500)D T(N501), RPRIMF~N500)* pqllM;ru5nn\ LAPC1

l! v~N5tin), FF[N501),, 7N(N500), zQ(NsOO), 7AfN560; ; zF(N5iiIj\; zN1(N LARC1
Z500\~ 7N.2(N500)$ ZN3(N500), ZN4(N500) !”7R1(N500!. 7R2(Nqfi6i. 7RIIN LARC1
3500)? 7R4{N500)9 zAl[N500), zAZ(N500)Q 7Aa(N%OO), 7Afb(N%n~; , 7FItN LARC1

4500)9 7F2(N500)? zF3(N500), zF4(N500)9 TARLE.(N%o~,4), TAOI”XIN500;6 LARC1
5) I ARC1

10

ilIMFNSTON TITLE1 (7)? TITLE?(6)? TITLE3(4), XI IM(~)o YLIv(?”)
DIMF$JSTON ISET(619 NSFT(5)
CONM~l!4 /LJNE~/ IASAVE, TYSA\fE,IXZ,IY2
LOGTCAl LAGE$[IISO,N!)RGAS
HEA! NiOLO.NZoLr) *N30Ln.bJ40L0
COMVON /LA/ LAGE,AGE,uFuEL, Iso*BISO
COMMUN /TM@cJEL/ M9DEL
MOIjFL = 1 SORS u4Tb FROM TMAX* TAVE Gl?4PHq

-.-—-
LflRCl
LARC1
LARC1
I.ARC1
LARC1
LAPC1
LARcl
I dRcl

MOOFL . 2 CORCON TAqlJLAR ofiTA
MOOFL . 3 FU - CORT TARliLAQ DATA
@AT8 IsET/l*5Q10,?5,100,200/
DATA NsET/20~40,100Q300s500/
1$IUM=6
NNIIV=S
NEo.4
NE:) INnIcATES WHIcH EQIJATION sE7 TO USE
NEIY = ~ SIfJPLE EO FIRST HALF* oLD E(3
N50 = ? SIMPLE E~ ROTH HALVES
NE() = q LINEAR RFLEASF BOTH HALVES
NE() = ~ LINEAR FdILURE BOTH HALVES
NZEQ=3.1*3.E9/3.7
CALL GFTQ (4LKJdN,JOBNAME)
CALI 13aTEl (DATE)
Z=FQQCOO(O.0)
ITEKF=4
ITE~Pxi
IF (lTFMP.EQ.4) Z=SPLTNE(O.OoO.0)
CONTINIjE

iA~(jl
LARC1
LARcl
LAI?C1
LARC1
LARC1
LI.RC1

sECONn HaLF
LARc]
LARC1
LARcl
LAPcl
LARcl
LARcl
LARC1
LARcl
I.ARC1
LARcl
LARcl
LARcl

NE4P 3n0, NARE,LAMRDA,TS0,YIELD;AOE,?4FUEL .LA6E.FDAc,NOW?A5
LARC1
LAPcl

IF (lSn.LT,l) GO TO ?t10 LARC1
NZEQ~=\l?ER*YIELO ciRcl
UNITS OF NZERO ARE CI (CURTES). LARC1
PRINT 720. NAMEsLAMBOA.I SO.YIELO!NZERO LARC1
PRINT >30$ .AGE,LAGE,FRAc
IF (~ODGAS) PRINT 240

LARcl
LARC1

vsEr=l)e9 L4RC1
IF (NOq~AS) VSET=OOO LARcl
I AC511MEL) RELEASED 4s 91 PERcENT gLF’4ENTAL, S BFRcEN7 PAQTTC(JL4TF LARC1

ANn 6 PERcENT ONGANIC. LARC1
FOR lHrSE MATERIALS THE CLFAN!Jp SYSTEM FILTER EFFICIENCIES fiRE LARC1

.909 .99$ A~O ●70 RESPECTIVELY. LARC1
THEQLF6RE EACH RELEASF IS I?EOIICED BY LARC1

(.90).91 ● (.05)OQ9 ● (.114).70 = .80/$5 LARcl
RELFASF1l FRACTION IS THEREFORE .103’5 LARcl
LAMqUA IS THE RADIOACTIVE nEchY CONSTANT TN IIN?rq OF PER Hnllr? LARC1
IVFWAX81G0 I ARCI
Nlol=lnll
PRIKJT 710, NEO
IPRT~=~jTOT/20
PqI\!l 250) pJTOT
NTOT IS THE TOTAL NIJMRER OF INTCRVALS

----
LARC1
LARcl
LARC1
LARC1
LARC1

2
3
4
5
6
7
8
9

;!
1?

;;
15
16
17
18
19
2fl
21
2?
23
24
25
26
27
2R
?9
3TJ
31
32
33
34
35
36
37
38
39

:;
42
43
44
45
46
47
4fi
49
5n
51
52
5?
54
55
56
57
5q
59
60
61

.

.

.



.

.

.

.

DT=?OO/NTOT

NToT1=NTOT*l
DO 20 T=l*NTOT1

20 T(I)=tT-l)*fJT
Do 190 NR=191TEVP
MCIDiL=NR
PQI!IT ?60s MODEL9MFUEL*NAMF
IF (NL?.EQ.4) GO To 40

c CALCUI.ATE SECONO DEQIVIITIVES FoR SPLINE.O..
Z=TI$AXn(OOO)
f=TAvEo(o.0)
Z=TrMpn(O.0)

c 1(1) APE THE TIMES of THE INTERVAL 130UNDhI?IES (TN HOURS)
TDEI T=TFMP(ooo) -1174.4
on au T=lJNTOT1
TIVF=T(I)

30 FF(T)=(TMAX (TIME) -TAVF(TIMI!) )/TDELT
40 CONTINIIE

XLIM( \=T(l)
i!xLIM( )=T(NTOT1)

DO FO T=l,NTOT
2?4 (1)=0.0

izN (1)=0,0
ZN3(I)=O00
zN4fi)=r).(1
ZQ1(I)=O.O
zRz~I)=o.o
Za3(I)=n.o
ZR~(I\=~.o
ZA1(I)=O;O
ZA2(I)=0,0
zh3:I}=ooo
ZA4(I~=0.O
ZFltI)=@.O
ZFZI1)=OOO
ZF3t1)=0.O
Z.F411)=0.O

c 1 RFF~QS TO FAILED BIS~

c 2 RF~FQS To FAILED TRYSO
c 3 RIT~ERS TO INTACT S1S0
c 4 WC*EQS, TO INTACT TRISO
c NPRINF(I) IS THE AMOUNT OF TNE ISOTOPE PpEsENT TN THE @r.JT47NMENT

c BUIIUING AT THE END OF THE ITH TIME XNTFFVAL (i.r. AT TTMF 7fI)).
NPRI$V(I)=O.O
HPRTPE~I)=o.o
I?SUU(I)=OOO
L(I)=.IiOl/24
V(I)=VSFT

c L IS TqE CONTAINMENT quILOING LEAK RATE.6aSSUMFn TO BE .fitji/DAY
c FOR THF FIRST 24 HOURS ANO .0005/O#Y TWFREAFTERO

VSET=.R965
: VSET A<SUMED TO @E .9 PY FOLEY.

50 cONTIN~IE
PRINT 270* IVFMAX
PER=l./IVFMAX
DO Izo IVF=l?IVFMAX
BIN=~EQO(IVF-0.5)
IF (NR.NE.4) TEM=TEMP(qIN)

c TEM Is THE INITIAL AVERAGE TEMPERATuRE OF ONE P!?RCENT OF iuF TOT4L
c CORF INVENTORY

IF (NR.NE.4) TE=FF(l )*(TEM-11?4.4) *TAVE (T(1))

If (NR.EQ.4) TE=SPL(OOQBIN)
F9XFNACH(TE)

LARC1
LARcl
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LA~Cl
LARcl
LARcl
LARC1
LARC1
LARC1
LARcl
LAqCl
LARcl
LARC1
LARcl
LARcl
LARcl

LAPcl
LARc1
LARcl

LARC1
LApcl
LARcl

1.ARC1
LfiRCl
L4RC1

LAPC1
LARCI
LARCI
LARC1
LfiRcl
LARC1
LbPCl
1.4Rc1
L.cRcl
LARcl

LARC1
LARcl
LARC1
LARcl
LARcl
LARC1
LARC1
LARC1
LARC1
LARC1
LAWC1
LARC1
LARC1
I.ARC1
LAPC1
LARcl

LARC1
LARC1
LARcl
LARC1
LARC1

LARC1
I ?iRCl

62

63
64
65
66
67
68
69
70
71
7?
73
74
7’5
76
77
78
79
8n
81
82
83
84
95
86
8?
RR
8Q
90
91
9P
93
94
95
Q6
97
9e
99

lnn

101
10?
103
104
105
106
107
108
10Q
110
111
11?
113
114
115
116
117
IIR
119
120
121
122
123
124

93



FTXFRA~T(T~I
c FRAcM . FRAcTION OF FITSO P4RTICLES wITH FAILFO cn4TINQS

FRACT s FRACTION OF TRTSO PARTICLES WITH FAI1.En codTrNGS
: FI?Ac =-0.6 = FRAcTION oF RTS() FIJEL IN THF LoADtN~

BISn=.TC
R1=DI (+E)
R3=n1(fE)
BISn=OrALSEC
R2=n~ (+E)
R4xn1 (TE)
NI=kjZEPO*PER@FRACoFR
rd?=NfFoO*PER* [l.O-FRAC) *FT
N3=N<FIYO*PEI?*FRAC4$(1 .f)-FB)
Nq=NZEp~*pER*(l,O_FRAc} 4$(100-FT)

AI=O,O
A?=fi.o
A3=noo
a4=noo
!41 TS THE AMOUNT OF THE ITH COMPONENT REMIIINING TN THE CaRF

: URI IS THE AMOUNT OF THE ITH COMPONFNT RELEASED % THE CQOCAM?
c AI 7: ;HE AMOUNT OF ‘THE ITH ‘COMPONENT IN THE c~~i”huT
c ALL JHFSE REFER TO THE GIVEN TIME STEP ANn CORF FRnCTIONO

sUM=U.o
PNl=UOiI
PN2’=~efi
PN3=OO~
PN4=U.~
D(Y llo I=19NTOT
UT=T(I+l)-T(I)
FBO(O=FH
FTOI O=FT
TIMF=TII+l)

c TEMPti=TEMpERATURE AT ROUNDARy TIMEs
IF (NR.NE.4) TEMp8=FF (T+l)~(7EM-1174.4) +T4vE(TfMFj
IF (NR.EQ.4) TEMP13=SPL (TIMF~BIN)
FR=F~ArH(TEMPB)
FT=FNA.cT(TEMPB)
Rlol U=D1
R201 U=p~
R301 U=W3
R401 ti=Q4
BISn=.;RUEO
R1=oF(+EMPB)
I?3=R1 (TEMPR)
81SO=.FALSE.
R2=u~ (;EMPB)

LARC1
LARC1
LARcl
LARcl

LARC1
LARCl
LARC1
LARC1
LARC1
L.4RC1
LARC1
LARCI
l.ARcl
LARC1
LARC1
1 ARC1
LARC1
LARc~
LARcI
LARC1
LARcl
LARcl
LARC1
LARC1
I.ARC1
LARC1
1..4RC1
LARC1
LARC1
LARCI
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
LARcl
LARC1
LAPC1
LARC1
LARCI
LARC1
LARc1
LARC1
(.ARcl
LARC1

R6=rJ[(;EMPR)
c

CARC1
R(r) 1$ THE AVERAGE RELEASE cONSTANT OF THE ISOTOPE DURTNIG TIJE TTH LARC1

c INTF~VAL.
NIOIU=N1
N201 Uzhl?
N301 U=N3
rd401 D=N4
I)EcAY=I AMBDA+V(I)+L(I)
GO To (60s70080s90), NEQ

60 CONTINIIE
CAL( cfiLcl (N1,N3,RI,R3,LAMBDA*DT,F8sN1 ,N3sRRl *RR3,R10Ln.~aOLD)
CALI. chLCl (N2,N+,R2*R4,LAMBDA,DT*FT*N2.Pl4*RR2,RQ4.R2OLn.Q&nl.n)
CALI FIN (PNl$RP1.RRl,l.AM(?nA.DECAY*nT$L (I))
CALI FTN (PN2*Rp2*RR2,LAMRnA,nECAy *r)TsL(T))
CALL FIN (PN3*FP3,RR3.LAMBnA,nEcAY*DT*L (T))
CAL[, FTN (PN4$RP4*RR4,LAMRnA,nECAY*DT,L (T))
GO YO joo

LARC1
LARcl
LARC1
L ARC1
LARC1
LARC1
1.ARC1
LARC1
LARcl
LARC1
LARC1
LARcl
LARC1
LARC1
LARC1

125
126
127
128
12q
130
131
13?
133
134
13%
136
137
138
139
140
141
14?
143
144
145
146
147
14q
149
150

{:$

157
154
15%
156
157
15$?
159
160
161
162
163
164
165
166
167
169
169
170
171
172
173
174
175
17A
177
179

17Q
180
181
182
183
184
185
186
187

.

.

.

.
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.

.

.

.

70 CONTINtIE LARC1
C&LI_ CALC1 (N19N3*RI *R3TLAMBoA90T*FB.NI ,NaoRRloRa3,R10Ln.@qo[.D) LARC1
CALL CALC1 (N2qN4vR2*R4*LAMBOA~DTeFT.NZ,N4*RR2,RQ49R2OLn.D4OI.D) LARC1
CALI. FTN1 (PNloRPIsLAMRDA.hECAY~nT~L (1), .NIOLnsI?l.QIOL!?) I-ARC1
CALI. FTNI (PN2sRP?$LAM13DA,DECAY!DT$L (I) *N?OLD$9?.R20LD) LAaCl
c4L1. FTN1 [PN39RP3sLAMRrJA,nECAYQDT9L (I),t130Ln*Q?,??OLfl) LARC1
CALI FTN1 (PN4,RP4,LAwDA,DECAY,0TsL (I ),N60Ln,n6,Q40L.D)

GO +0 iOO
LARC1

80 CONTIN!!E
LARC1
LARC1

CALL CALC2 (N10N3tRI,9?~LAMBDAQDT,FRsNl .N30RRltRRl,R10Ln;6111.D) LARcl
CALL CALC2 (N2!N4,R2*P4~LAMBDA*DTSFTSN2.N4sRR2,RQ4.R?OLn,6&nl-n) LARC1
CALl FTN? [PNl,Rpl OLAMRDA,llECAY,DT,L (I),k110Ln9c?l;nloL~) LARC1
CALL FTN2 (PN2*RP2,LAMRDA,DECAy,0TrL (11 .F170LD.R?.Q?OLD) LARC1
CALL FTN2 [PN3*l?P3,LAMRDA,nECdY,0T*L (1) .N70Ln*R?;Q70LI)) LARC1
CALI- FTN2 (PN4~RP4*LAMi30A*DECAY!f)T~L (I),p140LI)~D4 .R40LD)
GO TO iOO

LARcl

90 CONTINIIE
LPRcl
LARC1

CALL cdLC3 (Nl~N30Rl tn3QLAMBDA !DTsF8*F801 D9Nl,Na.RRl *RR3,Qjnl-OoRan LARC1
lLO) IARC1

CALL CALC3 (N2,N4,R2,R4,LAMBOA00T,FT,F TOIn,N2,Nh,RR2,RR4,R901.ngR40 LARc1
lLD) LARC1

CdL( FTN3 (pNl~pN3*Rpl,Rp3;LAMBoA ,uECAY,nT9L (I),NloLD*N3nl.n.Ql ~Rin LARC1
lLD.Q3,1?30L0,F13,FBOLD) LARC1

C4Ll FTN3 (PN2~PN4sRP~9RP4.LAM130AOuEcAY,nT~L tI)QW?nl-D$N4ni”n,Q2*R9n LARC1
1L0,R4,Q40LD*FT*FTOL.D)

100 CONTINIIE
LARC1

ELU=LXP (-LAM13DA*OT)
LARcl
L/JRCl

A1=A1*F’LD+RR1 LARC1
A2=Ad*F(.U+RR2 LAQcl
A3=hJ*FLl).RR3 LARcl

A4.44*FLL)*RR4
c ZNI(J) IS THE TOTAL AMOUNT OF THE ITH coMPONENT QEMAININ6 TN THE
c CORF AT THE ENO OF THE JTH INTE~VAL.
c ZI?I(J) IS THE TOTAL AvOUNT OF THE ITH COMpONEN+ DELEASED Tn THE
c COOI.AN~ DURING THE JTH INTERVAL
c 241(JI IS THE AMOUNT OF THF ITH cOMPONENT IN THF COOLANT 4+ THE

END OF THE JTH INTERVAL
: ZFI(J) IS THE FRACTION OF THE ITH.COMPON~NT IN THF cooLANT AT TH=

c END UF THE JTH INTERVAL
PN=PN1.PN2*Pk3+PPJ4
RP=QPI. UP2+RP3.RP4
NPRIMF( I)=NPNIME(I)+PN
KPR7ME( 1)=PPHIME(1)+RP
suhl=su~+wp
RSUM~I) =RSUN(I) *SUM
ZN1(l)=ZN1(I)+N1
ZNZ(1)=ZN2(I)+N2
zN3rI)=/N3(I)*N3
zN4fI)=zNf+(I)*N4
zRl~I)=/Rl(I)+RRl
Zi?2(1)=ZR2(I)~l?RZ
Z~3fI)=ZR3{I)*RR3
zF?&(I)=/f-!4(I)+RR4
ZAI(II=ZAI(I)+A1
ZA2(I)=1A2(II*A2
Z43(I)=ZA3(I)*A3
zA4fI)=/A4(I)+l14
ZFI(Il=ZFl(I)+A1/~ZERO
zF2(l)=/F~(I).A2/NzEi?n
zF3(I)=zF3(I)+A3/NzERo
ZF4(I)=ZF~(I)*A4/NZERO

110 CONT,lNilE
120 CONTINIIE

_..
LARCi
LARcl
LARC1
LARcl
LARC1
LARcl
LARcl
LARcl

LARC1
LARC1
LARC1
LARcl
LAkcl
LARcl
LARC1
LARC1
LARcl
LARC1
LARcl
LARC1
LP.PC1
LAQC1
LARC1
LARcl
LARC1
LARcl

LARC1
LARC1
LARcl

LARC1
LARC1
LARc1

LARC1

lea
;:;

191
19?
193
194
19’5
196
197
198
199
2on
201
20?
203
204
205
206
207
208
20Q
210
211
212
211
214
215
216
217
21A
219
220

%T!~
224
225
226
227
22q
22C)
230
231
23?
233
234
235
236
237
23R
239
24rI
241
242

243
244
245

246
247
24R
24Q
2%0
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130

c

c

c

140

150

00 130 I=l,NTOT
ZNfT~=7Nl(Il*ZN2tIJ+ZN3 (I)*zN4(1)
ZR(T)=7RltI)+ZR2(I)+ZRS[ II+ZR4(IJ
ZA(T~87AlfI~*ZA2tI)+ZAS (I~*zA4fI~
ZF(r)=ZFl (I)*ZF2(I)+ZF~ (I)*zF4(1)
TAHI, E(T,NX)=ZF (I)
TABI X(T,NR)=RSUM(I)
CON71NIIE
PRINT ~10
PRIP!T ~20t (Is T(I*I),7R (II,ZN(I)OZA [I) *zF(I),I=TPRTFoNTo;; iPRTF)
IF (NP.NEoITEMP) Go TO 161)
IoP=l
LTNFAR.LINEAN PLOT x,Y AXES
NCMAU377

;;;;4;TER wILL BE .=

pOINTS WILL BE cONNEcTED
YLIU(I)=lOOO
YLIM(?)=(!.
DO 14o II=]*NToT
DO 140 JJ=l,NR
YLIM(lj =AMINl(YLI!4(l) oTABLE (IIsJJ))
YLIM~2) =AMAXl(YLIM (?),TABLE (I19JJ))
CONTiNItE
CALL SPLOT (IOP~2~XLIM,YLIMS413~O)
ENcnUE (67,280,TITLEl )NAME, ISO*MFUELCAGF,LAQF~rRAC,YIELO
ENcouE (60,290,TITLF2) NTOT,IVFMAX ,JOHNAMF$DATE
ENCnijE (35$240*TITLE3)
00 150 IP=I*NR
CALI PLnT (NToT,T (2), l,TA13LE(101R) Jl,NcHAR91C0N)
ENCOUE 15s350,TSAVE) II?
CALI WLCH [IXSAVE-15.IYSAVES5,TSAVE ,1)
CONTINIIE
CALL WLCV (50*800 t20,~oHFRACTION IN COOLANT ,lj
CALI WICH (300~940,36.76HTIME AFTER ONSET OF ACCTnENT (HnlJ@S)~l)
CA~l, WLCH (10fJ~965?67.TITLEl ;l)

~ARCl
LARC1

LARC1
LARC1
LARC1
Lbl?cl
LARC1
LARC1
LARC1
LARCI
LARcl

LARC1
LARcl

LARC1
LPRcl
LARC1
LARc1
LARC1
LARC1
LAPC1
LARC1
LAPcl
LARC1
LARC1
LARC1
LARC1
LARcl
LARC1
LARCI
LARcl
LAl?cl

I.ARC1
LARC1
LARC1
LARC1
l_ARcl

CALL WLCH (100sq90~6(IsTIT1-F2*I)
IF (NEo.EQ.1) CALL WLCH (100,%~64*64HNEo=I

LARC1
CONS+ANT RELFASF RAT=, LARC1

1 cONSTANT FAILuPE, AVERAGED RELEASE,I), LARcl
IF tNEOoEO.2) CALL wLck( (100,%*46$46HNEO=Z cONS?&NT RELFfiqF RATr. LARCI

1 CO?JsTANT FAILURE*1)
IF (NF0.EQ03) CALL WLCH (1oO,%,44,44HNEO=3

LARC1

10NS7AN+ FAILURE*1)
1 INFAR ‘ELEdCF ‘4TE* c LA~Cl

IF tNEn.EQk4) CALL WLCH (1oO,5;44,44HNEO=4
LARC1

CONS?ANT RELFACF RATF, LARC1
1 LINtA~ Failure,]) LARC1

CAL[. AnV (1)
160 CONTINItE

LARC1

PRINT a40
LARCl
LARcl

PRINT 730s (I oT(I+l) oNPRIMF(I)*RPRIME (I) SRsuM(T ),y=IPRTF,~lTnT c7p~T LARC1

170

lF-)
IF fNR.NE.ITEMP) (30 TO 190
YLIM(1)=1OO.
YLI~412)=o:
00 170 II=19NTOT
DO 170 JJ=l,ITEMP
YLIq(l) =AMINl(YLIM(l ),TABLx (II~JJ)l
YLIM(2) =AMAXl(yLIM (2),TA8Lx (IIOJJ))
CON?INIIE
CALL SPLOT (IOP*2QXLIMQYL[’M!48$O)
00 I“(l IS=lSITEMP
CALL PtOT (NTOT,T (2) .l,TABI.X{l,IS) oI,NCHAR,ICON)
ENcnuE (5,350tTsAvE)Is
CAL[ WLCH (IXSAVE-l~S TYSAVEC5,TSAVE, 1)

LARCI
LARC1
LARC1
LARcl

LARC1
I ARCI----
I ARC1

1 4RC1
LhRCl
LARcl
LAf?Cl
LARC1
LARC1
LARcl

25I
2s.2
25.3
254
255
256
257
25R
25Q
260
261
26?
26?
264
265
266
267
264
269
27n
271
272
273
274
275
276
277
27R
27~
280
281
28?
28?
284
285
286
2R7
288
289
29n
291
292
293
294
?95
296
297
29R
29~
300
301
302
303
304
305
306
307
308
30Q
31n
311
312
313

.

.

. I
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180 CONT:N!IE LARC1
CALI. WLCV (50s&300Q260P6HcU~ULATED RELEASE (Curtis”) .11 LARC1
IF tf’JE6.EQ.1) CALL WLCH (Io015s64s64HNEo=1 CONqGAKJT RELFAqF RATr, LARC1

1 cONSTANT FAILURE, AVEQAGEn RFLEASE,l) LARC1
IF (NFo.EC).2) CALL WLCH (100,5t46,46HNEo=p CONS+ANT RELFA<F RAT=, LARC1

1 CONSTANT FAILURE*1) I.ARC1
IF (NFo.EQ.3) CALL WLCH (1170,5,44,44HNEo=3 t INFAQ RELEARF DATE, c LhRCl

10NSTANT FAILURE,l) L4RC1
IF (NE13.EQ.4) CALL WLcH (100q5*44v44HNEo=4 CONS+ANT RELrd~F RATF. LARCI

1 LINLAU FNILIJRE,l) LARC1
CALl WLCH (300 ~940,36,36HT!ME AFTER ONSET OF AticTnENT (HfIIIDSj,l) LARC1
cALl WLcl{ (100?~65967911TLF1J1) LARC1
c4L1. wlCti [1OO,9QO96O.TITLF2*1) 1.ARC1
IF ~NoRtiAs) CALL WLCH (100, 1023,350TITLE3,1)
CALI AnV (I)

LARC1

190 c~IiTINll~
LARC1

GO To 10
LARC1
LARcl

200 CALI ExIT LARC1
c

210 F(lkMAi (* NEQ =*-II)
LAI?C1
LARCI

220 FORMAT (lX,A10*5Xt 16HDECAY CONSTANT =tEIo.3$%X.7H6RoUP =.77.5X07LY LARC1
lIELn =OE1003*5X,7HNZER0 =sF1o.3)

230 FORMAT (6H AGE
L4QC1

=*F6:2.qX06HLAGE =rLI*5X,AHFR4C x.F15.2) LARC1
240 FORMAT (* NOBLE GAS.o..CLEANUP RATE ZERO *) LARcl
250 FORMAT (* NTOT x*,15) LARcl
260 FORMAT (- Temperature MOOEL USELI =**Iz*5xo*MFUFL =*oI1*%vo*TSOTOOF LARC1

1 =VOA~~)

27o FORM4T”(* IVFMaX =*,Tq)
LARC1
LdRCl

280 FORMAT .(Alo**ISO=*.~2, ?x~*~~FIJEL=**I l*2x*&AGE=*.~6.l !2X**I ARF=*OLIO LAPC1
12x,o~RAc=~*F4 .l*2xs*YIELD=*QF5.2) LARC1

200 FORU4T (*?JTO!=$$,14,2 X,QIVFMAX=* J13t~OXS0.JO~=*041 n,?X$bDA7FS*sA8) LAPC1
300 FORMAT (A10,E10.3S IIO,E1O.3SFR.24 IIsL1,FIo.3,9Y,I I) LARC1
310 FORM4T (* INTEEVAL NO. TIME

lEI.IAINING
AMoItNT PFl_FA$FD AuOIINT R LARC1

AMOUNT IN c00L4NT FRACTION IN Cnol ANT*//) LARcl
3?0 FLIRIJ~T (110,0PF12.?, IP4F2102)
33I’I FORUA7 (110,F12.2, 1PE?q.5,0P2F2!j.5)

LARtl
LAPC1

340 FORMAT (/13H INTLRVhL NO. S5xt6HTIME!5x923HAMT fN CONTAINWFM; RLIM; LARC1
113X.12HA*T RELEAsE0,8x, 17HCUMllLATEU l?E:~Aq~9//) LARC1

35o FOI+”AT (11*4x)
E\jo

LARC1
LAPC1

FUNrTlnN RI (1)
LOG7CAI L~GEtklIsO

LARC1
LARc~

COMMUN /LA/ LAGEsAGE;YF!3EL, Is0,BIs0
IF (“Flt:L.EQ.l) GO TO 160

LARC1
LAPC1

GO TO (~o*30*40,60~80eqo$l~Ot I109130t150)0 1s0 LARcl
10 IF (MI<O) GO To 20 LAPC1

RI=q.4~686*EXp(-2579R,/T) LARCl
RETURN

20 RI=390?@ExP(-12000./T)
LARC1

RETi IKN
LARC1

30 NI=5’+7.69*EXP(-231S7./T)
L,ARC1
LARC1

RF.TtlRt4
40 IF (~l~t)) GO ‘O 50

LARC1

Rx=.
I.ARC1

Ul?282*ExP(-14834./T) LARC]
RETIIRN LAPC1

50 RI=171c91@EXp(-178580/T)
RET(lKN

L4RC1
LARC1

60 IF (~IsO) GO TO 70 LARC1
f?T=Ii.&~686*EXP(-25798./T) LARcl
KETIJ~N LARC1

70 RI=].5a225E5*EXp(-286q2C5/T) LARcl
RETIIHN

80 RI=001~742@EXP(-10313./T)
LARC1
L4Rcl

314
3J5
316
317
31R
31Q
3?n
32I
322
323
3?4
32=,
326
327
329
32Q
33@
331
33?
333
.334
33s
336
337
33R
33Q
340
341
34?
343
34h
345
34h
347
348
34Q
35n
351

35?
353
354
355
356
357
358
359

36o
361
36?
363
3h4
36’=I

366
367
368

36c)
37(I
371
37?
373
374
375
376
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90

100

110

120

130

140

150

16~
170

lRO

190

200

210

2?0

230

240

250

260

27n

280

290

300

10

?0

30

40

l+ETII~N
Rl=. Ub/+27*EXP~-10402./T)
RETIIRN
Nr=G,4~~86#EXP(-2579SC/y)
RETIl~N
IF (HTsO) GO TO 120
RI=Cj.4t-1686*EXP(-25”t980/Tl
klFTII~N
RI=. U4&27*EXp(-10482./T)
RETIIHN
IF IHTSO) GO TO 140
RI=K.4;686*E%p(-257980/T)
RETIIKN
l+I=OU4&27*EXF(-10482./T)
RET(if+N”
NIx.lo7/to*ExP(-lo314./T)
RETIIRN
GO To (170* 180*210s220,230 !240 !250*270*2RO~300), T$O
RI=Q.7733E-4~EXp (-8262. I/T)
RETuKN
IF (1./ToGT.5.64E-4) 60 TO 190
K[=q*3>31E90EXP(-5f3360./T)
KE rll~N
IF (1./T.GT.7o59E-4) GO To 200
N~=.uAA144eExp(-1319~o/T)
RfT1l~N
NI=Q07733E-4*EXP (-826Z. I/T)
NETIJHN
1’fI=Qo7733E-4*ExP (-n~6~. l/T)
RETIIRN
RI=q,7733E-4*ExP (-026?. l/TI
NETIIKN
R[=n.7733E-4dEXP (-8Z6P, l/T)

RETuNN
RI=7.?751E-3*ExP(-J3696.3/T)

RETIJRN
IF (1./T.GT.5.33E-4) m’) TO 26g
RI=I {30.5*Cxp(-3525Q./T)
RETll~N
RI=q*-/733E-4*EXp(-826z.l/T)
RETIJ~N
RI=Q.7733E-4*EXP (-8262, l/T)
RETIWN
IF tl./7.G1.6.26E-4) GO TO 290
~1=1 .IfiS48E4*FXP(-34207./T)
RETII~N
KI=03.7733E-4*EXP (-82620 l/T)
RETll~N
RI=9*7733E-4*EXP (-1326Z. l/T)
RETIJ~N
ENCI
FUNrT[nN RF (T)
LOGTCAI L:GE$RISO
COM~\ON /LA/ LAGE,AGE,MFIJEL, Is09HIs0
IF (MFIIEL.EQ.1) GO TO 120
GO 7Q t) Ov?0v39,’+o,50,60*”rn !8ntcJOtloO)~ isO

RF=159.3”7*EXP (-11861. /7)
RETIJ~N
RF=l.6i54E6*EXP (-263740/T)
NETIl~N
l?F=l-JIQ.2*CXP(-17782./T)

LARC1
LAPc~
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1

LARC~
l..AffCl
LARC1
LARC1
LARC1
LARC1
LbRCl
LAPC1
I.ARC1
LARC1
LARC1
LARC1
LAI?C1
LARcl
LARC1
LARC1
LAf?cl
LARC1
LApcl
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
I.ARC1
LARC1
LARC~
LARC1
LARC1
LARC1
LARC1
LARC.1
LARC1
LARc~
LARCI
LARC1
LARC1
LARC1
LARCl
LAI?C1
LARC1
LARC1
LARC1
LARC1
I.ARC1
LARC1
LARCl
LARC1
LARC1
LAI?C1
LANC1
LAPC1
LARCI

377
3711
379
3811
381
38?
383
3~4
385
3136
387
388
389
3913
39t
392
393
3’?4
395
39fJ
397
3911
399
400
401
402
493
604
40%
406
407
408
40Q
41(-J
411
41?
413
414
415
416
417
618
419

420
421
42z
423
424
425
426
+27
42R
429
43(!
431
43P
437
434
435
436
437
43J3
43q

.

.

.
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50

60

70

80

90

100

110

120
130

140

150

160

170

180

190

200

210

220

23o

24o

RETltMN
kFx174Q.25&EXp (-19545.l #T)
RETi!MN
RFsIbo~.4*EXp(-17662./T)
14ETtJ~N
RF=I.2q16E6~EXP(-2Q319./T)
NETuRN
RF=I.?I16E6*ExF(.-283lq./T)
HETiI~PJ
RF=102116E6*EXP(-2831qo/T)

RElil~N
IF (~YRO) GO TO 11o
RF=7*3605*ExP(-13777./T)
K~TIIbtN
RF=p140.4*ExP(-18175./T)
RETIIRN
GO TO r130t140* 170s180* 190*200~210*220~230~240) o 1S0
RF=I.8789E4*tXP (-22861./1)
RFTIIKN
IF (1./T.GT.5.64E-4) CO TO 150
RF=<.3?31E9@EXP(-583600/T)
RETIIKN

IF rl./T.GT.7.59E-4) GO TO 160
RF=@U4A144*EXP(-131980/T)
RETIIMN
fiF=007733E-4@EXP (-8?6Z. l/T)
RETIIRN
RF=RY57.4*EXP (-22657./T)

RETllHN
RF=Y23~.7*EXP(-21229./T)
RETItHN
RF=n95?04QEXP (-226570/T)
RETIINN

RF=p23j.7*EXP(-21229,/T )
RFTIIKN

R;:>z31.7*ExP (-21229./T)
RETIINN
RF=Q952.4*EXP (-226s7./T)

L4RC1

LARC1
LA~Cl
LARC1
LARC]
LARC1
LARC1
LARC1
LAQC1
LARC1
LARC1
l-ARcl

LAQC1
LARC]
LAJJC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
L&Rcl

LARC1
LARC1
LARcl

LARC1
LARC1
I.ARC1
LAI.?C1
LARC1
LARC1
LARcl
LAl?cl
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
LAPcl
I ARCI

HFTIIRN i_ARC~
END iARcl
FllNcTInN FRACBO (T) LARC1
DIMFNs~OF/ IoP(2)s TAB(3)
LOGlcAt LAGE*BISO

LARcl
LARcl

COMMuW /LA/ LAGE,AGE,MFUEL,IS09BIS0 LARcl
cokl,!uN /F/ Fl,P~,F3,F4 LARC1
UIYFNSTON W3(e)* A(8), B(8)t C(8)* ‘.44(8)* FRAC3(R), T3(R), FRAC41R LARC1

1)* T4(Q)
OATA FDAC3/oO0526F,00cj9SoO071 ooo1169a018sQ *0469a0579 .081~/

I.ARC1
1 ARC1

DATh T?/1690.15,1743.15*17q3, 15?1873.15.1917015,T9730 15,?ofinOO~?6+ LARC1
13.1%/ LARC1

OATA FQAC4/.oo”fld,.oo7Q,.ol* .021,.0557*.lns.?22,.4n39/ L8RC1
DATA T4/1673.15$1697.1%01733. ]5t1793. 15,1R53.15.TR03. 15,TQ7a.1509fI LARC1

173.15/ LAi?cl
c SPLTNE L+OUNDARY CONl)ITTONS ETcO LAGC1

IJ=I
IoP(1)4S

LARC1

IflP(2)=5
LARC1

N3=FI
LARC1

N4=R
LARC1
LARC1

44fl
441
442
443
444
445
446
447
4411
44Q
450
451
45?
453
454
455
456
457
45R
459
46o
461
46?
463
664
465
bfjh

467
46R
460
47Q

471
47?
473
474
475
476
477
47q
479
480
481
48?
483
484
485
486
49?
4ER
489
490
4~1
49?
493
494
49s
496
497
498
499
5on
501
50?

99



CALL SPLIDI (N3,T39FRAe39W3JIOP,IJ9A ,B,c~
CALL SDLID1 (N40T4~FRAc40w4010Po IJsAs(3,c)
RETIJKN
ENTRY FHACB
IAGE=AGE
IAGF1=7AGE+1
F1=O.O
F2=fi.o
F3=0.o
F4=Q.!2
F23=u.n
X=AGL-TAGE
IF (A.ME.!.o) GO TO 10
IF (A(jFoEQ.O.o) GO TO 10
X=leu
IAGF1=IAGE
IAGF=IAGE-l

10 CONTINllE

IF (~’FIIEL.EQol) GO TO ]60
F1=I.o
Fz=l.o
F3=Io0
F4=1 .0
IF (TOGE.2273.15) 00 TO 50
IF (T.GE.2073015) (30 TO 40
Fl=. 00179
Fzx.00777
IF (T.I.T.1673015) GO TO 20
CALL s~LlD2 (N4sT4~FRAc4sW4* IJoTOTAB)
F4=TAqfII
IF (T.IT.1690015) GO TO 30
CALL SOL1D2 (N3,T3~FRAc3,W301J?ToTAB)
F.3=TAq(l)
Go To Ij(l

20 F4=.u0718
30 F3=Ou~q?6

GO TU qo
40 CONTINiJE

F1=-10.3454+4.99105E-3*T
F2=- 1003229*4.98115E-3*T
F3.- y.439441*4,59z500E-3*t
F4=-. 3.775124*2.9b050E-3*T

50 C(lNTINllE
F2a=Oeq*(F2+F3)
IF (oNoT.LAGEI GO TO 100
IF (IAGE-obT.3) GO TO Qo
Go TO (60070s80090), TAGE1

60 FRAcM.AGE*FI
GO 70 i50

70 FRACH=6.25* (3.*Fl-2.*X*Fl+3.*X0F2)
Go 70 ;50

80 FRACH=~.25* (Fl+(2.-X) *F2+20*X@F3)
GO Tu i50

00 FRArB=~025@ (Fl+F2+F3+XOF4 )
GO YU i50

100 IF fIAGE*GT.3) GO TO 1’$0
Go TO (110.120.130,140)0 lAGEI

110 FQAcM=AGE*FI
GO TO 150

120 FHAcf3=FI +x*(F2-Fl)
GO TO 150

130 FkACB=F~+X*(F3-F~)
GO TO 158

~ARc~
LARC1
LARC1
LARCI
LARC1
LARcl
LARC1
LARC1
LARC1
LARcl
LARC1
LAC?cl
LARC1
LARCl
t AQC1
LARcl

LARC1
LARC1
LARcl
LARC1
LARcl

LARC1
LARC1
LARC1
LARC1
LARC1
I.ARC1
LARcl
LARC1
LARC1
LAl?cl
LARC1
LARC1
LARC1
LARC1
LARcl
LARC1
LAPC1
1.ARC1
LARC1
LbRCl
LARC1
LARC1
LARcl

LARC1
LARC1
LARC1
LAPcl

LARC1
L.?RC1
I.ARC1
LARC1
LARC1
l.ARC~
LARC1
LARCI
LARCI
LARC1
LARC1
LARC1
LAPC1
LARC1
LARC1

503
504
505
506
507
50~
5oq

51n
511
512
513
514
51%
516
517
51R
51Q
52n

521
!$2?
52?
524
525

526
5?7
528
529
530
531
53P
533
534
535
536
537
538
539
5411
541
542

543
544
545
546
547
54q
569
550
551
552
553
554
555
556
557
550
559
560
561
56?
563
564
56s

.

.
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141J FR,4Cb=F3* (AGE -30) *( F4-F3)
150 RETIJRN

c SORq FljEL AGE MooEL--R7so

160 IF (LAGE) GCI TO 200
FRAc M=i. o
IF (AGF.GT.O.121 GO TO 180
I.F (TORT.1998015) Gf) T(I 19(I
IF (T.1 To185@.15) GO TO 170
FRAcH=- 13.2725.7. l*2f3hF-3*T
Go 10 i90

170 FRAr~=i.O
GO YO i’JO

c 81S0 CnNSTANTS
180 TONr=2nll*97*Exp (-.o574o9fI*A6E)

IF IT.cF.TONE) GO To IQO
TzE0u=iL176017*ExP (-00s04099~AGE)
IF (TOIE.TZERO) GO TO 170
FRACB.{1-TZ5RL))/(TONE-TZERO)

190 FRAr~=FRACR6.02S*AGE
FRAcM=~MINl (FRACYsl.0)
RET IIK$I

200 ;’=;::
=

F3=I.(1
F4=Io0
AGE1=x
AGE>=l.*X
A6E3=2**X
AGE4=3.*X
IF (A.GT*O.12) 00 TO ?2’0
IF (T.nT.1998.15) GO Tn 23!I
IF (T.1 T01858.15) GO TO 21o
F!=-130?725+7.14Z86F-3*T
Go Tu ?30

ZIO Fl=n.r)
GO.TO ?30

220 TONFl=7n11.97@Exp (-.O%74O9R*Ar3El )
IF fT.GT.ToNEl) GCJ TO ?90
TzER01=1876.17*EXP (-.O8O4OQ8*AGE1 )
IF (T.IF.TZEHU1) GO T(T 210
FI=(T-~ZEROl)/(TONEl-T7EROl )

23o TONFZ=7(111,97*EXP (-.O%74O98*AOEZ)
IF rT.GT.ToNE2) GU TO ?90
TzEDU?. IB76.17*EXP (-.OROQOq8oAGE2)
IF (T.IE.TZERO?) GO TrI 240
F?=(T-+/E”Ro?)/(TONE~-TzERo?)
GO TU >50

24o F2=o*0
250 ToNF~=7011 .97*EXP (-.O574O9R+$AGE3)

IF (T.GT.TONE3) GO TO ?QO
TzEQ0341876. 17*ExP(-.oPf)4(IQ8*AGE3)
IF {T.IE.TZER03) GO Tn 260
F3=(T-T/ERo3)/(T(jNE3-T7ERo3)
60 To ?!0

260 F3=noo
270 ToNFQ=poll .97@EXP (-.Oq74O9$2@At3E4)

IF (T.RT.ToNE4) GO TO 290
Ti’EPU4=1876.17@EkP (-00R040Q8*AGE4)
IF (T.l E.TZE~04) GO Tn 280.
F4=IT-TfER04)/(TONE4-T7El?04)
GO 70 790

280 F4=Q*0
290 IF 114GE.GT.3) GO TO P?O

LhRCl 566
LARC1 567
LARcl 56R
LARC1 569
LARC1 570
LbRCl 571
LARC1 57?
LARC1 577
LARC1 574
LARcl 575
LARC1 57!5
LARC1 577
LARcl 57n
LARcl 579
LARC1 580
LARC1 501
LARC1 58?
LARcl 583
LARC1 584
LARC1 513K

I.ARC1 586
LARC1 597
1.ARC1 5RR
LARcl 5B9
LARC1 590
LARcl 591
LARC1 59?
LARC1 593

LAQC1 594
LARcl 5Q5
LARcl 596
LARC1 597
LARC1 59R
LARcl 599
LARC1 6!)0
LARC1 60~

LARcl 602
lARc1 6!)3

LARC1 604
LARcl 60%
LaRCl 606
LARCl 607
LARcl 60R
LARcl 60Q
LARcl 610
LARC1 611
LARcl 612
LAQcl 613
LARC1 614
LARcl 61<
LRRC1 616
LARC1 617
LARC1 618
LARC1 619
LARCl 620
LARC1 62I
LARC1 6%%

LARcl 623
LARcl 624
LARcl 625
LARcl 626
I.ARC1 627
L4RC1 62R



11. 1 GO TU(3OO631O$32O’*33O)* IAGEI

300 FI=F1+.0?5*AGE1
FRAcM=F1
60 70 740

310 F1=F1*.025*AGE1
F2=Fd+~025*AGE2
FRActI=fi.25* (Ft+30@F2)
GO To ,40

3?0 F1=F1+.02s*AGcI
F~=Fd..o250AGE~
F3=C3+.025*AGE3
FQAci3=~.25* (Fl.Fz+2.*F3)
Go ro ?40

330 F1=F1+.025*AGCI
F2=Fd+.025~AGE2
F3=F3..Il25~AGE3
F4=F4+.I125*AGE4
F!JAeb=n.25* (F1+F?.F3+F4)

340 FQAcM=AMIN1 (FRACEI?l.0)
RETIIR$J
END
FUNrTInrJ FRACT (T)
LOGICAI LAGE*tiISO
COMVUN /LA/ LAGE,AGE,MFUEL,ISnSBISO
COMVON /F/ Fl,F2sF3,F4
IAGE=ACE
IAGFI=TAGE*l
Fl=n,o
F2=l.0
F3=000
F4=0.o
F~~=OO;
)(=AGL-TAGE
IF (A,vE.o.o) GO To 10
IF (AGF.E(J.00o) GO TO 10
%=1.0.
IAGF1=TAGE
IAGF=IAGE-1

10 CONTINi!E
IF (MFI]EL,EcI.1) GO TO 170
FI=I.O
F2=1oo
FI=l.IT
F4=I.O
IF (T.GE.2273015) GO TO 60
lF (T.GE01941.15) GO TO 20
F]x,00i57
IF IT.cF01902015) GO TO 30

c THIS Iq A CHANGE IN CALCULATION OF F2 IN FRACT
F2=qo9q665E-4*EXP (9015s235-4*T)
IF (T.RE0188B.85) GO 70 40
F~=I.22?40E-3*EXP (loOQI 09E-3#y)
IF ~T.cE.1F173,15) Gil Tfl 50
F4=1.17176E-3*EXP (101Q064E-3*T)
GO TO An

20 Fl=-~.R361* 0200732E-20T
30 F2=-5. AQ22+,2b80G~E-2*T
40 F3=-4.Q593*.2577bZE-2~T
50 F4=- 4.4209+.2472ME-2~T
60 CONTINIIE

F?3=o.q@(F?*F3)
IF {.NnT.LAGE) GO TO I1O
IF (IAGE.GT03) GO TO ]~o

LARC1
L8RC1
L.4RC1
LARC1
LARC]
L4RC1
L8RCl
LARC1
LARC1
LARcl
LARC1
LARC1
LARC1
1 aucl
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
I.ARC1
l-ARcl
LARC1
LARC1
LARC1
L8RC1
LARCl
L8RC1
LARCI
LARC1
LARC1
LARC1
1.4RC1
LARCl
LAI?C1

LA~Cl
LARC1
LARcl
I.ARC1
LARC1
LARcl
LARC1
LARC1
LAQc1
I.ARC1
LANC1
LARC1
LaRcl
LARC1

LARcl
1 ARC1
LaRcl
LfiRCl
LARC1
LARC1
LARC1
LARC1
LAi?Cl
LARC1
l.bRCl
LARC1
LARC1

629
630
631
632
633
63t$
63s
636
637
63R
639
64n
641
64?
643
644
645
646
647

648
649
65n
651
652
653
654
655
656
657
65R
659
66n
661
66?
663
664
665
666
667
66R
669
67o
671
lj7?.
673
674
67%
67s
677
678
67q
690
681
68?
683
684
68s
686
6Q7
6f3n
6flQ
690
69I

.
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GO TO f70$’80i90J100)’i IAG51
70 F!?AcT=4c3E*F1

GO TO :60
80 FQAcT=Ij.25* (3.*Fl-2.*x*Fl*.3.*x*F2)

GO TO ~60
90 FRArT=6.25* (Fl+(20-X) @F2+20*X*F3)

GO 70 T60
100 FRACT=tiO~5e (Fl+F2*F3*XOF4)

G(I TO i60
110 IF (IAGE,GT.3) GO 10 150

GO TO (12~.130s140~150)o IAGEI
120 FRACT=4GE*F1

GO ~g T60
130 FhAC~=Fl*X*(F2-Fl)

GO TO 169
140 FkAcT=F2+x*(F3-F2)

GO TO 160
15,) FRACT=F3* [AGE-3.)*(F4-F3)
160 KETIIKN

c SOR$ FIIEL AGE MODEL--TRISO
170 IF (LAGE) GO TO ~10

FRAcT=i.O
IF (QGF.GTO0.12) GO TO 190
IF (T.GTo1998015) (30 TO 20”0
IF fT.t To1858.15) GO TO lRn
FRACT- --13.27Z5+7.14286E-3*T
GO TO ?00

180 FRAcT=fi.o
GO TO ?oo

190. TONF=Z!609.53@EXP l-.0472966*AGE)
IF (T.cE.ToNE) GU Tfl i?OO
TZEC?U=188001*EXP (-.0974659*AGE)
IF (T.IEoTZERO) GO TO 180
FQAcT=(T-TZEROl/(TONE-TZERO)

200 FRArT=FQACT. .O25*AGE
FRArT=AMINl (FRACTSI.0)
RETIJKN

210 F1=I.o
F2=J*(J
F3=1.O
F4=I .o
AGEI =x
AGE2=1:*X
AGE?=?.*X
AGEL=3.+X
IF (x.RT.O.12) GO TO 230
IF (T.RT.1996.15) GO.T@ 240
IF (T.IT.1858.15) GO TO 220
FI=-13.2?Z5*7. 14286E-3*T
GO To 740

220 Fl=n.o
GO TO 740

230 TONFl=?009.53*EXp (=.0672964*AQEI )
IF fT.cT.TONEl) GO TO ?00
TzERuli1880. l*ExP(-.o974459*AGEl )
IF (T.l,E.TZEROl) GO To 221)
Fl=fT-TZEROl)/(TONEl-T7EI?Ol )

24o T0NF2=?009.53*FXP (-.O472964*AGE2)
IF fT.I=T.TONE2) GO TO 300
TZERU~=188C. l*EXP(-.O97445Q*Ar3E?)
IF (T.IEaTZER02) GO TrI 25fI
F?=(T-+/st?o?l/(ToNE?-T7ERo?)
GO TO 260

L4RC1
LARC1
LARC1
LARC1
L4RC1
LARcl

LARC]
LARC1
LARC1
L4RC1

LARC1
L4RC1
LARC1
LARC1
LARcl
LARC1
LARC1
LARC1
LARC1
LARC1
LAQcl
LARC1
LARC1
LARC1
1.ARCI
LARC1
LARC1
LARC1
LARC1
LARC1
L4RC1
LARcl

LARC1
LARcl
LARC1
LARcl
L4RC1
LARcl

I.ARC1
LfiRCl
LARcl
LANC1
LAFC1
LARcl
LARC1
LARC1
LARC1
I-ARC1

LARC1
LARC1
LAI?C1
LARC1
L ARcl
LARC1
LARcl

LARC1
L&RCl
LARcl

LARC1
LARC1
LfiRcl

I ARCI
LARC1

692
693
694
69s
696
697
698
699
700
7oy
70P
703
704
705
706
707
709
709
710
711
712
717
714
715
716
717
71R
719
720
721
72?
723
726
725
726
727
729
729
7313
731
732
733
734
735
736
737
738
739
740
741
74?
743
744
745

746
747
74q
749
75n
751
75?
753
754
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25IY
260

27o
280

290
3f)o

310

320

330

340

350

c
c

10

F2z(je0
TONF~=?009.53*EXP (-.O472964*AGE3)
IF (T.RToTONE3) GO TO 300
TZEdJ3=1880.1*EXP I-00Q74459*AGE3)
IF (T.l E.TZEP03) GO Tn 270
F3=IT-+ZER03)/(TONE3-TzERO~)
GO 70 ?80
FS=~OO
TONSq=?009.53*EXP l-.O472964*AGE4)
IF (l,RT.TONE4) GU TO 300
TZER04=1880. l*EXP(-,0974459*AOE4)
IF (T.1EoTZER04) GO TO 29o
F4=(T..T/ERo4)/(T(lNE4-T7ERo6)
Go TQ ~oo
F4=IIo0
IF (lAGK.GT.3) GO TO 340
GO TO ~~los320*330s340)S IhGEl
F1=FI+.TJ255AGE1
FRACT=FI
G9 To 750
Fl=Fl+.L125*AGEl
F?=Fd+.025*AGE2
FRACT=no25* (F1.3,*F2)

GO Tu a50
Fl=rl..o250AGEl
F?.r.?..fl%s*AGE2

F3=F3+.025*AGE3
FqArT=.I.25* (Fl*F2+2.*F3)
GO YU 750
F1=F1..O25*AGE1
F2=Fd+.02s*AGEz
F3=c3+.025*bGE3
F4=F*+.025*AGE4
FRA~r=;.25* (Fl+F~+F3*F4)
FRAcT=4MINI (Fl?ACT,l.o~
WETliNN
EVD
SUVIJ(JIJ;INE PLOT (NSXSMXoYSMYSIcHARS IcON)
DIMFNSTON x(1)* Y(l)
COMMON /cJEo7/ IxL, IxR?IYT, IYqo%L;XR~YT.Yq
COMMuN /LJNEk/ IXSAVE, IYSAVE~TX2*IY2
THI% 511PRLJUTINE IS MOIITFIEO r3Y THE INCLIISTON OF IJNEW
LJNFW TS INCLUfIED SO THAT TXSAVE, IYSAVE MAY BE IJSED FoR TTTLES
INTFtiEH HLANK9PLTDOT
I)4TA BIANK.PLTDOT/60B,Cj213/
IXSAVE=X(”l)
IYsAVE=Y(l)
YN6SU.6*Y(N)
IF (N.FQ,2) YN6=-2.o
FX=YH-yL
IF (~x.NE.0) FX=(IXQ-IXL)/FX
FY=YB-YT
IF (FY.NE.0) FY=(IYR-TYT)/FY
K=l
M=N-1
I=o
J=o
L=o

[ Al?ci
~A!?cl
LARC1
LARC1
LARcl

LARC1
LAPC1
LARC1
LARcl
LARcl
LARC1
LAUcl
LARC1
1.ARC1
lARc1

LARC1

LARC1
LARC1
LAMC1
LAl?cl
LARC1
LARc1
LaRcl

LARC1
LARcl
LARC1
LARcl

LARC1
LARC1
LAl?cl
LARcl
LaRcl
LARC1
LARC1
LARC1
l.ANC.l
LARC1
LARcl
LARC1
LnRcl

LARC1
LARC1
LAFfCl
LARC~
1.ARC1
1 ARC1
LAQC1

LaRCl
LARC1
I.ARC1
L6Rcl
LARC1
LAQC1
LARC1
LARC1
I.ARC1
LARC1
LARC1

JCOt.J=ICON LARC1
IF (~ IcHAI?,EQ.PLANK) .oQ.(( ICHAR.EQ.PLTOOT) .AND. (V*JCON.NF.n) )) K~~ lARc1
Ix2=M1P.Jo (I.IAxO(IXL+IFIX( (X(T*}) -XL) *FX)*TXl-)*TXm}
IY2=MIN0 (MAXO(IYr*IFIx( (Y(.J+l )-YT)*FY) ?lvT)*TYQ)

LARcl

IF (K.NEoO) CALL PLT (IX291Y2,1CHAR)
LARCI
LARcl

755
7515
757
75R
759
76o
761
762
763
764
765
766
767
768
769
77n
771
77?
773
774
775
776
777
77R
779
78o
7FII
782
783
784
785
7R6
787
78$1
789
790
791
792
793
794
795
796
797
798
799
800
801
802
80?
804
805
806
807
Ron
809
810
81!
81?
813
814
815
816
f317

.

.

.

.
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c

c
c

c

c

c

IF (L=NJC.O) CALL DRV (!xl*Iyl*1x2TIy2) LARCI
IF (M.IEoo) GO TO 3(I LARC1
IF (y (.,I*1),c3T,YN6) GO TO 2fi
IXSAVE=IX2

LAQC1

IYSAVF=IY2
LARC1
LARC1

pn C~NTINIIE LARC1
M=M-i 1 ARcl
I=I+Mx LARC1
J=J.WY
L=JcON

1.PRC1

IxI=1x2
L&RCl

IY1=IY7
LARC1

GO Tu iO
L4Rcl

30 liFTll~N
L ARC1

ENn
LARC1
L 4QC1

FIJNrT1nN TEMPo (VF)
L)lMF’~STON Iop(2)* TAB(7)

1 ARC1
LARc1

bIMrNSloN X(14), TE~F’F(14), w(14), A(14). B(14\, c(14) L&Pcl
COMMON /SpEc/ TEMPF,x l.ARCl
DATA x~o.9.019.03333* On66660 .l~.29.3t.4,050.6Q.7; .$!?.9$1./ LARC1
DATA TFMPF/1699,M2,158R071,14790269 1402aq9.13470%Q01255aa70 1?050a7 LARC1

l$117J.61~ 1147.04$1127.%9s ljo4.26$1079.Ob.1046.~6,’ap2.04/ LARCI
SOLTNE HtlUNDARy CONDITIONS ETC.
IJ=I

I.ARC1

IOP(I)=5
LARC1
LnRCl

IoPf~)=5
hll=14

LARC~
LARcl

CALL SPLID1 (NlsAoTEMPF,WO IOP~IJ*A*R~C) LARCI
HETiIRN,
.LNToy TEMP

I ARC1
LARC1

CALL SPL1D2 (Nl*X.TCMPF.ko IJ9VF$TAL, LARC1
TEMP=TfiH(l)
hETll}(~

LARC1

ENI)
LARC1

FUNrlInN TMAXO (T)
LARC1
LARC1

DIMF~STON IOp(?)9 TABf3)
DIMF~STON TT(29)0 TMAxF(Z9)S w(29)0 A(29), B(2Q), C(29)

LAI?C1
LARcl

COMMON /TMODEL/ hODEL LARcl
COMMuN /SpECP/ NT,TT$TMAXF LARC1
lqIS cfivtiorq cONTAINS 0TMEN510Ns IN MAIN P~OGl?AM 1.ARC1
S(3R< naTA L ARC1
DIMFNSTON TI(lI)t TMAXII1l) LARC1
D.4Tn T1/0es103.203*3;5,50 *6092Q9042$ 12c3,17030 76aSV40e/ LARC1
I.)ATA TuAx1/l?27.b9,1644026.1922 .049219Y.B?,2b f7.59,2755._7,?033.l s LARC1

li331U6Q3S358H 071*3922 .04~3922004/ LARC1
COHrON TABULAR DATA
DIMFNSTON T2(lo)0 TAAX?(10)

LARC1
LARcl

DATd T>/009.0063*.2167,1.45~502!j9 10025~1 %,25,26,?5.2502Fo?n z%/ LARC1
OATA lXIAX2/119Z059,11Q?059, 1280@37,1018.]5t23700>6,?969.n?,3358e+i lAPC1

1*367U.?7V3665,37,3665, 37/
FU - cnRT oATA

L4RC1
1.ARC1

DIMFNSTON T3(2’?)* TMAxI(29) 1 ARCl
DATA Ta/.z’?.4*.5?l.o,l.s*2. 0,2.503~o?3~q~6.0*4.G.%. 095.5.6.6.6.5.7 LARC1

le.8. ~9ct10, tll.t12.,l? .914. s150916:$170s180s 19.,70~/ LARC1
DATfi TIfAX3/1199.,1278.,13150 ,1461.s1589., 170Lt,I mq.019ns.,?no2. ,2 LRQcl

1091 .~21?6. ,22S7.t23350 02411 .,?4R3. s?55+.,?6870 ,?q15. ,2936.,?0S30,3 LARC1
i?l(i5. .3p”13, ,3~7b.,347~. .35 TO. ,?663,v3636,,3666 .,3465,/ LARCl

SPLTNE BOUNDARY conditions ETCO
IJ=I

LARC1
LARC1

IOP(1)S5
IOP(Z)=5

1 ARC1

C.O TO ~10s30t50), MOOFL
l,A?C1

10 N2=~1
LARC1
I.ARC1

816

819
8i?o

821
82?
823
824
825
8215
827
eze
829
8311
831
R3?
832
834
831j
836
837
83R
839
840
841
86?
843
864
845
846
847
84R
.849
050
851
85?
/353
854
855
856
n57
85R
R5Q
136fi
861
862
863
864
86’5
866
867
86a
869
870
871
87ZI
873
874

875
876
877
878
879
Rllfi
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c
c
c

c

c

c

?0

30

40

50

60
70

NT=~
DO ?U T=ltN2
TT(T)=T1 (I)
TMAYF{TI=TMAX1 (I)
CONTIN!IE
GO ro 70
Nz=l U
NT.R
IJo .4U TX1,N2
17(7)=;2(1)
TMAY~ (T)=TMAX2(I)
CONTIN1/E
Go 70 70
N2.>Y
NT=2Y
DO Au T=1?N2
TT(T)=+3(I)
TMnx* [T)=TMAX3(~)
CONTINIIE
CALL SDLID1 (N?,TT,TMAxF9w.IOPsIJ.A.B~C)

LARC1
LARC1

LbRCl
LARC1
LARC1
LARC1

LARC1

LARC1
LARC1
1.ARC1
I.ARC1
LARC1
LAt?cl
LARCI
LARC1
LARcl
LARC1
LARC1
LARC1
LARC1

RETII~N
CNTPY +MAX

1 ARC1
LARCI

CALI, SOL1U2 (N2.TT,TMAxF9W,IJ,T.TAB) 1 ARC1
TMAY=TAH(l)
RETll~N

LARCI

Evl)
l.ARcl
l.ARcl

FuNrTTnN TBVEO (T) LARcl
LJTMF~STON XOP(2)C TAB(3) I ARCI
bIr~rNS?ON TT(29)* TAVFF(29)~ W(29)S A[29)* 8(20). c(29)
CONLION /TMoDEL/ M~oEL

LAOcl
LARcl

COM~fON lSPEcA/ NTsTT!TAVEF 1 ARC1
THIS cnMMON CONTAINS OKMEFJSIoNS IN MAIN PC?OGPAM I.ARC1
IN TnE MAIN PRoGR4M, TT IS CALLED T3 IN THIS CnMuf)w STA7SUFNT LARC1
SONS OATA LARC1
bIMFNS?ON T1(ll)s TAVEI(lI) [ ARcl
DATA TI/O.91.1$2.5s4.?~6.3 slo. s14.8~?2.5,34.6s40. ?50./ LARC1
DATA .TfiVEI/lfJU8.71,]36fi04R,1644.26~ 1922.04,219Q.~2.2477.%Q.?755.17 LA~Cl

1,3033.i5*331LI.93*3374.42s3459,0;/ 1 ARC1
COHCUN TABuLAR DATA [.ARcl
DIMFNSTON Tz(ln). TAVF?(10) LARC1
D4TA T7/0.Q.OO83Q.Z167.1.4595025q 10.259]qc25.2fio>%9~50?%03fio?5/ LARCI
LJATfi TAVE2/105?.59*I05?.59. 1134.82s 141~.7101q2(j.?7,2338.71 .2608.71 LARcl

l,27q3.>l,2t138.15,30Z60qR/
FU .

LARC1
CnRT [)ATA t ARC1

OTMFNSTON T3(29)$ TAVF?(29) LARcl
LIATA 7?/.2*.&l.~tl.o*l.5*?.o t2.~~320*3.5q4.0,4.%,50 US5.%S600*6.Ci.7 LARC1

l,,R. $9.,1O.S11.S12.*1 q.,14.015.016~s17~slR* ?19.0?0./ LARC1
DATA TAvE3/1167.*1219.,1243. t133fl. *1421. o1496..I%66. *]63i.*1692..l I.ARC1

174~a Jln04Q, lH56.,1906C ,19%40, ~9Q90,21144 .,?12A. ,?~n4. *2?7n.,?34?. ,? LARcl
d414e*?A77e,2538e,2596e ,~65?0,~7~”T0,~75bC,?80] ,,~R&n./ LARC1

SPLTNE dOUNOARy CONOITIONS ETc. LARC1
IJ=I
If)Pfl)=5
1oP(2)=5
GO 70 (10t30s50)? MoOEL

]q N3=11
NT=7
UO au T=1,N3
TT(?)=T1 (L,)
TAvFF(T)=TAVE1 (I)

20 CONTINIIE
G,? TO 70

30 N3=1U

LAt?cl
L&RCl
LARC1
LARC1
LAf?cl

LARC1
LARcl
L.ARC1
LARC1
LARCl
LARC1
LARC1

881
882
883
884
895
886
887
8813
889
89f)
891
892
f393
894
895
896
897
89R
099
900
901
90?
9n3

904
905
906
9(37
908
909
910
911
912
913
914
915
916
917
918
91Q
92o
9?1
922
923
924
925
926
9?7
9~11
929
930
931
93?
933
934
935
936
937
93R
939
941y
941
94?
943

.

.
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.

.

.

.

49

50

60
70

c

c

10

?0

c

NT=Q

Do 40 T=1$N3
TT(T)=;2(1,)
TAvFF(T)=TAvE2(I)
CONTINIIE
GO +u 70
N3=79
NT=?Y

00 (.U T=19N3
TT(l~=T3(I)
TAv~F (T)=TAVE3(I)
CONTINIIE
C4LI. 5~LlDl (N3,1T9TAvEFoW, 1OPOXJJA,8SC)
HETiJNN
ENTQy TAVE
CfiLL SPL1U2 (N3~TT~TAvEF?WsIJ.TsTAti)
TAvr=T&N(l)
RETIIRN
END
SURnUU~INE FIN(PN,RPoRR,LAMBDAsDECAYsI)T,PLEAK}
ORIGINAL ANShERS
REAI. LA~BOA
E=EYP(-I>ECAY*DT)
Ro=oW/fOECAY*DT)
RP=QLEAKO( IPN-RD)@(IO-E)/DECAY*RD*UT)
PN=PN*F*RD*(l.-E)
HCTIIRN

END
SUBDUUTINE FINI(PN~RP.LAMRnA,DEcAY9DT9RLEAK90LD!RsQOLD)
SINDLE EQUATIONS SECONn HAIF,-
REAI,, LAMEIDA
E=ExP(-l)EcAY*DT)
E1=l.-F
S=005*(R*ROLD)
ALA=LAqHD&+s
EL=FXp(-ALA*DT)
EM=l .-FL

IF fuEfAY.EQ.ALA) Gi) TO 10
RP=.LEfiK*(PN*El/UECAY.S*OLD* (EM/ALA-El/DEcAy)/\nFCAy-ALA) \
PN.FOPN.s*fILU*(EL-E)/(DECAY-ALA)
60 70 70
FfP.DLEAK*(PNOEl/DEC4Y+SeOLO* (E1-OECAy*UT*F)/10FCfiY~DECAY) )
PN=’=O(PN+S*OLD*DT)
kETl]RN

END
SUBr?OUfIN~ FlN2[PN~RP,LAMRnA9DECA~~DT~RLFAKtoLn.~.poLD)
LINFAR RELEASE SECONO HALF

LAPC1
LARC1
LARC1
LARcl
LARC1
1.ARC1
LARC1
LAl?cl
LARcl
LAf?Cl
1.ARC1
I.ARC1
LARcl

LARC1
LARC1
LARC1
[ ARC1
LARC1
LARcl

LARC1
LARC1
LARC1
LARC]
LARcl
LARcl
LARcl
LARC1
I ARcl
LARcl
LARC1
LARC1
LARcl
1 ARC1
LARcl
L4RC1
L4RCJ

LARC1
LARc1
LARcl
LbRcl

LARC1
LARcl
LARC1
LARcl
LARC1
LARCI
LARcl

KEAI L4MHDA
E=EYP(-DEcAY*DT)
E1=l.-F
S=O.5*(P+ROLu)
ALA=L4*~HDA+ROLD
BH=~.54(R-RoLO)/DT

LARC1
LARC1
I.ARC1
LARc1
LARC1
LARC1

PTERM=(DECAY-LAMBDA) *PZERO fALA-DEcAY!BH0n7) LARC1
RP=QLEAK*(PNaE1/DECAY+OLD* (E1-LAMBl)A*PZEQO (ALAqRLIWnT) -E~P+pQM)/nFe LARc1

lAY) LARC1
PN=F*(PN*OLD* (PTERM.lO-EXP ( [DEcAY-LAM91)A-S) *OT) )1
RETUKN

LARC1
LARC1

END LARC1
SURRLJUiINE F1N3(PNFoPNI oRPF~RPI CLAMBDA?OECAy.DT.QLEAK$NFnl.n.NIOLn. LARC1

lRA,OPOI D,RE,RIOLU,F,FOLD) LARC1
c LINFAR FAILuRE SECOND HALF LARC1

REAL LAMBDA thFOLl)qNIOLn~MOqM4 LARC1

944
945
946
947
94R
96Q
950
951
95?
953
954
955
956
957
95fi
959
960
961
962
963
964
96%
964
967
968
969
970
971
97?
973

974
975
976
977
97R
97Q
98Q
981
9&3?
983
986
985
984
987
9R13
989
990
99]
992
993
994
995
996
997
99q
9~9

]000
1001
]00?
100’3
1004
1005
1006
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~+ExP(-L)EcAy*~T)
E1=I.-F
KF=nos;(RA*RFOLO)
RI=II.%&(RB+RIOLD)
RFP=LAMNDA+RF
RIP=LAMHDA*RI
A4=NIoI 1)
A@=NFOl 1)
L)F.F-FnLD
UFI)T=f)F/DT
[)q=l?F-lYI
FIOI u=T.-FOLD
ALPHA.FIOLD*UR
bAW=*FrJ-ALPHA

c 6dM.uFP*FOLD.RIP*FIOLO
HET=[)R~l)FDT
BETh=RFT/?O
IF (~IoL~oEQoO.0) A5=0.o
IF (FIoLD.NE.o.0) A5=-DFDT*A4/FIoL()
AIx-A5+[)R!+FoLD*A4
A~=-uR& (FIrILU-FOLD)*A%
A3=nu*nF_DT*A5
llT?=~T&l)T
M4=FXpl-GAM*[)T-flETAOoT~)
MO=FXPf-l?FP@UTj
(JE.MU/F
l)L=nkCAY-RFP
AOL=ALDHA+DL
Q4=01FO0 (GAM-DECAY9BETA9DT)
IF (HET.NL.O.0) Q5=”(].-M4/E+ADL*Q4)/BET

c THIS 1S as FOR BET’A .NE. Ooo
IF (uL.F”Q.n.CI) GO To in
UO=(lJE-].0)/UL
Ql=fQEQPzERo (-ALPHAs!3FTA$DT)-04)/DL
60 YU 60

10 (Jo=nr
c THIS 7s 00 FCR DL =“().o

IF (UET.EO.000) GO TO i?O
Q]=nT@nO-Q5.—

c THIS 1s ~1 FOR 13ETA .NE. o.0, DL x O.O
GO rU ho

20 IF (ALPHA.EQ.O.0) GO TO 30
Ql=(U4-00)/ALPHA

c ltiIs IS Q1 FOR BETA = 0.0. DL = o.o~ ALPMA .NEO IIoo
Go To ~lj

30 tiI=n.501JT2
c THI< IS 01 FOR RETA = o.0, DL = O.0~ ALPH4 = 0.0

40 VO=(LI/L)ECAY-E@QO)/RFP
V4=/PzKPO(GAM,BETA,DT)-E*Q~) /DEcAy

Vl=tv4-E*Ql)/RFP
IF (HF;.EO.O.0) GO T(I 50
U2X(1J0-(34*ALPHA*Q1 )/BFT
Q3=tUI-Q5+ALPHA@(J~)/BFT
V2=(v0-V4+ALPHA@Vl)/R~T
Vq=(kl/OELAY-GAM*V4-E*04) /RET
VS=(VI-V5;ALr)llA*V?) /qFT
RPF=HLFAK*(PNF~$E1/DECAY+RF* (AoQVO+A1*V1+A?*V2*A3*V3) )
ROI=~LFAF@(~riI*E1/DECAy.RT* (Af+*V4+AS*V5))
PNF=L*(PNF+RF @(AO*QO+&l *IJI.A20Qc+A3*(J3))
PNI=kbfPNI .RI*(A+0Q4.A<*Q5) )
Go 10 &o

50 CONTINIIE
HPF+HLFAK*(PNFOE1/DECAY+RF* (AO*VO+AI*VI) )

LARC1
LaRCl
LARC1
LARC1
LAPC1
LAQcl
LARC1
LARC1
LARC1
LARC1
LARC1
l-APcl

LARcl
LARC1
LARC1
LARC1
LARcl
LARC1
I.ARC1
LARC1
LARC1
LARC1
LARC1
1 ARC1
LAl?cl

LAQCI
LARCI
LARC1
LARcl
LARC1
I.ARC1
LARC1

LARC1
LARC1

LARC1
LARC]
LARcl
LbRCl
LARC1
l.ARcl
LARCI
[.ARcl
LARC1
LARcl
LARC1
LARC1
LARC1
LARC1
l_A~cl
LARC1
LAL?C1
LARC1
LA~/c]

L4RC1
LAPCI
LARC1
LARcl
L4Rcl

LARC1
LARC1
LARCI
LARC1
I ARcl

1007
100R
1009
1010
1011
101?
1013
1014
1015
1016
1017
1018
10IQ
1020
1021
1022
1023
1024
1025
10?6
1027
1 02R
lo?~
lo?ll
1031
1032
1033
1034
1035
1036
1037
103I3
103Q
104f)

1041
104?
1043
1044
1045
1046
1047
I04R
1049

1050
1051
10%?
lo5~
1054
10’55
1056

1057
lo5f3

1059
] 060
1061
1062
1063
1064
1065
1066
1067
106R
1069

.

●

.

.
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RPI=KLFAK*(PNI*E1/DECAY.RIOA40V4) LARC1
PNF=L8(PNF+RF* (AO*OO+A1*Q1 ))
PNI=L*(PNI.RI*A4*Q4)

LARC1
LARC1

6@ i4ETll~N
EtiD

LARCk
LARcl

SUHROU;INE CfiLCl(NFOLn,NIOI D*RA,RB~LAMBDA .DTtF.x!r.NI oRRC.RQTtRFOl’~ LARC1
l,RynLD,

c
LARcl

SIMPLE EWATILNS FIRST HALF LAPC1
kEAI NFP9NIP LARC1
REA{ VFOL09NIOLD*LAM8DA cNF$NI.MO !M1SM2SM?OM4 oMq LARC1
IF ((NFOLD*NIOLO) .EQ.OOO) GO TO 10 LARcl
Ao=N~ol D
A4=MIOl O

LARC1
LARC1

RF=o.s&(RA+RFOLO)
RI=OS~@(NR+RIOLO)

LARC1

~FP=~F.LAMHDA
LARC1
L ARC1

RIP=N1.LAMBDA
RFL=NFP*uT

LARCI

RIL=KTO*UT
LARcl

Mo=FXP(-NFL)
LARC1

EI=FAP(-RIL)
LARcl
LARCI

NFP=NFnLD*t40
NIP=NIrIL[)oEI

LARC1

SUU=NFP*NIP
LARcl

NF=F*SllM
LAl?cl

NI=(l,-F)*SUP
LARC1

RRF=~F4(A0-NFP)/RFp
I.ARC1

NRI=~I#(A4-NIP)/kIp
LARC1
LARC1

GO TO ao
10 NF=o.o

LARC1
LANcl

NI=O.o

kHF=”,~
LARC1

RRI=u.11
LARC1

?0 NFT!lKN
END

LARc1
LARC1
LARC1

SUBQUUTINE CALC2(NFOLn~NIOLOo.I?AsRRSLAM,BDA,DTCFCNrsNI *RRF,RQT!RFOI~ LARC1
l,qInLO)

c LINFAR RELEASE FIRST HALF
LARC1
LARc1

I?EAI NFP*NIP LARCI
REAl NFOLD*NIoLOQLAMBDA.NF,NI L4RC1
IF ((NFOLO*NIOLO) oEO.O,O) GO TO 10
kF.nA

LARC1

RI=PM
I.ANC1
L&Rcl

AO=MFOl D LARcl
A4=NIol 1)

EF=FXPI-L.AMBOA*OT-O .5*(RFOLO+RF) *OT)
LARC1
LARc1

EI=FXp(-LAMROA~OT-005* (RIOl O.RI)*DT)
AFP=NFnLO*EF

LARcl
LARC1

NIP=NIfILD@EI
SUM=NFp+NIp

LARC1
LARC1

NF=F*S!JM
NI=(l.-F)*SUM

LARC1
LARC1

GkMF=RF(lLo+LAMBDA
GAMT=RTOL,O*LAMBOA

LARcl
LARC1

BETF=(PF-RFOLO) /uT
BETA~=OETF/20

LARc1

RRF=-
LARC1

An*LAYtlUA*PZERO (GAMF.RETAF~OT) +AO*[l.-EF) I.AQC1
BFTT=(WI-RIOLD)/l)T LARC1
BETAl=RETI/2. LARC1
RRI=-AA*LAMBOA*PZERO (GAMI,!3ETAI!I)T) +A4*(I .-EI)
bo 10 ?(I

LARC1

10 NF=f).o
LA~Cl
[.ARC1

fJ:=~,~ LARC1

1070
i071
1072
1073
1074
1075
~071f
1077
lo7Fl
107Q
10RO
1081
108?
1 !)83
IOR4
1085
lom~
1097

I08R
! 08Q
lo~o
1091
109?
1093
1094
1095
1096
1097
lo~R
lo9~
1100
1101
]102
110?

]104
Ilnq
1106
1107
11OR
1109
Inn
1111

111?
1113
1114
1115

1116

1117
lllR
111~

1120
1121

112?
1123
11?4
1125
1126
1127
112R
112Q
]130
]131
113?

109



?0

10

an

3fl

c

10

10

70

30

.
L

RRF=O.6
RR[=uofi

RETIJW4
EN13
SU}IPOIJ+TNE PZE(?O(A)R,C)
lJ4Td S(3PI/1.772453f35f)Q05514/
LFNFW(7$O) =RERFC(D)-EXP (Z07-Z.*[)*Z) *HEI{FC(D-7)
IF #HoF(~oo,o) (30 TO In
lF 1~.1 T.0,0) GO To 30
S12HZbQUT(13)
sQ~?=s~t4+sQF3
APGI=SO#*C
ARGp=-A/sQR2
PZERLI=SQPI*FNEW (ARG1,ARG2)/sQR2”
RE711RN
IF ~~\.rL).o.o) GO To 20
P7Ew(l~(l.-Exp(-A*c))/A
KETl)l~N

PZEf?~=C
KETllK;d
COfJTINIIE
sQf3z~(3PT(-r?)
SOR>=SQO+SQU
ARGI=SOH~:
ARG1=Z (ALWAYS POSITIVE)
ARG3XA,SUOp
PZEPO=S(JPI*CFNEW (ARGI,APG2)/Sf3t32
RCTURN
ENI)
F(IN~TInN RFRFC (7)
IF (AR$(2),GT.4.0) GO TO Itl
RERFC=QERFC(z)
RFTIJlfN
l+ERFC=AERFC (z)
NETIJKP.J
END
F1;NcTIoN OERFC (ZTEMP)
COMPLEY SvTpl
DATA F.PS/1.OE-15/
IIATA SOPI/1.~7245~850905slf#
lF (LTF~lpSEQ.O,O) GO TO 30
L=ct.lfJLy(oort9/TEMP)
[l=sllPr/2
T=z/11
S=T+l,~
Lul
K=l
CONTINI)E
K=K+L
T=T&l@f)
u=?o/((K+l)*o)
s=s+T
IF (cAqS(S).EQ.O.f)) Go TO PO
IF (CAuS(T)/CA8S(S).GT.EPS) GO TO 10
L=l.+1
IF IL.IT.4) GO TO 10
UERFc=AINAG(S)
RE rlo~N
PQIN1 /,09 L*I(!L
GO TU TO
Ql!RFcs~.O
NETIIRN

LhRCl
LARC1
LARc1
1.ARC1
LARC1
1.ARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
r_~f?cl
LARC1
LARC1
LARc~
LARC1
LARcl

LARC1
LARC1
I.ARC1
LARC1

LARC1
l.Af?Cl
LARC1
LARcl
LAl?cl

1.ANC1
LARC1
LAPC1

L4RC1
LARC1
LARC1
LAPcl

LAQC1
LARcl
LnRcl

l.AJ?cl
LARcl
LARc~
LAf?cl
LARC1

LARC1
LAWC1
LARcl

LAQC1
I ARcl
[.ARC1
LARcl

LARC1
LAt?Cl
I.ARC1
1.AQC1
LA1.?cl
L&Pcl

LAF’C]
LAPCI
LARcl

1 ARC1
LAftcl
LARC1
L,ARC]

LAPC1

113?
1134
113s
1136
1137
11313
1139
1140
1141
1142
1143
]144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1135
1156
1157

1158
1159
1160

1161
1162
1163
1164
i16%
1166
1167
116R

1169
117(I
1171
117?
1173
1174

117%
1176
1177
1 l“rn
1179
1180
Ilnl
1182

1183

I 184
)185
1186
1187
llt’1~
1 lf19
1190
11~[
llq~
1193

1194
~195

110



.

.

c

c

.

.

END
FUNcTInN AERFC (i!)
DATA EoS/l,oE-15/
DATA SOPI/1.772453850q05516/

IF (L.FQ.O.0) GO To 40
CON=lO~/(Z*S(JPI)
U=zf$z
0=().5
T=D/U
s=l.o*f
L=l
Kx1

10 cONTINljE
K=K.l
u=K-uoq
TSAVC=T
T=ToU/lj
S=S.T
IF (TCGT.TSAVE) GO TO 20
IF (s.FQoOeO) GO TO 30
IF (AI+s(T/s).GT.EPS) GO TO 10
L=L.1
IF rL.l T.4) GO TO 10

20 CONTINIIF
AERFC=cON*s
RETll~N

30 tJqINT qo* ZSK*L

GO TO 10
40. AERFC=,ii.O

RET(!HN

50 FORVAT (* S=0.0 FOR Z=*rE1f).3t* K=**I109o L=*!Ilh)
EN[)
SU}IQOUTINE CALC3(NFOL13,NIOI.O,RA ,RRvLAMd(’jA.oT.F;FnLQ,NF

lRFoI u.QIOLD)
LTNFAI? FAILURE FIRST u4LF
tiEAI NFOLD,N10LD,LAM8DA,NF.NI ,M0,M~qV2PM3,M4.M5
DATA SoPI/I.772453850905514/
IF ((NFOLD+NIOLD) .EQ.O.0) GO TO 70
AO=FIPOI I)
A4=KIIf), D
RF=n.F&(RA*RFOLD)
RI=n.5*(RB*RIOLD)
HFP=KF+LAMRDA
i?IP=KI.LbMFIDA
t?FL.RFooDT
RIL=NTP*[)T
MO=FAF(-RFL)
t.I=rxP(-RIL)
?O=(l.-MU)/RFP
l)F=c-F~LD
IJFDT=r)C/DT
FI=I.-c

FIOI u=i.-FOLO
IF fKF.NE.RI) GO TO 30
IF (F.GT.0,0) GO TO 10
NF=q.o
RRF=U.;
141=fi40rI
RRI=(l .-EI)*t?I*A4/RIP
tifl TO qfl

10 IF (~OIL).LT.l.0) GO TO 20

LARCI
LARct
LARC1
LARcl
LARC1
LARC1

LARC1
LARC1
LARC1

LARC1
LARC1
LARC1
LARC1
LARC1
LAPC1
LAPC1
LARC,l
LPQC1
LAf?cl
LARC1
LAQC1
LAOcl

LARC1
LARC1
LARC1
LARcl

LARC1
LAf?cl

LARC1
LARC1
LARcl
LARC1
LARcl
LARC1
LARcl

LARC1
LARC1
LARC1
LbRCl
LARC1

LARcl
LARcl

LARC1

LARcl
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
LARC1
LARC1
LARC1
LARcl

LARC1
LARcl

LARC1
LARcl
LARCl
LAF?cl
LARC1

?Iqfi

flqy
ll~tl

i19Q’
!200
]201
1202
1203
1204
1205
1206
]207
120q
1209

1210
1211
]21?
1213
1214
1215

1216
1217

1218
1219
]220

1221

122?
1223
12%4
1 Z25

1226
1227
122f3
1229
12311
;2.31
123?

123>
1234
7?15
l?~h

1237

123R
123Q

12411
1241
124?

1243
1244

1245
] 246

!247

1248
1249

1250
1?51



Nr=h. ij
RR I=o O~
NF=AO@Uo
N9F=HF4AO*P0
GO TO qO

PO NI.A~*FI*FI/FIOLll
NF=MU*(AO+OFi$A4/FIOLD)
P4R7=I-ICI)T*RI*A4*(1 .-(t.*RFL)*MO)/[FIOLD*RFP*RFP)
HRF=P4Q7+RF*A0*P0
HRI=-p8RT+f?F~A4@P13
Go Tu a~

30 [F (~.qToO.0) GO TO 49
NF=OOO
NR~-=UOn
NI=FI*~4

l?:I::T&Ni)/RIP

40 IF (~Ol[)eLTo100) GO TO 50
141=1-I.O
RQI=U.~
lNF=AUf$U~
HQF=WF&AO*pO

Go To 90
%0 DT~=UT*[)T

OR=P~-QI
Al= rUFnT+DR*FOLD*FIoLO) *A4/FIoLD
A5..uFr)T*fa4/FIoLlJ
A?=-l)R* (FIOLO-FOLD)*AS
A3=a~*nFDToA5
ALPHA=FIOLU*DR
(iAM=~FVuFOLD+RIPoFIOLn
IF (OF.EQOO.0) GO TO 60
tlETsuQ+9fDT
BFTA=qFT/2,

IF (8FTA.LT.O.0) PRINT 90, BETAODFODR
IF, (META.LT.O.0) BETA=o.O
SQB=SCJDT(BETA)
s12H?=SqH+sQB
SQRT=SO~UOT
SQC=ALfYHA/SQH2
SQE.-GnM/SOB2
wfI=FNFw (SQ13TosCJE)
W7=UU*FNEW (SJBT$SQC)
M/.=rxpf-GAt4*uT-RETA*DT2)
*i5=nr*\14
81=5QPT*w7/sGBz
!42=(Mo-Mb.fiLpHA*Ml) /BFT .
M3s(ALoHA*M2~MI-M51 /BFT
P4=<UPT*W6/Sti&2
P5=(lo-GAFl*P$-M4)/8ET
Pl=(~4-t-41)/RFP
P?=fPo-P4+ALPHA@PI)/9ET
?s=(ALoHA*P2+P1-P5)/BFT
14F=AO*140*A1QM1 *A2*M2+A30M3
NIsA4*s,4+As*M5
tiRF=dF0(Ao*pu+Al*pl+A?~p2+A3*p3)
Rqy=KI@ (A40P4+A5*p5)
Go To no

~0 M4=FXP(-GA14*I]T)
MIxtM~-MO)/ALPHA
P4=(l.-M4)/GAM
P]=(P4-PO)/ALPHA
NF=Ao*Mo+~l*Ml

LARC1
LARcl
LARC1
LARC1
LARCl
LARC1
L&Rcl
LARcl

LAI?C1
l.nRcl
LARcl
LPRC1
LARC1
LApcl
LARC1
LARC1
LAucl

LARC1
LARC1
LARC1
LARC1
I.APC1
I.ARC1
[.ARcl
LARcl
I.ARC1
LARcl
LARcl

LARC1
LfiRCl
LARcl
LaRCl
LAPcl
LARC1

LARC1
LARcl
LARC”l
LARC1
LANcl
LAQcl
LARcl
LARC1
L@cl

LARC1
LARC1
LARC1
LAQC1
LARcl
LARC1
LARC1
LAGC1
LAPC1
LARC1
LAPC1
LARC1
LAPC1
LARC1
LAl?cl
LARC1
LARC1
LPRC1
LARC1
LARcl

125Q
1260
1261
1 26?
126?
1264
1265
1266
1267
lz(ifl
12(jQ
127(1
1271

127?
1273
J274
J275

1276
1277
127R
1279
1280
12R]
12R~
1287
1264
12Hfi
I?qb
1?87
1289
1 29Q
7290
1291
129?
1293
1294
1295
1296

1297
129R
129Q
13(3O

1301
130?
1303
1304
130%
1306
1307
130R
130Q
1310
1311
131?
1313
1314
]315
1316
1317
131!3
131Q
1 3?n
1321

.

.

.

.

112



“

●

.

.

Nl=44*vk
RRF=NF6(AO*PO*A1*P1)
l+RI=l+Ti!A40P4
GO TO RO

70 fJF=n.fl
NI=n*o
I??F=U.;
l+RI=u.n

rJO kE7iJRN
c

99 FoR14AT (* BETA NEGATIvE IN CALC. BETA s*cEl@.10* DF =*,F1o.3**
10Q =*!F1003S* BETA SFT TO ZERO*)

c

c

10

c
20

c
10

ENO
FUNCTInN FNEti (ZsD)
IF (u.I,T.O.0) GO TO 20
IF 1~.QT.D) GO TO 10
cASF 1 D.GT.O. D.GT.Z
FNEW=EYF (-Z*Z*2.*Z*D) *POERrC (D-Z)-PQERFC(n)
RsTIIRN
Casr ? D.GT.0, Z.GT.CI
FNFW=Z.*EXP (O*O)-P(IERFC (D)-EXP (-Z*z*2.*Z*n) *PQEnFC”( Z-D)
dFTitHN
cbs~ 3 D.LT,o. z.6T.o
IF (1~.tToZ) GO TO 30
FNEW=POERFL(-D) -EXP(-7*Z*2.*Zwl) *PQERFC (Z-D)
KFTIIRN

C4SF 4 D.LT.(). D.r3T.7
FNEti=-~.*kXP(G*D) ●POERFc(-0) +EXP(-2*2*2.4Z*O) *OncQFc (D-7!

f-A~c~
LAPCI
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARC1
LARcl
LA2cl

L&PCl
[.ARcl
LARC1
I..ARC1
LARc1
LARcl
LARC1
LARC1
LARC1
LARcl

LARC1
LARcl
LARcl
L ARC1
LARcl

LARC1
I..ARc1

Ri5TllKN.
END
FIJN~TTmN SPLLNE (TIME.qIN)

L~Rcl
L.APCI
LARC1

DIMFN<1ON I~U(6)* ~1111~)~ 22(113)s Z3(l13)g FX(?OO]13), F’f(20011? LARC1
1), CXY(209113) LARC1

DIMFNSTON TE(20$l13)s 7(20)s F(113) LARC1
0rMFNs70N Tl(ZOo), 72(poOI, T3(200), T4(700), +5(2~o), T6\?~il)o ?? LARC1

1(?00) LARC1
OINFI~STON T8(~OO)9 T9(?00), T10(200)9 T1l (200). ?1?(60) LARC1
DATA TI/14550,16~4.,IQ95.,?07s0 ,22360,Zqa70,?5”P6. ,~657. ,77a7.,296i lARC1

1.,3n16. *3126. t3?32.*3a33. ,3431 o*3525. *36I6.o367A. ,?630. .’16?60C14<A LAPC1
20,1 A910,1891. ,20700,??32. ,?380. ,25210 S2650..277%. .2R96. ,ani7.,319ij LARC1
3,, 3?25 .3323. ,3420. ,3S17..36IO. .36zo.~j6?7.,36~?.,i~~?. ,T6QaC,190fi LARC1
4,CZn65~*~2P7.!?3~Z., 2514. *?6400*z764. *ZRR7. *lo~n.* 3]lo..??l?.*3ll ? LARcl
50 S3&lo. ,35060Q3600.,361 2.,36?7.*3631.tlA<~.916Qs. ,iR8]..>n6o..2>e? LARcl
b .,2164 ,2507, ~2A300,.?7~2. ,?872. 0?987. sAIno.s~2i0.,1300 .,sa0a0,3407 LARC1
“/C,3K84=,3602,,361~,,35P9 ,, L44qo,16~?o, lR~7.,?O:?C ,>214,,27~7..24Q6 LARCI
8..~Azo~*2741. $2857. .2~670. qo7~.,318n.$ 3?US. !33n%. .7AR10.q<<7. .35Q3 LARC1
9.,3A16. ~3626.*1446., lA79. ,187?. ,2044.*2?n7. *?3qn. ,?~90.,P&lo.,27~n LARC1
s,,2Q50 *2~56, ,30b26,3167.,?271 ,,3.37].gJ464.V35~n.,?5R4 .,9614.,369? LARC1
$.,l~44~tlb760.1868., 2f136. ,?200. sd.340.s24R0. *?6n~.*p719..7q?7,,?9A% LARC1

3.,3050. ,315S.t3257c ,37<7, ,7446,,3534.93575. .a61?0,36200, 1A4>0,1 6?1 LARC1

s lR~? ,2G27. ,21U50,2a30..7470 .,2s90. 0~710. ,2B?<.,?935. ,Ii4n.,314~ LARC1
S:;33’+5:93343, .3431 ,,3517, ,?567.?3610. tJ6)7.!141jn. *1670. QIR%Q.s2fII~ LAQC1
S0,21~0 CS2315, ,?4bOo,?5R0 .,769qo,2fIl?. *Z9?5.9?Oa5 .,3] 350,757~o,3??Q LARC1
S,,3L15. ?3500,,3550., 3600.,3615.,14380*16670 s18c4. ,>009.,51%Q.,23n5 LdRCl
$,,2L500?25720 *2686,,2R00 ,,?9100,30200 t3120.0327n .,3315C,a4nnc,34q? LARC1
S.,3C37.,3590.~3612,/ I.ARC1

DATA T>/1436.,16b40.1950.s?oO0 .*?151. s22Q7. ,2445.,?564. ,?679..2706 LARC1

1.,2QO0. *3O1O.,311O.,3?O5. .~295. ,33~3.,3647.,a57n ..3580,,56nQo,14~6 LARC1
2., l~bl. ~1846. ,19~6.,2146. ,?29>.,2440.vL~~6,,?67n .,P7P4. ,7DQ4.,30ii~ l.ftPCl
3. t3100. *3192.s3?~I. ,3766. ,3450.$3%2?.*3<70 .*a606.J143?.sTA5FI.o l&l&l LARC1
4.eIQy?.e2141.v 2?~7.e2A33.9?54n .~?663. s277Q.O?Sqq ., ?Q90.,aoQ~.,317= I ARC1
5* *3965. 93350**3433. q3F15. s3560.s36030 ~14so.*16%<.*i836. *iQqq.*2126 LARC1
60 *22~2.*2425.9?540 c*2~550t?7700 F2880. 0dORO*t3071 .,71f120 ,a?~2.!331fI I.ARC1

132?
1323
1324
1325
1326
1327
132s
1 32q
1330
1331
1332
1333
1334
1335
1336
1337
1338
1 33Q
1340

1341
1342
1343
1344

1345
1346

1347
\34R
1349

1350
1351

135?
]353

1356
1355
1356

7357
135$3

1359
1360
1361

13f52
1363
]366
1365

1366
1367
1364
1360
1370

1371
137?
\373
1376

7375

1376
~377
1378
137Q
1380

!381
139?

j38q
1384

113



7<~3416:@3498, ,3557.,3~00. ,14280, 165~.,l~aP.,19R&C ,?130,,7777.,24YA LARC1
80 $2~31. c2646. s2760.02870. *z970.03060. J31=oos3240. s3320. *?4(jtj.034Ql LARC-1
9.~3F46. ~3586.*l~270 t1649. SIBZ7.019800 ?2]26.0227?. .?4080 .?6Zn,02Aa~ LARCl
s. sz740002850. 02960.03040. ,3120. s3220.c330q.*3360 .*?664..,a<?n. *357l LA~cl
S.*1A25. *1646, *1823.,1C175. 021??. ~2267. s2400.0?510. .2fY10. ,?71n0.29i6 LARC1

s.*29so.*3020~J31 oo. *32000*32580t3360 .t343~.~35io.*3557. *IA?I.t16A? LA~~l
$.91nlqOt19710S?l]Ra,2?~2. ,?39q.~250~.?260~.??7?no ozR30.$?Q?l.9301~ LARC1

s* 93n~8,*31870*3277 .,3340. ,740fI. ,3500.$3%47. ,1421, ,16400,TQ16.01Q&7 LARC1
S.,?1150,2257, ,?3M60,2493, ,?593. ,2710. ~2R20.,?9i?. ,3000.,qn77;,317~ LARC1
s0,32b60, 33~o.?~3M70, 3QRS..a5ZR.,l4l9.Sl6~6O *180qCS ~96?.,?II>.,2?<? LARC1
SO,??HO. ,2486. ,?Sb60,2700. ,28100029U3. S~9Q0.*3066 .,1162. .a7%q.o3?A6 LARC1
S,,3>t5.,3467,,J5~4,/ LARC1

DATfi Ta/1417c,16320,]R050,j95Po ,?1080s2?47. ,?37?.,?4R0 .,75Tq0,26Q~ LARC1
]. .?aUO. ,290@. ,?9&Ilo,3fIqs. ,?)50. ,3244. s37q?.,a3~2. ,1450..*q6n.,l4lq LARC1

2. .IA28.91~oo. c1953..21 04. .2241. c23b6. cd47?.t?57>. ,~6Pn.,a79n.024q0 LARC1
309~0{0. Q3044. t3137.*3?33. ,7285. !3350. $3433.*34R7. *14]3.916>k.017~7 LARC1
40 C1Q49.021C0.02236 .S2360. c2467.*2564 .J2A7100277Q. *>87R. t9~6n.030a7 L13RC1

5. *31~5.*3?22.*32~7 .,336R. .3417..347*14141 n,,16ao. ,1794..iQ45.,?o~% LARC1
b.,~?sla~2353.*2460., ?sq7.9>66?. ,z769.?dRA7. 9?9%~. ,ao2?.,ali?.t3?i I LARCI
70,37694,33360,36000,3LA?0 ,140R001616. ,A7910,1941 .,?0900,?7~<0,23~6 LARC1
8,,~454 ,2550. ,2652.,27qR., ?~5fi.~2q40.s3011.s31ti0 ,a20fIo,a>A?, ,3?s& LARC1
9. .3787~s34so. s1405.? 1~1~.,17nR.t1937.~2nR4 .e?2161e?340.*94hR.v2~~4 LARC1
S.q?f.&3. q2747.V?945.,2Q30 .,3000. ,306h. ~3]91.*?24&. ,731?,,?37?.,3497 LARC]
S0.14U2. ,1608. ,17@50,1Q730 ,?0790,2z110 ~<33ao)744?. ,>5370,>Aaa0,27a7 LARC1
S.,?RJ4. ,29?0,,2Q~3,, 3n75. ,?17?o,32~l oS.f300. .?34no,?4250, 14nnC,lA6& LARcl
s.,1781. ,19?8.,?nf4. ,2?06. ,?326.,?436.,d531 .,26?4 .,2726..7079. ,?91iI LAI?C1
So,2Q8b0 .30630.3143. .3?15. .~28s.03349. 034~p.t130110.1600. .T7~7.~1974 I.ARC1
S..?nb9. .22OO?320,,24q0,O, ,?5i~o*26150t~71~.*?~l~. ,?90p.,~Q7~a.3f!=ii LARC1
s.,31Z5. .32oOo~3267., 3333. ,34fIOo, 139fi.~l%OR. ,17710, jQ?00,?0%?o,21Qq LARC1
‘.02?15. s2425.s?515..261 0.,?710.Q2810.tzP8s.sp960. ,7034.,?lln.,31aq LARC1

.so,3>59”o,3317,*3390./ 1 ARC]
L)ATA T&/IS94.?1596.$17A9.S 19160*20b8.c21P6.?P31 no *2420.$?FhG.,26q% LAHCI

1.,27u5. ,2f405, ,2870.,2Q47. ,302?. ,3100. s31A7.s1237. ,?3000,=77G.,\3a> LARcl
i?,, l~y~ ~1765, *191?0,20~3.,2180 ..230501Z415 .,?5qnc,?Ao~ .,a7nno,2Rnfi LANC1
3. s?R55~ $29300*3010.,3085. ,3153. ,32Z?. f3?9n.,336n. ,~.790.,Tq~2.,17AI LARCI
4Q*lqUR.*2048.*?] 74. ~2300. s?410.?2~97. lZ5Q?O~26SQ.*~775. Q?a~nO~2q2~ LARC1
5.,3n00 ,30700,3] 40c,371] 0,3260 .033400 .1aPq.$l%Oq0,i757 .,T’lhAOo20~- LARC1
b.,2~67: t2290.*~40n. .2493. s?586. s267R.?27q?. o?8?h.~?900.~_QQa.,3n&6 LARC1
70,31280,32000 *324n0,332.0 .,1386. ,1588.*17sh.*19hn .,?03no,7i4n. ,22efi LARC1
6.,~q8b. ,2479.,2572., 26A7. .?74n. .2Rls2RR7R7. *?9~%0.3040.,al{n0,31 ~< LARCI
~.s3a2n.t3300.9]3~6.*lqR6. ,1750. *1895. ?207>.t?15a. *?270.?eaTa.,26&A lARC1
S.,?~boe,2655, ,2733.,?noo .,?873. ~294R.1Jr?6.q?l nn.,q15n0,2?6nc,37~~ L4RC1
S0,1352 p1584.t174~,, lnqO. ,?027.,2]47.~d?~o .9?3S9. ,?453,,?547.,26~4 LARC1
S09272P: t27890$2@60.9P930. s3000. Q3070*$3115. s?.lAQ. ,l?60.,;l@o.~l%Q? LARC1
S,, 174Z. ,18@5,0P02?, ,21400 ,72500,2345. ?244no,P53%0 ,?6330,?716.,277Q LARC1
S.,2R44. ,2909,V2Q75,, 3n~0. ,3080.P31J3.*3?40 .*137q0,i%Roo,T77R0, ]RQn LARC1
S..?n16.J2~34.$2~40,t232S ..p430. ,2~25.?Z6p?.~?7n< ..>769. taR7G.$2qn0 IARC1
s .,2q500 *3025,,20600,311 7.,3220. ,1376. #15T$7.,171F ., I~75,,?011.,i’1~7 (-Ai?cl

S,,??~O o,2325,S2420,,251 50,?61?.S2695.~Z76q.*?81A ..?8750,7nX0,301iIi LAPcl

$o,3n40.~3100.*3200./ ( ARcl
D4T8 Tq/1374.,15”/50,1731.,1870. ,2005. q21?fi. *22?%..~3]8. .76120.2%~6 LARC1

l.,?AOO. ,2673.C27360,2a00 ,,?n50. ,2900.~2q7?.,70?S .,qo79. ,nlQn.,137p LARC1
2., 1<13.s17?7,$1866. *?OOOcc 21100*2220.~Z31 0. *?400. .75oo.o?~75. *2Ai!h LARcl

3. ~2712.*2781.*2837 ,02890, .?94f,, .3000.$30<q. .114fi..i37]0.Yq71..179? LARC]
4* ~lnb2.*lQ92*$?10F .02?15c*?3050J?390 ●$2497092%FQ.,7629 ,,?7i00,27A? LARC1
5. *~a25. *287b.*?93?. *7QR5. *aot+3.*3]20. *la6Q.S156Q.*i7?~. .i9~n.~lQa6 l.fl~cl
6 .,71 u.~, ,2?10. ,?300e,2?n0. ,?475c$2%4R. .26no.o?67n .,P7klo,2q1aa,2nLA LARC~

7st2Q16.t297c.~30~ 6. *31 (10.t1367~tl’5b6 .t1716001~qL. ,1975. ,?n~ne,2?nG lARCI
B0,22t)o. .?.370.~?4b3. ,?<qft..?59~.s266n.s273o .~?8hn.*>a%o.c~qnn. ~?q%fi LARC1
9 .,inll. *30so. t1365.,1563. ,171?. *ln5n.*lQ67.,?oan .,??ono.?aan.,??~n LAQC1

SO~2G50.*~524*025U0 ,*Z~50.S?720,~27~5 .~~P-~70~?8qqo,~q4S. .?nin.,30Go LARC1
$.*]363.J1560.!170R ,Q1846.Q195t7.~2n70. f21n?.o??70.*p35Q. t~4aT.c?5f? LARC1
$, .~<73-,2640. ??710a.2770. ,?@~3. ,2877. v~93>.o?9nq. .?04n..7?Al..~Gq7 LARC1

1385
1386

1387

~388 .
1389
1390
j39]
1392 .
1393
]394

1396

1.396
1397

139R
1 39Q
1400
]401
140?
1401
]404
1405
1406
1407
140R
1409
]410
1411
141?
1413
J4~4
i415
1416
1417
]41R
141Q
142n
1421
14??
1423
1424
1425
14%6
1427
1428
142Q
1430
1431
143?
1433

1434
1435

1436 .
1437
743R
1439

1440 .

1441

1447
J443
1444

1446
1446

1447
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$0, ]70&.0184] .$1948C,20~6. ,?166. Q2260. s2qA0.o>4z5. .?50(I. ,>qk7.0261q LARC1

S.,.27U0 02755, ,2~Oe.,?~56.,?921 .,2970.~302n.~13~Q0,j554. ,T7~fi0,1qa5 [ARC]
s-., ]Q~9:,204Z. *21Q6.,2?50. ,?33n. ,2&l?.q<6RR.,755q .,?622eo?AQ10,?7~I LARC1
S.s2~Oo..2855.*?qloe~PO<5. ,3000. *135@. *lqqI.916Qq. ,1832..iql4.*20~A LARcl
S. *~Is@. ,2Z4G. ,Z32@. ,2400.f?67S. ?254Z. S26]I. *?6690,P7260 ,27Q6002RA? LARC1
S.,ZaO00,2945.S2980,/ LARC1

~ATt T4/13560,156R.,14qoo, 182R. .192Q0.<0po. ,~lqn. ,P?30.0?1100,23Q4 LARCI
1. oz’4b0. Q2525. *2600.,?6560 ,?713002767. *zP?Is*?87F. 0sQ2?.,?9An.clI=& LARC1
2., I<Q5. ,16850*IPZ40,1qZ4 .,20240,212rj. *Z?20.s?3h0 .,>367, .>&?40,251n LARC1

3. s?~d~.*2643.*?700 ..2750. ~?800.s2B50. *ZQnn.??9~no,135?0 ,i~67.,16nn LARC1
40QlqZ0. 9192(J.!?U?0 ,q2115. *?21r).~??83 .~z3=n. ~?4170,95050 .75T7.,2A~~ LARC1
5.,26M0. !2735..?7M0. ,2035. ,?880.,?920.+1?50 .,1570.,;67%..{q~6., 1917 LAPCI
6. .2nl%. ,211C. ,2~(]o0.??67. *?33q.*2koo.?2~oo.*?S6n. ,?620.,?AAn.,277@ IARC1
7.,27hOC,2[1200,Z8hOc,2Q00 ., 134q0,1536. ,167n.,181 ?. ;191%0.~fil A.,21ri= LAIYC]

~..?Iy@ .226G, ,2325, ,27q0.,?4650 ,25Jn. td<oo.,?660.,?690 ..57An0,28ni L.ARC1
9.*?Q401t288~.S]:i46,t ]%q3. ,1665. @1808.*19nF. *?no~.~?oa5.*?lQn.*2?~fi LARcl

$.,2a15. .238(I..74500 ,?%nO. ,75500,260n.tZ6%o .,?7nn0 o7750@,?Qnn0,2R~n LARC1
S0,1a440*153co.1660.. )Rpt}. .19Q%. ,lC)85.,2oPn .Sp17no .P?40..paIn.t2a70 LARC1
$.~24s0.*248C.~?5~(l ,,?%Q(). sP637,*?6H3. 92737.*77Q6.,?R40 ..i?69.,]%27 LAuC1
$. *lf155a, 180G.,lRM5c , lq70. ,?0550,?150.,d?30 .,p3n%0 O?36n0,?41n.,~4A0 LARC1
S. O?CIO. $256C. *?6?3.,?A67. *27]7. t2768.928?0.s136n .,i524.,i6&n.*17~1 LARC1
S. *lP75. *1960.~20450.?I 30. *7215. t?290.*d35n.t?4nn .,?4~n..P%nn.,?%&fl LARC1
$. .26100 .26500 S?7000,27%0. ,?80n.,133B.*lq?l.*16&~- ,17n40,~QR7.,19%p LhRCl
$.,pnS3. .2~16. ,2?OO0,p?62. .~34].,?~J37.,26~n.s?49no .?540..>6nn.,26&e I.ARC1
3,,2Gy0.,?74c.,?7~7./ L4RC1

DATA T7/13360,151B.,16&00,1 774. ,1858. ,194P.*?o?A~ ,?lltj.,yiRa.,2?~6 LfiRcl
1. *2qlP.92375. ?2430.,2480. *p530. s25HR. $26kn.*?6Rn. .?73fI. ,?77~.,Iq14 LARC1

~o?l%J5. *1635.*]7h5 ,, lRh9. ,1933, ,?016. ,2]nq.o?lA70 ,p?330,73fin0,?3A~ LARc]
3.,?I,Zq. ,Z470. ,PS~O.,2575. ,?b3n.02670. .<7?0.,p76>. ,i33?.,\<17.,1616 LARcl
40.17S~.,]R4~.*l~~4C.2nnR .,?~84. ,?lSn. *<?lk.,?2R4. *?350.,241n.024A~ LAfT’Cl
5. t251(,. t2%6509?A20. *zfiFo. .?Tlo.Qz750. t laq~.*15nQ.*i62’5.*i 7L%.91qq0 LARC1
;e*lQll *?ooG.??llb7 .,21?3.~?209.*??~7 .~d~37.Q??nn.$245n .*?56q.925ca LARCI

.,ZA1O *2b56. ~2700,.2777.,1 3?8..15o6.J16?o.*1I15 .,i~27.,lQlno,lQQ~ LARCI
6. v?I-Ib7: c2Lz3.$21y0. .2755. ,z300. .2375.v243R. *?~Qo.*>S5~.,>6nn.s?6/, i LbpCl
9 .,2~~3. ,2725. ,13260,1~n3. ,]61K. ,17z5, ~lP?~.,lQo=. ,19800,?067.,21!A L-ARC1
$.*21u0.~223~o*2?u50$ 2q550*P400. s24670*dK3qo ,P57=.Q?620.,76A7.,P71 ; LARC]
S,,17<40 ,1500..1610.. 17?00,1R200, 19000,1q70 ..?037. ,?10P0,>17n0,2?>6 LARC]
S.,27~0.,2332.,?3”/50,2&37 .,?50n. ,?5So.td~no.,?6~n .,?700.,i??~.,160~ lARC1
l’o,,~uqa*1715c91~lo. * ~Rqo.. (96o .J2030.?2100.*?I ~na.??~no.p>~n. 92~i0 L4RC1
So,2160C .2410,.Z4bCIo ,.%lO. ,?560. ,?fi10.,2&1~7. .13?n. ,1490.,i~nn..l7l n LARCI,
5. SlQUOo*]R80. s]955. .?~?5. s?09?.t?154. tZ?n%. *?2q<e.?3060 .77q6..2&iq L,ARC)
s .,2Lbo. ~2500.,%5So.,26no .,?67%. ,1318.~16R6., 1506.,170%,,17Qn..lR7fi LARC1
So, ~Q+50,~u20. ,2083., Z147. ,?200. ,22!jo.*Z3nq. 0?35>.,>&oo.,344fi.*~4q6 LARCI

S.,2~~?.+2579.vXi62./ LARC]
L)ATA T9/13)f],t147?.,l%qoo.l 7000,17fif10~lR6no,19a5. ,?0100,2C17%0,21A0 [.ARC1

10,21Y5. s?”245. ,?300..23430 0?3R7.02430. .’267,?51616. .>557.,>A=O.,1314 LARC1
2, tIA13. *15@4.Q16~Oo.1770 .,1850, t19Z5. ,2no@.c?O&7. .7133. .?1I?s.Q27I4 LARC1
3,,2d’3 ,23?~.v23f~., 24z0. ,?4610,?50?0 ,2543. ,?677 Q131?o,lL~Q.,lq7R LAQC1
4. .168cI~, l76(J..I84o. ,lg13. ,Ig88.,20Sa. ,dI 16. 9?16R~,?220. ,>3A7. ,2116 LARC1
5. .?~b2. ,2410.,24500,2489. ,?528. .2623. !AR1o.o14A>. .i57.?. .lA7n..l7c~ LARC1
6.~lR~n.~1901.*1975. *?940,*?loo.~2150 .t2?nn. t?250.9?30n .*9-Gn.t23nti LARC1
7 ..?&~5 ~2465. *2510e.261?.~1308 ..1457.q15&5.*16~0., 17400,j’~2n0,1Rn7 LARC1
&., ]057:s2026. $208?.o p~~4. $?ln4. !22J4.sz?P?. *?3?n..?365.~>/)~n.,24~~ I 8RC1
~.s2~”g.02~oo.01306 .*1452. *155Q.*l~4q .?i7qPo~181n.*lR7~. *~n/c0.Q2nll LARC1
S.,2n6s.,21170,plb7.,2Zl 7.,?267. ,2310. !Z35I.,73Q7. ,?430. ,76T7.,2%nii I.ARC1
S0!1704. $1446.s1S53 .~1638. ~1724.*lROn. *l~<n.*192q.*?OOO .,7niqo,21A6 LaRcl
$e,p15(l.92200.*p7500,230n .,23370,?374. ,24]60,?4<n . ,?5600, ian>o.14.ii LARC1
$. ~1<’t7.*16310*17 16.*1789.t184%.* lq16.*lQRo.Q?O?O .Q?Op?O!?la7.$?l Q+ LARcl
$,,2?33. ,2275.,%317, ,Z?60. ,?403,,?445,V256 n. .13nn. ,l435.,l~4l. ,1696 LARC1
$,, 17UR. ,177q0,1840,, lq08. ,19600,?015. s20(.%. ,2115. ,2]66. ,7>17.,2?<9 LARCl
S. $2300. S?350.!2393.SZ437 .$252~. t1296.s14?n.*1 515a, 1617.,17nn.,1760 LARCI
S. .lR~3. ,l9o0.,]q52.,?n Io. ,zo60.021070021q3. ,?2nn. ,7?44e,7?Qq.,23aG LARCl
%.,276?. ,2fb22.*25@o. / 1.ARC1

144R
1’449
14513
1451
145?
]453
1454
lfb55
1456
1457
1458
145Q
1460
1461
1462
1463
J464
J46q
1466
, {+67

7468
I 469
J470
1471
J47~
1473
\476
1475
1476
i477
1478
1479
1480
1481
140?

1483
~48b
1485
14R6
1487
1 48R
1489
149t3
1491
1492
1493
1494
1495
1496
f4~7
149)3
1499
i500
lsf)~
1502
1503
1504
;;::

1507
1508
1509
)Sln

115



DATA Tq/1292.b162&.,lg?8.,1609. 016~4.\17q9.,f8?50,189y .0TQ&a.,20As LARC1
1.,2n5S. *21000,2146.021 92. ,?23%. ~2P7R. ,23?l.,P364. ,9407. ,74Qfi.i12QQ LARC1
2., 1~.18. ,15200 ~16000,16R7. ,]751. *1816. ?lRR1.S19L74 ,%OOO. ,?OqOO,Z!OOa LARC1
30,~13Q. ,21840,2~270 ,2770. ,?31?. .2356. *24oo.,246o. ,i?R4..y4lS~,lql; LARCI
4,, ~<y6. *}6800t\744.0) R08.0187>0, 193A.~19Q0. *~Ot,?. ,?flR6. ,>\?Q.,2175 LARCl
s. 0??170s22~0. *2305. *2?48. *?387.0244fi0 tl?no,014i60 ,15050 ,i%Qao,16~6 LARC1
6 1737 ,1800. ,lf3b3. ,19?3.,1980. Q?026. ,dn7?. ,?l?n0,2170. 0?21?0,22=A l.Al?Cl
7:1zP9s: c2337. s2374.,?4?0. .]276.c140~.,l%~n.*159>. .1667..i7an.~l7Qa LARC1

‘0 *1954.*1910c*19b0 ..2015. ~?06%.Q2115. *ii16%. *?2n(?.,??40 .,77QiO*2391j LARC]
9*~2~600*2400.*l? 72. ~17q5.*1494.,15 7A.Sl~J60.~17??o.17R7 ..ln~%..l~o!i LARC1
$.QlQ~5.s?o10.*?ob n. 021100c?160.J219 00?2?3nos?27n.s?3 ]o.o>~4%.*23~(j !-ARC1
~o$l?~8. *1389.t148f-l .,1571 .,1654. *1716.t17~0 •,18&~.,in97.,i~&A.,2n~0 LARC1
$. t?q50. ,210(1.,?]400,21 PO, ,?22no$2~6~. ,d3~n.,?3qn .,?360. ,;9640,1306 LANC1
~.sILMz.*1565.*1647 .q1710. .I77Io*lfl37. *lnQn.*~q4~.cTqf17. *?I-117.0211QI LARC1

$,*21~00*2165.*2?l 00 .??47. *.?2fll.o?31S .~Z?4n.*12fin.,137Q. .T6T%..15<O LARC1
‘.01640.?1705.*] 766,*lR>50~~87q .~1927. slQ7%o!?o?0 .,?06?.c?I~h.*21 q; LARC1
Se,2?U0 o.22330,??670,21n0 .,?32n. Ql?s6.tla74.tl 4~Oa,1553.,i~la.*17fi0 LARC1

s., 1757. ,1805, ,18S70, 1910. ,19620,?01?. ,2067. ,z09?. ,2131.,71+Q. ,??l A LARC1
S.,7>47 t2Z74.,?300./ LARC1

04TA T~n/1.?52,s1368,s1463. ,1567 .*16?7. ~16$140,17A~o ,17Q50, lQeiiO$lO~ LflRcl
10. ,1~50. ,2000.,20330 ,?067, ,2112. ,?156.,??oO. ,222?,,22S4..>9Qq.*l Yi LARC1

Z8.*ljtt7.91457.t1541. ,~6~0.~1675.o173fi.*17R5. .lRqR..lR870.~Qq7,*lQR LARCI
300,>Oo~, ,~050,,21000 ,Z1300,21A00,21Q~0,?7?O, ,27An0, ]?440,Ta<7,,lA< l.ARcl

410, 1535.~1613.~1665. ,17170, 1769.*1821.S1R730 ,10>%. ,lQ6nool~Q50,?nq I.ARCI
bOO$pU6%. J2100.$2135e, ,?]70. .2P05. JP44o.*1?4O. *l?<i..l445..i<7~l&h&h LARCI

~7. *165a. ~17(19;s1760e tlR1l. .1862. *191?.~10460 ,loano,2015. .?n<%.~?nq LA!?C1
74. ,?l?PO ,2163.,21910 ,7??00, 12?60,13&6.,14a9C ,lqpa0,160n..f<~a0,17h I.ARC]
bo. *17sle SlRoo,*l~50. *lqoo. ,1933. S1967.,2pn0. ,20&i .,20RR..?I?l0*?1 ~ LARC1
~5.*?177.*2200.~1232. !1740. .]432.*l5l~.,l%R ~..166?.,16QA,.;7470 s176 LARCI
s%. 91 M3A.*1876.*19n9”. *]942. ,1975.,20220~?n60 .,21 nne,?12R.021570*21 ~ LAt7C]
$3. ,122R. $1334.s1425. ~lsll. .ls75. *l6A7..IAQO. .17?a. *177fi.oIR1%.*in% LARcl
$3, ,18RFo,1917,,1950 ..2n~oe $20n3ef~066e,?l 000$217~o,z166.e17>6 ..I’Y? LARC1
%8 ., 14]q.,15050,1562c ,1615.,1667,,1700, *1.740. ,17qii.,lR?5.. lq~n.$lmri LARcl
S00.19?~. *1970.$2000. *?n44. .2o75.*?l2?.*?l ‘+0. *12>n.*132?..l4ll .91co LARcl
So, ,155ti0, 16000Slb330 ,1667, ,17no.*1760,,l 7a00,1Q7Ao, 18~oG,i~on .~lo4 LARC1
$o.,l~~nO?2n22,*20500,?l 110,2134c *121~O?1317., 14n4C,14750 .15?7,~l%R LARC1
SO. ,lb2n. *1663.*lb95i !1730. 01770. ,]81O.*1R49. tlRR9. ,19?6..l96O.*?n~ LARcl

suo,2u2s.,2100.~?116./ L4RC1
DATA T11/lz12,,1311,,1400.,1450 .,15000, 1C%0.,16n%0,1660 .,lAQno.]T? LARcl

10. ,It6~0,1800, ,lti380 ,~R760, 19~30,1y400,~Q780 ,2finn0,2050C,71 Ai0,~9n LfiPCl

2B.OljOAat13~JO*1400.* 16810. ]54o.*15R7.!1A35. ?167>. *]71o.:I7A%.oI+9 LARC1
31. tl”l<.sl~50.*1900 .~19?0. ,1955. ~1990,*?n?5. ,2nQn. .l?rlnooi’?tjno~l ati LAQC1
A7. s139q. *]463.*ls70. $1%65. .161o.*16%5.s 17no.*177i.*]76?..~ 7~4.*lQ? LApCl
550,1 B670,19000,19330, lq67. ,20no;,2UAOoOllR9 ,,l>q10,133%o,l?qn0.~4& LARcl

650, 1bCn0315500,1boo0 ,lfi370316~50, ]7100$174S, ,17Snoo]R100 clQ4?.o]QR LARC]
/0..1y14.01950.919~3. .?040. .l170. tl268..I ??l.01a74. ,14?7.;16Rn. CIFa LARC1

80. ,15$16. ?1600. s1650. ,1700. .17~3. ,1767.$l7Q4. .lq7i. ,1860..~Oin.*l0q LARC1
$’3.91Y670,20?00, 1167.,)?51. .I3oO. *135000 ]6100,16AP. ,1510..1F6n091=7 LdRCl
%50, ,62q0,1666,017000 ,1733. ,17A7. ,1800.91P330 ,lqA70, 19000.10~OOtl OCi LARC1

S00,11%6. .1234.,12800 ,1335, ,13930 .14400,~6q00 ,lG&~.015S~0,i&~q0,16q LANC1
$2. ,16670017L10. $17330 ,1767.,18000,1833.,1867. ,lQn~e,lq4fi.Cll&50,1~l LARC1
S7.,lZ~~.*]3180S1375, ,14200 .14~0. ,1520.!lC,R5. *lq650,]59R..i6q30,1A6 I,ARC]
$b .,1706. s1733. *1765.s1775. .1833. ,lg65.*lRq5.,11 ?4,,llqo0,1?&~.~\*i I.ARC1
SOe,1j5i0. 1400.~1430.* 146s. ,1500 .,1530.,1FA5. .160ri..163?..166*17i7i LARC1

$0. *173nO*1765e *18000 Q1R300, 18500,11?3.$11 700, 1?7i@,l?7no.i?aio ~la% LARCI
~5. ?139fi. *]424.*14S8.! 14~2..l52O.*lb5O.9lq8O. *l&n7. ,~635..i66%.*lAq LARC1
S2.9172n.s1750.*lt!O0./ LARC1

bATII T1//lIlU.,l1400,1pOO. ,1240. ,]2f30.,Iq?0.01 a~n.,13afi..T4160,14~ LARC1

lo. QI*7~. *15G0.*]5?5.tI 550. ,1s75. *160(J,*1625.c 16qq. .l67%..l7?91n%n% lA~Cl
2oo, ll)fi. sll~Oo.1190C )1770. ,1245. *12700?11000 .l?2=0,135nc.i~q0091AT LARC1
30. ,143<. ,]455. ,1490, ,l%?O. ,1545.,157n.,1 600. .16an. ,]Ooo.~~n<o. ,107 LARC1
45. ,llOfiO, 11250J11500.1 ]750,12000 .]225,~l?qOe ,l?7q0, ]3@00,ja2=oOIaq LARC]

50. ,TJ7q. ,16G0,~1425, ,1450.,1475091500./ LARC]

1511

151?
y513

1514
1515
1516

1517
1518
151q

1520
1521
152?

1523
1524
1525

1526
1527

15?8
1529
1530
1531

153?
1533

1534
1535
1536

1537

1538
1539
7540

1541
1542
1543
7544
1545
1546

] 547
1!54R
1549
155~

15’51
1552

1555
1556
1557
155R
155Q
156n
1561
156?
1563

1564
1565
1566
1567
156f!
1569
15713
1571
15?2
]573

.

.

.

.
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EQUtvAIENCE (Tl(l),TEtl*l)!o (T211)’.TE(I111))o t~3}l)*TF’(T;71)\. ‘I LAPC1

lT4(I),+E(lt31))t (T5(l)*TEfl.41)), (T6(I)OTEf1;5~); . (T7’fT~OTE(l;fi LARC1
21)), (T8(1)*TE(1$71))0 (T9(l)sTE(l!81))~ (TIo(l) .TF(1s91”)”). (TII(I LARC1
3),7F(10101))9 (T12(1).TE(l, ill)) LARC]

00 10 11=1,10 LARcl
UO 10 T=2~19 LARC]
Do lU J=2*11Z LARC)
TE(I$J! =o.25*(TE(I-I~J) +TE(I+I $J)+TE(I*J+l)*TE (T,.J-1)) LARC1

10 CONYINlfE LaRcl
CALI An~ (1) LARcl
kRIlt (12*60) (Jo (TE(IoJ)oI=1 s20)cJ=l~l13) LARcl
CALI AnV (1) LARCI
Do ?0 T=l,ZLI

?O T(x)=r
LARcl
LARCl

DR=I./7I2 LAf?c]
UO ~u 1=1$113 LAPC1

30 F(I)=(T-l)Q[)B L*Rc~

IRO(1)=3
IRC)(2)=3

LARC1

180{3)=3
LARC1

Iao(4)=.3

LaRcl

I_ARCl
IR13(5)=1
If3[)(b)=l

LA~cl
LARcl

FXY(l,])=O.O LAUcl
FxY(1,113)=0.O LARC1
FxY(~o.1)=0.O LARC1
FxY(20.113)=000 L ARCI
00 Lo T=102O LARCI
FX(7!]) =(TE(I*2)-TE(IO1 ))/rltl LARCI
FX(T*!i3) =(TE(I*l13)-TE (1*112))/Df3 LARC1

40 CCNTINIIE
00 ~u 7=1,113

LARCI
LfiRcl

FY(ISI) =TE(201)-TE(lS T) L ARC1
FY(?U!T )=TE(20$I)-TE(19 ~1)

50 cONTIhi!lF.
LARC1
LARcl

CALI- spL2~l (l13sF$20.loTF.FxsFy*Fxy*20. IqDQ?l.72.73) LARcl
RETI.IKN
ENTDy qPL

LAQC1
LARC1

SPL=SPL202 (ElINtTIMEs I130F*POJTOTE*FX.FYOFXy*?O.O f)) LARC1
RET!JHN LBRC1

c LARC1
($0 FORMAT (/]xs13$20F600)

END
LARC1
LARC]

i-574
1575
15?6
;577
1578
157’4
1580
1581
15R?
1583
I !584
1585
1586
1587
Isl?fl
158q
1590
1591
15Q?
1593
1594
]595
1596

!?
1.97
~ 9f+

159~
160n
1601

1602
1603

1604
]601j
1606
1607

160fI
1609

1610
1611
161%

1613
1614
161%
1616

COPYSF .ENo OF FILE
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iWNCTIilii EiVi2 (2> C33SR

D1ilEiiSIEIN a(3>, B(?>, C<S>, D(6>, E(4> c335a

DaTFi(a(X>sI=l?a>/aa3. 473?426034?5, lS4?.67?31240372t c33sa

C1347.1?41340?73 ?P723. 04000277”/S2?,2S5.5004? 46?4?5ac c335a

iX?.240010112? 141Pa.376S3102141?70S. S64 1a?SS?442610/ z335.a

DaTR<B(l>, I=l~?)z3a3. 47a?42&034??,2S-16.S7aW330?7S~

c3337.221363?a226,2606..712ols26si I~1333.s6227s672969

C460.2a51236?1601 J105.30025-13?76aa~14.a-170122375234J1.0/

DaTa(C(l)pI~lpS)/1.6327161351262a,2. 3S36i)1432a35&7p

c3.a31asao4?443?2J .a2sls7ia2255s06.,.56413?5a3s47?36N

DaTa(n(I) ;I=lJ6)/1.2?31487303a422, S.020a02104a6?a?;

c4.?64?6300a26aoaJ 5.a7332a464.2704391.5a66247?4?46?7, I.oz

DaTa(E(x) JI=i~4) ~-.59.75$–l.a7sJ l.772453a50?oss16z

Ewe ‘= 0.0

IF (Z .GE. 26.) i?ETiJi=ti

IF ( Z.GE. 0.5) iXlTil1

Ewe = 1.0 - :W(.z)

ZETW?il

1 Ewc = Ex?<-z+z>

GilTEl 6

EiYTi?Y ?i2E2FC

IF <Z .GE. 0.5) 60 la 7

ERFC = Ex?(z+z) ● (1.0 - Ziw(z>)

i?Hw?ti

7 Ei?Fc= 1.0

6 IF (Z .GE. 100.) m Ta 3

xi=(2 .GiI. a.o~ GilTil2

?=(a(i>+z+(a <2)+z*<a(3>+z+ cac4~+z+<acib +z+<aw+z+ (a<7)+zea(a)))>>

C>>)z (B(1>+2+ (B(2)+20 (B(3)+20 (1?(4j+2+ (B(S)+2+ (B(6>+ZO (B(7>+2+ (B<a)+

czoBc?)))))>)))

GClla 4

2 ?=<C(l> +Z+(C(2) +Z*(C(3>+Z*<C (4>+Z+C<S)>)>>Z

c333a

c33sa

c333a

c333a

c33sa

c335a

c33sa

C33SR

c33sa

c33sa

c33sa

c33sa

c33sa

c33sa

c33sa

z33sa

c333a

c335a

c33sa

c33sa

c335a

c335a

c335a

c333a

c33sa

c33sa

c33sa

c335a

c33sa

c335a

c33sa

c33sa

c33sa

c333a
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APPENDIX D

PLOTS

.

●

.

.

PPoGRAM PLoTS [INP*oUT,FILMir 5ET12=F1LM) P!-07S
OIMFNSTON X(14)* TEMPF(14) PLOTS
DIMFNSTON HIN(101)s TIME(101)* TPLOT(1OI)* T!.!(lfi l). TA(I;l’) PLOTS
cOMMUN /SPEC/ TEMpF,X PLOTS
COM!JuN /SPECM/ N2*TTf?9) !T~~XF(29) P~oTs
COMMUN /SPECA/ F.13TT3(29) sTAvEF(29j PLOTS

c IN TAVF09 Ts IS LALLEn TT TN THIS COMMON STATEMENT PLOTS
COf4MUN /CJEC7/ lXLSIXR, IYTo IyRJXHN;XMx?YMX sYf~N PL,(ITS
COMvuN lCJE@8/ XMIN,XMAX* TNTV4LX*KxvYMAN,YMAY* iNTVALY*Kv P(-OTS
COt!~GN /TMOCIEL/ M~DFL PLOTS
COM~4uN /LJNEW/ IXSAVE41YsAVES IX2,1y2 PLOTS
lYcliA~=?7 Ol,nTS
Z=TFMfJO.(0.0) PLoTS
l#ToT=161 PLoTS
Oq=I,/(NTOT-l) pLnTS
UT=Pu./(hTOl-]} p~fiTs
00 IU T=l~hTOT pl 01S
H!PJ(I)=(I-1)*D8 P[.OTS
TIMF(I)=(I-I)*DT Pi f)Ts
TPLnT(T )=TEMP(BIN(I)) PLOTS

10 CONTINllE
PRINT LO

PLOTS
PI-OTs

PRINT <o, (I,BINI I),TPLOT (T),T=19NTOT) PI,OTS
CALI. PLOPB (BIN?TpLoT.NTOT?ltO*NCHAQ*O. .R. s7. *36uTpMPERATljQc-VS. e PLoTs

I(IRE VOli)ME FRACTION,36*20HCORF VOLUME ~QACTION.?@.?3HTEMOFOATllRF ‘f PI.OTS
2DEGl>kE< K) *?39f100*2.2) PL OTS

CAL! P!,OPH (X9TEMPF? 14*1$-l J-lffX*Oo sfi.07. tO*O$OOf)*OcO~O *o.?.?) PI (“)TS
CALI. AnV (1) P! f)TS
Do qu MOOEL=I?3
Z=TMAXI?(O.O)

PLOTS
pI.OTS

T=TAvFn;O.0) PI OTS
DO ?0 r=l,NTOT PLOTS
TM (T)=TPAX(TIME (I)) PLOTS
TA(T)=;AVL (TIME(I)) PLOTS

?0 CON71NIIE
PRINT AO, MoDEL

PLOT:
PLOTS

PRrNT TO, (I !TIME(I) *TM(I) .TA(I) 91=I$NTOT) PI-OTS
X+41N=(l. PLnTs
)(MAv=2n. PLflTS
INTVALY=lO PI. 01s
Nx,=n PLf)Ts
yMIt.l=]fiflO. PLOTS
YMAY=~Roo, PLOTS
1NTvALY=7 P[-OTS
hy=n PLOTS
CALI PLOPB (TIMEsTM,NToTs10091RMs-2. *B. .8. !3lH~FMpFRATUQF vq. TTMF pLOTs

1 4F1LR LOFC,31012HTIMF (HollRs) *-12~23HTFMPERATllc?F (DEGPFFR K!s23’.6 PIOTs
2909?*?)

CALI PLOPR (TTOTMAXF*N2S1*-1*-lRX qO,oE1.,R.*OoOtO*OsO sO*0,0Q7C?)
CALI PIOPB (TIME~TA,NToT$l .0,-lWA t-2. 08. .R.9o9o.fi9-l2* 000*0.002s9)
CALI. PLOP17 (T3tTAVEFQN~, l,-1*-lRX *o. ,8. ,8.00,n*o,o,o,o* e.o.?r?)
CALI cf@lVf?T (9.0,TX$XMN$XMX*IXL, IXR)
IF tMOnFL.EQ.1) CALL cnNvPT (3Z00. ~IY*yMN.yMY91vn, IYT )
IF (MonEL.NE.1) CALL CONVRT (3050. 91YsYMN*YMxsIYc19 TYT)
CALI. DLCH (Txt IY?4s&H7~Ax.1)
CALI CnNVRT (12.,IxtXMAi,X}lY*IXLtIXl/)
IF (MOnEL.E(~.1) CALL rfiNvPT (27%0. ~lYsYMN,YMYrTvQ. TYT)
IF f~OnF:LoNEol) CALL rONVR.T (?6u0. !IY!yMh10y~4Y9!Vn, IYT)
CALI OICH (IX* IY*4.4HTAVE,1)
IF (mOnEL.EQ.l) CALL nl.cli (10(), 1000*9?9HSnKS DaTn,?)
IF (MnnEL.EO.2) CALL nLcH flOo*lOOO$ ll*llHCOuCnN n4TA$?)

IF (MonEL.EO.3) CALL nLCli (100s1000*q!9HAYER OATA,?)

PLOTS
PLOTS
PI.OTS
PI OTS
PI OTS
PLOTS
pLOTs
Pt.oTs
PI C)TS
PI-(ITS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS

2
3
4

5
6
7

1;
11
12
13
14
l’i
16
17
18
IQ
?0
21
22

3n
31
3?
33
34
35
36
37
3R
3a
40
41
4?
43
44
45
4($
47
48
49
50
51
5?
53
54
55
54
!57
~q
5Q
60
61
6?
63

119



CAL I AnV (1) P~oTs
30 CONY INItE

C4LI PI,074
PI. OTS

CAI_I Pl, OTl
Pff)TS

CALL PLOT2
pL07s
pLo Ts

CAL I PIOT3 PL OTS
CAL I EXIT PI OTS

c
40 FORMAT (5X~]HI ~7X~3HflTNl*3X. 16HTEMP HIGHEP THAN/)

Pl,OTS
P1-OTS

50 FORMAT (1X! 15*5X9F5.2.%~SFIO.?) PLOTS
60 FT)R)4AT (///5X*lHIt9X,4HTINF~l lx,4HTMhx0] ]X94HTAvF,iox,6HMnnFLx9 TI/ PLOTs

1) PI OTS
70 FORMAT (lx* ]5*5x*F8.?,2F15.2) 01 OTS

kNP
SU[{nOU;INE PLOT]

PLOTS
P1 nTS

OIM~NST(JN FEJ(131)9 FIR(131)* F2}I(131)* F3R(131), F4B(131”), ;T(13T’) pLOTS
1, FT(]31)* FlT(131)s F?T(131), F3T(131)c F4T(1?1)

OIMFNSTON TIjLE(S)
PI,OTS

LOGTcAl LAGE~uISO
PI OTS

cOM?!uN /F/ F1,F29F3,F&
COt~dUN /LA/ LAGE, AGE,MFLJEL .ISO,PIS(J
CO14*\uN /LJ/JE~/ IXSAVE, TYS4VE*TX2*IY2
COMMuN /CJE07/ IXL~IXRJ IYTQIYPSXPN*XMX*YMx*YMN
COMMON /CJECItJ/ XMIN,XMAX~ TNTVALX*KX,YMINOYMAX Q~N+VALYtKY

c I~41TlAl IZE PLLJTs
FJCH4N=27

c INI1lAI 17E SPLINE
Z=FUACIiO(U,O)
NN=l 31
LAG~=.T.
AGE=4.n
lJ~ 110 MFUEL=1,2

PRINT f~O
PRINr iSO, NFuEL,AGE,LAGE
IOPT=l
DO \“. T=l,NN
T=l IOO.+(}$-l)O1OO
F9(T)=FNACB(T)
FIB(I)=F1
F?H(I)=F2
F3B(I)=F3
F48(I)=F4
lT(T)=T
FT(T)=FRAcT(T)
FIT(l)=FI
F7Tfl)=F2
F3T(1)=F3
F4T11)=F4

10 CPNTINllE

%~lAY=?LflO,
INTVALY=6
Kx=n
YNIhl=o.o
YMAv=l.(l
ItJTvALy=lo
KYX1

Pi fITS
PI OTS
PI 01S
PLOTS
pL IITS
P1-oTS

PLOTS
PLOTS
PLOTS
PLOTS
P!, OTS
Pl,,OTS
PI-OTS
PI-OTS
PLoTS
PI,.OTS
PLOTS
PLOTS
PI OTS
PI oTS
PLoTS
P( oTs
PLOTS
PI oTS
PI,OTS
PI OTS
PI,OTS
P[.nTS
P[.OTS
PLOTS
PI.OTS
PLoTS
P[ OTS

PI 01S
P[-OTS
PLOTS
PI,OTS
PLOTS
PI,OTS
PLOTS
o! OTS

CAL[ PLOP8 (TTsFlf3~NNsl,0s$JCHAR.O .97. 98. 009fi,23H?EqPFRAT,lRF tDEGOF PLoTS
lLS K),-23.28HFRACTION OF FAILFO PARTICLFS,28.O.O.?.?)

CAL(. P[OP8 (TT!F2BsNN, ]?09-NcHAR9 90 c70tR. *090S0,-?3!0?0 *OOII,??2)
PLOTS

cALI PLOpB (TTJF3R~NN* 100!-NCHARsO 0,7. sR,,OsOoOO-?3!0s0 !OOOO?*2)
PI 07s
PI OTs

64
65
66
67
68
69
?fl
7J
7?
73
74
75
76
77
7n
79
80
81
0?
83
84
85
86
87
8R
89
90
91
9?
93
94

:2
97
9R
9Q

100
101
If)?

103
104
lo~
106
107
10R
109
110

111
112
113
114
11%

116
117

118
110

120
121
12?
123

1?4
125

126

.

●

.
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CALI PI@PB;( TT~F4B,NN,I, 0,-NCHAR* 0.,7. JR0,0JOVOC-?3SOQ 0,0.0.9!2)
IF (MFtlFL.FQ.1) CALL nLCH (25n~5,24,i!4HFT. ST. VOATN FIJFi’ unnFL,p\
IF (F!F1!EL.EO.2) CALL nLCH (250~S!?4Q?4HLATEST RASSAR FLIFI unnFL,7)
IF (MFIIEL.NF.1) GO TO 70
CALI cnNVRT (14R0. ,IX,XMN,XMX, IXL,IXR)
CAL[ cnNvRT (0.6,TY,YMN,YMX ~IYH*IYT )
CAL[ n[CH (IX !IYtJ~ltlt,”*l)
CALL CnNVRT (1500 ..1X,XMN9XMX9IXL! IxR)
CALI DLcH (Ix*IY~l,lHa,l)
CALL CONVRT (16Q0. ,lX.XMN!XMX?IXLS IXR)
CAL( DI-CH (IX*IY*]s]H?,l)
CALI cONVRl 1181 @., TX,XMN9XMXJIXL* IxR)
CALI nlCH (IxtIY,l*lt{l,l)
Llfl 1~ ,10

20 CALL cfINVRT (2I o., Ix,xMtJJXMX,IXL,IXR)
echLL CONVR1 (.0 sIY,YMM*YMXtIYEi! IYT)

LAL[ ITI,CH (Ix,IY*lsIHI,l)
CALI cnNVRT (20600, 1X,Xt-tN~XMX.IxL* IXR)
CALI OLCH (IX,IY!l?lH?,I)
CALL CnNVRT (2n00. ,Tx,xMN9x!4xJIXL, IXRI
CALI CnNVRT (.O&, IY,YMN,yMY ~IYB,IYT)
CAL[ nl.CH (IX,IYtI*IH7,1)
CALI C’qNVRT (lHIIO. ,TX, XMN,XMX,IXLJIXR)
CALI cfiNVRT (.ls, IY,YMN*YMY $IY13,1YT)
CAL1. DICH (IX,IYJlslH4Sll

30 CONTINIIF
LNCnuF (43* 150*T1TI.E) MFIIEL*AGE9LAGE
CALI D(CH (1OO,1OO5,43.T1TI.E,1)

c4LI APv (1)
PQIF.!l i40
P!JTN1 ‘lHO* MFUEL*AGE$l.AGE
F’RINT i60
PRI!iT 7709 (I *TTII),FIT(I).F2T( T),F3T(I );F4T(I\,FT( 1)*1=~.w)
CALl PLOpR (TT*FIT9NNc 1$o$NCHAR$ 0. *7. 98. *o*o*23u+cMPERAT!IRF il)EGeF

lES K) *-?3928HFPACTION OF FAILFLI pAKTICLFc.2R.O*O,?.2)
CALt FIOpR (TT~F2T$NN. ]CO9-NCFIAR ,o..7.~n0.09n*o~-7?* 090,n,I).792)
CALI PI(IPB (TT*F3T,FJN. 1,0,-NCHA!+ ,0. ,7. ,9..0,090,=23$0 ,o,n.n.>c2)
CALI PI-(IP8 (TT*F4TsNN, l,0*-NcHAR9 0. .7. !R.so*O9Ot-?39O ?0.0,0.7.2)
IF (“F!WL,ECI.l) CALL m.cH [250,S,?49Z4HFT, ST. Vo47tJ FIIF! UOnFL,sj
IF (MF1!FL.EQ02) CALI. nLCt{ (2sn,5,?4,24HLATEST G4<$AR FUFl unnEL,7j
JF (MF,!t”LONE.l) GO T@ 40
CALI cnN’JRT (1480 .91X,XMN9XMX,IXL ,IXR)
CPLI cnNvRT (1).6! IY.YMfil!Y~lX! IYb,IYT )
CALI DI.CH (JX,IY,l,lH&,l)
CALI cnNVRT (15110. *IX,XMN,XMX~IXL9 IxR,)
CALI CV.CH (IX,IY,1!1H7,11
ChLl CnNVRT (169iJ. ,IX, XMNSXMX,XXL91XP)
CALI PICII (IX*IY*l*lH?,I)
CALI cnNvRT (1810.*IX,Xl~lJ*XMXqIxL~ IxR)
CALI CLCH (IX!IY*l!lHI~l)
60 To =0

40 CALI. cnWJRT () ’?70. ?IX,XMN9XMX91XL9 IXR)
CALI cnNVRT (.OS*IY,YMNSYMX* IYLi91YT)
CALL
cAL1.
CALI
CALI
cb~l
CAL!
C.AL!
CALI
cAL[
CALI

DLCH (lA,IY,l.IHI,l)
cnrJvRT (19300 cIX.XMN,xMX,IXL, IXR )
cnNVPT (.oFI*~Y,YMN*YVX !IYEj,;YT )
DICH (Ix91Y,191H2.1)
CnNvRT (1900:. ,IX,XMN,XNX,IXLQ I%R)
coNVRT (.09, lY,YK!N.YNX SIYB91YT )
01C}4 (IX,IY$l~l}i?.1)
cnt~VRT (lU70:9TXOXMf/?XMXqIXL, IXR)
cnNVRT (0. lsIY,YMN$yMX ~IYb,IYT )
DI.CH (Jx91Y91,1H4,11

PLOTS
PLOT-S

PLOTS
PLOTS
PLOTS
pLoTs
PLOTS
PLOTS
PIOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTs
PI nls
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
P~OTs
Pl,fITS
PI,OTS
PIOTS
PLoTS
PLOTS
PLOTS
PI nTs
PI OTS
Pl,OTS
PLOTS
PLOTS
PL13Ts
O( OTS
P1oTS
PLOTS
Pi,OTS
PLOTS
PLOTS
PLOTS
PI-nTs
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P(-oTS
P[-c)TS
PLOTS
PI oTs
PI OTS
PI.(ITS
PI r)Ts
PLOTS
PI (3TS
PLOTS
PIOTS
PLOTS
PLOTS
PI OTS
pLoTs

127
128
129
130
131
13?
131
13.4
135
136
137
13R
139
140
141
14?
143
144
145
146
147
16R
14Q
150
151
15?

155
156
157
15R
159
16n
161
16?
163
16&

165
166
167

168
16Q
170
171
17?
173
174
175
176
177

17R
170
lf3~
lFll

18?
187
]R4
185
186
187
19R
189



50 CONYI~ilE Pi, OTS
ENCnUE (43?180*TITLE) MFuEL,AGEJLAGE PLOTS
CALI i31.CH (1OOO1OO5.4?.TITLE.1) PLOTS
CALI Anv (1) P[.OTS
FL1141T=l.0E-3 PLOTs
D(I AU T=1oNN PLfJTS
JF (Fin(I).EQ.O.0) FIR(I)=FLIMIT PLOTS
IF (~2n(I).FQ.o..O) FpR(I)=FLIMIT PLOTS
lF (F3Q(1).FQ.O.0) F3R(I)=FLIMIT PLOTS
IF f~4n(I),FQ.o.0) F4R(I)=FLTMIT PLOTS
IF (FB(I).EQ.o.0) FFi(T)=FLIMIT PLOTS
IF (~lT(I).F,Q.O.0) FIT(I)=FLIMIT
IF IF?T(I).Ec.o.@) F2T(I)=FL1MIT

PLOTS
PLCITS

IF (f3T(I).EQ.o.0) F3T(I)=FLIMIT P~ OTS
IF (~4;(11.E13.O.0) F4T(I)=FLIMIT PLf)Ts
IF (~T(I).FCI.O.0) FT(T)=FLTMIT PLOTS

60 CONTINtIE P1.ols
YMIN=-q. P1.f)TS
yvAx=o.o PLOTS
INTvALY=3 P1-OTS
KY=~
CAL[ pI.~pR (TT*FIB?NN,-l ~O,NCtiAR,O .,7esa. tO$OC2?UTFMPERA~llQF (DEnp ~~~~~~

lEES K),-23928HFI?ACTION of FAI1.EIJ PAPTICLFs92Qrn.fiQ??2) PLOTS
CALI PI-OPR (TT,F213,NN ,-1900-NCHAR90. *7.OR.*0*0* 1)*-23*o,ooo*o*?92\ P1-OTS
CALL PLL)PR (TT9F313*NN,-1 *0,-NCHAR~O .*7. On.90,0t0.-23sO*O ,o*n*2t?”! pLnTs
cALl pL0P8 (TT*F4R9NN,-l sO,-NCHAR ,0. 070,R, s090.n.-?3*O 00t0!fI*?Q?\ pl OTS
IF (NFIIEL.EQ.1) CALL D!-C}I (250!5,24*?4HFT. ST. VOATN F[JFi vnnFL,7\ P1.OTS
IF f“FllEL.EQ.2) CALL nLcH (250 s5s24.24HLATEST GARSAR FllFl UnnFL,~) PLOTS
IF (PFllEL.NEol) 60 TO 70 PLOTS
CALL cqNvRT (1420. ,IX,XMN,XMX,IXL, IXR) PLOTS
CALI CONVRT 1-.4, lY*YMN*YMX? IYB!IYT) PI OTS
CALL mCH (IX*IYtlslH4,1) PI.OTS
c4Ll cnNVRT (1530:,Ix .xMNsxMx*IXLS Ixp) PLOTS
CALI nLCH (IX~IY,l,lHl,l) PLOTS
CALL cnNVRT (16400, 1X, XMN,XMX,IXL,XXp) PI.OTS
CAL1 D1.CH (IA$IY,lJIH?*l) PI OTS
C4L( CnNVRT {1760. 91x,xMNsxMxsIXLt IXR) PLOTS
CALI 13LCH (IXSIY,l!IHI.1)
GO 10 RO

PI,OTS
PLOTS

70 CALL CnNVRT (1740. QTX*XMN*XMX~:XL; IXR) P[.OTS
CALI- CONVRT (-1 .8,1Y,YMNSYMX.TYB,IYTI PLOTS
CALI III,CH (Ix*Iy!l~lH&*l) PI OTS
CALL CONVRT (18000 ?IX,XMN,XMX$ IXL!IXR) PLOTS
CAL.[ CnNVR.T (-Z’.O* IY*VMN$YMX~IYB, IYT) PLOTS
CALI 01.CH (IxsIYololH?,l) PLOTS
CALL CnNVRT (1900. tIX,XPN9XMX01XL~ lxi?) PLOTS
CALI, CnhlVRT (-2.3. lY,YMN,YMX, TYH*IYT! P!.OTS
CALI. r)LcH (IX*IY~l~lH?,l) PLOTS
CALL cnNVRT (2000. .IX,XMN*XMX~IXL* IXR) PLOTS
CALL CnNvRT (-?.b, IY~YMNsVNX, IYR,IYT) Pleols
CALl nLCH (IX,IY!l?lH1 *I)

RO CONTINIIE
PLOTS
PLOTS

ENCOUE 143, 150,T1TLE) uFUEL,AGE$LAGE PI.OTS
CALI DICH (100s1005t43,TITLEsl)
CALI, AnV (1)

PI 01S
PI OTS

CAL: PL(!PB (T”f,FIT,NNO- l,O,NCHARtO. ,7. t8. .O9O*2aMTFMPFRATlJQF (OEnR PLOTS
lEEs Kj,-.23,z8HFPOcTION oF FAILF.fl pAPTIcLFs*~P,o.~,?,2) PI (3TS

CALI PLOPS ~TT,FzT,NN,-1,0,-NcHAR ,o.,7 .,R. ooQo.oo-?~90?o.O! tl.?9?\ PLOTS
CALL PIOPB (TT!F3T?sJN,-l sn..-NcHAI?* 0. *7. *a.~O*OQoQ-?3*O? 0.0.0?2$?! PLOTS
CALI PIoPE (TT~F4T,NN,-1 .9,-NCH6R ,0..7.,90 *0.O,fJ,-73,0.0,0, n.?~?; PLOTS
IF (MFl!EL.EQ.1) CALL nLCH (2!5fls5,24*?4t+FT. ST. VOATN Fl)Fi MnnFL,7\ p[fITS
IF (MF’lEL.FQ.2) CA1,L nLCH (2s0.5,24,24HI aTEST nnssaR FUFI ~nnEL,-\ P1OTS
IF (MFIIELoNE.1) GO TO 90 PI.OTS

190
191
192
193
194
195
196
197
19R
199
200
2(11

202
?0?
204

205
206
207
2(IR
20Q
210
211
21?
213
214
21%
216
217
21R
21Q
?2n
221
22?
223
224
225
226
227
228
22Q
23o
231
23?
23>
2?4
235
236
237
23FI
239
24o
241
?4?
243
244
245
246
247
?4q
?4Q
250
251
25P

●

.

*
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.

CALL’CONVRT (1400. ,IX,XMN*XMX*.”<LJ IXR)

CALL CnNVRT (-. 4* IY.YMN9YMX? IYLSIYT)
CALI. D[CH (IXJIY,l.1H4,1)

CALL cnNvRT (1510. ,IX.xMN*xMX~ IXL~IxR)
CAL! DICH (IX$IY,l*lH?*l)
ChLl cnNVRT (1~30. ,TX,XMN*XMX91Xl.SIXR)
CALI OLCH (Ix,Iy,l,lH291)
CALL CnNVRT (1760. ~IX,XMN*XMX*IxL? IxR)
CALL oICH (IX,IY~l,lHI,])

G(l TO 100
90 CALL CnNVRT (18Q0. ,TX,XMN,YMX61XL* IXR)

chL1- cnNVPT (-l .YSIY,YMN~YMXS TYEi$IYT)
CALI 131.CH (Ix?IY*l*lHt!l)
CAL1. CnNVRT (-?. 15, lY,YMN*YMxs IYFI*IYT)
CALI. DLCH (IX,IYS1SIH7,1)
CALL cnNvRT (-2.391y,YMN9yMX, IYH91YT )
CALL 12LCH (IXsIY*lslH?,l)

CALL cnNVRT (-2, 7! IY$YvNtYMX~IYR! IYT)
C4L[ OiCH (IX*IY*lSIH1,l).

100 CON71NitE
ENCnuE (439180*T1TI.E) 14FUEL,AGEOLAGE
CALI, OLCH (100, IOO5O43,T1TLE,1)
CALI, AnV (1)

110 CON71NItE
xMTN=~pr)r).
XVAX=?7000
INTVALX=S
~x=ll .
YMrN=f-r.~
yWAY=3.0
1NTv4LY=3
KY=O

c F’IR<T FOR BISO . ...oee.

c USE FB ARRAY FOR LOWER TEMP9 FT FOR HIGHER TEMP9 TT FOR ?TUF

lT(I)=i_.O
F9(l)=iH58.15
FT(I)=1YY8015
TT(?I=A30
Ff3(?l=iH58015
FT(2)=iq98.15
TT(?)=iOOO.O

c loon* nAYS = 1000./365.25 YEARS
F13(7)=iH76017*EXP(-80,4098/365.25)
FT(a)=poll,97*EXP(-57~6098/365.?5)

P1-OTS
pLOTs
PLOTS
P[.OTS
DLOTS
PLOTS
PLOTS
OLOTs
PLOTS
PLOTS
PI OTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLflTs
PI.OTS
PI,OTS
PIOTS
OLOTS
PLnTs
PLOTS
P1-OTS
PLOTS
PI 01S
PLOTS
PLOTS
Pl,OTS
PLOTS
Pl,OTS
PLOTS
PI.OTS
PleOTS
PLoTS
PLOTs
PI OTS
PLOTS
PLOTS
PI-OTS
PLOTS
PLnTS
PLnTs
PLOTS
P(.oTs

CALL PIOPH (FR*TTss,-IQo*N~HAPto. ~8.s8.*~oHFT. ST. VRAIN CIIFI- MOnF PI,OTS
lL--RISi,3O~2tIHFUEL TEMPERAIUF?E (DEGREES K) ?-28~?7HIPRADTAT?nN TIUF PLOTS
2 (DAYs’!,?3s0 SOS2S2) PI OTS

CLL1 PI’0P13 (FT,TT~j,-l,o~-NCHAR, 0.s8.se.,osn?O*-?n,O~O* 0,0.?,2) Diois
CAL( CnNVRT (1400. ,IX.XMN,XMX, IXL91XR) PI-OTS
CALL coNvRT [1 .2! TY*YMN*YMxs IYB*IYT ) PLoTS
CALL WLCH lIx?IY919.laPNO cOATING FAILURES*1) PLOTS
CAL1. CONVRT (1250. ,IX, XMN,XMX,IXL,IXR) PLOTS
CbLI c@JvRT (z.?, IY,yMN,yMx tIyBoIYT) PI OTS
CALI WI.CH (Ix? IY*22,2?HPAQTIAL FAILIIHE PFGIOMOI! PLOTS
CALI_ coNVRT (1800. ,IX,XMt4,XMXsIXL* IXR) PLOTS
CALL cnNVRT (2.7~IY,YMNoYMx *IYB*IYT ) PI-OTS
CALI wIcIi (IXSIY,Z8S2RM1OO PEQCENT COATING FAIIIleES,l) pLOTs
CALt AmV (1)

c F(IK lRTSO 00 THE SAME.
P{ OTS
PLOTS

FR(ll=1S8001*FxP(-9704459/?65 .2s) P1,OTS
FT(7)=po09.53@EXP(-q7.2964/36%.25)

c
PI.OTS

THEst v~JMHFPS ARE THE SAMF AS THOSE IN TIJE FPACR ANO FRAr? StJF#RO!tT PLOTS
c INEq . . . ...5/9/76 L.C. PLOTS

253
254
255

256
257
258
25’s
260
261
.26?
?63
264

?65

266
267

26R
26Q

27o
27I
272

273
274
275

276

277
27R

279
2f)rl
281
2%!
283
284
?Rq
2Q6
287
29R
289
29o
29I
29?
293
294
295
296
297
29R
29Q
300
301
30?
307
304
305
306
307
308
309
310
311
317
313
314
315
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~AL~ PLOP8~(FBtTTQ3?-I OO;NCHAR9 (1.08.,8..3IHFT. qym VRAIN ~!!F! MOnF PLOTS
lL--7UTSO~3I,28HFUEL TFuPEQATuI?E tDkGRE:s u) 9-2n,73qIRRAnrh+7nv T7M PLOTS
2E (rIfiYs)~23tU*OS2S%)

cALI.
PL 07s

P[OIJ8 (FT9TT*3.-1,O9-NCH4R.O .*8. *8.*090*o$->~*o 90*09q*70?) PI (3TS
CALI CiNVRT (1400. ,Ix.xMNs%Mx,IxL ,IXR)
cALt.
CALt
cALI.
CALI
CALL
CALI
c4Ll
CALi
CAL!

cnNvRT (l,2,1Y,YMN,YMXs JYB~~YT )
WICH IIXQIY,19,1QMN0 fOATINQ FAILURESC1)
CnNVRT (1?50. .IY,xMN,xMx,IxL ~lxk)
CnNvRT (2.2* IY,YuN~YMx*IYB, IYT)
‘41CH (IX* IYS22,2>HPARTIAI. FAILURE RF910N91)
C~)JVRT (1800. ,IX,XNN*XMX*lXL *:xR)
CONvRT (2.7, 1Y,YuN,YMx,IYI.3, TYT)
Wi,CH (IX?IY*?89~qHlo0 PERCENT 00ATTMG FAILIIoES*l)
AnV (1)

c INO~’ WE “UE-FIB* f?fIt F3R TO RFPPIZSENT J. FOLFY, dYkR ANn qn!?s
c MODCLS FIRST HA1.fQ FIT AND F2T TO REPNESENT ,10 rnLFY ANO AYVR
c MOnFLS SECOND HALF.
c INITIAI,IZE sPLINE FUNCTIONS

~=UTqpn(O.O)
~=AvkRn(O.0)
z=sn~sllfu.(1)
L=uTMPro(o.o)
Z=AYLRCO(O.0)
INN=l U1
DT=20./(NN-l)
DO 13fJ I=l,NN
TT(l)=(I-l)*DT
T=TT(T)
IF (1.! 7.2,0) QO To l?o
FIB(l)=UTNP(T)
F?H(I)”=AYER(T)
F~RfI)=SORS(T)
FIT (l)=tJTMPC{T)
F2T(I)=AYERc(T)
Go To 130

1%0 F J?IIIsO.O
JF.R(I)=fI.O

F3H(I)=n.0
FITII)=o.o
F~T(I)=O.O

130 CONYIN!IE
XYIN=O.O
AMAW=?n.o
INTVALY=l~
~x=n
yk{lh,=ooo
yqAx=lOo
INTVALY=5
KY=l
CALl P!-OPB (TT~FIB,NN,l .OsNcHARQO .*8. Q5..62HUNTFOPM TFMPFR&~uRE. b PLOTS

lYEP a~4n SORS RESULTS,42,36HTIME AFTER ONSET OF A?CTDENT \I.Inl)RS) .-3 pLOTS
25,1QHFQACTION IN Coolant* 19Qo~0.2C2) PLOTS

CALI, PLOpB (TTsF213s66Q 1*OS-NCHARS 0. t8.9s.00?0~o*-3~!o* o*o*OO?02)
CALI P1-0P8 (TTQF3Bs81 .lsOt-NCHAR,O. t~.t5.Qooooo.-36~OsOoO .0C7~2)

PI.OTS

CALI cnNvRT (2.0!IX,xVN*XMX SIXL~IXR)
PLOTS
PLoTs

CaLl CONVRT (0.8*IY,YMNsYvx!1Y~,IyT ) P[-cJTS
CALl !dlCH (IX, IY~18,1QHUNIrORM TEMp MODEI.Q1)
CALI, cnN’JRT (4. o, IX,XMN,XMX !IXL,IXR)

PI nTs
P[oTs

CALL cnrlVRT (0.4JIY*Y%Itu*YMX $IYEI~ IYT) PLOTS
CALI WI.CH [IX OIY$4*4H4YER,1)
CALI, cnNvRT (LI.O, IX,XMN,XMX,IXL, IXR)

PLOTS
PLOTS

CALI CONVRT (0.SQIY$YMN$YMXSIYt3 ?IYT I PLnTS
CAL! WLCH (IX! IYS4?4H.SONSQI) PLOTS

p(-~ls
P[.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
o[.nTs
PLOTS
PLOTS
PLOTS
p[ (JTS
pi rJTs
PLOTS
PI OTS
P)-OTS
PI oTs
PI.OTS
PLoTS
Dl,OTs
P1-oTs
PI.CJTS
PLOTS
PLOTS
PLOTS
PI OTS
PLnTs
PLOTS
PLOTS
P1 01S
PLOTS
P1-oTS
pl-oTS
P1.clrs
P1-OTS
PLOTS
PLCJTs
PLOTS
PLOTS
PI t)TS
PLnTs
PLOTs
PI OTS
PLOTS

311$
317
318
31Q
320
321
32?
323
324
325
326

327
32R
3.?9
330
331
332
333
.334
335
336
337
33n
339
340
341
347
343
344

345
346
347
34R

349
350
351
35?

353
354
355
35fi
357
35R
359
36n
361
36?
363
364
366
366
367
368
36Q

370
371
377

373
374
375
376
377
378

.

*
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CAL! AnV (1)
YMAY=4.ioo.

PLOTS
PLOTS

INTvAL+=4 PLoTS

KY=II P~OTS
ChLL PIOP13 (TTSFITSNN.l *O+NCHAROOe$8. ?50,76HUNiFnPM TEMDFR8TURE AN PLOTS

11) AykR RESIJLTS*36*34HTIME AFTEI? ONSET OF ACCIllEtJ? jHOURS’\.-?6~33ul PLOTS
2Y131 CllMULATIVE RELEAsE (C!1RIES)*33SOOO*2S2) PLOTs

CALI PI.[lPH (TT*F.2T,NN. 1*0*-NCHAR* 0.*8.$5.*000$0*-36QO0 oOn.n,2s2) PLOTS
CALI cnNvRT (4.0$IX*XMN~XM%! IXL*lXR) PLOTS
CAL[ cnNVRT (3000. ,IY,YMN*YMX!IYRS IYT) PI.OTS
CALI WI.CII (IXJIY, 18,1SHUNIrORM TEMP MOUEL.1) PI-OTS
CALI, CnNVRT (10. *IX.XMN,XMXO IXLCIXR) PLOTS
CALI. CnNVRT (2400. ,IY,YMN,YMx, IY1391YT) PLOTS
CdLI WLcH (1x? Iy$4941+AYER*l) PLOTS
CALI AI>V (1) PLOTS
RETIINN PLOTS

c PLOTS
140 FORMAT (lHO)
150 FORMAT (* MFuEL

P1-nTs
=*911,5X!*4GE a*9F4,195x**LAGE iti*Llo@ RTSQ*) PLOTS

160 FORA4AT (/4X!lHI,14XslHT~13XJ2HFl ,13XS2HF2,13XS?HF3*13X*?US4. 14XSIU PLOTS
lF/) PLOTS

170 FORMAT (15~6F15.5) PLOTS
180 F0i4MAT (* PFUEL ‘*s1105xt*AGE ‘*tF4.1~5xs*LAGE =*9L1o* ToTsO*) pl_OTs

c
c
c
c
c
c

c
c

EQrI
SIJ[iROu+INE PLOT2
l.OGTcA! LAGEsBISO
L)IMFNSTON FRAc(241)s RFRAC(241)0 TFRAc(241)o A(?A1)
OIMFNSTON FUEL(2I
COMh4UN /LA/ LAGE,AGE,MFuEL,1s09B1s0
LAGF Is A LOGICAL VAQ14BLE SET TRUE IF ALL FnUf? AGFS OF FIJFL ARF
TO RL !jSED. IF LAGE TS TRIJE, AGF IS sET FQUAL TO THE TTUP SINCE
THE HE&CTOR NAS TURNED oN.
IF l,AGF IS FALSE, AGE 1S SET EQIJAL TO THE AGE fIF ALL OF ?HF FLIELO
MFUFL = 1 FT. ST. VRATN FIIEL MODEL
MFuFL = 2 GASSAU FUEI. MOf’)FL
NCHAR=P7
INITLAI IZE PLOTS
INITIAI IZE.SPLINE
bO ~u IL=1,2
IF (IL.EQ.1) LAGE=.T.
IF (ILOEU.2) LAGE=.F.
IJo ~u ,.4FUL’L=1!2
EPJCOUE (18,40,FuEL) MFl)E1-sLA13E
PRINT ~OS yFUEL,LAGE
NTL=z47
Do ?U TAGE=19NTL
AGE= (14GE-1)*0.025
A(IAGE\=AL+E
HFRAt(TAGE)=d.O
TFI?AC(TAGE)=U.O
NN=lUIJ
Uo lU 7=19NN
PEI?x1.INN
F31N.PER*I-PER/2
T=TFMP(RIN)
F13=FHACH(TI
UFRACITAGE) =BFRAC(IAGF) ●FR
FT=FRA,:T (T)
TFRbC(TAGE) =TFRAC(IAGF) ●FT.

10 CONYINIIE
iJFRflC (TAGE)=tIF RACIIAGF) *PER
TFRAC(TAGE) =TFRAC(IAGE) *PEQ
rRAc(IAGE )=o.6*F3FRAC(lAGE) +0.4*TFRAC(IAGE)

PI.OTS
PLOTS
PI-(ITS
P1.f)TS
PLOTS
PI.(I7S
PLOTS
PLOTS
PLOTS
pLoTs
PLOTS
PLOTS
PLOTS
PI OTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.oTs
PI.OTS
PLOTS
PI.(3TS
P[,OTS
PLOTS
PLOTS
PLOTS
PI OTS
PLoTs
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

379
380
381
~qp
383
384
385
386
387
38R
38Q
390
391
397
393
394

39=i
396
397
39e
399
400
401
402
403
404
405
406
407
408
400
410
411
41?
41’3
614
415
416
417
41R
41~
420

42]
42?
423
424
425
4~~

427
428
4?Q
430
431
43?
433
434
435
4315
437
43R
439
44(J

441

125



?0 CONTINIIE pLOTs
PF?IPJT +0 PLOTS
PRINT 70* (19A (I) 9BFRac(I),TFRAC (I)9F~Ac(T)*T=i*N?~) P~OTs
CALL PLOPB (A,BFRAC,NTLsl,O?NCHAR,O .,8. ,8.00.O,liHAGE (YFARK)OlI~Z PLOTS

10HFAILCO FRACTION 91So,~o~O?Oo202) PLOTS
CALL I)LCH (10091905, 1q,FuEL?l) PLOTS
IF (MF!IEL.EQQ1) CALL IILCH (37s*5Q24,?4HFT. STO VOATN FUFI utmEL,a,! PLOTS
IF (MF1lKL.EQ.2) C4LL OLCH (3?5Q~,24,24HLATEST G4SSAP FIJF! wnnEL,a) PLOTS
CALI. AnV (1) PLOTS
CALI PLOP? (A~TFI+AC,NTU* l,0~NCHAR9 o.s8. ,R.oo,091iI.tAGE (YcAns) 911;? PLOTS

llHFAILF[) FRACTION TRIsot21,000s?Q2) PLOTS
C4LL r)t.CH (100, 1005,1R,FuEL!l) PI OTS
IF (MF~lFL.EO.1) CALL nLCH (32b*~,?4.?411FT. ST. VR4~N FUFi” Mnl)gl-,2) PLoTS
IF (NFIIEL.EQ.2) CALL oLCH (325$s,24924HLATEST 6ASSAR FUEI unfjEL,a) P1OTS
C4LI ArIV (1) PI.OTS
CALI PI-OPB (A,fRACoNTLt l*O,NCHAR,O .*8.?8.?O$OsiluAGE (YF6S%!.11C71 PLf)Ts

lHFATLEn FRACTION ToTAI-,?1!OSO*2?2) PLOTS
CALI r)LCH (100s1005clR,FUEL~l), PLOTS
IF (MFllEL.t:Q.1) CALL nLCH (3?5,~*24C24HFT. ST. VIJ4TN FuFl MnnEL.2\ PLOTS
IF fMF11ELOEQo2) CALL DLCH (325,5,24,24HLATEST GA%SAR FUFI IJoI)EL,s) PLOTS
CALI AnV (1) PI.OTS

30 CONTxNIIE
RETijnN

P~OTS
PLoTS

c PLOTS
40 FORMAT (*MFUEL=*,11,SX,SLAGE=*9L1 ) PI.OTS
50 FORMAT (*OMFUFL =O;II,’3XSWAGE =*QL1) PLOTS
60 FORMAT (///4x9lHIoI7X,3HAGFSl5X *514FRAC!3,15XV5HFrJAC?v16X,4HFQ4C/) PLOTS

70 FoRMAT. (15?4F20.5)
END

PLOTS

sURDOIJ;INE pLoT3
pLOTs
PLOTS

LOGTC4[ LAGEs131S0 PI,OTS
UIMFNSfON RINTAC(151)q RFA1LD(151)J TT(ISI)S TT6(Iql)* RTI.nG(151)0 PLOTS

10

. ..—-.
COM;uNI /CJL07/ IhLe IX~~IYTV IYR*XMN~XMXvYMX*YMN
CO1-\M~N /CJE08/ XMIN, XMAXSINTVALX SKXsYMIN,YMPXr lNTVALYoKY
COMMON lLA/ LAGE,AGE,MFUELsISO~l+lSO
coMMuN /LJNE#/ IxsAOE, !ysAVE$1x2*1y2
r4cHfiN=>7
NN=AL
DO 10 T=lsNN
TT4(I)*900- (1-1)*0.I
TTIT)=l.0E4/TT4(I)
l.\FUr=L=i
AMIN=300
AMAY=9.o
1!~T\JALx=6

VIsO=.F.
Kx=l
yMI~j=-AO

YtiAv=l.
INTVALY=7

. L.- . -

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI-(ITS
PLOTS
P[-OTS
P[ OTS
PLOTS
P1-oTS
PLOTS
PLOTS
PI 01s
PLOTS
P1.OTS
PLOTS
PI.(’)TS

fiY=n PLOTS
C4LI PI.OPB (TT4~RFAILn,NNQ-l*o*NCHAR*O. .5.97.s24uFT. ST. VQATkJ FIIF PLOTS

IL !4nUE1.9-24~19Hl.0E4/T (DEGREES K) t-19s3AHPARTTCLE COATTNQ QFLEAqF PLOTS
i? RA7k / HOuR936*090q2e7) PLoTS

CALL CONVRT (3.5s IX,XMN,XMX~IXLo IXR) PI (2TS
CAL[. coNVRT (-4. 75,1Y,YMPJ,YMX, IYB,1YT) PLOTS
CALI WLCH (IXSIYs12*l?Hl?3~4*5S~ ~10*1) PLOTS
CALL CnNVRT (-3.5? IY*YMN9YMX.TYH. IYT) PI.oTs
CALI WLCH (IX*IY,lslH6.1) PLOTS
CAL1, cnNVRT [3.6* IX*XMNtXMX* IXLtIXR) PI 01s
CALI cnNVRT (-2.b CIYQYMN*yMX*TyH *Iy’7) PI C)TS
CALL wLcH (1X)Iy,191H7011 PLOTS

44?
44>
444
445
446
447
44R
449
450
451
45>
453
454

455
4%6
457
45n
459
46~
461
46?
463
464
465
466
467

469
469
470
471
472
473
474
475
476
477
4713

47Q
4R0
481
482
4R3
4q4

485
486
487
48R
489
490
491
49?
493
494 “

49s
496
497 .
49Fr
4qQ
500
501
502
503

504
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CALI:, CONVRT (3.901X,XMN,Xt.4XSIXL, IXR) PLOTs
CALL cnNVRT [-2.091Y,YMN,YMX,IYB*IYT) PLors
CALI WII.CH (IXOIY*1!1H9.1) PLOTS
CALI. cnNvRT (4.5, lX,XMN,XMXS IXLOIXR) PI.(3TS
CALI- CONVRT (-1.5, lY*YMN$YMXJ IYBJIYT) PLOTS
CALI. WICH (IxtIY91rlH?,l) PLOTS
CALI coNVRT (6.091X.XMN*XMXsIXL,IXRj pL07s
CALI coNVRT (-3.OSIY*YMN?YMX,IYB* IYT) PLOTS
CALI WLCH (1.x sIY*7$7H4s7s8,9,1) PLOTS
CAL!, cnNVRT (605t IX,XMN,XMMJ IXLoIxR) PLOTS
CALI. cnNVRT (-1 .091Y*YMN,YMXt TYl??I’:T) 910TS
CALI WI.CH (IX$IY,6~6H?,5$ ln,l) PLOTS
CALI CnNVRT (4.5! IX,Xt#NSX!4X* IXLoIXR) PI OTS
CALI CONvRT (O.II, IY,YMN,YMx$ IYII,[YT) PLOTS
CAL! WI.CH (IX*IY,lslHI .1) Pl_oTs
CALI CONVRT (4.75, lx,xMt~,X}qX, IXl-,lAR) PLOTS
CALI,. CONVRT (0. l* IY,YMN,YMXs IYB91YT ) PLOTS
CALI WI-CH (IX?IY0191H691) PLOTS
(lo -40 7s0=1010
09 ?U T=lsNN

PLOTS
PLOTS

T=TT(l,
KIN7AC(I)=RI (T)

PLOTS
PLOTS

NFAILD~I)=RF (T) PLOTS
RTLno(T )=ALOGIO(RINTAc (I))
RFLnG(T )=ALOGlo(f?FAILD(I ))

PLOTS

20 coNTINl,E
PLGTS

PRINT no, ISU,MFUEL
P( OTS
pLOTs

PRINIT qo~ (I$TT(I )!TT4(I)*RINTAC (I) ~RILoGtI) oRFATLo(I) oRFLQa(I)oTE PLOTS
ll,NN) PLOTS

CALI- p~-0P8 (TT49RFA1LD;NN,-I .0$-NCHAR,00 .5. .70.0.0,00-1Q.0.0.0t0,? PI-OTS
192) PLnTS

CALI. PLOPB (TT4~141NTAc,NN*-l”~O?-NCHAR*O. .5. S70,0,0,09-lQ,0,0SOt0 .? PLOTS
1?2)

30 CONTINIIE
PLOTS
PLOTS

MFUFL.P
CALL AnV (1)

PLOTS

XMIN=.3.O
PLOTS

AMAX=7.O
PLOTS

1NTvALY=4
PLOTS

Kx=fl
Pi, OTS

YMIN=-4.
PI OTS

yVAX=2,0
PI-OTS

INTvALv=6
PLOTS

KY=fl
PLOTS
PLOTS

CALI P1-oPB (TT4sRFA1Ln,NN.-l .O*NCHAR*2. ,5.!70?96MGA55AR F!IFl MOD=[ PLOTS
1 - cATI.EO PAHTIcLEs,-~~ ,191+1 .oE~/T (oEGI?EES If),-7q,36HPAm~;eLF cnA PLOTS
2TING RrLEASE RATE / HnURs36rO?OS2.2) PLOTS

CALI CONvRT (4.0?IX,XMN,xMXS I!(L~IXR) PI-OTS
CALI cqNVRT (-1 .4. IY*YvNtYt.fX, YYH,IYT) PLoTS
CALI WICH (IX*IY,8?RH1O TI?TSO,l) PLOTS
CALI cnNVRT (-0.4JIY*YMNSYMXo lYu~IYT) PI OTS
CALI WLCH (IX~IYolJIHGOl) P1-OTS
CALL CnNVRT (6.0, XX*XMN,XMXt IXLtIXR) PLOTS
CALI CnNVRT (-1 .bs IY*yMN*YMXo IYH,IYT) PLOTS
CALI WLCH (Ix*IY91*lHa.1) VI-OTS
CALI cnNVRT (3.9. lX*XMNJXMXJ IXLSIXN) PLOTS
CALI, CONVRT (0.4, lY,YMN$YNX ~IYf3,1YT) PLnTS
LfiLL WI.CH (IA91Y,191HA,1) PLOTS
CALI. CnNVRT (3.6, lxcXCiNtXMX* IXL,IXt?) PLOTS
CALI CnNVRT (0,6 *IY,YMNtYMx*IYt3 cIYT ) PLOTS
CAL[ WLCH (IxtIY,7s7H10 !3T$0,1) pLOTs
CAi-I cnNVRT (6.Bt IX$XMN*XMX~ IXL*IXR) pL OTS
CALL CnNVR7 l-1 .3. IY,YMNtYMx. TyB)IyT) PL OTS

305
506
507

Soti
50Q

510
511
5~~

513
514
51%

516
517

51R
51Q
52(1
5?1
522
523
5%4
525

526
5.27
5%R
529
53(3

531
53?
533

534

535
536

537
538

539
54n
541
542

543
544

545
546
547
54q
549

55n
551
557

553
554
555

556
557
558

559
560
561
56P
563
564

565
566
567
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CALL w[CH [I XSIYS1*l HI.1) Pi 07S
CALL CONVRT (3.6QIX*XMN9xMX~ IXL~IXR) pL~Ts
CALI CONVRT (l.O, IYcYMN,YMX~ IYfl,IYT) Pt. 01s
CALI, WLCH (IX91Y07s7H&$7?R.901) PLOTs
CAL[ CONVRT (4.?5*Tx*YMN*XMX*TXL,IXR) PLOTS
CdLL coNVRT (1 .5,1Y,YvN,YMYoIYB, IYT) pLoTs
CALI WI.CH (IxsIY!ltlH?.1) PLOTS
DO qU TSO1=l,ll
ISO=ISnl

PLOTs

PLOTS
IF (lsr).EQ.1~) BISO=.T. PLOTS
IF (Isn.E(2.11) 1S0=10 PLOTs
(.)0 QU T=l,NN
T=TT(I)

PLOTS
PI-OTS

RFATLD~I)=RF(T) PIOTS
RFLnb(T )=ALLIGIO(RFAILD( 1)) PLOTS

40 CONTINl!E
PRINT Rot ISOcMFUEL

PI-OTS
PLOTS

PRINT ioOs (I STT(I)*TT4 (I) SRFAIL0 (I)oEFLn6(I)ti~~cNN) Pi OTS
C4L{ PLL)pB (TT4jRFAILD,NN,-l,ot-NcHARt 0.,50 *70s0,0,09-10000* osoo~* pIoTs

12)
%0 CONTINIIE

PLOTS

CALI AnV (1)
PLoTS
PLoTS

XMIN=4.0 PLOTS
J(WAY=9.0 PLOTS
YVIN=-7.
YWAX=O.

PLOTS

INT\/ALX=5
P1.f)ls

Kx=n
PLOTS
PLOTS

INTVALY=7
KY=n

PLOTS
PLOTS

CALL PLOPB (TT4,RINTAc,NN,-l Qo,NcHAR~2. ,5.,70S36UOASSAR FI!FL MOnFL PLOTS
1- TNTACT PARTICLESo-a6SlI?Hl.OE&/T (nEGREES It) .-79.36HPAoTicLE CnA PLOTS
ZTING RFLEASE RATE / Hn1jRs~69000*~*2) pLOTs

L4Ll CONVRT (7.0, IX,XMN~XMX~ IXLtIXR) PI OTS
CALL cnNVRT (-6.2,1Y*YMN*YMX, IYB,IYT) P( OTS
CALI WICH (IX,IY*7*7H? TRIsO,l) PI OT~
CALI cnNVRT (4.8? IX,XMN,XMX ?IXL?IXR) PLOTS
CALI. CONVRT (-408SIYOYMN,YMX91YH*IYT) PI OTS
CALL WICH (Ix* IY*17*17H7* (l J4*8J9 TRISO),l) PI OTS
C4LI cnNvRT (5.0 ?IX,XMN,X4X91XL, IXR) PLOTS
CALI CrINVRT (-4. l, IYsYMN*YMX, lYB*IYT) P1-OTs
CALL WICH (IxsIY91slHci,l) PI.OTS
CAL1, CnNVRT (-3.7 sIY9YMN9YMX, IYH91YT) PLOTS
CALI. W1.Ch {IX! IY*12,1?H6* (8*9 .HISO) ,1) PLOTS
CALL cnNvRT (-3.1, IY,YMNsYMX, IYti,~YT) PLOTS
CALI WL_CH. (IX,IY*2S2H1OS1) PI.OTS
CALI CnNVRT (-2. l* IY~YMN*YMX* IYH~IYT) PLOTS
CdLI WICti (IX*IYS1S1H7,1) PLOTS
c4Lt CONVRT (8.0, IXSXMN*XMXtIXL~ IXR) PLOTS
CALI CONVRT (-4.0~IYQYwN?YMX~IYBS IYT) PLOTS
CALI w/.CH (IA,IY,6,6H1 FIISOSI) PLOTS
CALI- cnNVRT (-2.4c IY,YMN9yMx,IyRt IyT) PLOTS
CALL WLCH (IA,IYJ60fiHl R150s1) pLOTs
CALI. cnNvRT (4.6* IX,XMN,XMX$IXL$ IXR) P1.OTS
CALI CnNVRT (-0.4? IY~YMN~YMX* lYf3~IyT) PLOTS
CALI. WI_CH (IX*IY*I$?6H4 BISn~l) pLoTs
Do 70 TSO=191O PI OTS
Do 7~ Ttlrso=l*? PI OTS
IF (18?S0,EQ01) BISO=.F. PLOTS
IF (lBfSO.EQ.2) LiISO=.T. PLOTS
DO Au T=lsNN P[-OTS
T=TT{I) PLoTs
RINTAC(I)=RI (T) PL,OTS

569

56Q
570

571
57?
573
574
575

576
577
578

579
580

581

58?
583

584
585
5flfi
5n7
58R
58Q

59n
591
59?

59?
594
595
~q~

597
59R
599

600
601
60%
603

604

60%
606

607
60s
609
610

611
61iJ
613
614

615
616
617
61R
619
62f3

62I
62?
623

624
625
6.?6

:$:

62Q
fa3n
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RILOG(T )=ALOGlO(RINTAC (1))
60 CONTINI!E

PLOTs
PLOTs

PRINT R13S ISOQNFUEL PLOTS
CALL PLOPB (TT40PINTAC,NN,-1,0,-NCHAR.O. ,5. ,7. ,0,0,0,-l ,0,0,0,0,30 PI.oTS

12) PLOTS
70 CONTINIfE

CALt. Anv (1)
PLOTS
PLOTS

RETIl~N PLOTs

.

.

90

100

10

20

30
40

RfJ

c PLOTS
80 FORMAT (6H01s0 =?1~03X07HMFOEL =,11010x,7~l,oE4/?,~8x!2HRf ,lIjX05MR PLOTS

lILOGSlRX~2HRF!15X,5HRFL0G/)
FORVAT (1A, 15;F12.1,5F20.5)
FORMAT (lX*159F12.1,E20 .5S40X~2E20C5)
END
SU~POU;INE PLOT4
INTFbER OATE
C)IMFNSTON T(41), FF(41)) Tx(41050)0 b(50), VECP(?%O)~ IT~Tl~F(36)
DIMFNSTON TEPP1(41J50)* TEMP2(41~50)
COMMuN /TMOOEL/ MOOEL
DO IO 7=],36
ITITLE(I)=1oH
CALI. GFTQ (4LKJRNSJOBNAPE)
CALI odTEl (GATE)
ITITLE(l)=JOHNAME
ITITLE(2)=DATE
ITTTLF( 12)=1OHTEMPFRA7UR
ITITLE(13)=1oHc MOOEL =
Z=SPLINE(O.0~0.0)
Z=TGMP()(O.0)
CALI Anv (1)
NTOT=4q
IvFMAx=50
OT=?O.lNTOT
NTOTl=VTOT*l
DO au 7=19N7L)T1
T(I)=.(l-l)*DT
I TELfP=t,
~f’) Au \!OOEL=l*ITEMp
ENcniJF (lo,70.ITITLE(~4))MooEL

IF f“OnF.L.EQ.4) GO TO 40
Z=TAvEn(O.0)
z=TuAx~(OCo)
TOEI T=TEMp(o,o)-1174~4
DO ?u T=l,NTOT1
TIMF=T(I)
FF(T~=(TMAX (TIME)-TAVE(TIM~) )/TLIELT
CONTINitE
PEf?sl./IVFMAX
oO %o TVF=lSIVFMAX
HIN=PER*(IVF-0.5)
B(I\/~)=EIIN
DO ~o T=l,NTCJTl
TIMF=T”(I)
IF (MoTEL.NE04) IE=FF(T )*(TEMP (RIN)-1174.4) +TAvcf7~ME)
IF (MoPEL.EQ.4) lE=SPL(TIMF,RTN)
Tx(T$IvF)=TE
CONYINTIE
ITITLF(9) =IOHTIME(HQS~
iTITLE/10)=lOhCORE FRACT
ITI7LE(11)=1OHTEMP (K)
PRINT PO, MODEL
PPINT qO$ (J* (TX II*J), T=1*NTOTIO2) oJ=1oIVFMAX)
CALI’ PI-NOW (TX.NTOT1, TVFMAXOT*BOVECP*250 .TTITLF)

PLOTS
PLOTS
PI (3TS
PLOTS
P[,OTS
PLOTS
PLOTS
PI-OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pl (’)TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P~.OTS
PLOTS
PLOTS
PLOTS
PLOTS
pI,f)TS
PLOTS
PIOTS
PLOTS
PLOTS
PLflTS
PI C)TS
PLOTS
PLOTS
PIOTS
PLOTS
PLOTS
PI (ITS
PLOTS
PI OTS
pLOTs
PI OTS
PL OTS
P[.OTS
PLOTS
P[-OTS

63I
63?
63?
634
635
636
637
63R
630
64n
64]

647
643
644

64s
646
647
640

649
650
651

65?
653
654
655
656
657
65R
65q
660
661
662
663
664
665
666
667
668
66q
67n
671
67?

673
674
675

676
677
67R
67Q
6130
681
687
68?
684
685
686
687
6t3R
68c)
690

69I
692

693

129



c

c

c

c

c

c

c

c

c

c

c

c

CALI PTCTURE (TX*TEMPI $TEMP2SNTOTI OIVFMAx.NTOTi!l e091 .00?eOo2009?o PLOTS
109900. .37OO.OO*-2*3OO ,-1.) P1’OTS

WRIT? .!08 IDENTIFICATION PLOTS
CALI. DI.CH (154s992,4,4HJOR=S1) PLOTS
CALI OLCH (206,992110, TTITI_~*ll
WRITE nATE

PLOTS
PLOTS

ChLl 01.cH [400 *992s595HDATE=,1) PLOTS
CALI nLCH [464.992s 10,TTITl.E(2)cl ) PI.OTS
WRITt TO PLoTS
C4L1 OLCH (1549972j60, TTITLE(12)Ql ) PLOTS
wRITE FIINCTION RANGE PLOTS
C4L1 OLCH (696*952*797HRANRE--* 1) PLOTS
C4LI OLCH (7eos952~20, TTITlE(3)s 1)
*R17k X RANGE

PLOTS
PI.nTs

C4LI DLCH (780*972,20,TTITLE (5)*1 ) PLOTS
hRIIE v RANGL PLOTS
CALI DLCH (780s992*20,TTITL,E (7),l)
CAL[ AnV (1)

PLOTS

CALt. AnV (1)
PLOTS
PL CITS

60 CONTINI{E
CALI ExH

PI OTS
PI- OTs

RETIJRN
PLoTS
PI OTS
P~OTS

70 FoRMAT (12s8X) PLOTS
80 FORWAT (/la TEMPERATURE MOnEL =*~11/) P1-oTS
90 FORMAT (lXQ13S21F600/) PLOTS.

END
FUNPTIPN UTMPO (T)

PLOTS

lHESL ~JUMBERS FROM TAqllLAR DATA !N REPORT BY J. FOLEY
PLOTS
PLoTS

DIMFNSION IOP(?), TA8(3) PLOTS
UIMFNSTON X(16). F(16), W(16)S 4(16), B(16)s C(IA) PLfITS
DATA Xl?. 93. ~4.,5.,6.07.*8. 99. s10.911. s12.s13.016. *16.~19.Q?fi./ PI OTS
DATA F,o. ,.0157, .06s8,.177&, .3355, .5280, 07147Qcq&70, .9177;.0473,.9 P1.oTS

15s0.09<370 .953*.946,.Q39s .Q331 PLOTS
SPLTNE HOUNDARY CONOITTONS ETC.
IJ=I.

PLOTS

IoP(1)=5
PLOTs

IoP(Z)=5
PLOTS

Nl=lfJ
PLoTS
PLOTS

CALL SPLID1 (Nlsx*F~WoIOP~IJoAsH~C)
I+ETIIHN,

PI OTS

ENTRY ItTMp
PLOTS
PLoTs

CALL SPL1D2 (Nl*X*~oW,IJ~TqTAR) PLOTS
UTMP=TAd(l)
RETl)RN

PLOTS
PI.OTS

ENn
FUNCTInN AYERO (T)

PI,OTS
PLOTS

THESE NUMBERS FROM GRAPHICAL DATA IN KEPORT eY J. FOLEY PLOTS
DIMFNSTON IOP(2’)! TAB(3)
DIMFNs70N X(7)9 }(7,, w(7), A17), f3(7). c(7)

PLOTS
PLOTS

DATA x/2.*4.*6.*8.910.012. ,13./ PLOTS
DATA F/O.s.115~.435,.6450.75? .820.~45/ PLOTS
SPLTNE BOUNDARy CONDITIONS ETC. PLOTS
IJ=l
InP(l)=s

PLOTS
pl OTS

IOP(Z)=5
N1=7

PLOTS
PLOTS

CALL SOL1O1 (Nl OX*F.W.TOP,IJ,AOB,C) PLOTS
RETIIKN PLOTS
LNTuY AYER PLoTS
CALL SPL1D2 (Nl*XOF*W,lJsT,TAR)
AYEQ=TAH(l)

PI OTS
PLOTS

694
695
696
6Q7
69P

#

699
70n
701 .
702
703
704
705
71)6

707
708
709
710
711

71?
713
714
715
716
717
71R
71Q
72tl
7?1
7??
723
726
725
72A
727
7i?R
72q
73n
731
73?
733
734
73’5

73tj
737
736
779

740
741
747!

743
744
745
744
747
74R
74~
7%0
751
752
753
754
755
756

.

.
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.

c

c

c

c

c

c

.

.

c
c
c
.
“

RE7uNN
END

PLOTS

F’UNPTION sof?so (T)
PLOTs
PLOTS

THEst NUMBERS FROM GRAPHICAL DATA IN REPrJI?T RY .Jo FOLEY
UIMFNST(JN IOP(Z’)* TAB(3)

PLOTs
PLOTS

DIMFNSTON X(8)9 F(8), w(8). A(8)9 H(tl)s c(8) PLOTS
DATA X/2.*4.~6.*b.*lo.,12. ?14.s16./ PLOTS
DATA F/o.t.085,.3*0*.Ij60s.7oo .790.845s.8a/
SPLTNE B(JuNDARY CONDITIONS ETCo

PLOTS

IJ=I
PLOTS

IOP11)4S
PLOTS
PLOTS

xnpf2)=5
N1=R

PI OTS
PLOTS

CALL SOL.lDI (Nlsx9F*w,IOPSTJ~Aof3*C)
RETllNN

PLOTS

ENTPy sORS
PLOTS
PLOTS

CALL. sPLl~2 (N19xoFsw, IJcT*TAR) PI OTS
SORS=TALI(l)
KETltKN

PLOTS

END
PLOTS
PLOTS

FIJNcIIoN UTMPCIl (T) PLOTS
THE$E NUMtiERS FROM TARULAR OATA IN REPORT .8Y J. kOLEY PLOTS
OIMFNsTON IOP(?)S TAB(3) PLOTS
lJIMFNSTON X(16)* F(16)* w(16)0 A(16)* B(16)o C(16) PLOTS
CJATA X/2.S3.s4e05.C6.,7098. 99. tlOOsll o$l~.J13.014 .$16.oIQ.$Po./ PLOTS
LJATA F/o.,19.2,102.9s319.4,70207, 1260. ?IR660,24%AC,?9090 ;a7ijtjOs3~4 pLOTS

11 .9?43Q. *3473.*3493. 9?496.,3496./
SPLTNE BOUNDARY COnditiOnS ETCO

PI nTS

IJ=I
PI oTS
PI-OTS

IoPf.1)=5
IoP(~)=5

PLOTS

Nl=lb
PLOTS

CALL SPLID1 (Nl*XCF~WsIOPsIJ~A?B,C)
PI f)TS
PI-OTS

RETIIRN
ENTI?y tITMPC

PLOTS
PI-(3TS

CALL SOL1O2 (N1,X$F,W. IJ,T,TAR) PLOTS
UTMPC=TAB(l)
HETIIRN

pLOTs

ENIJ
PLOTS
PLOTS

FUNCTInN AYERCfl (T) P[.r)Ts
THE<L NUMBERS FROM GRAPHICAL oATA IN REPOQT faY .1. FOLEY PLoTS
OIMFNST(IN IOP[Z)9 TA9(3) PLOTS
UIMFNSTON X(8). F(S). w(8), A(8). t3(8)s c(8) PI nTs
OhTA x/2.t4.~b.s8.910.s12. S14.Jlo./ PLOTS
L)ATA F,00,25(J0 S1020.01q300 .2480. 0Z!800.S30000,311n./ PLOTS
sPL71~E RUuNoARy CONOITTONS ETc.
IJ=I

P1.nTs
PI-OTS

IoPfl)=5
1oP(d)=5

PLOTS

N1=R
PI.OTS
pLOTs

CALI. SDLID1 (NloAoFow. IOPslJSArB9C)
RETII~N

PLOTS

ENTRY AYERC
PLOTS
PLOTS

CALL SPL102 (Nl,J(9F,W,TJ~T,TAB) “ PLOTS
AYEnC=;AB(l) PLOTS
kFTllNN
EN()

Pf,f)TS
PLOTs

SUi{~OllyINE PLOP13(X~Y,NPTSOTNC$LPJNsNSYM*C! XAAsYAA,LARELZoN71-.LABFLX PLOTS
l,NXl *LAHELYsliYLtLAQELo.NRL.,LSlzE .ISIZE) PLn7s

PLOPB PROLJIJCLS A STANDARD 2-DIMENSIONAL PI.OT STM?LAR TO PI.O.JR PLoTS
WHIf~ TS SIJITAF3LE FOR PUBLTCATIONO FLOTS
LAdrL5 MAY BE wRITTEN ON 4 SInES OF PLOT P[.OTS
LS17L IS THE SIZE OF THE LABELS. lSIAtIS(l.SIZF)C6 PLOTS

757
75fl
759
76o
761
76?
763
764
76CI

766
767
76R
769
770
771
772
773
774
775
776
777
77R
779
780

;:;
783
784
785
78b
787
78R
789
79rJ
791
797
793
794
7G5
796
797
79R
799
800
801
802
803
894
1305
f306
807
80R
809
810
811
~l?
(31?
01/,
f315
81A
817
818
81Q



c IF LS17E > 0? DEPENOENT VARIARLES APE PLOTTED ON t.FFT-HAMn SCALF
c IF 1.S17E c O, DEPENI)FNT VAF?IAnLES APE PLOTTEP nN RIGHT-MAW? SCALF
c IS17L TS’THE SIZE OF THE SCALFS. ISIA8S(ISIZF)C4
c LINFAR PLOTS FOR OEPENIIENT VA21ARL:S MAY HAVE ? qCfiLFS n~!
c MULTIPLE PLOTS.
c IF TS17E : 0! ONLY LEFT SInE OF PLUT HAS $CA[E
c IF I~17E > 0 AND ISIZF < 0. ALLOWANCE IS MADE Tn DQAW SCAIF nN
c RIGHT sIDE WITH A LATER CALL TO PLOPH
c IF 1s17F < 0 AND IS17F c n. SCALE Is ORAWN ON QTqUT STDF.
c sCAltS PRINT 4 FIGURES.- DATA MUST BF AIJJtisTEn RFFnRE CALi PLnPB.

IF I Af?FL OTHER THAN TOP DOFS NOT FIT ON ONE lINr.
: LS17~ wILL BE ‘REuUCEO RY 1
c ALsfl THE LOG AXEs WILI. BE FULL cYCLEs.
c IF tiXA ANO1OR yYA ARE NON-7ER0 THE LENGTHs
c wILI. 8F CONSIDERED AS RATI.nS wHERE THE lnNGIzsT
c sIOF IS FITTED ON A RAO POINT LINE.
c. AXE% LFNGTHS WILL BE REDUCEU IN ORDER TO ALLOw IanOw FOR
c LAHFLS ANV SCALES IF NFCESqARY.

CO%MuN /CJY071 IXL~IXP! IYT~IYRSXMNtXMX9YMX tYtAN
LONMUN /CJE08/ XMIN.XMAX *MAJORX*KX~YNI\~,VMAX ,MAJof?Y*KY
DIt.4FNsTON x(l)? Y(1)
OIM~NSTflN 1S7(6)S IVs7(6)
DATA 1%2/1?!18?24s36,36s42/
uAT6 lvSZ/lb.24,:~~,40,48.56/

lNTFbEQ GRIOF
B=A~4Axi (AMAXl(C*O .)”*(LNN+l )s0.)
LTN=LNN
KSYS!=Ic~?S(NSYM)
K:Nr=$lAXo (IAbS(INC).*1 )

:~;~~~;~;;:;;;~L)
XXA=ARq(XAA)
YYA=AHc(YAA)
NXN=NXV=IABS(NXL)
NYN=NY!~=IARS (NYL)
NRrd=NRN=I AL4S(NRL)
LSZ=IAPS(LSIZE)
1S17=IARS(ISIZE)
GRIn~=~MAXl (l.,ABS(C))
IF (NsYM.GT.0) CALL Anv (1)
IF (Nxl .LT.fJl GO TO 50
IF ((NsyMoLT.o) oAo(ISTZE.GT.0) ) GO TO 100
CALI. MAXV (XtKINC,t4P7~Q ISlJRsXMX)
CALI MAXV (YfKINCQMPT$. ISl)R$YMX)
CALI MTNV (X,KINC,MPTS, ISUB~XM~)
CALI r4TNv (Y,KINC~MPTS, ISUR*YMN)
IF (XXA.ECI.0) xXA=6.
IF (yYA.EQ.0) YYA=lI).
IF (NPTS,LT.11) GO TO PO
IF txMM.NE.XMX) GO TO 10
l)xM=.oIil@$IijS IXMX)
IF (uxs4.EQ,o) DXM=cooOl
%h4N=%MN.L)XM
XMXXXMX+DXM

10 cALl AKCL (5,XNN*XMX,MAJX*MINX?KKX)

Go TO 10
20 XMIJ=ALOGIO(XPN)

AMX=ALOGlo(Xt.:X)
30 IF (lNc.LT.0) GO TO 60

IF (yMN.NE.YMX) GO TO 40
DYMZ*(Jljl*AHS (YMX)
IF (OYM.EQ.0) OYM=.0001
yMN=yMN-DyM

PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PI-OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P[.oTs
P1 OTS
PLOTS
PLOTS
PLoTS
PLOTS
PLOTS
PLOTS
PLOTs
PLOTS
PLOTS
PLOTS
PLOls
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Pi. OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PI,OTS
PLOTS
PLOTS
PL OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pLOTs
PLOTS
PLOTS
PLOTS

82o
821
822
R23
f424
R?5
J326
827
82F4
82Q
830
831
832
a3?
834
835
836
837
83R
83Q
f34n
841
f142
843
844
845
846

847
84fl
849
850
85

$85.
853
854
85%
856
857
85R
851a
86(1

;2 J
863
864
865
866
Q67
8617
869
870
871
87?
87?
874
875
876
877
87R
879
8f4fl
881
88?

●

.

.

.
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40

50

60

70

YMJ(hY!dx.Llyu
CALL AqCL (5~YMN,Yt91XgMAJYqMINY~KKY)
GO TO 70
AMN.AM7N
A~xZAMbx
N14.)V=MAKXIE!4AJORX
KKX=NX
YMN=yM7N
YMX=YMAX
t~AJ’f=MhKY=14AJORY
KKYzKY
60 YO 7n
YMN=ALnGIO(YMN)
YMX=AL.nGIO(YMX)
M4KY=Gn[DF*hlAJX
MAKY=G011JF6MAJY

PLOTS
PLOTS
PLOTS
PLoTS
PLOTS
PLOTS
pLOTs
PLOTS
PLOTs
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
P] OTS

IF (fWVt-1.LT.~) GO TO 90 P;;ls
JXL=*.F*ISZ (151Z)+105*IV5Z (LSZ) PLOTS
lH=Tvs7(IS1Z)
IF (INc.GE.0) IH=IH/2

P1-OTS

IYT=d*qAXO (IVS7.1LSZ),IH)
pLnTs
PLOTS

IF ((M7L”l)*ISZ(LSZ).GT.10?3-IXL/2) IYT=1YT+IVS7{LSz) pLoTs
FAcT=8A(J./AMl!Xl (XXA,YYA) PLOTS
IxR=MIK,o (IxL.IFIx (F4CT@XXA) $1023-MAxO(3*TVSZ~LSZ;/2.ISZ fT%T7).5@T% PLnTS

lZ(TqlZ)/2)) PLOTs
IF (ISTZE.IT.0) IXI?=IXR-4*ISZ( ISIZ) PLoTS
IYB=MINO (},YT*IFIx (FACT*YYA) q1023-5*IvSZ(TsIZ)/?-l*TvsZ (1.%7)/.2) PLOTS
C4L[ FPAME (JXLSIXR*IYT*IYR) PLOTS
IF (SIGN (l.,XAA).GT.0) GO TO 80
SWAP=XVN

PLOTS
PLOTS

8MN4Ahi!(
xMx.5ufip

PLOTS
PLOTS

80 IF (bICr-J (l.SYAA),GToo) GO TO 90
SWAP=YKAN

PLOTS

Y$4N=YMw
PLOTS

Y!4x=~w&P
PLOTS
PLOTS

90 CALl. CGA (IXL*IXR*IYTQIYf3~XMN?XMX*YMXsYMN)
100 IF (LsTZE.LT~O) NAKY=-MAKY

PLOTS
PLOTS

IF ((NcYMo,LT. 0) .A. (LST2E.GT.O )) GO TO 23o PLOTS
IF ((NsYM.LT.O) .A. (LST7E.LT.0) .A. (ISIZE.GT.O\) GIT TO 23o PLOTS
IF fNPTS.LT.O.ANU.INC.LT.fI) C4LL DLGLGT PLOTS
IF fNP?SOLT.o.ANU. INC.GE.0) CALL DLGLNT (MAKVS~%T7F) PLOTS
IF (Npis.GE.O.AND.INC.l T,O ) CALL DLNLGT (MAKxoT$T7F) PLOTS
IF {NPTS.GE.O.ANU.INC.GEOO ) CALL DLNLNT (MAKx+MAKY.ISIZF\
IF (NPTSOLTOO) GO To I](I

PI OTS
Pl,OTS

IF (NSvM.bT.0) CALL SPLN IMAJX*KKX?ISIZ)
GO TO 120

PLOTS
PLOTS

110 IF (NSYM.GT.0) CALL SRLG (1S12) PLOTS
120 IF (INc.LT.0) GO TO 130 PLOTs

IF fILqIZF.GT.O) .A. (NSYM.GT.0) ) CALL SLLN (MAJY,KKVOIST7”\ PLOTS
IF ((LSIZE.LT.O~ .A. (ISIZE.LT. 0)) cALL SRLN (MA,JY,K~Y91s77j
(in +0 i40

PLOTS
PLOTS

130 cALL SI.LG (1s12) PLOTS
IF (ISTZE..LT.O) CALL sRLG (1S12)

140 CALI EYL
PLOTS
PLOTS

IF (NSYM.LT.o) GO TO ?30
KSZ=L57

PI OTs
PLOTS

IF (NYt. .GE,o) GO TO 22Q
Ks7.-Kql

PLOTS

IF (“ZU.EQ.O) GO To l&o
PLOTS
P1-oTs

Do l~o K=lvnzt.1
CALI FFTCH (K*LA13ELz,KK)

PLOTS

IF (KK.GE.60B) MZM=MZM+I
PLOTS
PLOTS

889

884
88’5

886
887
888

889
890
891

89?
89.3
894
6’25

896
897
n~e
1399

900
901

90?
903

906
90%

906
907
9nR
909

910
911
91?
913
914
915
916

917
918
919

92n
921

Y?,?
923
924
925
926

9?7
929
929
930
931
932
933
934

935
9?6
937

93R
930
94n

94]
94?
943
944

945

133



150 CdNTINIIE PLOTS
160 IF (Nxh!.EQ.0) Gd TO lRO

DO 170 K=lsNXM
PLOTS
PLOTS

CALL FFTCH (K?LA13ELxoKK)
IF rKK.GE.60fl) NXM=NXM+l

PI 07s

170 CONTIN!IE
PLOTS
PLOTS

180 IF (NYM.EQ.0) GO TO 200
UO l~o K=l,NYM

pLoTs
P1.OTS

CALI FFTCH (K,LAbELyOKK)
IF I~K.GE,150EJ) NYFJt=NYM+l

PLOTS

190 CONTINIIE
PLOTS
PI.(3TS

200 IF (fi~R1~oEQ.0) 60 TO 2?(I
fJO ?1O K=lsNRM

PLOTS
PLOTS

CALt FrTCH (K?LABELR,KK)
IF (KK.GE.60B) NRM=NRM.1

PI oTs
PLOTS

210 CONTINIIE PLOTS
220 CONTIVIIE pLoTs

IF INXN.NE.0) CALL DLCI.I (hlAXO(IXL/2oIXL*(IXR-IXI.-ISZ (LS7i&NYN)/@, PLOTS
lIYR.50TVSZ(ISIZ)/3.1VSZ (LsZ)/2,NXM?LA8ELX,KSZ) pLoTs

IF (NYM.NE.0) CALL DLcV (0,MINO((IYR*1023)/2,17q- (IYB-IY7-TS7(LS7) PLOTS
l*NYN1/~),NYM,LABELY,Ks7)

IF {NZI .NE.0) CALL OLCH (MAXO(IXL/2*IXL*tI.XR-IXI--ISZ (LSZ’I&w7L)/2’I. ~~~~~
10*M7Mtl ABFLZ*KSZ)

Ixx=xxn
PLOTS

IF lIsTZE.LT.o) IXX=IXX+4*TSZ (ISIZ)
PLOTS
pLoTs

IF (NRNoNEoO) CALL f)LrV (IXX+lVS7(LS2)/2+Ts2;1ST7) /20MINqf(7VR*10Z pLOTS
13J/7*IYH-[IYf3-IYT-ISZ (LSZ)ONRN)/2) SNRM!LARELP!WS7) PI.OTS

c4Ll ExH PLOTS
230 IF (NZI .LT.0) GO TO 3?(J

c
PLOTS

PLOT pnINTS AND/OR LINE pLoTs
MPTs=MPTS*KINC
DO ?1o NXP=l,MPTS,KINC

PLOTS

XTdn=X(NXP)
pLoTs
PLOTS

YTWn=Y(NXP) PLOTS
IF (NPTSOLT.0) XTWO=AIOGIO(xTWO) PI-OTS
IF (INc.LT.0) YTWO=ALOG1O(YTWO) PI OTS
CALI CnNVRT (XTW(J.NxTWn*XMN~xMXtIxL? IXR) PI-(7TS
CAI.1 cnNvi?T (YTWO,NYTWO*YMNSYtJX! IYB* IyT) PLOTS
IF (NxP.EQ,l) GO TO 290 PLOTS
IF (LIN.GE.0) GO TO ?Ro p(, OTS

240 IF tMOO(((NXP-1)/KINC),IARS (LIN)).NE.0) CM TO 256
CALI, FyL

PI.OTS
PI.OTS

CALI Ixcti (NXTwO*NYTv/nOO*KSyM91)
cAL[ EXH

PLOTS

GO Tu 7oo
PLOTS
PLOTS

250 IF (H.F(J:o.~ Go TO 3on PLOTS
260 00 2flJ IH=1?4 PLOTS
270 CALI pIT (NxTWOsNyTW0,42)

GO ru 700
PI.(’JTs
PLOTS

290 IF (H.FO.O.) CALL ORV (NXO$JE,NYONE?NXTWO.NYTWO~ PLOTS
29o IF (LI&l.NE.0) GO TO 240

IF (M.NE.O.) GO TO 26(I
PLOTS
Pl,oTs

300 NYONE=NYTWO PI-OTS
NXONE=NXTWO

310 CONTINllE
pLOTs
PLOTS

320 RETIJNN
END

pL (ITS
PLOTS

sUhl>oU~I}JE SLLN(NNY,NK,Is17E)
COMMON /CJE07/ IXLt IXR91YT*IYRsXL9XR$YT,YR

P1-OTS
PLOTS

DIMFNSION ISZ(4)0 1vsZ(4) PLOTS
DATA 1s//12s1Ss24,30/ PLOTS
IJATA IvSZl16924v32V4nl
uATA MaSK1/7!Oo@OoOOoo000000000B/

PLOTS
PLOTS

946

947
94R
94’s
950
951
952
953
954
955
956
957
95R
95Q
96IJ
96I
962
Q6J
964
965
966
967
96F!
96Q
970
971
972
973
974
975
976
977
97!3
979
98o
981
9RT
98?
904
985
986
987

911R
989
990
991
99?
997
994
995
9~fJ
997
99R
9’29

1000
1001
loop
100?
1004
1005
lno~
1007
loon

.

.
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.

.

.

.

10

20

30

c
c

40

c
50

D4Ta’kf4Ssz/oo7777777777777777778/
NNK.NK
NC=MAXij (INT(ALOGIO(AMAXl (ARs(YT) oABS(YB)))*eOOOO~) +191)

IF (MINO(YT*YB).LT.O! NC=NC+l
IF (NNu.6T.0) NC=NC*l

IF (lS711SIZE) *(NC+NNI(+c5).LT, IXL) GO TO ZO
IF (NNK.GT.0) NNK=NNK-I
IF (NNK.GT,O) GO TO 10
Nc=*JINii (Nc*NNK94)
IF (yT.GE ●0005) GO TO 30
IF (NNY.LE.51 GO TO 3(I
NC=NC+~
NNK=NNK+l
CONTINIiE
ENCnUE (6T50$FMT)NCCNNK
EUCOUF (109FM19OLJT)YB
IF ((O!lT.ANDOMASKl ).EfI.lL*) OUT= [OUT.AND.MA$w2~ .n!?.lL.
THICi CI+ANGE SHOIJLD REPLACE * BY . AT LEFT OF FtF~o
WE col)l 11 HAVE USED cAL1- PUT (lsOUT?ll?.)

lXT=LX1.-lSZ (ISIZE)*(NC+ .5)
Ivs=Ivsz(IsIfE)/2
CALI OLCH (IXT, IYR-IVS,NC,OUT, ISIZE)

CA1.L TsP (IXL*IYIJS1;lH*)

IF (NNyoLt,O) RETLJRN
NY=MIN~((IY8-IYT)/1Vs7 (TSIZE),NNY)

OY=(yT-YEJ)/NY*YT*I<-]?
DDY=FLOAT(IYT-IY8)/NY
DO kU 7=1*NY
Yc=YH+tWY
IYc=IYR+I*DDY
ENcnuE (10,FMToOUT)YC
CALI DICH (IXT, IYC-IVS,NC,OUT,Is?zE)
CALI TSP (IXLtIYCrlCIH+)
RETIJ~N

F9RMA.T (2H(F?1101Ho oI1,1H))

PLOTs
PLOTS
PLOTs

PLOTS
PI. OTS
PLOTS
PLOTS
PLOTs
PI OTS
PLOTs
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PIOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTs
PLOTS
PLOTS
pLOTs
PI.OTS
PLOTS
PLOTS
P( OTS
PLOTS
P( oTs
PI.OTS
PLoTS
PLOTS
PLOTS
PLOTS

ENfJ PLOTS
SUHI?~U+INE SLLIN(NNY,NK) PI.OTS
COMPON /CJF07/ IXLt IXRo IYT$IYI+oXL;XR*YT,YR PLOTS
C)TMFNSTON FMT(14)9 OUT(2) PLOTS
U4T4 (FPT(K)~K=I,~4)/SW(F700) ,6H(F8el )~AH(F902j,?H (FlOS3\,?UIFl104 PIOTS

1),7N(F; Z.5),7H(F13.6), qH(IPE700),8H (lPE901)$RH (lPE902) SqU(IOFlOOl) PLOTS
2,9H(IP=1104) 09H(1PE1205) *9H(IPE1306)/

IF (NK.GT.6) GO TO 10
PI OTS
PLOTS

K=MTNO(6?MAX0 (O*NK)) ●I
NC=U”6

PI OTS

Go To >0
PLOTS
PLOTS

10 K=~T~o( 169MAxo(lo!NK) )-2
NC=W-I

PI OTS

zo A=FuT (K)
PI.(ITS
P[ OTS

ENC~UE (20sAsOLJT)YFI
IXT=lXl -12*N\-6

PLOTS
PI 07S

CALI klLCH (IAT!IY13,NCOIYUTOI) PLOTS
CALI T+ (IXL?IYB?l?lH+) PI,OTS
IF (NNYoLE.0) RETURN PLOTS
NY=MIbJA(128*NNY)
IYc=xYn

PLOTS
PLOTS

UY=(yT-YH)/NY PLOTS
DDY=~LoAT(IyT-IY8)/NY
Do au 7=1*NY

PLfJTS
PLOTS

YC=v~+T*DY
IYC=IYR+IODDY

PLOTS
PLOTs

ENcnuE (209ASOLJT)YC PLOTS

1009
iolo
1011

1012
1013
1014
1015
101.6

1017
101R
1019
~t)2(J

1021
102?
1023
1024
1025
1026
1027
1028
]029
1030
1031
1032
1033
1034
103%
io36
1037
lo3n
1039
ln4n
1041
1042
1043
1044
1045
1046
1 04-?
1048
i 049
1050
1051
]05?
1053
1054
105F
1 0s4
1057
105R
~059
1960

1061
106?
1063
1064
1065
1066
1067
1068
106o
lo7n
]071
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CALL iJLCH (IxT*IYC*NC.OUT*l) PLOTS
~0 CAL] T$p (IXL$IYCS1,IH*) PI 07s

10

20

30

c

40

HETIIRN
END

PLOTS
PI-OTS

SUHnOU+INE SNLIN(NNYoNK)
COMUON /CJE07/ 1XL91XD? 1yT,1YFIOXL*xR9yTOYS

PLOTS
pLt)Ts

~1’4FNsTl>N FNT(12), OuT’(2) PLOTS
DATA (FMTIK)tK=l,lz)/?H(F.IH .lliO~lH *lH).8H(lPF70n) .8H(7PFa0 l),qH PLOTS

l(lPF9.P) ~9H(lPEl!l.3),QH (lPFll.4) *9H(lPEl?.5)09u (7PE13.6)/

IF (NK.GT.9) GO TO 10
PLOTS
PI.OTS

Nc=NAxn (INT(ALOGlo(AMAXl (Aqs(YT) *AUs(YM))\)*l *1)
IF fMI!JO(YT*Yf3) oLTc0) kJC=NC+l

PLOTS

IF (NK.GT,o) NC=NC.I
PLOTS

NcxNU*Nt(
PL OTS

ENCnUE (lo.40,FMT(2))Nc
PI,OTS

ENCnuE (10,4O,FNT(4))NK
pl OTS

K=l
PLOTS

GO T() ?fl
Pl,f)T.s
PLOTs

KXMTNO(16?MAXO(09 NK)) -4 PLOTS
NC=K+I Pl,OTS
ENCOuE (20*FMT(K),ouT)YB
C4LL TsP [IXR,IYb*l,lH+)

PLOTS
pLoTs

CALI, TrP (Nc,OuT)
IF (N’JV.LE.O) RF.TURN

PLOTS

NY=MINn(128.NNy)
PLOTS

lYC=IYQ
PLOTS
PI.(3TS

UI)Y=~LOAT(IYT-IYlj)/NY
l)Y=(YT-YB)/NY

PLoTS
PLoTs

IJO 10 y=lsNY
YC=VM.,T*DY

PI-(ITS

IYC=lYR.I*LIDY
PLOTS
PLOTS

LNCn~F (?09FMT(K)90UT)YC P{-OTS
CALI TsP (1xRs1yc9101H*)
CAL[ TcP (NCSOUT)

Pl,OTS

RETljNN
PLOTS
Pl,oTS
PLOTS

FORMAT (12)
ENO

P[.OTS
P] OTS

SURC?OIJ+INE S13LIN(NNXCNIC)
. .

COMUoN /CJE07/ IXLOIXPS IYT91YP~XL3XR1YT9YR
PLf)TS

IJIMFNSTON FMT(12), 0uT(2)
PI nTs
PLOTS

UATA (FMT(K)*K=l,12)/PH(F?lH *lH.*lH SlH)g8H(lPF7.~)98H(TOFQ. l)sq~ PLOTS

l:+p~~~7)J9H(lpE10”3)09W (lpF11.4) s9H(lPE12.5)09H (~PE1306)/ PLOTS
= OLOTs

IYOsL=i2
GO TO In
ENTny $TLIN
IY=TyT
IYDFL=-12

10 IF (NK.G709) Go TO 20
NC=~iAX6(INT (ALOG10(AMAXl (ARS(XL) 9AF3S(xR)))*.OoOOi )*1*1)
IF IMINO(XLtXR).LT.0) Nc=Nc+l
IF (NK.GT.1)) NC=Nc+l
NC=Nc*NK
ENCOuE (lo.50~FMT(~))Nc
ENCOUE (10,5O,FMT(4))NK
K=I
Go To ?0

20 K=MTNO( 169MAXO(1O*NK) )-4
Nc=K+~

30 ENCf@E (20sFMT(K).OuT)XL
c4LI TsP (IXLSIYS191H+)
IxTT=IYL-66NC+6

,_
P{ OTS
PI-OTS
PLOTS
PI.fITS
PI OTS
PLOTS
PLOTS
PLoTS
PLOTS
PI OTS
PI-OTS
PLOTS
PI f)TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1 07?
1073

1074

1075
1076
1077
l137R

107Q
1080
lofl~

108?
1083
lof34

108%

10R6
10R7
109R
108Q

lo9~

1091
IOQ>
lo~?

1094
1095

1096
1097

109J?
1090

ll~o
]101
110?
110?
]104
1105
1106
1107
I1OR
1109
1110
1111

111?
1113
1114
111%
1116
1117

lllR
1119
1120

1121
1122
1123
1124
~125
1126
11?7

112R
Il%q
1130
1131
113?
1133
1134

.

.

.

.
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40

c
50

10

20

30

40

IYc=IY+IYDgL
CALI WLCH (IXTT,IYCQNC,C)UT, l)
IF (NNx.LE.0) RETURN
Nx=MIN6(NNX*128)
IXC=IXI
DDX=~LnATIIXR-IXL)/NX
UX=(xR-XL)/NX
Do 4U 1=1*NX
XC=YL+T*DX
IXT=IXTT*l*DUX
IXC:lXI ●I*DOX
ENcnllE (20tFM7(K)$0u7)Xc
CALI TcP (lXC*IY~ltlH+)
CALI wLcH (1x1*1YcsNc,ouT91)
RETIIRN

FORMAT (12)
LNII
SUOP~lJ71NE SBLOG
COMMuN /CJE07/ IXL*IXRS IYTOIYROXL9XRSYT,YR
DIMFNSTON XY(4)Q IXY(.i)
ECIUTvAt ENCE (XYOXL)~ fIXY~IXL)
DATA TFN/21i10/
IY=TyR
IYorL=>o
IX=TxL
IXC)FL=-8
1]=1
I?=?
Go To lo
kNTQy sTLOQ
IY=TyT
IY13FL=-12
60 TO :0
ENTRy sRLOG
IX=TXR
IXOFL=R
Go 70 PI)
EvToy sLLoG
;;;;:L

..40
IY=TyR
IVI)FL=A
11=6
1?=?
X1=XY(T1)
A?=!(Y(T?)
XMIRJ=AMIN1( X1*X2)
XMAY=AUAX1(X1SX2)
X~41K!=A?41NI (AINT(XMIN) ,SIGN(AINT (ARS(xMIN)+.999’I ,YM~N))
AMAY=AMAX1( AINT(XMAX) oSIGN(AINT (ABS(XMAX) +0999) QYMAX))
X1=YMIN
A~=Y~E!y
NY=A~Srx’~-X2)
IF INY.rJE,O) GO TO 40
YTT=~]~le
IF (xZ’.LT.Xl) YTT=X1-I.
NY=I
aI=vTT
XY(T1)=X1
XY(T2)=X2
IxYv=xY(ll)
Nw=MAxI (ABS(Xy(I~)) OARS (XY(12)))

PLOTS 1135
PLOTS 1136
PLOTS 1137

PLOTs ~139

PLOTS 113Q
PLOTS 1140
PLOTS ]141
PLOTS 1147
PLOTS 1143
PLOTS 1144
PLOTS 1145
PLOTS 1146
PLOTS 1147
P1.oTs 1148
PLOTS 114Q
PLOTS 1150
PLOTS 1151
pLnTs 1152
PLOTS 1153
PLOTS 1154
PLOTS 1155
pLnTs 1156
PLOTS 1 1s7
PLOTS l15q
PLOTS 115Q
PLOTS 1160
P( oTS 1161

PLOTS 1162
PLOTS 1163
PLOTS 1 16/,
PLOTS 1165
PLOTS 1166
PLOTS 1167
PLOTS 1168
PLOTS 116~
PLOTS 1170
PLOTS 1171
PLOTS 117?
PLOTS 1173
P1 OTS 1174
PLOTS 1175
PLOTS 1176

PI.(TTS 1177

PLOTS 117FJ
PLOTS 117Q
PI. OTS 1189
PLOTS 1181
PLOTS 118?
PLOTS 1183
PLOTS )184
PLOTS 1185
PI f)TS 1186

PLOTS 1187
PLOTS 1188

PI OTS 1189
PLOTS 119~
PLOTS 1191
PLOTS 119?
PLOTS 1191
PI.llTS 1194
PLOTS J195
PLOTS 1196
PLOTS 1197

137



50
6rI

70

Rcl

~o

c
100

c
c
c
c

~C=u~NT~XY(Il),XY(12)) PLOTS
NC=UIN; (INT(A1.OGIO(FLnAT (NH~~ +.00001)+204\
IF INL.GEeO) GO TO 60

PI.OTS
PLOTS

IF (lARS(NL).EQ.NH) GO TO sO PLOTS
IF (lNi(ALoGIO IABS(FLOdT(NL) )) ).LT.INT (ALoGIo(FLnAT(NH) )!) 60 To 6 PLOTS

10
Ncsxtiltun (hIc+l?4)

EVCnDE (4,1OO,FF!T)NC
Nx=AMINI (A8S(XY(II)-XY (12) ).250)
ENCOU!Z (10~FMT90UT)IxYV
CALL TKP (IXSIyol*lH*)
IF (( Ii .EQ.4);A. (IX.Eo.IXL) ) IXDEL=IXDEL*13* (4-NC’!
IXC=IX+YXDEL
IYc=IY.TYDEL
Ixx=1xc+8
IYxxIYf-8
CALI, T$P (IXC91YC92CTFN)
CALI WICH (IXx-~$rYX-129490u101)
IF (NxOF:Q,O) RETURN
IDXYv=TSIGN (191FIX(XY(12) -Xy(Il)))
~~ 0~ ,=l,N)(

IXYll=TXYv*IDXYV
ENCnUE (109FMTJOUT)IXYV
IF fL1.EQ.1) GO TO 70
IYc=IY.IYOEL* ~I*(IXcY(T?) -IxY(Il)))/NX
IYxslYr-8

CALI TsP (IXsIyC*lslH+)
Go To or)
Ixc=Ix. IxDEL*(I*(Tx,Y(ra) -IxY(Il)))/NX
IXX=IXP+8
CALL TsP (IXX,IY~l,lH+)
CALI TSP (IXcSIYcS2,TFN)
CA(-I WICt+ (IX%-891YX-I ?)4*OUT01 )
CONTINIJE
RETIINN

FOt?MAT (2H(I*IIJ1H);
END
SUHPOUiINE PLNOW(FLUX. TXsJYSXPLTcYPLTJVECP9 ILVEeDQTTITLF’!
LOGTCAt ITOP*JTOP*NFOIIND* TPR
CQNMON /CNTRCOM/ IsYM(Iio).qCFAC
COMK~~N /CJE07/ IxL, IXR, IYT,IYR*XNM~XMx,YMX OYMN
C)INFNSTON FLU%(])* XPLTtl)Q YPLT(l), vEcP(l). TTTTLE(l)
DATA T~GER/5LLARcl/
LcP L? O WE COMDIJTE cONTOUR INTERvBLS
Lc’P E(I O NO CONTOIJRS
LcP GT @ CONTOUR RfIUTINE cOMPUTFS INTERV&L%
PAUAMFTERS FOR COMPUTTNG RFGIoNS TO HE coNTf)ltRFp
NCL=1O
LAHFLX=ITITLE(9)
L4RFLY=ITITLE(10)
LARFLZ=ITITLE(ll)
LCPS-~ {
FF=OUA
cINr=-~.O
IGRTU=Ci
IMT=lx
JqT.JY
INJMT=TNT6JMT
SCAT t=>tl.o
AWGT=I .0471976
ANGF=O,o
Ak!l.ll”x=l .o

PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PI OTS
PI-(ITS
PI-OTS
PLOTS
PI OTS
PLOTS
PLOTS
PI r)Ts
PLOTS
PLOTS
PI.(3TS
pLnTS
PLOTS
PLOTS
PI.c)Ts
PLOTS
PLOTS
PI.OTS
PLOTS
P[ OTS
PLOTS
PLOTS
PLOTS
Pi OTS
PLOTS
PLOTS
PI oTs
P[ OTS
P1.nTs
PI oTS
PI.OYS
P[.t)Ts
PLOTS
PI-OTS
PI OTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLi)TS
P[,OTS
PI OTS
P( OTS
PI OTS
PI nTS

119R
1199
!200
1201
1202

1203
1204
120%
1206
1207
1208
120~
121n

1?11
121?

1213
1214
1215
]216

1?17
121A
1210
1220
122]
1 22?
1223
12%6

122’=
1226
1227
12213
j229
12311
1231
1232
1233
1.?34
1235
12-3A
1237
123R
1239
1240
~?41

1.24?
1243
1244
1245
1246
1247
124n
J24Q
12’5fl
1251
125?
1?53
1254
1255
1256
1257
1 25e
1 25Q
1200

I

.

.
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c

c
10

c
20

c

30
40

c

50

60

.

AMLJ( X*YPLT4JY)ZXPLT(IX)
THI% sHI.)ULD PRoDUcE A SQUAPE f+ASE FORTHF 3-~ pl-nT
AMUI Y=;OO
IOXA=l
IOXL=MAXO (IMT$JMT?21)
ICIXQ=InXA*IOXL
IDX(’=InXl+*IDXL
IDXn=InXC+IDXL
IDXf ‘InXO*TDXL-l
IF fIf)YLo+EaILVECP) 13fI TO 10
PRINT iYU9 IUXL,ILVECP
RETIIHN
COMCYUTF ZERO ORIGIN.
CONTINIjE
XMIN=XDLT(l)
X~AX=XPLT(IMT)
YWIN=YOL.T (I)
YMAX=YPLT(JKIT)
TEMY=Fl 1)X(I)
TEMD~=+k”MX
lJCI ?U rDY=lsIMJMt

TE!.iPI=FLUX(IUY)
TEMx=A~AAl (TEMXSTEMpI)
TEMO~l=AMINl (TEMPM*TEMPI )
EKiL) oF 10% LOOP.
COP171N[IE
Tizt~m=o.o
IF (TEMX.GTOTEMPM) TEPD=sCALE/(TEr4x-TEMpM)

IF fTFMPoEQ.O.0) GO TO 40
scAlk VALUES TO BE pLnTTEo
DO _+U ‘TDY=1oIMJMT
FLUx(rnY) =TEPP*fLllx (T~y)
Cf)N71NilE
cONTINtlE
ENCn~E (209230s ITITLE(5))XMINq XMAX
ENcnllE (20,24001TITLE (7))YMIN.YMAx
CP4X=.TCMX
CMJN=TC14PM
IF rlE.!P.NE.o.0) cMAx=c.MAx*TE!.Ip
IF (TE1lP.NE.O.0) cMIN=cMINOTEMp
SCMAX=7EMX
SCMTN=+Et@Pt.i
IF (CMAX.LE.CMIN) GO To 160
REL8TE R AND Z VALUES TO ORIGIN

DO qO T[)Y=l!IMT
XPL7(ynY) =XPLT(IDY)-XMIN
CONTINIIE
DO f.U TIIY=I*JMT
YPL?(InY) =YPLT(IOY)-YMrN
CONTINIIE

PLOTS
PLO1’s
PLOTs
PLOTS
PLOTs
PLOTS
PLOTs
PLOTs
PLOTS
PLOTS
PLOTS
PLOTS
PLOTs
P1 OTS
PLOTS
PLOTS
PLOTs
PI.OTS
PLOTS
PL13TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLoTs
PLOTS
PLOTS
PL 01s
PLOTS
PLOTS
PLOTS
PLf)Ts
PLOTS
Pi. OTS
PLOTS
PLOTS
PI-OTS
PLOTS
PLOTS
PLOTS
P1.OTS

P1.f)TS
PLOTS
PLOTS
0, n~s

PRTNT ~no, LABCLZ
. ~.,
PLOTS

CALL PLTXYZ (FLUX,XPLT,YPLT~IMT?JMT*ANGT,ANGFoAM((LX,AMULV.VECP (Tax PI-OTS
LA),vLcP (IOXB)SvECP( IDxc)svFCP (1DxD)s11tA9 IRecICR*TCC)

c
pi oTS

RESTORF R AND z VALUEq Pi flTS

70

80
c

00 70 Tny=191MT
XPLT(TnY) =XPLT(IDY)+XMIN
CONTINIIF
DO SU rl)Y=IoJMT
yPLTIInY) =YPLT(ILJY)+YMIN
CONrINIIE
WRITE ,IOS IOENTIFICATTON
CALL DLCH (154!992!4,4HJOR=*1)
CALt f)LCH 12u6,992~10, 1TITLE~l)

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1261

1 ?62
1263
I 264
1265
1266
1267
I 26R

1269
1270
1271

127?
1273
1274
1275
1276
1277
127R
127q

l?RO
1281
1213?
1283
1284
128%
]286
1287
]28R
1289
]290
1?’?1
129?
I 293
I 29&
1295
1296
1297
129q
129q
1300
1301
1302
13n3
]304
1305
1306
1307
1308
1309
131Q
1311
i312
1311
1314
]315
1316
1317

131R
]-ilq
J32fl

1321
1322
13?3

139



c MRITt nATE
CALL OLCH (400*99205,%HOATF=*l)
CALI OLCH (464s992Q 10,TTITLE(2) 91)

c WRITL 11)
CALI OICH (154,952061), ITI’TLE(31), 1)

c MRITL FIJNcTION RANGE
ENcouE (ZO*22001T~TLF (3) )sCMIN~ScMAX
CALI nl-CH (696.952q7~7HRANGE--- 1)
CALI OLCH (780s952,20, 1TITI.E(?)c1 )

c k#NITt x RANGE
CALI nl,cH (781),972,200 TTITLE(5)s1 )

c WRITk v RANGL
CALI PLCH (780,992,20.1TITI.,E (7),I )
CALI. DLCH (154,972s60, TT1T1.E(12)0 1)

c LAHFL ~HE AXES
IRA72=?RA-72
INA7Z=MAXO( IRA72*O)
CALI OLCH (ICC, IRA72SNcLsLABELX?l )
CALI OICH (ICB~IkB-ll,NcL*LA8FLY* 1)
CALI 01.CH ~27n,80*NcL.LABF1.z~2)
CALI f)LC~{ (200s4s5?TIGERs?)
CALI. AhV (1)
DIVT5=AHS(CMAX)
IF ~OIVIsOEQOO.0) DIVIS=ARS(CMIN)
IF ((CMAX-CMIN)/OIVIS.LEOl.0E-6 ) GO TO IISO
IF (LCP.E(2.0) GO TO 160
IF ILcIY.GT.0) GO TO loo

c
c COMIYUTF PLOT INTERVALS GIVEN FF AND NC

NC=IA13%(LCP)
ANc=Nc
VNCzl.{/ANC
VNCM=l.O/(ANC-l.O)
ECWW=2,”!18281O
ALPH=VhJCM* (ANC*EY.P(FF) -EONF)
6ETA=ANC*VNCk~ (EONE-EXP(FF) )
CDIF=CMAX-CMIN
D() Ou N=l,NC
VECP(N) =CVIF*ALOG (ALPH+FLOAT (N)*VNC*RETA) +CMTN

90 CONTINIIE
CMIN=(l .O-FF)*VECP(l)

100 CONTINIIE
11=0
IM1=IM;
IMXS1
JMl=JM~
JMX.=l
JTOO=.F.
DO IkO J=l,JMT
NFol!ND=.T.
ITOO=.F.
(10 120 I=l,IMT
II=TI+l
IF (FLIIx( II)cLToCMIN) GO To IZO
lNFo[lNo=.F_,
LF (IToP) GO To 11O

ITOP=.+.
IM1=MINO(IM1*l)
IMx=MAXO(IMxoIl
GO To 120

110 IMX=MAxO(IMX~I)

120 CONTIKOIE
IF (~Fn(JtiO)GO TO 140

PI f)TS
PLOTs
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
PI IITS
PI.OTS
PLOTS
PLOTS
PLOTS
PI.oTs
PLOTS
PLOTS
PLOTS
PLOTS
PI (3TS
PLOTS
P1.OTS
PLOTS
PI-OTS
PLOTS
PLOTS
P[-OTS
P(,OTS
PLOTS
P[-f)Ts
PLOTS
PI-OTS
PLt)Ts
PLOTS
PLOTS
PI,oTs
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
P[-OTS
PI f)Ts
PLOTs
PLOTS
PLOTs
PIOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI.OTS
PLOTS
PLOTS
P1-oTs
PLOTS
PLOTS
PI,(ITS
PI,OTS
PLOTS
Pi OTS
PLOTS

1324
1325
1326
1327
13213
132Q
1330
1331
1332
1333
1334
133’5
1336
1337
J33R
1339
1340
1341
1347
J343
1344
1345
1346
1347
J34n

7349
1350

1351
135?
I .353
1354

3
1 55
1 56
1357
135R
1359

1360
1361
1 36?
1363
1364
1365
1366
1367
1368
1369
1370
1371
137?
1373
1374
1375
1376

1377
137~

]37Q
1380
13R1
1 313?
1.3R7
1384
13$15

1386

d

.

.

.
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c

c

c

c

c

c

c

c

c

c

--. .— ------ .
IF tJTqPl GO TO 130
JTCIP=. r.

PLOTS

JM1=MINO(JM1$J)
PLOTS

GO TU T~O
PLOTS
PLOTS

130 JMX=MAXO(JPXOJ) PLOTS
140 CONTINilE PLOTS

if NU wFGION FOUND GO TO ERROR PRINT AND SKIP COVTOUR PLn?
IPR=.FqLS~.

pLOTs
PLOTS

IF (lM1.GE.IMX) IPR=.TRUE. pLOTs
IF (JM~.Gt.JMX) IPR=.TRUE,
IF (oNnT.IPR) GO TO 16(I

PL 07s
PLOTS

PRINT plot IFI’s IMXJJN1!JMX*SCMIN*SCMAX PLOTS
GO T() 1~0

150 TOPY=XPLT {IMX)-XPLT(IMI )
PL nTs
Plr)Ts

TOPY=YPL T(JMX)-YPLT(JMI ) PLOTS
IJ=(JMI-l)oIX*IPI1 PLOTS
NJY=JMY-JM101 PLf)Ts
NI)(=IMx-IM]+l PI.OTS
TO PASS SCALE FACTOR VTA CNTRCOM TO CNTRJR FoR cnNTOUR LARFLS
SCFAC=TEMP

PLoTS
PI OTS

CALI AmV (1) PLOTS
CALt cvTf/JB (>pLT(IMI ),NIx;YPLT(JMl )*NJy,FLUx (T4]; ,1xOJyoi”CPOcMIN;e PLOTS

lMAx.CINT~vEcP?TOPX,tOPY, IGRID, IDRW9LbdLLXO10,LARFLY~ 10)
KX=T~R.10

PLOTS

Kx=~AAxil (Kx91xL*4&lo)
PI OTS

lo(=t41r4~( Kx,78(j)
Pt.OTS
PLOTS

WIJITE ,](IB IDENTIFICATION PLOTS
CALI 131~CH (KX-]6b~30,4,4H.JnB=,l ) PLOTS
ChLI DICH (KX-120,30, 1(l,ITTTLE~1) PLOTS
WR17L nATE PLOTS
CALI PICH (KX*36S30*5.5HoATE=*l) PLOTS
CALI. r)[CH (KX+96,30, 10.ITTTLF(2)!1 ) PLOTS
kRIT& FllNcTICN RfiF!GE PLOTS
CALI n! CH (KX-90* IL)RW97~7HI?ANGE--? 1) PLOTS
ENcnuE (Z!O!?20, lTITLE(?) )SCMIN,SCMAX PLOTS
CALI n[.CH (Kxt IORW9?o. ITITl.E(3) !1)
IDRw1=TDPW.20

PLOTS
PLOTS

kRITt Q AND Z RANGE PI oTS
XMINL=YPLT(IMl)
XMAYC=YPLT(IPX)

P!.(ITS
PLOTS

ENcnuE (20,230, 111TLE(z7)]xMINC ,XMAXC PLOTS
CALI. nf.et{ (KX,IoPW1,20.1TITLE ~27) ,1)
IDPw2=TL)RW1*20

PLOTS
PI OTS

YMINC=YPLTIJM1)
yMAVC=yPLt(Jk!X)

PLOTS
P[.OTS

ENcouE (20,24@?ITITLE (29) );MINC,YMAXc PLOTS
CALI OLCH (KxsIOPW2.20.1TITLE (29) *1) PLOTS
WRIYt IL) PLOTS
CALL r)ICti (IxL, IllRWls6001TTTLE (31 )91) PLOTS
1DRw3=11~RW2420 PLOTS
CALI DICH (IxL, ll)RW3,6(l? ITTTLE(12) )1)
LARFL +HE FUNCTION AXTS

PLOTS
PLOTS

CALI I_)lcti (110,30!10,LAFiEL7s1) PLOTS
CALI L’)lCH.(50S4,59TIGFR,2)
CALI AnV (1)

PI OTS
PLOTS

LN[) of I[)X LOOP. pl oTS
160 Cr)NTIN{lE PLOTS

HFSTURr FUNCTIL)N VALUFS
IF (TEMP.EQ.O.0) GO Tn 180

PLOTS
PLOTS

TEt.~DI=l.O/TEl’P PLOTS
DO 170 IL)Y=lsIRJMT PLOTS

170 FLUx(InY) =FLUX(Il)Y)*TEMPI PLoTs
180 RETIWN PI OTS

)3R7
138R
138Q
1390
1391
139?

1393
1394
1395
1396

1397
139a
139Q
1400
140~
1402

1403
1404
14Q5

1406
1407
1411Q
1409
1410
1411
1412
1413
1414
141%

1416
1417
141R
1410
142rt
142]
142P
1423
1424
lfb?fj
y42&

1427
14,?R
1429
143!3
1431
143?
1437
1434
1435
1436
1437
143R
143Q
]440
J44J
}44?
1443
1444
1445
~44~
J447
)44R
1449

141



c PLOTS
190 FORMAT (*O NOT ENOUGH STORAGE AVAILABLE FOR PLo+~TNG*/zoY,* GEQII+6 PLOTS

lEO s*IA04ao~ AvAILAt3LE =*16)
200 Ff)RMAT (*

PLOTS
PLOT MADE OF *A1O)

210 FoRuAT I*O
PI.OTS

ERROR TN CONTOIJR VALUEs--PLOTS eANNoT RE uAnF@/*
1

PLOTs
IM1, IMA9 JM1, JMx, SCMIN9 SCMAX *$41%111J2F1A.6) pLOTs

2?0 FORMAT (lx, lPE9.2!*,*, lpEq.2) PLOTS
230 FORMAT (ox=**FR.3**, *,F803) PLOTS
240 FORMAT (@Y=QsF8.3s*, 0,F8.?) PLOTS

EN[J PI OTS
SURnuU~INE ChTRJtJ (X,NNX,Y,NNY,ZoNZ)’ *Nzy,Ne*zMN,7MX,DLz.7Pi~aN,DMPv; PI.OTS

lDWPY, IGRD, IDRk,LARELX,NXLRL *LA13ELYsNyLB1.) PI OTS
CONMUrIJ /CJE07/ IXL, IXR, IYT,1YR*XMN*XMX9YMX.YMN PI 01s
COMUON /CNTRCON/ ISYM(50),~CFAC PI OTS
DIMFNSTON xSCALE(2), YSCALF(2) PLOTS
ECIUrvAIENCE [XNIN,XSCSLE(I )), (XMAXoXSCA1.F(2j) PLOTS
EQuTvAIENCE [YMIN9YSCAI.E (l)), (YMAx,vsCA( F(2)) PLOTS
DI!4cNsTON X(1)9 Y(1), z(riZxsI)* ZPLAN(l) PLoTs
UIMFNsroN FMT(2) PLOTS
LOG?cAI’ ‘EST PI (ITS
Nnc=MINo (IABs(PJC) $50)

ZMIN=Z’,,N
PLOTS

ZMA!(=7,4A
PLOTS
pL(lTS

DEL7=nl-Z
bNAPx=nMPX

PI OTS
PLOTS

ljMAPYanMPY

NOX=lAPS(NNX)
pLOTs
pl OTS

NOY=IARS(NNY)
Do lU T=1*50

Pl,OTS

10. IsY\~(T)=o
PLOTS
PLOTS

c ESTAbL’TSH SCALES P[,OTS
XMTN=X(I)
XMAX=X(NOX)

PI OTS

y}\T~=y(] )
PI.OTS
PIOTS

YMAY=Y(NOY)
FGNo=o.

PLOTS

IF (lGQU.GT.0) FGRD=-TGRD
PLoTs
PLOTS

CALI PLJB lXSCALEoYSCALE~2C l*191 *FGROSDM4PXOOMAPV.LAeELX.NVLRLtLAR P(,oTS
lLLY.NYl,HLs-1)

IF (NC.LT.o) GO TO 50
PLOTS
P{ OTS

IF (NNx.LL.0) CALL MINM (Z9NZX*NOX9NOY* I,J*Zt.IIN\ P1.fJTS
IF (NNY.1.E.0) CALL MAXM (Z,NZX9NOXSNOY*T .J$ZMAX) P~nTs
IF (UEIZ.GT.o) GO TO 20 PLoTS
l)EL7=(7MAX-ZMIN)/(NOC-l ,)

20 IF fNzY.6T.o) GO TO 3fi
PLOTS
PLOTS

ZNAX=7WAX-AMCD (7MAXODFl-Z) PLOTS
zNT.l=7MIN-AMOD (ZMIN,DFLZ) P[ oTS
NoC=MINI) (NOCSIFTA ((7MAX-ZMTN) /UELZ+l.01)~

30 ZPLAN(I)=ZMIN
P1 OTS

00 40 T=2,N(3C
PLOTS
PLOTS

40 ZPLAN(T )=ZPLAN(I-l).l)rLZ
50 COIJT~NIJF

PLOTS

DO QO NY=29NOY
PLOTS

IX=’400(NYS2)
PI OTS
PLOTS

IIY=v(Nv)-Y(NY-1) PLOTS
DO 8U yNX=2JhOX
NX=TNX

PLOTS

IF (lX.NE.0) NX=N(JX-INX+2
PLOTS

ZTl=L(~JX-l*NY-1)
pLOTs

LT?=~(wX*NY-1)
PLOTS

ZT3=L(NX?NY)
PI OTS

ZT4=L(A1X-l~NY)
PLOTs

Dx=x(NY)-x(Nx-1)
PLOTS
PLOTS

1450
1451
i45?
1453
1454
1455
1456
J457
145$!
145Q
146fl
1461
146P

1463
1464
1465
1466
1467
~46R

1 46~
1470
1471
1472
1473
1474
1475
1476
1477
147il
1479
14Rn
1481
14i3?
14q3
J484

1485
J486
14q7
] 4Rfl
14Rq
14qn
1491
1 49?
1493
7494
J49%
1496
1497
1494
1499
1500
1501
150?
1503

1504
1505
1506

1507
150R
lso~
151n

1511
151?

.

.
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IF (ARs(zT3-zTl l-ABS(ZT4-ZT2) ) 70960.60
60 CALI TRCJB (X (NX)sY(NY) *-DX*-DYoNOC.ZPLAN,ZTA tzTa.7T2)

ChLl TQCJB (X (NX-I)~Y (NY-l )tDXJUY9NOCOZPL 4NJzT?*z71sZT4)
Go TO R(I

70 CALI TRCJFI (X (NX-l),Y (NY) ’QPXs-DYo!JOCsLPl,AN*ZT30ZT4.ZTl )
CALI TQCJB (X (t4X)tY (NY-1 )*-DXoDY,NOC!LPLhNOZTl 0ZT29ZT3)

130 CONTIN!IE
90 CONTINtIF

IDRW=IYH*40
IORW=MTNO (IDRkI.94S)

c USE VLrH IF SPACE PERMTTS
ULCM lJsES 12sP/I-4.CHAR - 155P /V.CHAR

: TStJ uSFS 8SP/H.cHAR - ]2SP/V.CHAR
TEST=.F.
ITOD=5A

c IXR = RIGHT BOuNUARY
c NoC = NUI.lBER (JF CON1OIIRS
c ITOP . SPACES DOWN FROq Top LFFT FOR LApFL

ITST=1YR+142

IF (~TqT.GE.1024) TFST=.T,
ITST=NOC*15*ITOP
IF (1T%T.GE.1024) TEST=.T.
KX=Txr?.]0
KC=KX.;50
IF (TEsT) KC=KX+80
KY=ITOP
00 110 I=19NOC
ZTEM=ZPLAN(I )/SCFAC
ENCOUE (10,1ZOOFMT)ZTFM
IF (TEsT) GO TO 100
CALI D[CH (KX*KY*I09FMTS1)
CALL D(CH (KC9KY,0,1,1)
KY=wY.>5
GO TO i10

100 FMTf~)=sHIFT(I*s4)
CALI T<P (KXtKY*ll~FMT)
KY=Ky.i?

110 CONTIN1lE
RETllKN

c
120 FORVAT (lPE902~lX)

END
SUI+RLJIJ+INE PLJBIx,Y.NPTSsINC,LNN~NSYM~C, XAASYA40LARELx*Nxl.OI_AFIELV.

lNYL.NzL)
COMMON /CJi07/ IXLVIXRgIYT*IY13gXMfl*XMX~YMX @YMN
UIMFNSTON’ x(1). y(l)
INTrtiEP GRIDF
i3=A~AXi (AMAxl(C*o. )*(LNN*l )$00)
LTN=LNN
KSYM=15HS(NSY14)
KINr=MAXo (IAt$S(INC)Ol )
MPTS=[ARS(NPTS)
XXA=4RS(AAA)
YYA=AH<(YAA)
NXN=IA~S(NXL)
NYN=IA~s(NYL)
GQIn~=AMAXl (1.cA~S(C))
IF (NsYN.LT.0) GO To 130
CALt MAXV (XoKINCs!4PTsOISUf4sXMX)
chLl MAXV (Yst41NC,MPTq, ISUR9YMX)
CALI MrNv (x!KINC,MPT%,ISIJR*XMN)
CALI MrNV (Y!KINCQMPTSQ ISUR*YMN)

c ALSn TME LOG AXES WII.L BE FULL GYCLES.

PLOTS

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI 07s
PLOTS
PLOTS
PLOTS
PI.(ITS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
pL OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
Pi.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS

PLOTS
PLOTS
PLOTs
PLOTS
PLOTS
PI OTS
P1OTS
PI OTS
PLOTS
P[,OTS
PLOTS
PLOTS
PI r’)TS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS

1,513
1514
]515

1516
1517
i51q
1519
1520
1521
152?
~52>
1524
1525
1526
1527
152R
1529
1530
i531
153?
1533
1534
1535
1536
1537
j53f4
1539
J54n
\54~

154?
1543
1544

1545
1546
1%47
154R
1540
155n
1551
155?
1553
J554
1555
1556
7557

1558
155Q
1560
1561

156?
1563
1564

156%
1566
;567
l’56q
1569
157fl
1571
157?
1577
157.3
\571j
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c
c
c

10

20

30

40

50

Al)

,

70

80

IF YxA bkD/OR YYA ARE NoN.7ER0 THE LENGTHq
WIL.I RF CONSIDERED AS RPTInS WHERE THE LnNQEST
SI@F Is FITTED ON A 8ArI POTNT LINE.

IF (XX4.EO.0) XXA=60
IF tyYA.EQ.0) YYA=1O.
IF (N9TS.LT.0) GO TO ?0
IF (xF.!N.Nk.XPX) GO TO III
L)X14=.0il*AljS (XMX)
IF (DXW.tQ.0) DXM=.0001
xMN*xMbj-uxM
XL4X=XqX+DXU
CALI AsCL (5tXMN,XMX.MAJX,MINX,KKX)
60 To qll
A14N=ALn(;IO(XMN)
XYK=ALIIG1O(XMX)
IF (lNr,LTOO) GO To 50
IF /yvw.NE.YMX) GO TO 40
OYM=*OQI*ABS(YMX)
IF (UYM,EQ.0) OYM=.0001
Yvh=~MM-bYM
YMx=yMx.l)YN
CALI 4sCL (s!YMN$YMX,KIAJY*MINYsKKY)
GO To 40
yMN=ALnGlO(yMN)
YMX=ALOGIO(YMX)
IF (iSTGN( l,liYL).LT.O.AND. INc.GT.o) YYA=(YMX-YMN\/YYA
IF (ISTGN(l ~NXL).LT.O.AND.NPTS.QT.0) XXA=(XMX-XMN)/XXA
MAKY=GQIL)F*MAJX
MAFY=GQI[~F*MAJY
FACT=8%fl./AMAXl (XXA,YyA)
IXL=b6
IyT=bfI
IYR=lxl:*8600
IYR=IY7+860.
CALI FQA~fE (IXL91XR*IYT~IYR)
IF ISICN(l .SXA4)OGT.0) GO TO 70
SWAP=XMN
XMN=~My
AMx=sw~P
IF (~I~N(l. $YAA).QTOo) GO TO qo
SWAP=yUN
Y!4Nz~MK
Yvx.sklfip
CALL nGA (IXL91XRC IYT. IYBoXMN$XMX*YMXSYMN)

PLOTS

PLOTs
P~oTs
PLOTS
PLOTS
PLOTS
PI.(3TS
PLOTS
PLOTS
PLOTS
PI,OTS
PLOTS
PLoTS

PLOTS
PLoTS
PLOTs
PLOTS
PL (3TS
PLOTS
PLOTS
PI,OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
P[.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI,OTS
P[ OTS
PLOTS
PLOTS
PI OTS

IF (NPTS.LT.O.AND.INC.LT.0) CALL DLGLG PLOTS
IF (NPTsoLT.OOANLl. INc.GE. of cALL DLGLN (MaKY) PLOTS
IF INPTS.GE.O.ANUOINC.LTO o) CALL DLNLG (M4Kx) PLOTs
IF !NPTS.GE.o OANl).INC.GESO) cALL DLNLN (MAKxoMAK~)
IF (NPTS.LT.0) Go TCI 90

PLOTS
PLOTS

CALI SnLIN (MAJX9KKX) PLOTS
Gfl 7(J iOO PLOTS

Qo CALL SULOG PLOTS
100 IF (INr.LT.0) GO TO 11o PLOTS

CALI, SLLIN (MAJy*KKy)
GO TU II?O

P1.OTS
PLOTS

110 CAL1 SILOG
120 CALL ExL

PLOTS

INXN=25
PLOTS
PLOTS

IF fNXN.NE.o) CALL DLCH (MAXO(5401xL* (IXR-IxI.-~?&NXN) /2).Tvq+INxN; P1OTS
lNXN.LAQFLXQl)

INCY=IA
P1.f)TS
PLOTS

IF (NYM.NE.0) CALL DLcV (INCX.MINO (IYB+5?.IYP-~ Tv13-IYT-l>&uYM)/2i; PI.OTS
lNYN;LARELYo1) PLOTS

i57b
1577
157R
1579
1500
1581
158?
1583
1584
1585
]586
1587
15HR
1589
1590
ls~l
15Q7
1593
1594
1595
1!596
1597
]59R
1599
160f)
1601
1 60?
1611q

1606
1605

1606
1607
160n
1600
1610
1611
161?
1613
1614
1615
1616
1617
161n
161Q
1620
1621
162?
162?

1624
16%%
1626
1627
162q
1629
1630
1631
163?
163?
1634
163%
1636

1637
ib3R

..

4

.

.
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c
130

140

150
160
1711

180
lQO

200

210

220

10

CALI Eyti
IF (~ Z(”. LTOO) GO TO 2?0
PLOT PoINTS AND/OQ LINF
MPT%=MPTS@KINC
DO ?1o NXP=l~MPTs,KINC
XTWn=X(NXP)
YTWO=YfN?iP)
IF (NP+S.LTOO) XTWO=ALOG1O(XTWO)
IF (lMr.LT.0) YTwO=ALC)R1O(YTWO)
c4Ll CnNvMT (xTwUSNXTW09xMNSXMx? IxL$ IxR)
CdLI. cnN’Jf?T (YTWL),NYTWO,YNNSYMXSIYG, IYT)

IF tNXP.EQ.1) GO To lqo
IF (LIM.GE,O) Go TO lg~
IF fMOn(l(NXP-l)/KINC),IAB% (LYN)).NE.0) no Tn lqn
CALL EYL
CSLI nLCtl (NxTWO,NYTIdO,O?K~YM,l)
c4LI. EvH
Go Tu ?00
IF (M.Fu.0,) GO TO ?~n
Do 170 IH=I,~
CALI PI-T (NXTW0,NYTW0,42)
GO To ?ofl
IF td.FQ.o.) CALL m?V (NXONE,NYONE,NXTWOoNYTWO~
IF (LIN.NE.0) GO 70 140
IF (M.NF.O.) GO TO 160
NYoNL=NYIWO
NXO.lL=NXTWO
CfINTINilE
HETIIKN
END
SUHQUU’TINE TRCJ9(X~YcnXtDY,NOCSZPLAN?i!X)7V9zY)
COMU~)N /CNTRCOM/ IsY14(5@).~~FAc
DIMFl~STOh xP(2~50)* YO(2*50)J ZT(4)* ZPLANll\
.?T(11=7x
ZT(7)=7V
ZT(7)=7Y
ZT(4)=7X
zTMIN=AMINl (zT(l).zT(?) !zT(3))
ZTMAA=AMAX1 (ZT(l),ZT(?)’,ZT (3))
Ik+Ird=hJnc+~

IMAY=O

00 1° K=19NOC
J=NnC-w+]
IF fLPIAN(J) .GE.LTMIN) IMIN=J
IF (fpi AN(K) .LEoZTtlAX) IMAX=K
cnNTINllE
INT=1M8X-IMIN
IF (lNT.LToo.OR.ZTMIN.EQ.ZTMAX) GO TO 139

PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS
PLOTS
PLOTS
PLOTS
Pl oTs
P~OTS
PLOTS
P[ OTS
PI OTs
PLOTS
PLOTS
pl oTS
PLOTS
P1.OTS
PLOTS
PLOTS
PLOTS
pLOTs
PLOTS
PLOTS
PLOTS
PLOTS
QI,OTS
PLOTS
PIOTS
PLOTS
PLOTS
pl OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PI OTS

1.?=! P:OTs
Do 110 K=1*3
LIMAx=sMAxl (ZT(K),ZT(K+l ))

PLOrs
PLOTS

ZPMT~=AtJINl (ZT(K)tZT(K+l ))
MTN=Nnr+l

PLOTS

M4x=U
PLOTS

DO au j=liNoC
PLoTS

IN2=NOC-J+l
PLOTS

IF {LPI AN (INZ).GT.ZPPTN.OR. (ZPLAN( INZ),EO.ZpMIN. &Nn.Z7MIAIOF6.ZpM7N ~1.~~~
1)) vIN=INZ

If (ZPIANIJ) .LE.ZTMAX) MAX=J
PI-OTS

20 cONTINllE
pLOTs

IvZ=MAY-MIN
PLOTS

IF (1N7.LT.ooOR.ZTMAX.EQ.ZPMIN) Go TO l]n
PI.OTS

IF (1N7-INT) 40,30,40
PLOTS
PLOTS

1630
1640
1641
164?
1643
I 644
~64q

1646
1647
1648
1649
1650
1651
16%?
1653

165.4
165%
1656
1657
165q
165Q
166n
1661
166?
1663
] 664
1 66%
16615
I 667
IfY6R
166Q
1670
1671
1672
1673
1674
]675
1676
1677
lb~q
1679
168n
16f31
lbq?
16R3
1696
16Q5
1686
1687
169s
1689

1691-I
1691
1692
1693
1694
I 695
1696
1697
1698
1690
1700
1701

145



30 (3o rO t90J40)* 12
40 12X I

PLOTs

Go Tll 60
PLOTs

50 12=2
PLOTS
PLOTS

60 DO Io(l J=MINoMAX PLOTS
Go 70 (70080090)9 !( PLOTS

70 AP(lZ,.I) =X*OX*(ZPLAN(J) -Z7(2))/(ZT(l)-2Tf?))
YP(TZ9.I)=Y

PLoTs

GO 7U 700
PLOTS
PLOTS

80 xp(ld, l)=x PLOTS
YP(T.?, J) =Y*DY*(ZPLAN(J)-2T (2) )/(ZT(3~-2T(2!))
GO YLJ.’iOO

PLOTS
PLOTS

90 XP(TZo I)=X+DX*(ZpLAN(J) -ZT(3))/(ZT(l)-ZT13)) PLOTS
YP(r2,.l)=Y*DY* (ZPLAN(,]) -ZT(l))/(2T(3)-i!T(l)) PLOTs

100 CCINTINllE
110 CONTINIIE

PLOTS
PLf)TS

DO IZO J=IMINoIMAX PLOTS
ISYV(,J)=lSYM(J)*l
L=3

P[ 01s
PI.(ITS

IF (MOn(ISYM (J)~lo).NF.1) L=o PI OTS
CAL[ PI-JB (Xp{ltJ) *Yp(lOJ) 02010LQ-JSo*oSo 9090?00090)

120 CONTINIIF
PLOTS
PI 01s

13(1 RETll~N PLOTS
Eva PLOTS
SIJRP~llJiINE PLTXYZ(F?X,Y~ IX,JY!A)!GTsANGF.AUuLY 04M11LYJAA.Aca.04.RBOiR PLoTS

lA,TQb,1Cf3,1CC) PLOTS
DIMFNSTO!~ F(l)! X(1)9 Y(1), AA(1)* AB(l), RAfl). RR(1) PI C)TS
YT=sI?J fANGT)*AMULX PLOTS
XT=COSIANGT) sAMIJLX PLOTS
YIJ=<IN (ANGF)*AMULY PLOTS
XP=C{)S(ANGF) @AMULY
YTRSYT4X(IX)

PLOTS
PLOTS

ATRxxTtiX(IX) PI OTS
YPh=yPitY(JY) PLOTS
XPB=APkYfJY) Pt. OTS
XA=XTR+XPM PLf)T~
EA=Q.
Eq=]Oofi.

PLOTS
PLOTS

ljo ]U l=l,Ix
L=l

PI,(3TS
PLnTS

(Jfl IfJ .)=1*JY PI OTS
E=F(L)-X (II*YT-Y(J)*YP PLOTS
EA=A\lAxl(EAcE) PLOTS
EB=AMINI (E@tE) PLOTS

10 L=L.Ix PLOTS
Yc=YTR.YPB PLOTS
IF (Lq) 20,40,40

20 DIFjyc+EB
PLOTS

IF (ulF) 30940s40
PI OTS
PLOTS

30 yR=-uIF PI,OTS
(jq 70 GO PLOTS

40 YR=fl. PI OTS
50 YA=YL.YH+EA PLOTS

CALI DcA (123slo23,0090000.o*xA~YAsO .0) PLOTS
CALI FQAME (123,1023,0s900)
YO=yM+VTB

PLOTS
PLoTs

IA=7X+1 PLOTS
00 Au T=l,IX PLOTS
L=I&-r PLOTS
AA(T)=xTB-XT@X(L) PI(ITS
Ac)(T)=xPB*AA(I)
ka(l)=yl)-YT9X(L)

PLOTS
PI OTS

60 KAIT)=YPH*RB(I) PLOTS

1702

1703
1704
1705
1706
]707
1708
1709
171n
1711
171?
1713
1714
1715
1716
1717
1718
171Q
1720
1721
172>
1727
1724
1725
1726
1727

172R
,72Q

1730
1731
173?
1733
1734
1735
1736
]737
173R
1739
1740
1741

1 74?

; ;$2

174s
1746
1747
1748
174Q
1750
1751
1757
1753
1754
1755
1756
1757
1 7’5R
175q
]76fl
1761
1767
1763

1764

.

.

.

.
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“cAL[ PI- O-T (Xx, AAsl. RA. ls32$o)

CALL PLOT (I X~A8,1~RB, IQ32,1)
YE. VU. VPB
DO 7U .J=l?JY
AA())=!(P*Y (J)
AH(,I)=YTB*AA (J)
kd(,])=vE-YP*Y(J)

70 Ra(,l)=}.TY+f?A (J)

CALt PfOT (JY,AA*19RA. 1Q32,1)
CALI PLOT (JY?AB*l tRR.I-S32,0)
Zti=. lJ50FA
YF=YC.YP
Do Go 1=1921
AA(! )=yTB
l+A(I )=vF+zHoFLOAT IL-1)

80 CONTINIIF
CALI PI.OT (210AArl sRA,lo3201)
0’3 IUO I=lQIX
L=I
DO QO J=l,JY
A4(.j)=xTB-X (I)*XT+Y(J) *XP
RA(.II=VF-X (I) *YT-Y(J)*YP+F”(L)

90 L=L.IX
CALI PI,(3T (JY*AA91qRAo1 $4291)

100 CONTINIIE
L=l
DO 120 J=1oJY
DO 11O.I=1SIX
Ah (T )=XTB-X (I)*XT*Y.(J) *xP
R4(T)=YF-x (I)*YT-Y(J)&Yp+F (L)

110 L=L.1
CALI PLOT (IXSAA* 1,RA,IC42S1)

1?0 CONTINtIF
CA=2.?,4(XPB+.5*XTR)*1130/XA
CA=d~lI.l: ($.A,l16.0)
Cq=>..+y~tl~56,5/XA
CC=YlQOl13./XA
Rq=5/,@(l.-(,5*YPR*Y9) /YA)+l.
RA=%r05( 10-(.50YTB+YB) /YA)*l.

TIY=~Ri$16.o-tl.o
IRH=IF7X(TIy)
TIY=RA&16.0-8.0
IGA=iFTX(TIY)
TTX=CC&800-400
ICC=IFTX(TIX)
TIX=CR44.O-400
IC9=lFIx(TIX)

c RETIIH!.I WITHOUT ADVANcF OF THE FRAME.
RETII~N

END

PLOTS
q-oys
P4.OTS
PLOTS
PLOTS
PLOTS
PLOTS
PI CITS
PLOTS
P1-OTS
PLOTS
PLOTS
PI.OTS
PLOTS
PI.oTS
Pl OTS
PI.nTS
PLOTS
PLOTS
PLOTS
PLOTS
pLt)Ts
P1.oTs
PLOTS
PLOTS
PLoTs
PLOTS
PLOTS
PLOTs
PLOTS
Plf)TS
PLOTS
PI OTS
PLOTS
PLOTS
Pl,OTS
PI OTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLOTS
PLr)Ts
PLOTS
PLOTS
PLoTS
PLOTS
PLOTS

\765
i76A
1767
i76R
176Q
1770
1771
i77?
1773
j774
1775
1776
1777
177R
177q
17530
1781
17q?
17~3
~784
1785
1786
1787
178FI
17~Q
1790
1791
179?

1797
1 7qf$
179’5
1794
1797
179il
1 79q
1800
1801
lfil)7
1803
1804
180%
18n6
1807
ltioR
180q
1810
1811
181?
1811
1814

COPYSF .~Nn OF FILE
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APPENDIX E

COMPARISON OF FRACTION IN COOLANT
AND CUMULATIVE RELEASE AT TWO HOURS

Calculations for 131
I were made for the Ft. St. Vrain fuel model

(MFUEL = 1) with an average age of 2.5 yr (AGE = 2.5) and the fuel

was not aged (LAGE = F) . A BISO-TRISO mixture (0.06, 0.04) was

used (FRAC = 0.6). Six partitions of the core volume IC = 1, 5, 10,

25, 100, 200 and five partitions of the 20-h time period IT = 20,

40, 100, 300, 500 were used. The four temperature models SORS,

CORCON, AYER, and AYER Fu-Cort (ITEMP = 1, 2, 3, 4) and the four

equation models, Simplified Model Equation-Renormalized, Constant

Release-Renormalized, Linear Release-Renormalized, Intact-Failed

Self-Consistent fuel transition (NEQ = 1, 2, 3, 4) were used. The

most sensitive test of these 320 calculations was the comparison

of the fraction in the coolant and the cumulative release at 2-h

time.

In Tables E.I through E.XXVIII we exhibit a summary of these

results at 2 h. We note that the maximum variation between (IT,

IC) of (100, 100) and 500,200) for the 1311 fraction release in the

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

temperature models differ by as much as a factor of 3.73 (NEQ = 4;

ITEMP = 1,3; IT = 500, IC = 200).

A similar remark holds for the cumulative release where the

maximum variation between (IT, IC) of (100,100) and (500,200) for

the ’31 I cumulative release “is about 19%, whereas the various

temperature models differ by as much as a factor of 3.03 (NEQ = 4,

ITEM.P = 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.

L

-.

.
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TABLE E.I

1

5

10

25

100

200

X
1

5

10

25

100

200

X
1

5

10

25

100

200

131I FRACTION IN COOLANT x 104 at 2 h
ITEMP = 1, NEQ = 1,2

20 40 100 300 500 I

1.38 1.14 1.26 1.38 1.41 ‘

1.75 1.97 3.17 3.70 3.80

1.85 2.91 4.15 4.78 4.91

1.95 3.36 4.75 5.43 5.57

2.09 3.78 5.22 5.89 6.03

2.12 3.82 5.26 5.92 6.06

TABLE E.11

1311 FRACTION IN COOLANT x 104 at 2 h
ITEMP = 1, NEQ = 3

20 40 100 300 500 I

1.38 1.14 1.26 1.38 1.41

1.75 1.97 3.17 3.70 3.80

1.85 2.91 4.15 4.78 4.91

1.95 3.36 4.75 5.43 5.57

2.09 3.78 5.22 5.89 6.93

2.12 3.81 5.26 5.92 6.06

TABLE E.111
131I FRACTION IN COOLANT x 104 at 2 h

ITEMP = 1, NEQ = 4

20 40 100 300 500

2.24 1.67 1.50 1.46 1.45

5.49 4.11 4.01 3.98 3.97

6.59 5.39 5.14 5.11 5.11

7.14 5.99 5.79 5.78 5.78

7.48 6.44 6.26 6.24 6.24

7.51 6.47 6.30 6.27 6.27
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TABLE E.IV

1311 FRACTION IN COOLANT x 104 at 2 h
lTEMP = 2, NEQ = 1,2

20 40 100 300 500

0.85 0.76 0.74 0.74 0.74

1.03 0.98 1.02 1.05 1.06

1.08 1.10 1.24 1.32 1.34

1.14 1.25 1.42 1.51 1.53

1.20 1.37 1.57 1.68 1.70

1.21 1.38 1.58 1.69 1.71

131 TABLE E.V
I FRACTION IN COOLANT X

ITEMP = 2, NEQ = 3

IT I

104 at 2 h

Ic\l 20 40 100 300 500

1

5

10

25

100

200

0.85 0.76 0.74 0.74 0.74

1.03 0.98 1.02 1.05 1.06

1.08 1.10 1.24 1.32 1.34

1.14 1.25 1.42 1.51 1.53

1.20 1.37 1.57 1.68 1.70

1.21 1.38 1.58 1.69 1.71

TABLE E.VI
131

I FRACTION IN COOLANT x 104 at 2h
ITEMP = 2, NEQ = 4

IC 100 300 500

1 0.85 0.76 0.74 0.74 0.74

5 1.36 1.16 1.10 1.08 1.08

10 1.69 1.44 1.37 1.38 1.37

25 1.89 1.64 1.58 1.36 1.56

100 2.05 1.81 1.75 1.74 1.74

200 2.06 1.82 1.76 1.75 1.75

I

.

.
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TABLE E.VII
131I FIUCTION IN COOLANT X 104 at2h

ITEMP = 3, NEQ = 1,2

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

1.11 1.05 1.24 1.36 1.38

1.13 1.10 1.35 1.48 1.51

1.14 1.18 1.44 1.59 1.62

1.14 1.18 1.45 1.60 1.63
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TABLE E.VIII
131I FRACTION IN COOLANT X 104 at2h

ITEMP = 3, NEQ = .3

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

1.11 1.05 1.24 1.36 1.38

1.13 1.10 1.35 1.48 1.51

1.14 1.18 1.44 1.59 1.62

1.14 1.18 1.45 1.60 1.63

TABLE E.IX
131I FRACTION IN COOLANT X 104 at 2h

ITEMP = 3, NEQ = 4

20 40 100 300 500

1.02 0.87 0.81 0.79 0.79

1.69 1.33 1.21 1.20 1.20

1.95 1.55 1.44 1.43 1.42

2.09 1.66 1.58 1.56 1.56

2.20 1.78 1.69 1.67 1.67

2.21 1.79 1.69 1.68 1.68
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TABLE E.X
131I FRACTION IN COOLANT X 104 at 2 h

ITEMP = 4, NEQ = 1,2

IC

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
131

I FRACTION IN COOLANT x 104 at 2 h
ITEM? = 4, NEQ = 3

y:,
20 40 100 300 500

1 0.94 0.84 0.81 0.81 0.81

5 1.25 1.41 1.94 2.20 2.26

10

25

100

1.26 1.48 2.07 2.36 2.42

1.27 1.55 2.15 2.45 2.51

1.28 1.59 2.20 2.51 2.57

200 I 1.28 1.59 2.20 2.51 2.57

TABLE E.XII
131I FRACTION IN COOLANT X 104 at2h

ITEMP = 4, NEQ = 3

\
IT

IC
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5

10

25

100

200

20 40 100 300 500

0.97 0.86 0.82 0.81 0.81

3.12 2.46 2.37 2.35 2.34

3.30 2.62 2.53 2.51 2.51

3.40 2.73 2.63 2.61 2.61

3.47 2.79 2.69 2.67 2.67

3.47 2.80 2.69 2.67 2.67
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TABLE E.XIII

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 1

20 40 100 300 500

0.187 0.125 0.114 0.114 0.115

0.238 0.195 0.220 0.238 0.244

0.251 0.264 0.284 0.309 0.316

0.265 0.299 0.325 0.355 0.363

0.282 0.332 0.362 0.393 0.401

0.286 0.335 0.364 0.395 0.403

a

●

\

IC
IT

1

5

10

25

100

200

TABLE E.XIV

1311 CUMULATIVE RELEASE (Ci) AT 2 h
IT.EMP = 1, NEQ = 2

20 40 100 300 500

0.187 0.125 0.114 0.114 0.115

0.238 0.195 0.220 0.238 0.244

0.251 0.264 0.284 0.309 0.316

0.265 0.299 0.325 0.335 0.363

0.282 0.332 0.362 0.393 0.401

0.286 0.335 0.364 0.395 0.402
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TABLE E.XVI

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 4

1

5

10

25

100

200

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 1, NEQ = 3

20 40 100 300 500

0.151 0.115 0.112 0.113 0.115

0.191 0.177 0.215 0.238 0.243

0.201 0.237 0.277 0.308 0.316

0.212 0.266 0.317 0.354 0.362

0.226 0.295 0.353 0.391 0.400

0.228 0.298 0.355 0.394 0.403

20 40 100 300 500

0.263 0.151 0.122 0.117 0.116

0.566 0.309 0.265 0.254 0.253

0.677 0.411 0.341 0.329 0.328

0.720 0.461 0.389 0.378 0.377

0.756 0.501 0.429 0.416 0.415

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 = 1

20 40 100 300 500 I

0.129 0.102 0.096 0.095 0.095

0.157 0.127 0.121 0.121 0.122

0.163 0.138 0.136 0.139 0.140

0.172 0.151 0.151 0.155 0.156

0.179 0.161 0.164 0.169 0.171

0.180 0.162 0.165 0.171 0.172

TABLE E. XVIII

131
I CUMULATIVE RELEASE (Ci) AT 2 h

ITEMP = 2, NEQ = 2

IT
40 100 300 500

I 1 I 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
4

100

0.172 0.151 0.151 0.155 0.156

0.179 0.161 0.164 0.169 0.171

● I 200 I 0.180 0.162 0.165 0.171 0.172
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TABLE E.XX

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 4

x IC
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10
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TABLE E.XIX

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 2, NEQ = 3

A

20 40 100 300 500
>

0.115 0.099 0.095 0.095 0.095

0.139 0.122 0.120 0.121 0.122 I

0.145 0.132 0.135 0.139 0.140

0.152 0.144 0.149 0.155 0.156

0.158 0.154 0.162 0.169 0.171 I
0.159 0.155 0.163 0.170 0.172

I

20 40 100 300 500

0.129 0.102 0.096 0.095 0.095

0.186 0.137 0.125 0.123 0.122

0.217 0.158 0.144 0.142 0.142

0.238 0.177 0.161 0.159 0.158

0.255 0.192 0.177 0.174 0.174

0.257 0.194 0.178 0.175 0.175
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TABLE E.XXI

f

1311 CUMULATIVE RELEASE (Ci) at 2 h
ITEMP = 3, NEQ = 1

IC
20 40 100 300 500

1 0.132 0.099 0.089 0.088 0.087

5 0.152 0.113 0.107 0.108 0.108

10 0.157 0.121 0.116 0.119 0.120

25 0.159 0.125 0.123 0.127 0.128

100 0.160 0.131 0.129 0.133 0.135

200 0.161 0.131 0.129 0.134 0.135

TABLE E.XXII

131
I CUMULATIVE RELEASE (Ci) at 2 h

ITEMP = 3, NEQ = 2

IC
20 40 100 300 500

1 0.132 0.099 0.089 0.088 0.087

5 0.153 0.113 0.107 0.108 0.108

10 0.157 0.121 0.116 0.119 0.120

25 0.159 0.125 0.123 0.127 0.128

100 0.161 0.131 0.129 0.133 0.135

200 0.161 0.131 0.129 0.134 0.135
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TABLE E.XXIII
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131
I CUMULATIVE RELEASE (Ci) at 2 h

ITEMP = 3, NEQ = 3

J
20 40 100 300 500

0.111 0.093 0.088 0.087 I
“

0.087

0.127 0.106 0.106 0.108 0.108

0.131 0.114 0.115 0.119 0.120 I
0.132 0.116 0.121 0.127 0.128

0.134 0.122 0.127 0.133 0.135 I
0.134 0.122 0.127 0.134 0.135

TABLE E.XXIV

131
I CUMULATIVE RELEASE (Ci) at 2 h

ITEMP = 3, NEQ = 4

20 40 100 300 500

0.140 0.102 0.090 0.088 0.088

0.207 0.132 0.113 0.110 0.110

0.231 0.147 0.126 0.122 0.122

0.244 0.155 0.135 0.131 0.131

0.254 0.164 0.142 0.138 0.138

0.255 0.165 0.142 0.138 0.138
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TABLE E.XXV

IC
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1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 1

20 40 100 300 500

0.139 0.110 0.102 0.100 0.100

0.182 0.162 0.170 0.181 0.183

0.184 0.167 0.178 0.189 0.192

0.185 0.172 0.183 0.195 0.198

0.186 0.175 0.186 0.198 0.202

0.186 0.175 0.186 0.198 0.202

TABLE E. XXVI

131
I CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 2

IC 20 40 100 300 500

1

5

10

25

100

200

0.139 0.110 0.102 0.100 0.100

0.182 0.162 0.170 0.181 0.183

0.184 0.167 0.178 0.189 0.192

0.186 0.172 0.183 0.195 0.198

0.186 0.175 0.186 0.198 0.202

0.186 0.175 0.186 0.198 0.202
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TABLE E.XXVII

1311 CUMULATIVE RELEASE (Ci) AT 2 h
ITEMP = 4, NEQ = 3

IC
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 (Cj-) AT 2 h
ITEMP = 4, NEQ = 4

IC
20 40 100 300 500

1

5

10

25

100

200

0.142 0.111 0.102 0.101 0.100

0.346 0.220 0.194 0.189 0.189

0.362 0.231 0.204 0.199 0.198

0.372 0.240 0.210 0.205 0.204

0.378 0.244 0.214 0.208 0.208

0.378 0.244 0.214 0.208 0.208

* U.S. GOVERNMENT PRINTING OFFICE 1976–777-018/14
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