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ABSTRACT

The two-dimensional, time dependent, three-group
diffusion equations for the proposed designed core of the
MIT reactor are written with an extra source term account-
ing for the photoneutrons generated in the D,0 reflector.
An analytical expression is developed for this term. Then
-an approximate flux composed of two spatial shapes chosen
beforehand, each having an unknown time coefficient, is in-
serted into the time dependent multigroup equations and
the weighted residual criteria is applied. This yields
multimode kinetics equations with generalized definitions
for the conventional matrix parameters: generation time,
reactivity, delayed neutron (and photoneutron) fractions
- matrices. Computational methods for these parameters are
presented. An accident concerning the withdrawal of the
shim rods is examined with the code OZAN written for the
purpose of  the computations required by the present work.
This study suggests that a space-dependent analysis is
required to analyse the accident postulated.
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CHAPTER 1
- INTRODUCTION

- The reactivity and transient analysis of a reactor con-
sists of predicting the behavior of the neutron flux at a
point in the reactor during a transient. This leads ulti-
mately to information about the behavior of the power level'

of the reactor, during the transient.
1-1 Point Kinetics Method

There are' a number of ways of performing the
analysis. The point kinetics method is the convehtional one.
This method assumes that the time and space dependent neutron
- flux, throughout a transient can be expressed in terms of the.
product of two functions: the first one a function of time
élone, and the second one a function of space alone. Sup-

- posing that the space function is known, one can then dérive
(from the multigroup diffusion equations) the conventional
point kinetics equations for the time function - of the time
and épace dependent flux expression - . .
Parameters appearing in the point kinetics equations;
The point kinetics equations involve a number of param-
eters (reactivity, generation time and delayed neutgon frac-

tions) the value of which depend on the manipulations
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(weighting, integration, etc.) undertaken to get rid of the

space dependency in deriving the point kinetics equations.
Thus ﬁhe point kinetics method consists of fixing a space
'function that is supposed to express the space dependency of
the time and space dependent flux, and then determining,
through apprepriate manipulations the conventional parameters

of the point kinetics equations.

Case where the space function is the £lux shape of - the
critical reactor; ”

It is customary to choose as the space function the.shape
of the critical reactor. In this case (and aseuming that the
weighting function is the same for all cases) generation time
and delayed neutron fractlons, are always the same for all
changes in the reactor that cause the transient.

- Thus the reactivity and transient analysis of a given
reactor will consist of determining ﬁhe reactivity that charac-
terizes the transient in question,and solving the point ki-
netics equations for the time function of the flux expression.
- The time and space dependent flux at any point of the reactor
is then predicted to be the steady state, critical shape
changing in magnitude during the transient in accord with the
solution of the point kinetics equations.

Hence, if possible small changes‘in fission cross section
are neglected, the solution of the points kinetics equations
characterizes the beha ior of,the_power level ofkthe reactor

during a transient.
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1-2 . Solution Techniques accounting .for the space de-

pendency of the time‘and'space dependent flux duringfa transient
A number of methods that accounﬁ for changes'in the shape -
of the flux during a transieﬁf have been developed and may be |
used for the transient analysis 6f a reactor.
These methods can be placed into two broad Categdries

[26,271.

Indirect solution techniques;

The first category involves indirect solution ﬁechniques
that make some assumptions about the mathematical form of.the
time and space dependent flux over subregions or over the entire
reactor, and perhaps also over various periods of time during
the transient. These assumptions are then forced into the

final solution.

Direct solution techniques;

The second category involves direct techniques that
generally consist of finding the solution of the finite dif-
ference approximation to the time dependent multigroup dif-

fusion eguations.

Differences between the Indirect and Direct solution
techniques;

It is worthwhile to point out that there are two major
differences between the indirect'techhiques and diredt tech-

‘niques, of attacking the space-dependent kinetics equations.
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Tﬁe indirect techniques are reasonably'fast in computing -
the final solution, but laék definitive error bounds. ‘Thus
‘whether br‘not a set of trial functions (assumptionslmade about
" the shape of the time and space dependent fiux) will give good
results for a particular perturbation, isbrather‘ intuitive.
The direct finite difference techniques, in contrast, require
much more time for computations, but are characterized by -
definitive error estimates. For this reason they are very
useful as numerical standards against which the more épproxi-

mate methods can be compared.

The very first step that must be taken for the "Reactivity
and Transient Analysis of MITR-II" is to chose an appropriate
"method (among these summarized in the first two sections of the

present chapter), or if necessary to construct one ourselves.

1-3 The reactivity and transient analysis of MITR-II;

set up of the problem.

MITR-II stands for the redesign of the Massachusetts
Institute of Technology research reactor. This reactor [28]"
{(cf. also Appendix G) will be cooled and.moderated by light.
water. The reflector is composed of heavy water. Photoneutron
sources are present in the DZO reflector because of the

‘interaction of the radiation coning out of the core with



the deuterium nuclei . -

Can the poiht kinetics method be adequate?

There are complications in applying thé point kinetics
model to MITR-II. First of all it is not clear.how we are
going to account for the photoneutrons in the computation of
ihe reactivity‘characterizind the transient in‘question; More
serious than that, it is not guaranteed in the'case of MITR-II,
that the time and space dependent flux can bé represehted using'
only one shapé throughout a transient.

Thus the primary purpose of this thesis is to investigate
a more sophisticated method of analysis and té compare the
predictions with the ones obtained through a point kinetics type

of approach (accounting also for the photoneutrons).

The Basic Model;.

As a basic ﬁodel we assume that the time dependent multi-
group diffusion equations can describe the time and space de-
pendent flux in the MITR-II. However the presence of photo-
'neutron sources in D20 ref;ector, will require more elaboration.

Thus we write

-1 3(z,t)

—pe— = [TD@e)v-am e + A-p)vx, I (@,0)]8,0
J ' . .
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- = B4V Io(r,t)@(x,t) - Ajng (E,t) .

(3=1,ec., 3,  (1-2)

where; S(xr,t) refers to'the‘photoneutrons generatéd in the
reflector and the familiar diffusion theory, matrix notation
(spelled out in the body of the dissértaﬁion - cf. Chaptef III-)
is used.

An analytical solution of Equations (l—l)vand (1-2), even
when the photoneutron source term S(x,t) is not preseht,vis not
known, and the method we are to investigate will consist of ob-
taininé an approximate solution to these simultaneous equations.
This requires first constructing an analytical expression for

the photoneutron source term, S(r,t).
1l-4 Photoneutron source term

In the analysis of a reactor [25] , similar to MITR-II it
is pointed out that the photoneutrons may be significant during
a transient. The argument we develop below, supports this as-

sumption.
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A simple scheme; '

Consider an atom of U233

fissioning in an infinite

medium of heavy water. Let NO be the tdtal number'of delayed
photons coming out of the fiééion products that have sufficient
energy to generate photoneutrons. Let T and fb be respectively 

the average macroscopic attenuation and photoneutron reaction

cross sections in D20, for the photons of interest. Thus

represents the total number of photoneutrons produced by the
photons of interest in the volume between the two spheres of
radius R, and Rl centered at the point where the atom of U235

is located in the infinite medium of heavy water (cf. Appendix

Chy.

Next assume that, MITR-II can be represented by a spherical
model with R, and R, being the inner and outer radius of the
’ngpreflector and that the radiation is coming from a point
source located at the center'of the reactor and embedded in pure
D20 (cf. Chapter II). We then expect |

¥ _ZRl -ZR

D 2 A
No—% (e -e ) x 100 :
pct = — ;- (1-4)
z

percent of the total amount of the delayed photoneutrons pro-



‘ . : : 25
duced by delayed photons from fission products of U235 on

Dzo, to be produced in the D20 reflector of MITR-II. Taking

Ry = 30 cm, R, = 60 cm and T = 0.04 cm-l, we obtain

pct ¥ 21% : | - (1-5)

Thus the ratio of delayed photoneufrons to the total

number of neutrons produced due to the fission of 0235

3

in an

infinite medium of heavy water being % 1.x10 -, the MITR-II

delayed photoneutrons can'reéch a fraction of %2.x10‘4. “This
may indeed be significant compared to the total delayed neutron

fraction ($7x10-3).

Prompt photoneutrons;

Besides the delayed photoneutrons there are alsg prompt
'photoneutrons due to prompt gamma rays (fission, capture, in--
elastic scatteriﬁg, etc.) generated within the reactor. A
quick comparison of prompt photoneutrons produced by prompt

235

photons from the fission of U on DZO, with delayed photo-

neutrons produced by delayed'photons from the fission products
of U235, on D20 (cf. Chapter II) will suggest that the former
ones are as'important as the latter ones.

Thesé considerations require that.we devote attention té
the photoneutrons throughou; this thesis; Thus the photoneﬁtron
source term will be studied, and Chapter Ii, Appendices A and

B are concerned with an appropriate analytical expression for

the photoneutron source term in Eq. (1-1).
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1-5 . Proposed method ’

Among the apprdximate ways of attacking Equations
(1-1) and (1-2) summarized in the fifst two,sectidns of tHe
' presentbchapter we intend to examine the simplest one that
will acéount for the space dependency of the time andlspacé

dependent flux.

Time synthesis;

This method, called time synthesis, assumes,that g(x,t)
can be ekpressed approximately as the sum of two fixed shapes,
each having an undetefmined, fime dependent coefficient. We

thus intend to examine a trial function of the form

B (z,t) = by (x) Ny (£) + v,(x) N,(t), (1-7)

' in which the flux shapes wl(E) and wz(g) do not depend on time

and can be selected in a number of ways.

Application of the weighted residual method [271;

By substituting the RHS of Eq. (1-7). into Equations (1-1)
and (1-2) we obtain residuals.

Chapter III describes the application of the weighted
residual method to find e@uations for Nl(t) and Nz(tS from
these residuals. In this chapter, in spite of the compli-
cated expression accounting for the photoneutron source term
in Eq.‘(l-l) we shall still be able to obtain the conventional

form for the multi mode kinetics equations, with however difQ
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ferent definitions for the various parameters. '

Thus the problem will be reduced to solving for N(t)

an(t) _ R )
B EGEL = Doy (8) = B, (0] ME+ £ Agey (o) (1-8)
ac. (t) S

: (£) N(t) - A,

I
|

*——a—E—— jnew ch (t) ’ (J=1,-vo, H), (1_9)

and where the summation over the delayed neutron groups also

includes delayed photoneutron groups, and A, Phew (t) and ,

B

. 's are [2x2] matrices.
Jnew
1-6 Computation of the parameters A, pnew(t) and

B. (t)'s; Chapter IV and V
Jnew

The computation of the matrix parameters that appears in
Equations (1-8) and (1-9) turned out to be a difficult problem.
In Chapter V, which is closely related to Chapfer iv,
methods for computing various parameters appearing in Equations

(1-8) and (1-9) in a consistent way are presented.

v . _
A computer code OZAN (described briefly in Appendix N,
and presented in Appendix () was created to perform compu-

tations required by the present work.

* OZAN means poet in Turkish.
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1-7 Chapter VI, A problem treated by the proposed method

We attempted to use OZAN iﬁ the case of the with-
drawal of the blade éfshim rods and to predict the behavior of
the power level. The accident of interest is presented in
Chapter VI. The complications that arose - becaﬁse of the
particular character of fhe problem - are then discussed.
Finally a comparison of these predictions with the ones ob-

tained through a point kinetics type of approach is made.

1-8 Chapters VII and VIII,checks and conclusions
Tests that validate OZAN are described in Chapter
VII, and conclusions about the present work are drawn in

- Chapter VIII.



CHAPTER II

STUDY OF THE PHOTONEUTRON SOURCE TERM Sg(E,t)

In this chapter our goal'is to develop an analytical ex-
pression for Sg(g,t) which will account for the number of

thd'xeui:ron

- photoneutrons generated per cm3 per sec. within the g
groﬁp at a point r and time t in the D20'refléctor.
If we had a DZO cooled AND reflected reactor, wé qould
think of using the data (shown in Table 2-1) felevant ﬁo the
generation of photoneutrons - in an infinite medium of heavy

235—. With some

water by photons coming out of the fission of U
effectiveness correction due to the leakage out of the reactor
of photons giving rise to photoneutrons, this would have

covered the production of delayed photoneutrons.



Table 2-1 [1]

Group Constants for Delayed Photoneutrons
froimm U3 Fission Gaimminas on D20

30

SSZ?: Half-life Ry B,{10-5)
1 12.8 d 6.26 X 1077 ~ 0.05
2 53 h 3.63 X 107° ~0.103
3 - 4.4 h 4.37 X 1073 0.323
4 1.65h 1.17 X 10-1 2.34
5 27 m 428 X 104 207
- 6 7.7 m 1.50 X 103 3.36
7 2.4 m 481 X 10738 7.00

8 41 s 1.69 X 102 20.4
9 2.5 277 X 101 65.1
Total 100.75

Average DO photoneutron half-life = (In.2) > Bi/N;)/2-B;

= 16.7 min (following saturation irradiation)
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_Instead, in the MITR-II D,0 is present in the reflector.

only. In~addition‘ye have other gamma rayé than the ones éoming
from 0235 and causing the photoneutron reaction. We would also
like to héve.a space dependent photoneutron source term. Ail
‘this forces us to drop the previous data of Table 2-1 and to try
‘>a different approach to the solution of the problem.

" To this end we will start with the production'of photons
within the reactor. We ﬁext.computé through a shielding type of
calculation the photon flux in a given energy range at a point
r in the reflector, and finally make use of the photoheutron re-
action cross sections. ‘

Let then I(r,A,t) be the non-directional flux of photons of
enerqgy A>per cm2 per Mev per second in the reflector at r and
time t.

Let ZD(E'A't) be the macroscopic photoneutron reaction
.cross section of deuterium in the reflector at r and time t, fdr
- the incident photons of enérgy A. , ‘

Let‘PA(E)dE be the probability for the photoneutron gene- -
rated by an incident‘photon of energy A to be emitted within the
energy dE around E. (PA(E) - with some pertinent forms- is de-~
scribed in Appendix C).

Thus the product
I(r,A,t) XD(E,A,t)PA(E)dE dA, (2-1) -
gives the number of photoneutrons per ¢m3'per sec. generated in

the reflector, at r and time t in the range dE about E;;by inci-

dent photons of energy lying within dA around A.
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"This is the first step in obtaining Sg(g,t), the photo-

neutron source term. However there are a number of pfoblems
hidden in Eq. (2—1). How are we going to determine~I(£;A,t)?
Trying to solve the transport equation for the directional
Jphoton flux over the reactor volume [9] is impracﬁical and_aléo
ill advised unless we have reason to believe photoneutrons are
veff important. |

It would in fact be a great simplification if we could
work only with the uncollided photons. But would this épproxi-
mation be valid? .In other words, can the photoneuffons gene-
rated by photons having had collisions, especially by photons
having had one and only one collision, be neglected as compared
to photoneutrons generated by the uncollided photons?

The answer to the latter question is developed.in Appendix
A and is yes (within an approximation of a few per cent).

A second problem concerns the accuracy of the data speci- .
fying the productibnvand attenuation of photons, and the ac-
curacy of photoneutron reaction cross sections. Are these daté
consistent? If so, one should be able to generate theoretically |
the results of Table 2-1 starting with the data for the produc-
tion of photons coming out of the fission of U235.

The latter question has been studied in Appendi# B, and
the data we shall work with, has been found satisfactorily con-
sistent.

Furthermore this checking procedure led us to establish an

analytical expression for the decay curves cf fission photons

having an energy above 2.23 Mev (the threshold energy for the
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photoneu£ron reaction in heavy water) - Fig. B-l - in terms of -
the time wise - group decay constahts of photoneutroné‘shown in
Table 2-1. This correlation becomes clear when we recbgnize
that the appearance of a photoneutron of a given half life,
’implies there must be a photon having that same half life to
generate the photoneutron'in questién.

" Our next problem.concerns tﬂe geometry of the system.
Even though we use‘thé uncollided photon flux approximation the
expression for I(x,A,t) is extremely complicated. Agaih, since
we do not expect photoneutroné to be very important;'we make a
gross approximation.

th

Thus if Sf(E,A,t) is the number of photons of "f type"

{this terminology will become more clear shortly) emitted per
cm3 per Mev per second at location r in the reactor, with energy
A and at time t, we define

Sf(g,A,t)-d£> A (2-2)

sf(A’t) = Jg,reactor

We tﬁen assume for the purpose of computing I(x,A,t) in
the reflector that the extended source, Sf(E,A,t),-throughout
the reactor may be replaced by the point source, Sf(A,t), lo-
cated at the center of the reactor, and embedded in pure DZOQT
) 7 This simplification has two cénsequences that tend to can-
cel each other: the intensity of photons from a source that is
moved back, will be decreased at a point (r,z) in the reflectér;
but also the attenuation through DZO instead of the heavier
core material, is now easier.

For the purpose of comparing these two consequences we

suppose we have reason to'adbpt the scheme shown on the next page.
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A locatioh more

appropriate for
| the point source distance (cm)
L ‘ = l g
0 17 20 T 30

Origin where the _ . a point
hypothetical point self absorp- ::322§Y in the D,0
source is placed . tion distance - reflectof
. ore and
for the point 0 re-
source placed fzector

at a more appro-
priate location

In addition assume we deal with phoﬁons of energy,approxi-
mately, 3 Mev, for which the total macroscopic attenuation Cross
section in the heavy core material and in the D20 is taken to
be, respectively; 0.2 and 0.04 cm L.

Then the attenuation coefficient for both of the cases
(point source placed at the center of the reactor and embedded‘
in pure D20, and point source placed at a more appropriate lo- -
cation within the core - where the self absorption distance can

be figured out through a shielding type of information - ),

- assuming that the photons are emitted isotropically -~ , is

-(30 x 0.04)
1
an(900) © '
and .
-(3 x 0.8 + 10 x 0.04)
1

m({lé6 € ' v *
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Hence supposing that the second description for the atten-

uation is closer to the reality than the first one, we.can see
that

- Moving back the point source to the center of the ié—
‘actor decreases the intensity of photons at a point in £he

reflecter as much as: %%g-% 5;

- But also, the attenuation is now easier as much as

-(30 x 0.04)
e f\,s
-(3 x 0.8+ 10 x 0.04) N Do

e

_v*
We are now ready to work out an éxpression for I(E,A,E)r
This photon flux has two components, one due ﬁo the prompt

gamma rays, the other due to delayed gamma rays, that, we be-

.l..
lieve, deserve equal attention.

T

To see that consider one atom of U235

fissionning in the
middle of an infinite medium of D20. Both prompt and delayed
gamma rays will be emitted due to. that fission. Thus we intend
to compare the number of photoneutrons generated by the uncol-
lided prompt photons, with the number of photoneutrons generated
by the uncollided delayed photons, from respectively, the fis-

~sion, and fission products of 0235

on 020‘

For the purpose of calculation we recall the results
given in Appendix B for the two-group scheme of photons, and
the output of the Code POPOP IV (cf. Appendix D) for the prompt

235 (that is, 0.153 photons for the

fission gamma rays from U
higher energy group - AO = 7 Mev - and 0.483 photons for the

second group - Al = 3.5 Mev -, per fission). Then it is found:
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- 2, X 10-3 prompt photoneutrons due to uncollided prompt
photons, per fission of 0235, and; |

3

-~ 1.4 x10° delayed photoneutrons due to uncollided

~delayed photons'(emitted betweén t=1 sec. and t=o séc.), per
fission of U235. |

As will be seen below, there are also other prompt.gamma
rays than the fission prompt gamma‘raYé.. Hence an~eqﬁal étten-
uation will be paidvto the study of the prompt photoneutron
source term as well as the study of the delayed photoneutron
source term. | |

+

2-1" Component of I(r,z,A,ﬁ)* due to Prompt gamma rays
and the corresponding photoneutron source term

The prompt gamma rays are emitted within 10—7 sec. and cén
 be coming from the fission event, inelastic scattering of
neutrons, or capture of neutrons. -

Let @(r,z,E,t) be the scalar neutron flux at (r,z) of
neutrons having an energy within an interval of energy of
1l Mev around E, and at time t.

Let Zf(r,z,E,t) be the macroscopic neutron cross section

h

for £ type of reaction (either fission or inelastic scattering

or capture), at (r,z), of neutrons of energy E, at time t,;and

let I%n(A)dA be the yield of photons of energy within dA and A
E

s

To be more specific, instead of I(r,A,t) the notation has

been changed to I(r,z,A,t) for the (r,Z) geometry.
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resulting from the fth type of reaction induced by neutrons of

energy E, in nuclei n [that takes place at (r,z)].

Next we define

. E -
g (r,z,t) = [ 91 §(r,z,E,t) dE, ' (2-3)
E
g o :
Xf (r,z,t) = i,z,t J g lZf(r,z,E,t)¢(r,z,E,t) daE,
g g By (2-4)
n 1 : g-1 n »
rf (A) = zf(rtszrt) rf (A)@(x,z,E,t)dE,
g te (r,z, )P (r,z,t) JE; | E
g
| | (2-5)

where Eg and Eg_i are the lower and upper limits in this order

of gth neutron group (cf. Fig. 2-1).

Fig. 2.1 Neutron Energy group limits for G energy groups
Then with the definitions

n _ ) n n
Pf(A) = diag (Ffl(A) ces IEG(A))' : (2-6)

Zf(r,z,t) = column (Zfl(r,z,t)... EfG(r,z,t)), (2-7)
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#(r,z,t) = column (@, (r,z,t)...H4.(r,z,t)), (2-8)

We may write . R o ~:
. ‘ 1 00 ‘ -z (A,t)Vr2+zz’
s, (r,z,E,t) = ———m—n— @A I (r,z,A,t)P,(E)e ‘
Pf 4“(1_24.22) - °D A
A=2,23 Mev '

. . * ’ .
2% | r' dr' o dz' Xg(r,z,t) Ff(r,z,A) #(r,z,t)
’ r',reacfof z',reactor ' S o

- (2-9)

h

for the number of photoneutrons due to photons induced by_ft
type of neutron reaction, generated per unit energy, per cm
per sec. at (r,z) and time t.

In Eq. (2-9); Zg(r,z,t) is the transpose of Ef(r,z,t).

27 f r'‘dr' [ dz!' Eg(r',z',t)Ff(r',z',A)¢(r',z',t) ’
r',reactor z' ,reactor

- is the previously defined point soufce‘sf(A,t) placed in the
£ (A, t) frlez?

is the attenuaticn coefficient, with IZ(A,t) the macroscopic atten-

center of the neutron [cf. Eg. (2-2)]. The quantity e

uation cross section, for photons of energy A, at time t for
the heavy water medium.

The term "—"lf—_f" appears because of the assumption that

4 (r°+2z%)

photons are emitted isotropically from a point source at r=Z=O.

n
Pf(r,z,A) = SE(A); In case there are N(>1l) nucleis present
N :

at (r,z), I

n n T n
Le (r,z,t)If(A) shall replace Zf(r,z,t)rf(A).
n ,

1
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IR |
.. 1 - .
2 o 2 A, ,
‘where A, and A, _, are the lower and upper limits of g th photon

~group (cf. Fig. 2-2).

AO +“ " , : AL

i J-

Fig. 2-2 Photon Energy Group limits for L energy groups

ZD(;,z,t) = column (;Dl(r,z,t)... EDL(r,z,t)), (2-11)
P (E) = —= M1 P, (E) dA ' (2-12)
2 - ZK; A ! ,
A
%
P(E) = diag.-(Pl(E) cee PL(E)), (2-13)
1 Az—A i j
Zz(t) = KI; Z(A,t) dA ’ (2-14)
A, 1
1 ‘
: 2
—zl(t)(r2+z2)7 -z (8) (£2+2%) | (2-15)
E(r,z,t) = diag. (e c..€ !
A
n -1 4 ' _
ﬁ“fz = [ Te(A) ar - (2-16)
AR
: n n
Mg = column (W?l...(r}L) , (2-17)
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= I ~ p(E) dE ' - (2-18)
. _

gf(r',z',t) = column (Xg(r',g',ﬁ)ﬂ}l(r,zxuzg(r‘,z',t)H}L(r,z))~
(2-19)

. With integrations over A from Az to Al_l(l varying from L
to 1) and over E from Eg to Eg-l' summation over the three
types of prompt photon production and the above definitions

Egq. (2-9) finally becomes

1 T |
S, (r,z,t)= X (rzt)PE(rzt) X
Pg ror m D raoy g 1%y
' 3
27 r'dr' dz' z qf(r',z',t)¢(r',z',t),

r',reactor z',reactor f=1

(2-20)

which is the componént of Sg(r,z,t) due to prompt ﬁhotons.
To get more insight intovK. (2-20) choose two enerqgy

groups of photons and define

3‘ .

. 1 , X
Q(rlzpt) = 3 35 r' dr® dz' r
2(r2+z ) f=1

r',reactor z' ,reactor

qel(x',z’,t)@(x",2",t) . | (2-21)



Then Eq. (2-20) yields | . 4

SPé(r'z't) = ‘ZD]_ (rlzlt) PlgEA(rlzrt) Ql(r.-'lz'lt)

D

+ I (r,z,t) P, E,(r,z,t) Q,(r,z,t) . (2-22)
2 g ' : -

In Eq. (2-22) the first term gives the number of prompt
photoneutrons born at (r,z) and time t per cm3 per sec. within

the gth

group of neutrons, induced by photons belohging to the
first energy group of photons. Similarly the second.term in
Eq. (2-22) gives the number of prompt photoneutrons born aﬁ
(r,z)and time t per cm3 per sec. within the gth group of
neutrons, induced by photons belonging to the second energy

group of photons.

The quantities

ip (etyzt,0) T (x,2),00=1,...,1)
g g :

apbearing in Eq. (2-22) through Eq. (2-21) and Eq.’(2—19)
are to be determined for all the locations (or materials present
in MITRII) and any of the three types of neutron reaction in-
ducing prompt photons. Fortunately there is a code with its
own library for doing this.
' Thus the code POPOP IV [2] computes
3

‘SGcsg (r,z,t) = I zf (r,z,t) W; (r,z) , (2-23)
g f=1 g Lg . -

the secondary gamma ray cross sections for photons of ﬁth

group, induced by neutrons of gth group. In Appendix D POPOP IV
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is briefly discussed and the relevant numbers are presented.

2-2 Component of I(r,z,A,t) due to Delayed gamma'rays

and the corresponding photoneutron source term

Delayed gamma rays can be due to fission products decay
and activation of the material leading to'delayed gamma ray
emission.

Activation gamma rays of sufficient energy happen ﬂot to
be significant in MITR II. Hence we need to considérvonlyrthek
decay of fission products.

To this end we turn‘our attention to the fission product
having the decay constant Aj. The phbtons~that will follow will
appear with the same decay constahf. Any photoneutrons caused
by these photoneutrons will show up with that decay consﬁant
too. |

We let then, Lj(r,z,t), be the concentration per cm3, per
sec. of the jth delayed photon precursor (the fission product
having the decay constant Aj) at (r,z) and t.

Let No be the total number of delayed photon precursors
created per fission that may decay with one of the Aj's, and
let yj be the fraction of these NO delayed photon precursors
that decay with the decay constant Xj;.

Let ZF(r,z,E,t) be the macroscopic fission cross sectionv

for neutrons of energy E, at (r,z) and t, and define
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-1 . L
1 g
Ip (r,z,t) = .7 T J ZF(r,z,E,t)¢(r,z,E,t) dE, (2-24)
g g s - |
E
g
T _ g V _

Lj(r,z,t) can now be obtained from .

3Lj(r,z,t)
ot

h

The total rate at which delayed photons of the 5 xing
are emitted from the core is then
Sg(t) = 27 r' dr! [ dz' Aij(r',z',t) . (2-27)

r',core z',core

We let Yj be the probability that the photons of suf-

, 2 .
ficient energy to produce photoneutron reaction in D20, emitted
from the jth precursor appear in the Zth photon group and de-
fine

Y. = column (Y. ... y. 2-2
i ( 3 yJL) ‘ : (2-28)

Then as we did with the prompt photons, we assume that all
the delayed photons are born at the center of the reactor andv
are attenuated in reaching to the reflector as if they were
travelling through pure DZO' As a‘result; in complete analogy

with Eq. (2-2) we obtain the delayed photonentron source;
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: : 1 - T ‘ , :
sJ (r,z,t) = — r (r,z,t) [3 E(r,z,t)Y.\. X
Dg _ 4n (r +22) D g 13
2T J r' dr‘ [ dz' Lj(r',z',t), (2-29)'

r', core ’ z', core

1

“at which the;enefgy wise-group-g photoneutrons appear pér unit
volume and per unit time at point (r;z) ih the reflector énd
time t due to the -time wise-group j delayed photons.

The total rate of delayed photoneutrons emittéd in
nehtron group g is then | |

15 . ' ,
S. (r,z,t) = I sg (r,z,t) , (2-30)

Pg - J=7 g
where having reserved j from 1 to 6 for delayed neutron aroups,
we use j from 7 to 15 for 9 groups of delayed photoneutrons;

The form of Eg. (2-29) suggests that we picture the de-
'layed‘photoneutroné appearing at (r,z) as coming from fictitious
precursors actually present at (r,z). Acoordingly we define a
concentration eg(r,z,t) of "delayed photoneutron precursors" in
relation with the delayed photoneutron group j, and emitting

neutrons into neutron group g at time t;

. ) (r,z,t)
o (r,z,t) = —3 , (2-31)

AL
J

so that from Eq. (2-30),

l .
SD (r,z,t) = I A, 6.(r,z,t) (2-32)
g j= J
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To find eguations for the eg(r,z,t) we integrate Eq.’

(2-26) over the core volume and multiply it at the left by

12 5 Eg(r,z,t) F) E(r,z,t)‘Y, where we omit the'subscript
g
4 (rT+2%) ,

~ .j on the column wector [cf. Eq. (2-28)] since the experimental.

data (cf. Appendix B) indicates this approximation is justified.

The firsthterm of Eq. (2-26) then becomes

1 ZT

—_—— (r,z,t) F) E(r,z,t) Y X
4n(r2+22) D g

: oL, 20) (r,2,t)
] ’ ] ] -
2T r' dr dz T (r',z',t) = T
r',core z',core
T r,z,8) P E(r,z,t)) ¥ |
- = g eé(r,z,t) (2-33)
ZD(r,z,t) Fg E(r,z,t)Y |
and the last term becomes
1 T | B
———s— L. (r,z,t) F)E(r z,t)Y A, x
am(rlez?y DT Pgminesy j

27 Ir'dr' I dz' L.(x',z',t) = A.03 (r,z,t) . (2-34)
r',core ’2',core J J g

It appears legitimate to ignore the time dependence of
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ZD(r,z,t) and E(r,z,t). In Eq. (2-33), accordingly we drop

the last term and obtain

303 (r,z,t) | ‘
g =1 N.zT |
at - 4w(r2+zz) yjNOZD(r'z't) FgE(r,z,t) o
27 [r'dr' J az' Zg(r',z',t)ﬂ(r',z',t)—A.OJ(r,Z,t),(2"35)
r',core ‘g',core - o

We discuss in Appendix B how values of Aj' yj,,N0 and

Y may be obtained from experimental data.
2.3 Summary

In order to find an analytical expréssion for the photo-
neutron source term in the D20 reflector of MITR-II we have
‘first computed the production of prompt and delayed photons
and then, by making a very gross approximation have estimated
their attenuation through the core.

Eq. (2-20) (prompt photoneutrons) and Eq. (2-32) coupled
with Eq. (2-35) (delayed photoneutrons) are the end products

of this procedure. We thus have;

Sglrez,t) = SPg(r,z,t) + j£7 Ajeé(r,z,t) . (2-36)



CHAPTER IIIX

APPLICATION OF THE WEIGHTED RESIDUAL METHOD

We shall use the weighted residual method to describe
the space and time dependent flux in terms of spatial shapes
chosen beforehand and unknown time coefficients. A

To carry out this procedure, we begin with the time
dependent multigroﬁp diffusion equation with our extra photo-
neutron source term

-1 3@ (xr,z,t)
v T

~=[V.D(r,z,t)V—A(r,z,t)+(1-B)vxp2g<r,z,t)]Q(r,z,t)

- ,
(r z,t) + column |5~ (r,z,t) F’E(r z,t)
3%3 41r(r§+z ) D A

27 [r'dr' [dz'
r',reactor/z' ,reactor
H

column [Zg(r',z',t) ”; (r',z")1@(x"',2',t)}+ I Ar,6.(r,z,t),
L j=g+1 1 3

+
[ LI e
'—J

y

W

1

(3-1)

372j(r,z,t) _ T :
5T = ijZF(r,z,t)w(r,z,t) - Aj72j(r,z,t) , (3=2)
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30 (r,2,t) o | o -
B = 5—>— YN, column ZD(r,z,t) F;E(r,z,t) Y'

ot

4nm(r"+z")
2ﬂ¥jrr'dr' ‘/;z‘ Zg(r‘,z',tl'KZ(r',z',t)—)\jej(r,z,t) ,(3-3)
r',core “z',core ' , .
where
1  '¢G -
D{(r,z,t) = diag (Dl(r,z,t) .o DG(r,z,t)) R (3-5)
Za (r;z't)"' z ZS (r,z,t)
1 h=1 K1l
A(r,z,t) = ; '.
- . G ‘
ZaG(r,z,t)+ L g (r,z,t)
h=1 hG _

p— —

2fi(r,z,§) cen Xf&(r,z,t)

L] *

(3-6)

-

- .

Zéi(r,z,t) e Xéé(r,z,t)

L -

Eag(r,z,t): macroscopic .absorption cross section of neutrons

th

belonging to g group at(r,z)and t - ;

a: correction factor (generated or empirical) for
overcoming the error introduced by the approximations made
for the computation of the photoneutron source term in the

reflector;
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zsﬁf (r,z,t): macroscopic scattering cross section of
g .

neutrons from group g into group h at(r,z)and t.
Bj : delayed neutron fraction for group j,(j=1,..., J).,

J : A
B = z Bl . S . (3-7)

Phere are J delayed neutron group(s).

v ¢ number of neutrons created per fission ,
= column e . (3-8
Xp (xpl xpG) ( | )
Rj : delaYed neutron precursor decay constant for jth‘
group (j=1,...,J); delayed photoneutron group decay constant for

jth group [j=(J+1),...,H].

There are (H-J) delayed photoneutron group(s).

72j(r,z,t): delayed neutron precursor concentration for -

j?h group at(r,z)and t.
' X; = column (Xi «os X5 ) . (3-9)
J I3 g :
Xp and Xj are the probabilities, respectively for prompt
g g9

and delayed‘neﬁtrons of jth group, to appear within the gth

neutron group. ,

By column ( ) in Eq. (3-1) an@ Eq. (3-3) is meant the
column matrix obtained by varying g in Fg 6f the expression in
between the brackets from 1 to G. 1In thé same way column [ ]
in Eq. (3-1) describes the column matrix obtained by varying

£ in H; from 1 to L.
2
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o,(r,z,t) = column (ei(r,z,t) ces 82(r,z,t)) . (3-10)

Other symbols appearing in eqgs. (3-1),(3-2) and (3-3) have
been defined previously.
. Since it is impractical to obtain an analytical solution
to the system of equations (3-1), (3-2) and (3-3), we shall
employ an approximation method based on expressing g(r,t) by a
trial function of the form | | |
I

¢(£'t) = .z

¥y (D) N (B) (3-11)
1

1

th

where wi(g) is the i mode, a column matrix having G elements

(wié(g), g=l,.;.,G) that are spatial functions selected before-
hand, and Ni(t) is an unknown time coefficient. We then have
I unknown time coefficients to be determined.

The idea behind the expfession (3-11) consists in choosing
wi(g)fs that are linearly independent functions (cf. Appendix E)
so that various combinations of them will provide a good ap-
proximation to the flux shape expected dﬁring the transient.

[ 31 . The accuracy of the solution will naturally depend

on the good choice of these spatial shapes.
3-1 Formulation of the residuals .

We now rewrite Eg. (3-11) using the matrix notation

F(r,z,t) = Y(r,z) N(t) , : (3-12)
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with
(v, (rezt oo ¥y (2 ]
e = | o . e
‘pGl(r."z) e oo ‘J)éI(r,Z)
N(t) = column (Nl(t) cee NI(t)) ' o {3-14)

The bar on top of @g(r,z,t) is to indicate that this is an

approximate solution. Thus when we insert it into Eq. (3-1),
Eg. (3-2) and Eq. (3-3) the left hand sides of these equations

are no longer exactly equal to their right hand sides. The dif-

ferences are called residuals:

Rir,z,t) = vIE) y(r 5y

-[V.D(r,z,t)V—A(r,z,t)+(1—6)vxp2'§.(r,z,t)] W(r,z)N(t) -

J
‘Zl ijj72j(r,z,t)— P 2)-column Zg(r,z,t) F;E(r,z,t)
J= T(r +z
2 |r'dr! , dz' I column [Zf(r',z',t)ﬂ; (r',z")1y
r',reactor /z',reactor £=1 %
" .
P(r',z')N(t) - z Ajej(r,z,t) , (3-15)

j=J+1



aﬂj(r,z,t) ’ 52

T | _
Fepj(r,z.t) - FE— ~ByVIp(r ez b N ey T (2,8
(3=1,...,3), - (3-16)
’IQ aej(r,z,t) a ’ - S
Hy(r,z,t)= xS - 73~ YNy column ZD(r,z,t)F;E(r,Z't)

4 (r“+2z7)

Y 27w J[ r'dr' Jr dz' Zg(r',z',t)w(r',Z')N(t) +Aj9j(r,z,t),
r z o :

' ,core ' ,core

(3=(J+1) ,..., H) . (3-17)

In addition to these three residuals we should in general
have interface, boundary and initial condition residuals. How-
ever we intend to use good trial functions that will not leave

interface residuals and that will satisfy boundary and initial

conditions; namely

6 (Rorzrt) = 5(r'Z+,t) = a(rrz_lt) =0, (3-18)

#(r,z,0)

#(r,z,0) ' (3-19)

where R, is the extrapolated radius of the reactor (the one

which is taken for criticality calculations). Similarly z, and

Z_ are the upper and lower levels where the flux is taken to be

zero.
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equations

‘Weighting of the residuals and preparation of the

53

for the unknowh time coefficients

Because of the inherent inaccuracy of Eq. (3-12) we cannot

make the residuals (3-15), (3-16) and (3-17) vanish at all

points r.
vanish in

matrix of

where the
: weighting
'chosen to

reactor.

However we can choose the N(t) so‘thatkthe residuals
an integral sense. Acoordingly we define the GxI

weighting shapes;

Wll(r,z) .o WlI(r,z) '
W(r,z) = : : ' - (3-20)

. -

WGl(r,Z) LI ) WGI(rIz)

e -

. th th

i column is the i weighting mode and no two

modes can be proportional to one another. qu is

* .
be continuous and defined throughout the entire

We then require;

B —
These

27 r dr' [dz WT(r,z)Q(r,z,t), (3-21)
z

,xeactor (reactor

conditions will be automatically satisfied since we

intend to use the adjoint fluxes as weighting functions.
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Zn[ r dr | [dz IiT(r,z)x.Rp (r,z,t),
I Pj
z _

QO =
#r,reactor ,reactor _
(3=1,...,3), - (3-22)
0o = 27 r dr [dz - WT(r,Z) RH.(r,Z,t),
r,reactor zZ ,reactor J '
[9=(T+1) ,...,H), . (3=-23)

3-3 Formulation of the system of equations fbr the time

dependent coefficients

In order to abstract the equations for N(t) implied by

equations (3-21), (3-22) and (3-23) we introduce the definitions;

: 3
EP (r,z,t)=—-.....].:_2.___2._ zg(r,z,t)PE(r,z,t)Zw r'dr' [dr' z
g 41 (r+z°) g S “r',reactor ~“z',reactor f=1
column [ZL(r',z! M (r',z vzt 3-24
£ ' 2 ,t) fz(r 12 )]\p(r r 2 ) ' : ( - )
Ep(rlzlt) = COlumn (gpl(rrzrt) s EPG(rlzit))r (3-25)
I (r,z,t)= 1 ) y.NOET(r,z,t) P E(r,z,t)Y 2w r'dr' dz!
g am(p%4+z%) 1 0D g
, r',core “z',core

Iglr',z',t) v(',z') | | (3-26)
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B5(r,z,t) = column [B](r,z,t)... B(r,z,8)] , O (3-27)
| T -1
A= 27 J( r dr Jr dz Wi(r,z) V "y(xr,z) , (3-28)
: r,reactor z,reactor '
p(t) = Zvr.jr r dr J[ dz WT(r,z) [V.D(r,z,t)-A(r,z,t)
J/r,reactor /z,reactor ) - .
+(1-B)xpVig (r,z,8) 1V (x, 2) +ak, (x,2,8)  ,  (3-29)

B (t) B 27 r dr J( w (r z)vZ (r,z t)w(r z),
r,core Jz, core

i=1,..., 3), (3-30)

D. (t) jrr dr J[ W (r,z)x. (r z,t) ,
I3 r,core Jz core 7?3

(i=1,..., 1), (3=1,..., 3, (3-31)

_Dj(t) = column (D, (t) ... D, (£)) , (j =1,..., J), (3-32)

J1 J1

Fj(t) = 27 J[ r dr J( dz WT(r,z) B. (r,z,t),
r,reflector / z,reflector J

(j = (J+1),..., H] , (3-33)



Gs(t) = 27 J[' r dr jf dz WT(r,z)ej(r,z,t), S (3-34)

- “r,reflector z,reflector

With these definitions Eq. (3-21) becomes:

J H
an(t) _ |
A Zge- =e(EIN(E)+ 2 AD () + T A5 05(8) .

j=1 - §=J+1

~ Eq. (3-22) becomes

D. (t)

—3g— = By (t) N(©)-A,D (), (3=1,...,).

Finally Eq. (3-23) becomes

‘dOj(t)

56

(3-35)

(3-36)

T = a Bj (t) N(t) - }\jGj (t), (J = (J"‘l),oo., H). (3-37)

In order to simplify further we define

B. () =B.(t) , (3=1,..., J) ,
Jnew J
B. (£) = a B.(t), (3 =@+1) ,..., H) ,
Jnew J
[ I 7
(t) = X B. (t) ’
new j=1 Jpew
p (t) = p(t) + B___ (t)

new new 4

(3-38)

(3-39)

(3-40)

(3-41)
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so- that PLew(t) has four components;

l. The prompt neutron reactivity:

J[r dr

Jr WT(r,z)[V;D(r,z,t)V~A(r,z,t)
Y,core z ,core '

+(1-B) vy (r z,t)] w (r,z);

P F

2. The prompt photoneutron reactivity:

27 j( r dr J( dx WT(r,z) gp(r,z,t);
r,reflector “z,reflector

3. The delayed neutron reactivity:

J J A
z Es(t) I 3 jr r dr J[ WT(r,z)vx.Zg(r,z,t)w(r,z);
=1 j=1 r,core -z, core J .

4. The delayed photoneutron reactivity:

H H
b asj(t)— r 2n Jr r dr j[ dz WT(r,z)B.(r,z,t).
j=d+1 j=J+1 r,reflector . z,reflector J ‘

Both prowpt and delayed_photoneutron reactivities are produced
in the raeflector.

We finally define

i

Cj(t) Dj(t) e (3 =1, ..., 3) , (3-42)

Cj((;) Oj(t) (3 (J+1) ,..., H) , ' (3-43)
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With the new definitions we obtain from Eq. (3-35), Eq.

(3-36) and Eq. (3-37) é system of equations for the unknown time

coeffients that has the familiar point kinetics form;

an(t) _ - - H
N = ey () = Frgy ()] N(E) + T As05(0) , (3-44)
dc. (t) ; ,
— = B - = -
T Bjnew(t) N (t) Ajcj(t) ' (3_1'-f~, g) . (3-45)

By analogy with the point kinetics equations A(IxI) will be

called the generation time matrix; pnew(t) (IxI), the reactivity

matrix; B, (t) (IxI), the delayed neutron fraction matrix for
new

the jth group and Cj(t) (Ixl), the precursor amplitude.function

- matrix for the jth-group.

It is worthwhile to point out that the form obtained for‘
the above equations does not depend on the fofmulation of the
energy and time dependent photon flﬁx or the choice of the
geometry in the course of the calculation of the photonéutron
source term in the reflector. 1In a different case the same
form wouid be found with however different expressions for the
parameters A, p(t) and Bj(t)'si |

Equations (3-44) and (3-45) represent a set of I’(H+1)
equations for I time coefficients and IxH precursor amplitude

functions.
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There are several ways of solving these equations [4].

That topic is outside of the scope of the present work. One
of these ways based on the weighted residual_method with sub-
domain weighting has been adopted since it was»the only method
implemenfed by an available computer program, whenvwe first
needed a solution. This method is briefly described in Ap-

pendix F.
3-4 Summary

In order to find a solution for the space and time depeh-
dent flux we havevused an expression in prechosen spatial
shapes and unknown time dependent coefficients. The insertion
of this approximate flux into the equations gave us residuals.
Then we have chosen as many weighting modes as the number of
unknownvtime coéfficients, weighted the residuals and inte-
Qrated over the reaétor volume. That procedure furnished usk
equations of the point kinetics type for the unknown time co-
efficients.

We must describe now a method of computing the very compli-

~ cated integral expressions for A, pnew(t) and B. (t)'s
new

(subject to Chapter V). This however shall .require that we
know the way the spatial shapes have been selected, that is

~done next. -



CHAPTER IV
SELECTION OF OUR SPATIAL FUNCTIONS

To describe in the simplest way the time and space depen-
~dent flux during a transient in MITR-II, we shall choose two
trial modes and two weighting modés. Each of the modes is a
G-element column vector‘of spatial functions (G bein§ the
number of neutron groups).

Thus

Blr,t) = yp(x) Ny (E) + ¥, (r) N,(t), (4-1)

where Ni(t) and Nz(t) will be determined through ﬁhe manipu-
lations invOlving Wl(£) énd WZ(E), described in the previous
chapter. »

Foliowing former criticality calculations done for MITR-II,
a thfee—group model in (r,z) geometry‘(cf. Appendix G) with no
upscattering and dowh scattering to the closest lower group
only,Ais adopted. That model has 40 mesh points in the r
direction and 48 mesh points in the z direction. The bound-

aries for neutron energy groups are given in Table 4-1.



Table 4-1 e

Group boundaries for three-group scheme

Group Group boundaries in Mev
' -3

Fast 3 x 10 - @

Epithermal 4 x 1077 -3 x1073

Thermal 2.5 x 10710 - 4 x 1077

The code Exterminator II[5] was used to obtain the

spatial functions.
4-1. The Selection of the First Trial and Weighting Modes

The first trial mode is taken to be the solution of

{v.D, (£) v—A1<g_)+[’(1—s)xp+j'__‘fv_.lijjmﬁl (£) 19, (£)=0, (4-2)
where D, (x) = D‘E.O), A (x) = A}E.O), ZFI(E) = I,(x,0) and

D(r,t), A(z,t), XF(E't) have been defined previously.

Thaﬁ is physically, (ignoring the photoneﬁtrons)‘wl(g)
is the flux shape of MITR-II in a steady state critical con-
dition. | |

Both prompt and delayed neutrons appear in the fast

group of the three-group scheme shown in Table 4-1. Therefore

— — ) — 0 ' - .
X = Xp =X§ = 0 o (4-3)
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Thus Eq. (4-2)will be written as

[V.D  (£) V-2, () + vx zgl (@] ¥y @=0.  (4-4)

*

*
Wl(E) is chosen to be wl(g); the solution of the equation

adjoint to Eq. (4-4) ,namely

+ * |
Hl (£) llll (£) =0, ) | : . (4=5)
with
+ * * ’
<py (@ H] (@9 (£)> = <y (@) [H (2) [y, (2)>,  (4-6)
and
Hy (r) = V.Dy(x) V-A,(x) +VX ?g;(g) ' (4-7)

"4~2 The Selection of the second trial and weighting modes

The selection of the second trial and weighting modes
will be undertaken in the case of a particuiar transient where
a control rod has been withdrawn. We intend to study the
trénsient up to time t=T; by then the reactor is présumed to be
on a prompt'critical period. | |

Thus the rod being in its withdrawn position at time t=T,
we select as the‘second expansion . mode a vector such that ih
the vicinity of time t=T;

wt . - :
P(r,t) = yy(xle (4-8)
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-1 3 o 2T .01
oL »¢§z,t) =[V.D(x,t)V-a(z,t) + a-B)xyv ZF(E(t);IQ’(E"F)

+ i ijjrzj (E_:t) ’ | (4~9)
=1 |
EQ.(E,t) R
—t— = By v zgg(g,t)~xj77j(g.t), (3=1,...,3), (4-10)
and
. wt '
Msleet) = My(le (4-11)

Eq. (4-10)with Equations (4-9)and(4-11)then gives;

. T
B.v g (z,t)v,(r)

= 3 -
My (x) ey (4-12)

and Eq. (4-9)with Equations(4-8),(4-12)and(4-3)becomes

wp .
—_—

{v.D(x,t)V-A(r,t) v Lutyv|1-
= = ) w+)«j

T =

j=1
(4-13)
In the case of a prompt run away we expect to find w >> AL

so that, at t=T,

{V'Dz‘E)V‘IA2(£>+wV’ll + (1-B)xv ZZ (r)} W, (xr)=0, (4-14)
Fzr-— 2=
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where bz (_J;_) =Dlx,t), A, (3:_) = A(;_,T) and ‘A'2E2(£)= ZF(;_,T).

An eigenvalue w can be found such that Eq.(4-14)is
satisfied at every point.
The numerical procedure for finding a value of w that

satisfies Eq.(4~14)is called a poison search, one introducing

a (%Q - poison (i.e. an effective neutron abSorber“Whose~cross
section varies inversely with the incident neutron velocity)
which is spread uniformly throughout the superéritical
reactor until criticality calculation for the reactor yields

an eigenvalue of I%E .

Thus our second trial mode is determined through a poison

search procedure.

*

*
W2(£) is chosen to be w2(£)7 the solution of the equation

adjoint to Eq.(4—14T. Thus as with Equations(4—5)x4—6)and(4-7)

we have;
+ * | ,
HZ (x) w2(£> =0 ’ (4f15)
+ * *
<¢2(£)[H2(£)[¢2(£)? = <¢2(£)|H2(£)l¢2(£)> ' : (4-16)

Ly aepivx oo (@ . (417

Hy (r) = V.D,(x)V-A, (x)-wy p, (£
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4-3 Recomputation, in an integral sense, of the eigen-

value relative to the trial mode

In Section 4-1 we have tacitly assumed that the reactor
is ecritical; also both in sections 4-1 and 4-2 a well converged
solution was supposed to be available so that Equationsig—é)and
(4-14)are valid at every point of the reactor.

The fact that the reactor may not be cfitical'could be
dismissed by merely assuming that the eigenvalue of the reactor

is already within vx_XT (r), the same way Ilﬁ divides
Fl""' -

vy zﬁ (g) in the case of Eq.(4-14). More serious than that is
2

the faCt that we may not have a converged solution. Then the

eigenvalue [assumed to be unity in case of Eq.(4-4) and IéE

‘in case of Eq. (4-14)] coming from a criticality calculation
does not anymore insure the balance - in Equations(4-4) and
(4-14) - at every point of the reactor. |

In addition, the fact that wc drop some of the figures of
the fluxes coming out of Exterminator-II run or we might use a
slightly different scheme of calculation as compared to the
one used in Exterminator-I1I, méy also disturb the balance in
Equations (4-4)and(4-14). That is if wlgg), for example, as it
is punched out on cardé from an Exterminétor—II run, is in-
serted in Eq.(4-4)and the latter being weighted by w;(g), is
integrated over the reactor volume, a finite value results

rather than exactly zero.
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This is an undesirable situation for we intend to make use

further (cf. Chapter V section 5-2), of the balance equations

(4-4)and (4-14) .

Thus it was necessary to recompute

[ w'{(g_) Fi (), (r)dar , _
(reactor .
k., = — — ’ ' ‘4,-18)

k '
f Wf(g) [Ap (r)-V.D, () V]Y, (r)dr
r,reactor : _

where for k=1; F,(r) = vx zgl(g), Al (r)=A) (r); for k=2;

F, (r) = v XT (r) and A'(r) = A, (r) +‘wV"1., so that we assume

we could write;

[V.Dk(_r;)-A]'((r) + %}-{- v X }:gk(g)] wk(g_)=0, k=1,2 . ‘(4—19)‘

4-4 : Summary

We intend to use two trial modes for the expression
of the time and’space dependent flux. The first one is composed
of the flux shape at the beginning of the transient‘and the
second one, the flux shape at the end of theAtransiént (the
end of the time during which we wanted to study the transient).
Thus along the bracketing idea, the flux shape will run from '

the steady state shape onto the shape at the end of the tran-

sient.
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Both of the modes and the corresponding weighting modes

for MITR-II will be computed for a 40x48 mesh point-cy1indrical
model and three-group scheme, from a steady state typé’of
equations. ; A |

The computation of the second mode and its adjoint in the
particular case of withdrawal of a control rod, required a
poison search. | |

The computations will be performed with the code Ex-
terminator-II. Thereafter it was necessary to recompute in an
integral sense, the eigenvalue relétive to the triél'mode, to
overcome the disturbance of the balance in equations giving

wi(g) and ¢2(£)r due to numerical disagreements.



CHAPTER V

METHODS FOR COMPUTING THE PARAMETERS APPEARING IN THE

FINAL EQUATIONS FOR THE UNDETERMINED TIME COZFFICIENTS

The aim in this chapter is to formulate a way for

computing A, p(t) and g.(t)'s in

new Jnew
dN(t) = i : o
A . {p(t)—ﬁ(t)]N(t) + 1 A0, (), (5-1)
dt new new j=1 Y v o
dac,(t) ‘
—L = B ON(E) - ay05(8), (=L, ,H), (5-2)
at new ;
where
= H _ | o
B(t) = ] By(t) . A (5-3)
new j=1 new
The expressions giving the coefficilents E, p(t),
Ej(t)'s involve two main forms:
new
1.: 27 l rdr [ dz WT(r,z)E(r,z,t) = Qi(t)’

r,reactor ‘z,reactor

where F(r,z,t) 1is a known function of r, z, and ¢t;

and

(5-4)
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- - o —— /-y,
4 \-\;&
Pl -2V

Geometry

Mesh Scheme in (r,z)

5-1

Fig.



(5-5)

2. 2w I rdr f dz WT(f,z)(V.D(r,z,t)vw(r,z))= _C_Q(t).~

r,reactor ‘z,reactor

For the purpose of calculating gl(t) and gz(t)
consider the Fig. 5-1 [6], where in two dimensions an

equivalent mesh volume, V composed of four submesh vol-

eq
umes : Vl’ Vs, V3, and YV, 1s shown around"the mesh point
(v,u).

As is customary, wé define for each mesh volﬁme'a con-
stant neutron cross section for any event (fissién, absorp-
tion, eta), hence a constant diffusion coefficient, for
each neutron group. .Also, a constant value for wgi(r,z)*
and wgi(r,z) is fixed within the equivalent mesh volume
around the mesh point (v,u) (cf. Fig. 5-2).

As shown in Fig. 5-2, there are UxV mesh‘points and

(U-1)%(V-1) mesh volumes.
5-1 Calculation of (C,(t)

In terms of the coordinate system described above gl(t)
can be written as
Ci(t) =2r J I W ‘rdr | dz F(r,z,t), (5-6)
v=2 u=1l V,Uu '
v 'V :
eq eq
where the integration 1is performed over the equivalent mesh

volume Veq around t.ie mesh point (v,u) and the summation

¥ The gth element of the 'ith mode, as it is computed

by the Code Exterminator II.
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is carried up to U-=1] and V-1 only, since wf -

: ’ L]
vanishes at u = U for all values of v, and at. v =1
and v = V for all values of u.

In accord with Eq. (5-6) we then have

2 57 | . T . o (5=T)
V-1 U-1 T | _
RN Mo u Ev‘l’u‘l(t)V1+EV—1,u(t)V2+£v,u_1(t)vs+fv,u(t)Vu]

where Fv u(t) is the constant quantity involving cross
=Vos

sections within the (v,u)th mesh volume at time t; and

h h h
Vl = AB v-1l = “u-1 e u-1 , (5-8)
2 2 4
L I
with r = ] h,,
u=1
h, 4 h, ([ h
V, = 88 —= - Pt (5-9)
2 2 | 4
hv hu—l r u-=-1 '
v3 = AD — r- 5 (5-10)
) 2 S
h, h h.] :
Vy = 80 — » — |r+—i, (5-11)
2 2 4

In addition, the cross sections at the left-hand side of

the center line are taxen to be zero.
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Integrating Eq. (5-7) over the angle (86 from. 0 to 2w)

and using'the expressions (5-9), (5-10), and (5-11), we

arrive’at
, (5-12)
»gl(t) = 3 Vgl Uil wg u [Ev-l u—l(t)hv—lhu-l |
2 v=2 u=l ? ' 4

h | , h
9 u-~1 N “u
+ EV,U—l(t)hvhu-l]lr'”Z”‘} + (F_v_l,u(t)hv_lhu+gv’u(t)hvhuj[r+u ]

5-2 C(Calculation of gz(t)

92(t) is an IxI matrix (I Dbeing the number of

expansion modes ) composed of elements:

(5-13)

C, (t) = 2m [ rdr [ dz W?(r,Z)[V.D(r,z,t)vwk(r,Z)],v
ik r,reactor ‘z,reactor

We know from the previous chapter (Eq. (4-19)) that the

two wk(r,z)'s are the solutions of

Fk(r,z)

]
V.Dk(r,z)V—Ak(r,z)+ ”

¥ (r,2) = 0, k = 1,2 (5-14)
k

Because of the assumed spatial independence of D(r,z,t)

th

~in the b submesh volume around the mesh point (v,u), we
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can write

V.D(r,z,6)0, (r,z) = Dy (£)V.Vy, (r,2), (5-15)
v,u

but also from Eg. (5-14),

, n Fkb .
1 . R
D V.V, (r,z) = |A - — L8y (r,z). (5-16)
k k k k k : ,
b b K ‘
v,u v,u
Thus, combining Equations (5-15) and (5-16), we have
in the b®"  submesh volume around the mesh point (v,u)
(5-17)
v.D(r,z,t)v (r,z) = D, (&)=t |a, - L1 v (r,z)
PP B, LIVRL AT LT e ' ky ke, Ky, K T2
3 v,u v,u k v,u
such that, through Eq. (5-12), X
‘ (5-18)
' V-1 U-1
L T
C(t) =~— ) Y W row
=2 2 y=2 u=1 U
D (t)M h, . +0D (t)M N [N MO ES | W
v-1l,u-1 kv—l,u—l v-1 v,u-1 kv,u—l vi u-1 I
R
¢ hu
D (t)H h + D (t)m h_th_|r + —| |y
k v-1l,u v-1,u v-1 v,u kv,u kv,u ’
where row { } denotes the row matrix whose i 0 (k=1,...,K)

element stands in between { }. (Note that this element is
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a Gx1 matrix), and

| iy
- ' . : o
M, =o' |a, S #1°Y iy  (5-19)
b b b ky .
v,u v,u v,u
The column vector Dy . (t)M, ¥, encountered
: v,u b v,u : :
v,u
in Eq. (5-18) when written explicitly is
(5-20)
D (t)m ]
bv,u kbv,u kv,u
vE .
( Fl VZF
kb 2kb
- ——¥,u " Uv,u
Xa + 251 U’l - ——2 Y
1y ky, Ky Ky ,u k 2k
b, 4 v,u > k v,u
>
VIg - \
b b
_ v,u v v,u
3
kk ‘kv,u le
b
/ v,u
le (t)
v,u
- | + + —
T 'y zazk *32, V2, D,
b v,u b v,u
v,u ? bv,u v,u > kb
v,u
D (t)
q) 3bV u
- + I )
2, V2 23 3% D
b v,u k v,u 3
v,u bV u kb
{ ? v,u
7/
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(t) can be presented as
ik
' . (5—21)
7 V-1 U-1

C, (t) = LAP,, (t) =— ] ] {w % (t) + W X, (%)
22 }
ik ¥ 2 v=2 u=1l ilv,u 3‘l{v,u izv,u 2kv,u

-l

v,u ~v,u

lhe_ QQ

where the notation LAPik(t) (ef. laplacian) is introduced with
(5-22)

Vg COLF (t)hv~l + vl COEFl (t)hv

l{V—l,u"l

hu—l[r" u~1J + (equation continued on next page)
4
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(5-22 cont.)

" h
(t)n, hu[r+EE]

+ VI,  COEF, S (8)h,_; + vip COEF,
2k Ky-1,u : 2k kV u
V-l,u ’ 3 v,u 2
1
kk kv,u
- v;FB COEFlk (t)h, ; + sz3 ACOEFlk (t)h,
kv—-l,u—l v-1,u-1 Ky u-1 v,u-1
h
u-1
hu_l{r- i ]
- hu
+ sz3 COEF1k (t)h,_; + sz3 COEF1k (t)h, |h, |r+—
kvnl,u v-1l,u , kv,u V,u
1l
— ¥
3 3
kk kv,u
where
| le (t) |
- v,u
COEF, (t) = ——— | (5-23)
kb D1 ' .
v,u kb



and,




(5-25)
X (t)
3kv,u .
Z§2k COEF3k (t)hv__l Z§2k OEF3k (t)hv
v-1l,u-1 v-1l,u-1 vy,u-1 v,u-1
hu-—l | :
hu~l r- ) + Z§2k COEF3k (t)hv_1 f Z§2k ~COEF3k (t)hv
v-1l,u v-1l,u CTv,u v,u
hu _
h, r+;— wgk + 233 COEF3k (t)h,_,
v,u kv—l,u—l v~-1l,u-1
. 3 h
u-1
Za COEF3 (t)hv hu—l r-- ]
3k Ky, u-1 4
v,u-1 ?
. - h,)
") — ' )
Za3 | COEF3k (t)hv_l + 2a3 COEF3k (t)hv h, r+q y3k .
kv—l,u v-1,u kv,u v,u v,u

5-3 A different approach to the leakage integral for

‘a special case

The indirect method just described avoids the use of
the finite difference technique to determine the laplacian

part of C (t). However, a direct approach to the leakage
ik
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integral is necessafy when we want to compute kk,'fhé
_eigenvalue of the balance equation for wk (cf.~Eq; (4-18)).
That quantity was assumed to be known in the course of the
previous sectilon.

Thus we want to compute

L, = ar Wl (VD (eyy(p).  (5-26)
Vl,reactor
With the help of Fig. 5-1, Eq. (5-26) can be written
as :
(5-27)
L= 1 1 W [Dk 2m [ rdr [ dz v.vy, (r,z)
v,u v-1l,u-1 v v

1 1

+D on | rdr | dz V.V, (r,2z)
k , k
v-1,u v v
2 2

+ D 27 | rdr | dz v.vy, (r,z)
k k
v,u-1 v v _
3 3

+ D 2t | rdr | dz V.V, (r,z)}|.
kV u k
3 A Vq

By the divergence theorem the integrals 1n Eq. (5-27)
oV
k

EH—(r,z) (the

can be reduced to surface integrals of

derivative of ¢k(r,z) in the direction of outward normal
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to the surface) over the six surfaces which enclose'the
. equilvalent mesh volume. |
Making this transformation on, for inétance,Athe

second integral in Eq. (5-27) yields

27 j rdr { dz V.V (r,z) | | | : - (5-28)
v A\ : A
[ (r,2) W (r,z) 3 (r,z)
= —_— a8 + —_as + -——7;-— ds
J on on n
S Sy Sq
M (r,z)
+ — as.
on
810
wagk(r,z>

Since the neutron current, DF (r,z) is

S on
-assumed to be continuous across interfaces, the surface
integrals over the common surfaces to the submesh volumes
cancel when the four expressions similar to Eq. (5-28)

are added. Then kq. (5-27) becomes,

(5-29)
V-1 U-1 2 oy, (r,z)
L= 1 1w |p N AL A
v=2 u=l v,u v-1l,u b=1 S on
il awk(r,z) 6 awk(r,z)
+ D, ———— dS + D, ) — d
v-1l,u-1 b=3 g an v,u-1 b=5 S an
b b

(equation continued on next page)
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8 3y, (r,z)
Dk Z _._k..._’.__. 4as
v,u b=7 Jo 3dn
“b
Sy (r,z)
Next we let lp stand for. J kT dS and note
K .
that Sp o
| -y . :
k h h
Il v,u+l V,U g v-1 r+- 2 . (k=1,2),
k hu 2 2
Yy “by h h -
I, = —Y=hd WU pg Upd 0 (i=1,2),
k hv—l 2 h .
Vi ~Yy h h
13 - v-1,u V,U A u-1 r u-1 ,(k=1,2),
k h,_q 2
Y .4
k k h : h
lu - v,g—l V,U g v-1 e u-1 ,(k=1,2),
k h,_1 2 2
¥ 4
k k h h
I, = DUl VMg ¥ fp Mol (k=1,2),
k hu—l 2 2
Yi vy h
1, - vil,u  "v,u 4o _u-l pou-d ,(k=1,2),
k h, 2 I
‘i”k -y k !
< h h
I, = vil.u Vol g U |, uf (k=1,2),
k h, .

82

(5-29)

cont.

(5-30)

©(5-31)

(5-32)

(5-33)

(5-34)

(5-35)

(5-36)
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Vi by h, [ h
= ——— r--}-.....
2 2

], (k=1,2). o (5-3T)

Inserting Equations (5-30) up to (5-37) into Eq. (5-27)

and integrating over the angle (6 from 0 to 21) one

gets
(5-38)
Vel Ul m i v,u+l : hy
L, = ) ] W —22"= D h + D h | |r+—=
=k o & k v-1 k v v
v=2 u=l v,u h v-1l,u v,u 2
u .
2" h
4 —v-l,u D, h, r+—| + D, h,_,|*- u-1
h, v-1l,u 4 v-1l,u-1 4
\l’k (
+ —Yolzd |p h,_, + Dy h,||r-——2=t
hu—l L v-1l,u-1 v,u-1 2
! (
YK h h
§ —Ytl,u Dy h,_;|r- u-1 4 D, h, r+_‘i]
h v,u-1 4 v,u b
v L
h h
1
- ¥k [Dk R Dy hv}"‘ [r+—B] + Dk h |p+—2
v,u v-1l,u v,u hu 2 v-1,u v 4
h ] |
+ D h [r— u-1 L 4+ b h
k u-1 1+ +D h X
v-1,u-1 4 J hy1 kv—l,u-l v-1 kv,u—l M

(equation continued on next page)
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(5-38 cont.)

e T LT T Pt PR N Y L
2 v,u-1 L v,u 4 h

v

This method of evaluating the leakage integral has
not been used to calculate C,(t) because we cannot

insure that it is valid to write relationships such as

o (r,2) A -
gk on gk on :

with L and R indicating the left and right hand
sides of an interface, respectively, and n being
either r or z.

Whereas with a diffusion coefficient belonging to
'the space function in question, an equation like Eq.
(5-39) is true, it will not in general hold for any other
diffusion coefficient. Hence we had to work out the

method déscribed in the previous section.

5-4 Computation of ko

The calculation of (C,(t) cannot be completed unless
kk is known. For this purpose, besldes the leakage inte-
gral [Eq. (5-38)] we need the fission and absorption inte-

grals. These quantities are given by



. .
F, = — W vil|z h . +¢ h
B =3 Dod 11, [ R RN 1 v
over the core Sv=lu-l vaHT
4 h h
u-1 Y
hu r— u ] + [ZFI hv-l + ;Fl hV,hulr+q } wlk
\ kv—l,u kv,u v,u
) :
. hu--l
+ {|Zp hy_; + Ip h,|{h, [r- ”
2k 2k
L v-1,u-1 v,u-1
f hu
+ ZF hv—l + ZF hv hu r+— ¢2
\ 2k 2k ‘ 4 l'{V u
v-1l,u v,u >
r :
h
u-1
1 Ep hoo1 * g th ul T~ y ]
3k 3k
\ v-1l,u-1 v,u-1
¢ ) hu .
+ |Ig h,_; + Ip hy [hylr+—{¥3 , (5-40)
L 3y 3k Y TR
v-1l,u v,u ?
(5-41)
T Vfl U-1
A= — W Z W Z W Z
T 2 v=2 u=2 { llv,u lkv,u 12v,u 2kv,u 13v,u 3kv,u]
where Zlk s ng , and Z3k can be found from

v,u v,u v,u

Equations (5-23), (5-24), and (5-25) by taking out the

terms involving the fission cross sections, omitting
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COEFF 's and changing the signs.
)k i
b

Finally we have

k. = X | C (5-k42)
ka1 |

- 5-5 Final expressions for the parameters A,

p(t), B,(t)
new new

J
Using the final integral expressions found for A,

p(t), and Ej(t)'s in Chapter III, and Equations (5-12)
new new

and (5-21), one obtains

(5-43)
m V=1 U-1 ( @ oo
-1 u-1
A = 5 i VU h. . + h_ |nh . |r-
ik 2 v=2 u=l ggl lgv,u g gv,u] [ v-1 VJ u_ll I J
: h ‘
* hV-l + hV hu r+r ’
)
p(t) = PPRy, (t) + LAP,, (£) + FMA,, (t) + DPR,, (t), (5-44)

newik



where the prompt phdtoneutron reactivity matrix 1s

th th

- defined by its 1 row, k column element;

PPRik(t)
= ;g I
= — ATT W
2 re=1 re v u 11v,u %Zl
over the reflector
u-1
ZDZ . (t)hv_l + ZDz (t)hV hu_l[r- )4 ]
| v-1l,u-1 v,u-1
4 - hu
+ I, (t)h,_; + zD2 (t)h,|h |r+—=
(.  v-1l,u v,u
g V=1 Uzl G
x — 11 I |||sces,, (t)h,_,
2 v=2 u=1 g=1 E%y-1,u-1

1

+ SGCS g
; &% ,u-1

h
+ SGCS (t)h [h [r+2 ||y
& v,u VJ u[ 4 ] gkV,u ’

h
(t)h. |h r-—2"=1 4+ |sges (t)h
v] u—l[ y ] { gzv;l,u v-1

87

(5-45)
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RE being the number of regions in the reflector, each

coupled with a constant attenuation.factor for photons
to simplify the computation. That is, ATTre replaces

1
1 —Zz(r2+z2)2 A
2. 2. © th
b (r+z°) ; within the re region (ef.

Appendix H); and

[l e (V)

SGCS (t) =
g}z’v,u f

5 e O (5-16)

1 gv,u
where n stands for the nuclei. n present.at (v,u).
The computation of LAPik(t) is described in Section
5-2 above; and FMAik(t) can be found from the expression
for LAPik(t) by omitting COEFg 's and the dependency
Ky
of the cross sections on k, making the cross sections
time-dependent and changing all the signs.
The delayed photoneutron reactivity matrix is de-

th th

fined by its 1 row, k column element;

H
DPR,, (t) = B.(t) » (5-47)
ik 3§J+1 Jnewik _

with



’ (5-48)
B, (6) =1 k ;1 Y
B8, (t = — y,N - ATT , W ¥ Y
Jnewik 27 0re=l re v u ilV,u 2;1 %
' over the reflector :
u-11.
Iy (t)h,_; + I (t)h,[n, [r- p ]
v-1l,u-1 v,u-1 '
\
u
+ 12 (t)h, 4 + Zj (t)hv hu[r+——J
| v-1l,u v,u '
Ui k G
& v-1l,u-1
over the core
+ I (t)h_|h r-hu”l + |Z (t)h
F v u-1 4 F v-1
gv,u—l : gv--l,u
Py
+ zF (t)hv hU. rh-—= ng u>'> (J = (g+1)9"'3H)~
gv,u Vs
J
We finally have,
(5-49)
F6) =B~ 1 7 | (t)
B s = g, — W v - ' t)h
J J i1 F v-1
new, 2 v u V,u lv-l,u—l

over the core

(equation continued on next page)
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(5-49 cont.)
u-1 :
+ z:Fl ' (t)hv hu_l{r- " } + zFl (t)n,_4
v,u-1 v-1l,u
hu '
+ zFl (t)h_ih, r+L—— ‘plkv . + zF2 (t)hv—l
V,u 2 v-1l,u-1
; uel :
+ 2F2 (t)h, hu_l(r-— " ] + ze (t)n,
v,u-1 v-1l,u
)| |
+ ZF2 (t)h {h, r+— o +{{Zp (t)n, _,
v,u v,u v-1l,u-1
u-1
v, (t)n, hu-1{r_ } t PRy (£)hy 4
v,u-1 ‘ : v-1l,u
. hu
+ 21«*3 (t)h, hu ”T ¥ 31| > (3 =1,...,3)
v,u
43 *
5-§ Computation of Kky,ay for pnewll(o)

For clarity assume we have only one expansilon mode
(point kinetics case) that is COmposéd of the steady state
shape of the reactor and the reactor is critical. Had

then pnewll [ Eq.(5-"4)] failed to vanish, the time-dependent

# OZAN 1s the name of the computer code written to

perform calculations required by the present work.
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equations will predict a chaﬁge in the power level' 
that must remain constant. To remedy this erroneous
behavior we shall compute a quantity kOZAN that divides
the fission integral in Eq. (5-44), and insures that
(0) = 0. Thus if the reactor is critical at the

pnewll
beginning of the transient we define

F..(0)
S 11
Kozan = (5-50)
All(o) ~»[LAP11(0)+PPR11(O)+DPR11(O)] ‘
with
Fi1(t) - Ay () = FMA,, (¢). (5-51)

Note that in case the photoneutrons are neglected

kOZAN~5 kl [ef. Eq. (4-18)1].

We point out that while kk(k = 1,2) was introduced
to make use of the balance equation furnishing wk(g) in
order to compute LAP,, (t) [Eq. (5-21)], kyy,y 15 |
physically the elgenvalue of the reactor (at t = 0), computed
in an integral sense. Hence the fission cross sections
of the critical reactor are supposed to be equal to
Zp_ (1)

e S
Kozan



5-7 Representation of the time dependency of the

parameters pnew(t) ‘and B8 (t)'s

Jnew

The solution to the system of equations for the time
coefficients will require analytical representations for
the parameters p (t) and- B,  (t)'s. For this

new
new
purpose we shall assume that throughout the transient

922

Prew(t) = pnew(o) tpyt, : (5—52).
By, (6) =8, (0)+B,t,(J=1,...;0),  (5-53)
new new 1
where pnew(O) and -Ej (0) are the initial values of

new

(t) and EJ (t), and

o) :
new new

Phew(T) = Prey(0) ;
pl = s . (5‘54)

T

B (T) - 8 (0)
— Jnew Jnew

- , | (5-55)

B.
Ji T

where T 1n seconds 1s the duration of the transient

beginning at t = 0.
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5-8 Summary

In this chaptef we have developed a method for
computing various parameters appearing in ‘the eQuations
for the unknown time coefficients. For this purpose a
finite difference technique is used in keeping with the
way the spatial functions are computed.

The leakage part of the reactivity matrix requifes a
speclal treatment since the time-dependent diffusion
coefficient in the desired integral is not the one asso-
Qiated with the expansion modes and the continuity
condition acroés interfaces fails. This procedure, however,
requires knowing the eigenvalue that balances the
equation from which the trial mode is generated. In
calculating this elgenvalue we were able to use a direct
way of attacking the leakage intégral.

If the reactor was critical at the beginning of the
transieht and the photoneutrons were felt to be signifi-

cant, it was then necessary to introduce an eigenvalue

k so that the initial value of the first element

“OZAN
of the reactlivity matrix vanishes. Thus kOZAN is the

‘elgenvalue of the reactor (at t = 0).



CHAPTER VI

A PROBLEM HANDLED BY THE PROPOSED METHOD

To compare £he proposed synthesis method (use
of two spatial modes in the expansion of the space and time
dependent flux) with the point kinetics type of approach
{use of only one spatial mode for the same expansion), we
have considered the following problem: | | |

The MITR-II operator looses control oh‘the_shim
rods during the start up of the reactor. It is assumed
that all six shim blades begin moving out at once rather
than the usual‘operation of a single blade at a time. - It
is worthwhile to mention that this is a very improbable ac-
cident, involving a simultaneous short circuit of six con-
tacts. - That is the bank of shim rods starts from its
shutdown position - correspoindiﬁg to a -0.12 of reactiv-~-
‘ity (we will further clarify what we mean by the word
"reactivity") - going up with a constant insertion rate,
0.003 in reactivity per sec. (that notion of ramp insertion
. of reactivity will also be further clarified).

The bank continues going up until the reactor
reaches the power level of 6 MW (assuming even further that.
the high rate-of-rise shut down system does‘not operate).
Once the powermeter reads 6 MW, the shim rods receive éuto-

matically the order to scram. However there is a delay of
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0.1 sec. due to the instrumentation. That is from 6 MW on
the power ievel will continue to increase for 0.l second
more. The question is: What will be the maximum power

level of the reactor during this incident?

6-1 Further Theoretical Preparations

There are a number of hidden difficulties, that
we must overcome to be able to attack the problem by bur
proposed method. All of these difficulties, exéebt one,
are due to the fact that the reactor is subcritical at theﬂ
beginning of the transient.

The first difficulty involves the fact that we
need an external source to start.up the reaétor. Yet no-
where in the course of the development of the proposed

method have we taken into account an external source.

6-1-1 Overcoming the Difficulty Due to the
Presence of an External Source

Adding an external source term to the diffusion
equation (3-1) and carrying out the calculations from there
is impractical. 1Instead we found it easier to describe
the source by the activity of a fictitious delayed neutron -
precursor that has a relatively long half life. The |
strength of this activity can be computed in the following

way:
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Consider the point kinetics equations with the

familiar notation:

AN, (t)  po. (£) - B H '
px'°! _ Ppx PK
- Npg(t) + I Ay Cpp (£) + Spg o
dt APK i1 3
J= , - (6-1)
dcij(t) BPKj |
= NPK (t) - Aj CPK- (t)l (J = 1' LA AL 4 H) ’ (6-2)
dt APK 3 -

where the subscript PK stands for point kinetics, and every-
thing is a scalar. At this stage the initial reactivity

and the constant reactivity insertion we have pointed out
above, should be understood merely as two guantities used
to determine p,,(t) - in case of a ramp change. (We will
later consider the way they are obtained.)

We take the time origin at the time the reactor
becomes critical with the given motion of the rods (i.e., -
-ty = 40 sec. after the transient has started; the initial
reactivity being ~0.12 and the insertion rate 0.003 per
sec.). In addition we assume the reactor is at 1 miliiwatt
power level at the beginning of the transient. That is,

5 MW being the power level of the critical reactor working
under normal circumstances, at the start‘up the power level

is,
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-3 )
l x 10 = 2 x 10-10 (6“3)

N (t) = — =
PK s 5 x 10 6 | ’

times smaller than the normal power level (5 MW) of the re-

actor.

Thus assuming that the reactor is at a steady
state with the external source in, prior to the change, we

obtain from Eq. (6-2)

B
“PK.,
—d N (E) = A, cPKj(ts), G =1,..., H) . (6-4)

j
Apk

Next with dNPK(t) Equations (6-4) and
——— = 0'
dt tg

(6-1) yield (for the source, SPK' represented as a fictitious
precursor concentration, CPK (ts), decaying with a time

(H+1)
constant, AH+1)

-ppy(ts)
S = A c (t) > N { t )
PK H+1 PK(H+1) s APK PK' "s
(6-5)
with
B =0 (6-6)
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We can pick AH+1 as small as we want so that

. A (t-t )
v H+1 [
C (t) = C (t) e ’ (6-7)
PK (1141) PKipge1) S

stays constant throughout the transient. Thus we choose

arbitrarily -1 -13 -1
AH+ =1x10 sec.” .

1

4

APK is taken ( 1l.x 10 °), - as it will be justi-

fied later - to be the first row, first column elément of
the generation time métrix [cf. Eq. (3-44)].

Hence we can compute C (ts) (to be

PR (5+1)

0.12 x 2 x 10”10

1x10 %1 x 10

i3 = 2.4 x 106) and express SPK in terms

of the (H+1)th fictitious precursor concentration.

6-1-2 Selection of the First Spatial Mode
A second difficulty arises when we come to choose
a spatial shape to describe the flux at the beginning of
the transient. The period of time while the reactor is still
subcritical - during the transient - is not of interest.
Also the computations may be unnecessarily time consuming
if we took a look at the transient with the two-shape
method starting subcritical. Thus we choose as the first

trial mode the flux shape of the critical reactor, and start



studying the transient with the two-shape method at the time
_Whe“ the reactor becomes - momentarily - critical under
the gyiven accident. That, héwever, brings up a major dif-
ficulty: |

Since the reactor is not at a steady state when
it hecomes critical, how do we compute'the érecursor con-
centrations at time t = 0 (-tS seconds after the tranSient

took off)? This is answered in the next two sections.

6-1-3 Calculation of the Initial Value of the
First Precursor Amplitude Function

We need to compute Cj(O)'s, j o= l'f"' (H+1), of
Eq. (3-45). Cj(t) is a column matrix having two elements
in the case of two trial modes. The calculation of the first
element will be done in this section whereas we save the
Falculation of the second element for the‘next section.

Over the period of time ts < t < 0, only one trial
mOdﬁay(the flux shape of the critical reactor) is used to

describe the flux. Then at t = 0 we can write

le(o) = APK CPKj(O)' [J = l.l"'l (H+1)]r (6"8)

wherqg Cj(t) is the solution of Eq. (3-45), C the solu-

PK.
. ]
tion of Eq. (6-2), and the subscript 1 stands for the first

elemont of the column matrix Cj(O).
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~ Thus with Equations (6-3), (6-5), (6-6), (6-8)
and ppy (t) = =0.12 + 3 x 1073 (e-t_), Ap,(= A) = 1. x 1074,
the Equations (6-1) and (6-2) will furnish le(O)'s. For
the purpose of the calculation we have run a points kine-
tics computer code [18] to find NPK(O) = Nl(O), the fac-
tor that multiplies the power level when thé reactor becomes
- momentarily - critical under the given accidént,

We emphasize that while writing the Equation

(6-8), we have tacitly assumed that the reactivity'pPK(t)

is‘thé same as pnewll(t) of Eq. (3-44) for tg <t < 0.
That is, for instance, if we computed the reactivity cor-
responding to "bank of shim rods completely insefted“,
through Equations (3-41) and (3-29) we assume we would
find -0.12 (the number taken above as the negative reac-
tivity of the shutdown reactor). However this is not nec-
essarily true fof that reactivity may be determined through
other procedures (weighting by unity instead of a weight-
ing function, taking the relative difference of the eigen-
values of the reactor at the shutdown and critical poéi-
tions - thus abandoning the perturbation type of calcula-
tion where the flux shape of the critical reactor is used
alone -,etc.).

Now we turn our attention to the second element

of the column matrix Cj(O).
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6-1-4 Calculation of the’Initial Value Of'the
Second Precursor Amplitude Functioﬁ

To compute Cjz(O); j=1,..., (H+1l), we recall

through Equations. (3-42), (3-43), (3-31) and (3-34)

C. (t) = r dr w (r,z) x: n. (r,z,t),
Ji 5
r,core. z,core
(i = 1, 2)' (j = 1,..0, J)’ ‘ (6—9)
Cj {t) = Oj (t) = 2n‘/’ r dr /- dz Wi(r,z)
1 1 r,reflector -~ z,reflector
o (r,z,t), (i =1,2), [§ = (3+1),..., HI,
{6-10)
_ | T .
C(H+1)i(t) = s 2m J[ r dr -/f Qz Wi(r,z) x, (1 =1,2), .
, . r,reactor 7 z,reactor (6-11)

where s is the constant source spread out uniformly through-

out the reactor such that

Mg+l Cimery (Eg) = Spy (6-12)
A

A 11
first mentioned in Eq. (6-1), and y is defined through Eq.

The initial conditions for the undetermined time
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' 2 x 10 :
coefficients being N(t)~=( ) , we find it legiti-

0
mate to assume;

- At times very close to t = 0 (t > 0), the sec-
ond shape contributes practically nothing, and, with one

shape and one undetermined time coefficient, it is approp-

riate to write

nj (r,Z,t) = Mj(rlz) ewtr (J = ll--'l J) o >(6"13)
and .
05 (r,z,t) = T,(r,2) &, 5 = (3+1),..., H],

(6-14)
- w at‘times close to t = 0 can be considered in-
dependent of t.
Then one can through Equations (3-45), (6-9),
(6-10), (6-13) and (6-14), arrive at

¢y (&) = ¢y (0) P i=1,2), (5=1,...,H),

i i
(6-15)

Cj (0) = 27 J[r dr j[ dz Wg(r,z) xj Mj (r,z),
. r,core “/z,core
(

i=1,2), (5=1y..., 3), (6-16)

where

102
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Cj (0) = 27 J[‘ r dr Jr dz W?(r,z) X
1 r,reflector /z,reflector

Tj(rlz)vl (i=12), [j = (J+1),..., H],

(6-17)
and
(0 + 2,) C. (t) =|B. () N(t)}, (i =1,2),
J Ji JInew . R
i
(3 =1,..., H), (6-18)
where C. (t), (i = 1,2) and B. (t)'s, (i =1,2), were
J; new :

defined in Chapter III.
Thus taking the ratio of the equation obtained
with i = 1, in Eq. (6-18), to the equation obtained with

i= 2, in Eq. (6-18), we finally have, near time t = 0

’ B. (t)
le(t) Jnewll . ‘
= — , (3 =1,..., H. (6-19)
cj (t) Bj ()
2 new21

Knowing Cj (0), (3 =1,..., H), we then can com- -
1

pute from Eg. (6-19)
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| By (0 e

c. (0) = c. (0) _,3fﬁzi_~ . : ; (6—20)

2 1B, (0 o
Jnewll

The calculation of C (0) is straightforward
(H+l)2 , :

; 1
from Eq. (6-11). Taking ¥ =(0), we have

0

21r[ r dr [ dz wlz (r,z)

- tor “z,reactor .
c (0) = C (0) r,reac ,
(H+1), (H+1) 3 " oq dr dz Wy, (r,2)
3 ' |r,reactor | z,reactor

(6-21)

6-1-5 Determination of the Position. of the Bank
.of Shim Rods at the Time the Signal for
Scram is Received.

The last difficulty to overcome is how to deter-
mine the position of the bank of shim rods at the time the
signal for scram is received. We must estimate this posi-
tion in order to choose the second trial mode for the ex-
pansion of the flux (poison search, cf. Chapter IV, section
4-2).

This last question is resolved by using the point

kinetics approach. A point kinetics code (18] is applied
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in order to determine the time at which N (t) [cf. Egs.

PK
(6-1) and (6-2)] is 1.2, that is the time at which the

. power level reaches a 6 MW (5 x 1.2) level. We then add
0.1 second to find the time, T, at which the bank of shim
rod will scram. To determine the bank position at that

time T, we write

3 [The terms in Eq.‘

with p,. (0) = 0. and plpK =3 x 10
(6-22) .are equal to the corresponding first row, first
column elements of the matrix equation (5-52).]._Now we
consider Fig. 6-1 [19] where for MITR-II the reactivity
versus the position of the shim rods bank is shown. Xnow-
- ing pPK(T) permits us to use this figure to determine the
approximate posiﬁion of the shim bank at time T. (One
should however keep in mind that, the reactiVity appear-
ing in Fig. 6-1 does not exactly correspond to that de-
‘fined previously. The reactivity of Fig. 6-1 was calcu-
lated by computing the eigenvalue of the reactor with the
bank of shim rods at different positions; then taking the
relative difference Ak/k for that position.)

The ramp change slope of the reactivity matrix,

Py [cf. Eq. (5-52)], can be calculated by computing first



REACTIVITY (p) (%38)

106

120 __
—
) . - —iH
K g CURVE
10.0 i sl
—11.09
8.0 .
—07
6.0 s -
—os  Z
— <
40 z
—{03 Y
o
2.0f — _a-’
—1.0l E
o | | | | | 3
6 12 18 24 30
| POSITION OF SHIM ROD BANK FROM CORE —logs W
7
-2.0}— - 9
o
- —o.97 I
-40}— —
— —0.95
-6.0— _
L -do.s3

Fig. 6-1 The Bank of Shim Rods Worth Curve for MITR-II [19]



| | . 107
Phew Q) r the reactivity matrix at time t = 0 (the time the
~ reactor becomes momentarily critical and we begin.studying
the transient with the two-trial mode method); next by def
termining the reactivity matrix at time T, through the in-

tegral expression for reactivity formulated in Chapter III,

and finally by writing

(T) - o (0)

= _new B new | (6"'23)

We note that within our scheme of attacking the
transient if only one trial mode is chosen to describe the
spatial shape of the flux we will use for the ramp change
slope of the reactivity, the first row, first coiumn ele-
ment of the matrix'pl [cf. Eq. (6-23)]. That will not
necessarily equgl plpx (3 x 10-3) of Eq. (6-22) because of
.the difference in the definitions of our reactivity and the
reactivity of Fig. 6-1.

*

Now that we have overcome the difficulties en-
countered because of the special nature of the problem, we
can proceed with it by our proposed method. The code 0OZAN
(cf. Appendices N and O) has been created to perform the

computations required by the present work. It has been

used along with the code Exterminator-II [5] and the point
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kinetics code [18]. ' The relevant results are presented in

the next section.

6-2 Results

The point kinetics code [18] is run first to fur-
nish the precursor concentrations [hence through Eq. (6-8),
the first element of the column matrix Cj(O),kj =.l,.;.,
(H+1)] and the time T at which the bank of shim rods receive
the signal to scram. (The transient will be studied by the
two-trial mode method throughout the period of time 0 <t

< T.) The relevant input and output are presented below.

6-2-1 Input to the Point Kinetics Code [18]

Table 6-1-1 1Input (1) to the Point Kinetics Code [18]

Generation time: A, 1.2980 x 10”4 sec.

Initial Reactivity:
-0.12
Ppg (tg)

Ramp change slope of

: i 1
Reactivity: dppy (t) 3 x 10 “sec.

dt
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Table 6-1-2 Input (2) to the Point Kinetics Code [18]

Delayed Photoneutron . BPKj V Aj (sec-l)
Group: 3j :
1 3.010 E-4 1.27 E-2
2 1.709 E-3 . 3.17 E-2
3 1.529 E-3 0.115
4 3.082 E-3 1 0.311
5 8.980 1-4 ~ 1.40
6 3.280 E-4 3.87
7 3.255 E-5 0.277
8 1.020 E-5 1.69 E-2
9 3.500 E-6 4.81 E-3 .
10 | 1.680 E-6 1.50 E-3
11 1.035 E-6 4.28 E-4
12 1.170 E-6 1.17 E-4
13 1.615 E-7 4.37 E-5
14 5.15 E-8 3.63 E-6
15 0. 1. E-13

Y E-n stands for: y x 107}
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6-2-2 Comments on the‘Input to the Point Kine-
| tics Code, Correction Factor for .the De-
layed Neutron Fractions
In Table 6-1-1 A,, appears to be 1.298 x 1074
(rather than 1.0107 x 1074 as computed by OZAN for the
first row, first column element of the matrix A). The

reason is that AP was obtained by a previous run where,

K
as the weighting function, the flux, instead of the adjoint
flux, was used. For the same reason the delayed ?hotoneu-
tron fractions shown in Table 6-1-2 (j = 7,..., 14) differ
from those given subsequently in this chapter. These dif-
ferences are not very important since the run with the

point kinetics code was made only to estimate the quanti-

ties - CPK (0)'s, N(0), and T - and not to determine them
j

precisely. In addition, because df the nature of the
transient, the delayed neutrons (chiefly the delayed photo-
neutrons) are not very significant. Thus, the fact that
the numbers for the delayed photoneutron fractions, shown
in Table 6-1-2, differ from the ones presented subsequently
(obtained by using the adjoint flux as the weighting func—‘
tion), is even more tolerable.

a (the correction.factor introduced in Chapter
ITTI for overcoming the error due to approximations made in

calculating the photoneutron source term - see Chapter II)

was taken equal to 10 (approximately).
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Correction Factor for the Delayed Neutron Frac-

tions |

The delayed neutron fractions shown in Table
6-1-2 (j = 1,..., 6) are not exactly the ones given by the
nuclear data [20]. The reason for that is as follows:
At emission, the energy of a delayed neutron is generally
less than the energy of a prompt neutron. Therefore during
the thermalization, a delayed neutron has less chénce to
leak out of the reactor, than a prompt neutron. That is,
in causing fission, a delayed neutron is more effective
than a prompt néutron. However, in the three~group scheme
that we have adopted, both aelayed and prompt neutrons are
born in the same - fast - group. The fact that the delayed
- neutrons are worth more is, then,.not taken into account
gutomaticaily. | '

An adequate way to correct for this condition

would be to multiply the Bj by the factor

[ dr ¢7(x) Zg(E,O) X5 by (x)
r,core

—

r (3 =1,..., 6),

f dr i (x) Zg(_r_,o) Xp ¥y (x)
r,core (6-24)



112

‘where a multigroup scheme is considered so that xj'#‘xp.
(In‘expreséion (6-24) the familiar notation is being used;
i.e., the subscript 1 refers to the steady State of the re-
actor). |

This method of computing the correction factor
for the delayed neutrons was not undertaken.because.appiy—
ing it for a fifteen-group scheme would be very expensive.
Also on a theoretical ground we had reason to believe that
one could estimate the correction factor by applying a
neutron balance argument to the élready available fifteen-
group Exterminator-II output for MITR-II.

Therefore, rather than chbosing the expensive,
straightforward way of solving tﬁe problem, we developed
a method (described briefly in Appendix K) based on the
" multigroup output-of Exterminator-II obtained for MITR-II.
The computer codé embodying this method is shown in Appen-=
dix L. (It is worfhwhile to mention that this code worked
for less than a fiftieth of the cost estimated for the more
exact calculation.)

Unfortuantely a serious difficulty was encoun-
tered: When the eigenvalue of the reactor was recomputed
through the numbers obtained by the proposed method, a
discrepancy (of about 8%) was found as compared to the

eigenvalue given by the original output of Exterminator-II.
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This is thought to be due to the fact that the convergence
of the flux in the output was rather'poor (relative con-

l). As a result, the

vergence of the flux = 4.48 x 10~
neutron current across interfaces was not continuous. In-
deed when we computed the total leakage out of the core
by means of the numbers (given in the fifteén—group out-
put of Exterminator-II) relevant to the core and by means
of the numbers relevant to the regions outside of the core
we found a difference of about 10%. This fact increases

confidence in our method and code, but does ndt change our .

doubts. about the result;

1.2467, 3 = 1,..., 5

[4

CF,
J

CF6

i

1.4312 , v (6-25)

where CF stands for correction factor (CF6 is greater than
‘CFj, j=1,..., 5, since the Gth group delayed neutrons,
at the emission, are less energetic than the delayed neu-
trons of other groups). _

With some account taken of Eq. (6-25) and in
view of estimates appearing in reference [21], CFj, (j =

l1,..., 5), was chosen to be 1.20 and accordingly CFG' 1.38.
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6-2-3 Output from the Point Kinetics Code
Ny, (0) was found to be 4.242331 x 10”7, and cor-

responging CPK (0)'s are shown in Table 6-2. The behavior

of the power level beyond 6 MW is gketched in Fig. 6-2.
The time T, when the shim rods receive the signal to scram,
is seen to be 3.77 sec. At the end of this time the point

kinetics code predicts a power level of 81.80 MW.

6~2-4 The Accident Analyzed

Further Preparations for the Code O0OZAN;

Knowing T we compute p,. (T) = 1.131 x 1072

through Eq; (6-22). Applying the procedure discussed in
section 6-1-~5 above, we found from Fig. 6-1 that at time =T
the rods would be about an inch higher from their initial
.postion. Accordingly a poison seafch was made through Ex-
terminator-II. The value w [Ef. Eq. (4-18)] was found to

be 17.262131 (the eigenvalue of the reactor was required

to converge to L = 1.007896 and turned out to be - after

1-8

90 iterations - 1.0078964). Thus the absorption cross

sections throughout the reactor were increased by wvnl

(thé average values shown in Table 6-3 were used for V—l

)

and a second shape and its adjoint were computed.

??ﬁ
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Table 6~2 The Precursor Concentrations at Time t = 0

Under the Accident in Question, as Computed

by the Point Kinetics Code

] Cpg, (0
3

1 0.78880 E-7

2 0.29879 E-6

3 0.15651 E-6

4 0.18583 E-6

5 0.18175 E-7

6 0.26554 E-8
7 0.21027 E-8
8 0.23295 E-8

9 0.16389 E-8
10 0.19797 E-8
11 0.38836 E-8
12 0.15587 E-7
13 0.57189 E-8
14 0.21868 E-7
15 .0.18490 E+7

Yy E n stands for y 10"
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The output from the point kinetics code will be a portion

of the input to 02zaAN.
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The value for Vg (g =1 to 3);

An average for Vg was computed through

. Eg-—l :
Jf dr dE ¢ (x, E, o) vl o(®)

r,reactor “E
V-—l, = = g . (6-26)

g g-1 | .
dr ' dE ¢ (r, E, o)

r,reactor Eg

For the purpose of the calculation the fifteen-
group output of Exterminator-II for MITR-II was used with
V(E)‘s (for fifteen-group scheme) taken from reference

[22]. We thus computed

M
PoF p(0) vit
sy _ m by, T i .
Vg = - ’ (6-27)
M
) tzlg ¢ pp (0)
m h=hg_;

where M_is the number of compositions, ¢mh(0) is the flux

given in the output in question, for the hth group and in

th

the m material, Vh is the hth group velocity as given in

reference [22] and hc-l and hg are respectively the initial
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and final groups in the fifteen-group scheme that are
- framing the gth group of the three-group scheme.
The computer code that was writteh in order to
perform thé computation for Eq. (6-27) is presented in Ap-

pendix M. The results are shown in Table 6-3.°

Table 6-3 Average Group Velocities for MITR-II

g V-l(sec/cm) V (cm/sec)
_ -9 8
1 1.9903 x 10 5.0244 x 10
2 2.3170 x 10~ 4.3159 x 10°
3 4.5454 x 107° 12.200 x 10°

Further input data to OZAN}

In addition to data already discussed, it is
necessary to input to 0OZAN, the mesh~volume dimensions,
various cross sections at the beginning and the end of the
transient, the delayed neutron fractions, etc.’ A complete

set up of the input is discussed in Appendix N and shown

in Appendix O.

6-2-5 Output from OZAN (NMODES* = 2)
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The output relevant to the final step before

the solution of the time dependent equations is as fol-

lows;
The generation time matrix:
0.10107 E-3 0.97859 E-4)\ .
A = ‘ ‘ : (6-28)
0.98072 E~4 0.95077 E-4
The reactivity matrix at t = 0:
~0.40165523 E-5 0.14627143 E-2\|
pnew(o) = v ; (6-29)
0.19336105 E-4 -0.52609537 E-1
The ramp change slope of the reactivity matrix:
0.20038732 E-2 0.22407090 E-2
pl = H (6"’30)
0.15396409 E-1 0.16423021 E-1
The delayed neutron (and photoneutron) fraction
matrices;
1 2
(0.30100 E-3 0.29948 E-3 0.17090 E-2 0.17003 E-2
0.28180 E-3 0.28045 E-3 0.16000 E-2 0.15923 E-2

* NMODES: the number of trial modes used in expanding the

flux.



10.15290
0.14315

0.89800
0.84073

0.11281
0.11012

0.12153
0.11863

'0.35744
0.34893

(0.55621

0.54296

3

E-2 0.15213

E-2 0.14246
5

0.89345
0.83669

7
E-3 0.11271
E-3 0.11003
9
0.12142
E-4 0.11853
11
E-5 0.35713

E-5 0.34863

13
E-6 0.55573

E-6 0.54250

E-2\
E-2

E-3
E-3

E-3!

o)

E-4
E-4

E-6
E-6

0.30820
" 10.28855

0.32800
0.30708

0.35308
0.34467

{0.58236
0.56849

0.40277
0.39318

0.17575
0.17157

4

E-2 0.30664

E-2 0.28716
6
E-3 0.32634
E-3  0.30561
8
E-4 0.35278
E-4 0.34438
10
E-5 0.58186
E-5 0.56801
12
E-5 0.40243
E-5 0.39284
14
E-6 0.17560

E-6 0.17142

120
E-2
E-2

E-3
E-3

E-S)
E-5

E-6
E-6

) S
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15

0.0 0.0 |
E ' (6-31)
0.0 0.0 S

where for the delayed photoneutron fractions, a correction

factor a = 10 is used and the lSth

to zero since the fictitious 15th group delayed precursor

matrix elements are set

amplitude functions are used merely to represent the exter-
nal source.

Note that the first row, first column element of
the matrix p, is different than 3 x 1073 - initially input
to the point kinetics code as the ramp change slope of the
reactivity - because of the difference between the defini-
tion of reactivity of Fig. 6-1 and the one adopted through-
out the present dissertation (cf. Chapter III).

To attack the time dependent eqﬁations, we fin-
ally have to add io Equations (6-28) up to (6-31) the
NPK(O) and Cj(O)‘s computed through the point kinetics
code and the manipulations described in the previous sec-
tions. It was mentioned (cf. section 6-2-2) that we did

not use the best values for, APK and B. 's in determining

PK

NPK(O) and the CPK (0)'s earlier. For the present run
J
(OZAN, NMODES = 2) we had a chance to recompute the initial



Table (6-4) Initial Precursor Amplitude Functions
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j cjl(05 c;, (0
0.1010 E-10 0.94559 E-11
2 0.38500 E-10 0.36045 E-10
3 0.20100 E-10 0.18818 E-10
4 0.23900 E-10 0.22376 E-10
5 0.27000 E-11 0.25278 E-11
6 0.42100 E-12 0.39415 E-12
7 0.98000 E~12 0.95666 E-12
8 0.10900 E-11 0.10640 E-11
9 0.77400 E-12 0.75557 E-12
10 0.93600 E-12 0.91371 E-12
11 0.18300 E-11 0.17864 E-11
12 0.73200 E-11 0.71457 E-11
13 0.26900 E-11 0.26259 E-11
14 0.10200 E-10 0.99571 E-11
15 0.23600 E+03 0.22763 E+03

Y En stands for y x 10"
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values NPK(O) and Cpk 's through the point kinetics code,
' J

using this time, All (for APK), and Bjnew(O)'s (for
BPK *s) obtained from a pfevious OZAN run. APF as a re-
j \
-4 15
sult became 1.0149 x 10 ~ and By, (= [ 8

. PK.
J=1 73

), 8.03316

X 10-'3 (instead of 7.89737 X 10'-3 used for the previous

point kinetics run).

The corresponding Ny, (0) is 4.149860 x 1073 and

the final C, (0) [cf. Eq. (6-8), with H = 14] is presented

3y

along with Cj (0) [cf. Equations (6-20) and (6-21)] in
. 2

Table (6-4).

PKl(0) of Table 6-2 be-

comes for instance, 0.78880 E-7 x 1.298 E-4 = 0,1020 E-10.

C, (0) computed from C
1

The difference bhetween that number and the one given for

C

1 (0) in Table 6-4 (0.1010 E-10) is 1%. The difference

1
between NPK(O) just computed and NPK(O) computed through

the previous run is also about the same. Thus these dif-
ferences are not very significant, as it was anticipated

in section 6-2-2.

*

The solution of the time dependent equations is

presented in Table (6-5).



_ S 124
Table 6~5 " The Two Time Coefficients

With Respect to the Time

t(sec.) Nl(t) ' Nz(t)
0 0.41499 E-08 | oO.
1 0.61103 E-08 0.20874 E-08
2 0.99747 E-08. 0.10478 E-08
3 0.61673 E-07 0.22693 E-06
4 ~0.54800 E-01 0.92655 E 00
5 ~0.12375 E+19 0.47876 E+19

We note that while at the beginning of the tran-

sient 1, (t) is dominant and N, (t) is small (one can show
1 2 dN, (t)
that for the initial conditions imposed ———— = 0),
dt t=0

as the rods get closer to the position 2.54 cm higher than
‘their initial level, the second shape gradually takes over.

As will be explained in the next chapter, one

can obtain an equivalent time function Neq(t) out of NJ(t)

and Nz(t) with appropriate manipulations. Thus the power

A
_ 12
level follows Neq(t) = Nl(t) + —= N2(t)-

All

Neq(t) for the present run is shown in Fig. 6-3.



125

OZAN NMODES = 2

N (e) = e + A2 ()
eq 1 All Vo
iloqloNeq'(t) Start critical, source of 1 mW in = -
3k
2k
1L =2 9OMW <
o 6 MW R
/|
%
-1k
-2 b .

i I }
3 3.5 C 4 t(sec.)

Fig. 6~3 Behavior of Neq(t) under the Accident in Question,

Studied by the Proposed Method



126

In tﬁis figure we see that 6 MW ievel is reached at around
4 sec., ana 0.1 second later the power:level reaches about
90 MW.

We note that around t = T, the inverse period, w,
of the reactor is about the one predicted by the poison

search made for the second trial mode kw = 1 _dNquz 15 2

Neq dt
around 3.7 sec.).
The derivation of an equivalent scalar reactiv-

ity and generation time and their variation with respect:

to the time, is presented in the next chapter.

6-2-6 Output from OZAN (NMODES = 1)
The same study is repeated with however only one
trial function. Thus the problem is reduced to a point

kinetics case. Then the solution Nl(t) is searched with

Ay = Ayy, 0o (0) = p (0), o =p , and B =
PK 11 PK new, 4 lPK lll PKj

B. (), [ =1,.,., (H+1)], defined through respectively
Jnewll

equations (6-28), (6-29), (6-30) and (6-31).

The behavior of Nl(t) is shown in Fig. (6-4),
where we see that 6 MW level is reached at around 5.06 sec. -
0.1 sec. more from there on brings the reactor onto about

60 MW power level.
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Ay

p N (V)
60y
101 1} -
Point Kinetics; equivalent to OZAN
S NMODES = 1
Start critical, source of 1 mW in . 1
X
dp _ -3
Il aE = 2.0039 x 10 “/sec.
6 My -
100 i 5 MW
5

-2 ‘ 5406 . 5116
10 1 : . . > rd

4.9 5.0 5.1 t(sec.)

Fig. 6-4 OZAN Studying the Accident in Question with one

Trial Mode Only
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We note that (although w = 23 around 5.1 sec. in

the last case) Nl(t)'of Fig. (6-4) is much slowcr~thén Neq(t)
of Fig. (6-3). A comparison of these two qﬁantities with

respect to the time is shown in Table 6-6.

Table 6-6 Behavior of the Power Level Predicted by

OZAN-NMODES = 2-and -NMODES = 1-

Neq(t) Nl(t)_
t(sec.) (NMODES=2) (NMODES=1)
1 0.813 E-08 0.742 E-08
2 0.201 E-07 0.140 E-07
3 0.282 E-06 0.438 E-07
4 0.850 . 0.991 E-06
5 0.340 E+19 0.332

We emphasize that in both stuaies (cf. Table 6-6)’
everything was the same except for the number of trial
modes used in the expansion of the flux.

In the next chapter we shall discuss in detail
the validity of the numbers shown in Table 6-6. If these
results are correct, there is certainly'a large difference

between the two predictions shown in Table 6-6.
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6-3 Summafy

In this chapter we aimed to study a fictitious
accident with the proposed méthod and compare the results
(NMODES = 2) with those obtained through a point kinetics
approach (NMODES = 1). We also wanted to answer the ques-
tion: For the given accident, how far'beyoﬁd 6 Mw does'
the power level continue to climb in 0.1 more sec.?

The problem was of a special nature [startup sub-
critical and requiring that we have an estimate of the an-
swer (position of the rods when théy receive the signal td
scram)- before beginning space-dependent analysis].

We decided to use a single critical shape until
the rods were at a critical position and then use the two-
shape method for the rest of the transient.
| We thenrrequired more theoretical preparations.
An external source was expressed in terms of an extra de-
layed neutron precursor concentration. The initial values
(at t = 0) for the first precursor amplitude functions and
the first time coefficient, as well as the duration of the
transient (T) - input to OZAN - were estimated through
a point kinetics code. The initial values for the second
precursor amplitude functions were found in a consistent
way [Equations (6-20) and (6-21)].

The position of the rods at t = T was then deter-
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mined. fhen a poison search was‘made and the second shape
and its adjoint were computed.
Finally a study of the problem with OZAN (NMODES
= 2 and NMODES = 1) was undertaken. The end results are

summarized in Table 6-7.

Table 6-7

Summary of the Results

the first point OZAN OZAN
kinetics run NMODES=2 NMODES=1

time t (sec.) at
which the 6 MW 3.67 x 4. 5.06
level is reached
the power level
(MW) reached 0.1 81l.8 = 90 60
sec. after time t

In conclusion it is important to recall that this
is a fictitious case, not only has the assumption been made
that the safety controls and instrumentation failed but also

the inherent safety features of negative void and tempera-
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ture coefficients have been neglected. If the negative re-.
~activity feed back from the void formation is includéd, the
shape of the transient would be significantly altered.

Rather than an explicit representation of the
power history for the proposed problem, the results of
.these calculations should be viewed as‘study of the-impér-

tance of special effects in fast transient calculations.

The fact that the OZAN result with NMODES 2 is signifi-
cantly higher than the result with NMODES = 1, indicates
that care must be taken if one is trying to make conservé-

tive conclusions based only on a point kinetics calculations.



CHAPTER VII

CROSS CHECKING OF THE RESULTS

The main question that arises from the previous chapter
is: Do we believe in the numbers we‘have obtained? In fact
this question has two parts:

1. Do we believe in the computer code (OZAN) written to
perform the computations required by the proposed method?

2. Assuming that the answer to the first question is
yes, do we believe in the prediction made by the proposed
methodé

Unfortunately the second question will be answered only
superficially (and that wi;l be done in the next chapter).
~Much more would have to be done to answer this question
definitively.

- In this chapter, we shall consider the Validity of the
computer code (0OZAN) written to perform computations required
by the proposed method. For this purpose five distinct tests

were applied.

7-1 Some of the results computed through OZAN checked

against the same quantities computed by Exterminator-II

The eigenvalues relative to the spatial shapes and the

first row first column element of the generation time matrix
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are computed in both O0ZAN and Exterminator-II. In addition an-

Exterminator-II poison search predicted a value for ®w (the
inverse period that the reactor supposedly assumes near the
time the rods receive the signal for scram )., W can also be
‘estimated through the time behavior of the expansion coeffi-
cients predicted by OZAN (NMODES = 2) - cf. Fig. 6-3.

The results are summarized in Table 7-1} where k, (k=1,2)
~is given by Eq. (4-18) [Note that in the case of Exterminator-
ITI the weighting function is unity. Thus, in combuting
kk(k=l,2) - aésuming that the current across intéffaces is con-
tinuous - , the leakage integral involved in the denominator of
Eq. (4-18) was reduced to a surface intearal over the outer
surface of the reactor]. All is the one obtained from Eqg.

(3-28) through the normalization

. xT -1
2n |r dr dz wl (r,z)Vv wl(r,z)

r,reactor ’z,reactor

, (7-1)

11~
1 T T
;TTT 2r |r dr dz wl (r,z)vy ZF(r,z,O)wl(r,z)
r,core |z,core

where the integrals are evaluated by the methods shown in
Chapter V.

We point out that the relative convergence for the first
shape, given by Exterminator-II was 3.{152x10-4 and for the

second shape, 6.199x10-5; for the first weighting mode,

{*Y In OZAN, instead of kl' kOZAN (1.01795673) is used.

However this is a minor difference
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Table 7-1

Comparison of some of the results computed through OZAN with

the same quantities computed through Exterminator-II

OZAN Exterminator-II
(NMODES=2) - '
ky (Eigenvalue of the 1.01737499 0.99973398
first trial mode) '
k2 (Eigenvalue of the 1.02579212 1.007946
second trial mode)
Ay, (first row, first 1.0107050x10~ % [ 1.043922%107%
column element
of the generation
time matrix)
w (inverse period at n17.2(6=3.7 17.262131
around time t=T sec,)
=3.77 sec.)
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8.'2L80x2!.0“v1 and for the second weighting mode, 8.528x10“l
(Note the poor degree'of convergence for the weightiﬁg mode ask
compared to the degreé of convergencé for the spatial‘shape ;
the same number of iterationé were used in computing both.).

Thus the agreement of the eigenvalues (shpwn in Table 7-1)-
computed by OZAN with the ones computed by Egterminatof—II is
within less than 1.75%. The discrepancy between the generation
time computed by one code and the generation time computed by
the other code is less than 3.2%. |

We conjecture that the diffegenée between the éigenvalue
computed by one code and the eigenvalue computed by the other
may be due to the differences between the methods of computa-
tions used in both codes; namely differences in the evaluation
of the leakage integral, use of - a rather poor - weighting
- function in OZAN, in comparison to use of unity as weighting
function in Exterminator-II, etc. It is nevertheless possible
that programming or input errors in OZAN may be responsible for
the discrepancies observed between the two codes. We note
however that kl and ké computed by OZAN are consistent with

respect to kl and k2 computed by Exterminator-II in that

3 3

(k2~kl)OZAN'= 8.41713x10 while (kZ-kl)Ext.II = 8.212x10 ~.

7-2 Cross checking of the elemehts of the matrix 0y
[The ramp change slope of the reactivity matrix - Eq. (6-30)],
against the same quanti=:ies computed'by a perturbation type of

approach handled by an independent code written for this purpose
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We recall that p; is computed through Eq. (5.54) in OZAN.

That is specificalli, we have (in terms of the notation

adopted throughout the dissertation);

Tp, = (2m J r dr [ dz WT(r,z){[v.D(r,z,T)-A(r,z,T)

r,reactor ’z,reactor

H ,
T — .
+y. vIolr,z, )1} (r,2z)+ai (xr,2z,T) + r B. (r)y)
ot tE P j=3+1 Inew :

_(ZW I r dr J dz WT(r,z){[V.D(r,z,O)—A(r,z,O)

r,reactor ’/z,reactor

’ H
+XpVIp(r, 2,001 (r,2)+a Ey(r,2,00+ 2 B,  (0)) .  (7-2)
j=J+1 “new

Actually OZAN will test each component (D,A,ZF, EP and

Ehew) and will then form the differences.

{27 [ r,dr J dz WT(r,z)[COMP(r,z,T)] v (r,z)}

r,reactor Z,reactor

-{27 J r dr J dz WT(r,z) (coMp (r,z,0)] @ (r,z)} ’

r,reactor Z,reactor

(7-3)

(where CO!MP stands for D, A, EF etc.) only if the component in
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questién is subject to a change during the transient.

Thus, since only D and A vary during the accident (with-
- drawal of the control rods) we have studied, OZAN -has computed

as Tp, the quantity

Tp, = {2n [ r dr [ dz WT(r,z)[V.D(f,z,T)—A(r,z,T)]

r,reactor z,reactor

v(r,z)}-{2n J f dr J dz WT(r,z)[V.D(r,z,O)-A(r,z;O)]

r,reactor Z,reactor

¥ (x,z)} : | (7-4)

That is, OZAN does not consider the particular-perturba-
tion-nature of the problem, according to which Egq. (7-4) can

be written

Tpy = 27 J r dr v [ dz WT(r,z) [V.éD(x,2)
r,perturbed area z,perturbed area

-8A(r,z)ly(r,z) , (7-5)

where 6D(r,z)=D(r,z,T)-D(r,z,O),6A(r,z)=A(r(z,T)-A(r,z,O),
and the "perturbed area" refers to thé location of the re-
‘actor being perturbed by the withdrawal of the rods. Thus
instead of computing the integrals shown in Eqg. (7-5) over only

one mesh volume (for the problem studied the perturbation
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as though it were general and computes Tp, from Eq. (7-4) with

the integrals performed over the entire reactor volume.

Thus we can check the results obtainedlby OZAN through

Eq. (7-4), against results obtained by applying Eq. (7-5).

For the purpose of this calculation a separate code was written

(shown in Appendix 0, next to the code OZAN) .

compared in Table 7-2.

Table 7-2

type of approach

Results are

The matrix Py computed by OZAN and by a perturbation

Perturbation type of approach

OZAN
(0.20929807E29 0.12860273E30) (0.20932522E29 0.12861792E30)
P .
lA 0.12197004E30 0.90442634E30 0.12199029E30 0.90486858E30
0 0.88040249E29 -0.67456125E28 (0.88058761E29 —0.67489701E28.
1
A 0.71528204E30 -0.11339531E29 0.71562643E30 -0.11343823E29

vExX = yxlOX

In Table 7-2 Py and Py refer to the components of Py
A D .

due to absorption and leakage so that

(7-6)
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"In order to normalize, these quantities must be divided by

the denominator of Eq. (7-1).

We note.that the two sets of numbers shown in'Téble 7-2.
agree with each other very ciosely. This ié, we believe, |
strong evidence that, the matrix.elements (-at 1east-6f pl)

are correctly computed in OZAN.

7-3 The matrix p, calculated algebraically in térms of
quantities output from OZAN; comments on pnew(O): the initial

value of the reactivity matrix

Our third way of cross-checking consists of calculating
(3 through an algebraic relationship that involves quantities

output from OZAN. We first develop that relationship.

7-3-1 Algebraic relationship

For this purpose define

F. (x) :
Hl(E) = V‘Dl(E)V“Al(E) + _I ’ (7-7)
and
F,(x) -1 »
H2(£) = V‘Dz(E)V"Az(E) + E; -y R (7-7)

with the notation used in Chapter IV.
Hl(E) and H2(£) are the operators used in computing»

We next substract Eq. (7-7) from Eg. (7-8) to obtain
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Hy(£) = Hy(£) = VoD (x)V-6A(2)+F, (2) (%2 - ]J;—l)—wv"l_, e

where GD(E) = D2(£) - Dl(E);'GA(E) = Az(g) - Al(gj, and we
have used the fact that Fl(g) = F2(£).

Further define

§(xr) = VéD(x)V- 8A(xr) r - (7-10)
and
0 = 12 | (. )
H_ (r) = BET 7-11
B'=— kOZAN . o
6 —
(where BET = I B. (0))
: j=1 Jnewll

Then with convenient manipulations we arrive at

: k,-k
§(x) = Hy(x) -8y (D4, (2) popgpr Xopay™V - (7-12)
: 271
The matrix p, can now be written as
*T »
<p () ]s(x) |v(x)>
Py = T . (7-13)

Thus we are able to express Py in terms of
*T |
<y () |[H, () |p(x)> , (7-14)

o |
< (x)[H () [v(x)> : ' (7-15)
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*
<y (x) [Hg () [v(x) > ‘ , - (7-16)
oy -1 ‘ S :
<Y () |wv T [u(x)> (=0) o (7-17)
and kl, ko, kOZAN and E;ewll(O). These quantities arg output

from OZAN except for some of .the matrix elements of expressions

(7-14) and (7-15) that are the subject of the next subsection.

7-3-2 Review of elements of the matrices (7-14) and

(7-15)

This review will be done in five stages;

1. The first-row, first-column element of the matrix
(7-14) cannot be evaluated:

Apparently there is no possibility of evaluating the
element, <¢I (£)|H2(£)|wl(£)> under the circumstances we are
WOrking with.

2. Two elements are zero by definition:

T T
The elements <¢I (£)|Hl(£)lwl(£)> and <¢; (£)|H2(£)lw2(£)>

vanish because of Eq. (4-19) [cf. the definition of k
(k =1, 2)].

k

3. Two elements should vanish in view of the definition

for kk (k =1, 2):

If wl(g) and wz(g) were well converged, we could write

(at all points in the reactor)
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(7-18)

and ‘
CHy (2) [y, (x)> =0 , (7-19)
through the definitions
*T | .
and
*T ‘
<Py (x) [Hy(x) [v, (x)> = 0 . (7-21)

Equations (7-18) and (7-19) would then.implylrespectively

il
o
-

. |
<, (@ lH @) v, @)> (7-22)
and |

T
<, () |1, () [v, (£)> = (7-23)

I
O

4. Two elements should vanish in view of the definition
of the adjoint mode:

Provided proper continuity properties exist, the elements

T T
<w2* (r) [Hy (x) | ¥ (x)> and <wI () |H, (z) [¥,(x)> can be written

respectively

T (o) 1} () |05 () > , (7-24)
and

Wy [E @ vy > : (7-25)

with HI(E) and H;(E) defined in Chapter 1IV.
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If w;(g) and y, (r) were well converged we would have

L}
o
-

+ . * )

and

|
o

Hy (2) 9] ()> = ; (7-27)

at all the points of the reactor. Thus expressions (7-24) and

(7—25) would vanish.

T
5. <y, (&) |H) () |y, (x)> :

'To calculate this element we consider

F, (r)
Kozan

H

ozan (£) = V.D; (x) V-3, (r)+ + QPPN(Q) + Hypy (), (7-28)

where HPPN(E) and,HDPN(E) are respectively the prompt and

the delayed photqneutron operators definéd through

T . .
" @ [y () [ (2> (7-29)

and
T

. .
that is, the prompt and the delayed photoneutron reactivity
matrices introduced in Chapter III. Both matrices (7-29) and

(7-30) are output from OZAN.

With appropriate manipulations we obtain
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S X
1 1 0ZAN
Hi(x) = Hozm(i) + Hp(x) (EI " Kopan ) —sET " _H.PPN(E-)
| - Hppy (1) , - (7-31)
such that
+T | | . | - '
<Y JHy e (2) [0 (x) >= o (0) ; - (7-32)

the initial value of the reactivity matrix (comments about
p(0) are saved for the subsection 7-3-4).

Thus using Eg. (7-31), Eq. (7-12) can be written as

Hp (x) Koz

= 1
G(E)-HZ(E)_HOZAN(£)+ BET (1 - kz

Y4H (D) +H () 4wy T

PPN DPN

(7-33)

Hence p, will be calculated through Eq. (7-13) by making
use of ﬁq. (7-12) (for the first row, second column, and second
£ow, first column; elements) and Eq. (7-33) (for the second
row, second column element) in conjunction with the comments
made for the matrices (7-14) and (7-15). Further information
is given in Table 7-3.

In numbers (appearing in Table 7—3} relevant to the

photoneutrons a correction factor o = 10 is present.
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Table 7-3 Further information for the purpose

of the algebraic calculation

OZAN

1.01795673

(0)

newll

™

0.78469925E~2

The delayed neutron fraction
matrix,[that'correspondS'to

Hy(r)]

|

0.78469925E-2

0.73465705E-2

0.78072660E—2)

0.73112361E-2

The prompt photoneutron pro-

duction matrix [that cor-

?esponds to HPPN(E)]

|

0.21412867E29

0.20902955E29

0.24675711E29
0.24088097E29

The delayed photoneutron
fraction matrix [that cor-

responds to HDPN(E)]

|

0.17435974E-3

0.17020771E-3

0.17421108E—3)

0.1700626E-4

vy E x = yxle

For purposes of normalization the numbers for the prompt

photoneutron should be divided by 0.54379688x10

32

.
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Results are regrouped in Table 7-4.

Table 7-4 Elements of the matrix Py calculated alge-
braically (by hand) compared with the same

elements computed through OZAN

Algebra OZAN

Second row first column (21) 0.254 E-2 0.15396 E-1 -
element

First row éecond column (12) 0.2241 E-2 (0.22409 E-2
element

Second row second column (22) | 0.1643 E-1 |0.16423 E-1
element

vy Ex =y x 10%¥

We note that the agreement between the last two elements
of Table 7-4 is very good. However the first element computed
through OZAN is badly off as compared to the result given by
the algebra for the same element. This, ﬁe believe, is due to
the incorrectness of the assumption that expression (7-24) '
vanishes -this expression is computed nowhere in OZAN . Simi-
larly, if indeed we assune, throughoqt the calculation of the

T
*
(12) element that <¥y (E)IHI(E)lw2(£)> (which can be calculated
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based on the output from OZAN, to be 1.404x10—3) vanishes

[cf. Eq.‘(7—20)], then we find —‘through the algebra for the
(12) element- 0.2610 x 10”2 instead of 0.2241 x 10”2,
| The error in assumptions such as Eq. (7-20) implies that
the fluxes determined by Exterminator-II are not well con-
verged. The degree of convergence for the two adjoint modes
are shown in Table 7-5. w;(g) was computed in 60 iterations

*
and w2(£), 50 iterations. For a comparison the degree of con-

. ,
vergence for wl(E) after 50 iterations, is also shown.

Table 7-5 Degree of convergence of the adjoint modes

Fluxes Iteration Relative Absolute
number convergence convergence

E

¥, (x) 60 8.1799 E-1 ~-9.5230 E-1
. _
¢2(£) 50 8.5283 E-1 -9.9201 E-1
*

wl(g) 50 8.5275 E-1 -9.9206 E-1

* A .
We note the worse convergence for wz(g). We also note

*
that if wl(g)
60), then its

*
wz(g). These

vergence from

T

were computed out of 50 iterations (instead of
convergence would be as bad as the one for
facts may be responsible for the greater di-

*
zero of <y, (E)[H2(£)|w1(3)> [this can be
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computed - see Eq. (7-34) - making use of Eq. (7-12) to be

T
*
A0.048] than the divergence from zero of <Py (E)IHI(E)I¢2(£)>

(~0.0014).
T
* .
We have calculated <y, (£)[H2(£)lw2(£j> from

~~

>

*T ‘ *T
<, () [H () [¥ (£)> = <p, () |8 (x) |v, (x)>

T k, - ky
+ <y, (@) o) () -Hg (n) 22—

T kozan ¥y (£)>=Ayy
271 newll(O)

(7-34)

T

.
[cf. Eq. (7-12)], where <y, (£)|6(£)|wl(£)> is taken to be the

(21) element of the matrix py as computed by OZAN.

We shall defer discussion of some suggestions based on the
results just derived until the next chapter.

However, because it is ciosely related'to the algebra
developed within the present section, we take the opportunity
in the following section to comment on pneW(O); the initial

value of the reactivity matrix.

’

7-3-4 Comments on pnew(o), the initial value of the
reactivity matrix

The matrix pnew(O) [cf. Egq. (7-32)] deserves

special attention. Starting to apply the time dependent
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Equations (3-44) and (3-45) with some residual reactivity -

although this may be small - , while the reactor is critical,
is undesirable numerically. Thus to avoid an erroneous pre-

diction, k was introduced in Chapter V, so that, if the

OZAN
reactor is critical at the beginﬁing of the transient, we have

o) (0) = 0. The purpose of k is then to compensate for

new, 4 OZAN ‘ _
the extra reactivity due to the presence of photoneutrons (the
'balance for the equilibrium trial mode, wl(g), being main-
tained by dividing the fission cross sections by kl - eijen-
value of the first trial mode computed through OZAN).

If kOZ were the eigenvalue of a well converged first_

AN
trial mode coming out of Exterminator II, we would have

p (0) =p__ (0) =p (0) = 0 [cf. respectively
newll new21 . newlz

Equations (7-20), (7-22) and (7-25)], since H [cf.

ozan (L)
.~ Eq. (7-27)] would then be identical to Hy(r) [cf. Eq. (7-31)].
Failing that, we have numbers presented in Eq. (6-29). |

Comments about the (11), (21) and (12) elements of
pnew(o)'

On the RHS of Eqg. (6-29) note that by definition the (11)
element is zero (within the accuracy that the machine can in-
sure on single precision).

We would like the (21) element to be as close to zero as
the (11) element in view of Eq. (7-18) - written for H

ozan (Z)
instead of Hl(E) - . However not only the fact that the

eigenvalue computed for wl(g) through OZAN diverges from the

one given by Exterminator-II (for ¥ 1.75%) but also the
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presence of the photoneutrons makes kOZAN a rather artificial =

eigenvalue computed just to insure [p

(0) = 0]. Thus un-
‘newll | 7

fortunately a relationship such as Eq. (7-18) does not hold

for H Hence the value of the LHS of Eq. (7-22) is

ozan (Z) -
closely bound to the character of the weighting function.
We also note that the second adjoint, having the worse degree
of convergence (cf. Table 7-5),vmakes the divergencé from |
zero, of the (21) element about five times worse than the di-
vergence from zero of the (ll) element.

Fortunately the (21) element is still satisfactorily close
to zero. |

Finally note that we would not expect the (12) element to
~ vanish even if HOZAN(E) and Hl(E) wefe identical since
it was pointed out - in subsection 7-3-3 - tgat presumably,

v * *
~because of the bad convergence of vy (), <vy (E)lHl(g)lwl(£)>

is equal to 1.404x1073 [rather than zero, cf. Eq. (7-25)].

Steady State Predictions;

It is important to determine whether or not the expansion
coefficients Nl(t) and Nz(t) will stay steady if the reactor
remains in its critical state, that is if we solve Equations
(3-44) and (3-45) for expansion coefficients with

*
[pnew(t) = pnew(o)] .
/ . . v
The answer to this question more- properly belongs to the
next chapter (since it rather deals with the second question

we have introduced at the beginning of the present chapter).
However we find it easier to give the answer here.
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To answer this question the solution of Equations (3-44)

. . . ¢
and (3-45) with pnew(t) = pnew(o)' the A and B. s of
. new
Equations (6-28) and (6-31) and the precursor amplitude

dc. (t)
dt
[by applying the subroutine [24] that takes care of the solu-

 functions found from =0, (3=1,..., H), was determined
tion of the time dependent Equations (3-44) and (3-45), in
OZAN]. The time coefficients Nl(t) and Nz(t) were found to be

satisfactorily steady for the period of interest.

Further comments;

It is recognized that in the previous test, N2(0) = 0.
Thus the (12) element has no effect on the result. Hence during
‘the normal run - when Nz(t) becomes greéter - the divergence
from zeroc of this element may be of importance. We save the

' discussion of this point for the next chapter (section 8-3).

7-4 Cross checking the subroutine that solves the time

dependent equations

The code [24] that solves the time dependent Equations
(3-44) and (3-45) was installed in OZAN after necessary modifi-
cations were made. This code has been checked against an other.
code in the work cited in reference [4] that also solveé the
multimode kinetics equations. Good agreement was found in the
special case of one group of delayed neutrons.

In case only one trial mode is used the multimode kinetics

equations reduce to the conventional point kinetics equations.
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Thus the prediction made through OZAN (NMODES=1) with 15

groups of delayed neutrons should agree with the one obtained
through a point kinetics code if the 'same parameters are
supplied. We were able to obtain good agreement between the

point kinetics code [18] and OZAN (NMODES=1).

- 7-5 The>point kinetics model equivalent to the multimode
synthesis scheme; cross checking the behavior of the power

level predicted by OZAN.

In this section we shall first show that one is ablé'to
compute a scalar generation time, reactivity, delayed neutron
fractions and a time coefficient equivalent to respectively;
generation time matrix, A, reactivity matrix pnew(t), delayed

- neutron fraction matrices, B. (t), [i=1,...,(H+1l)] and time
’ new
coefficient matrix N(t). Thus the point kinetics model de=

. ' . :
scribed by Ae peq(t) and Beq.(t)-s should predict a change

J
in power level from Neo(t) equivalent to that defined by

q'

Nl(t) and Nz(t).
Neq(t) will thus be checked against the behavior of the
power level computed through the point kinetics code run with

A peq(t) and Beq.(t)'s.

eq’ 3
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7-5-1 The equivalent point kinetics model '

For the purpose of developing the equivalent point kinetics

model we express the neutron flux as

F(r,z,t) = weq(r,z,t) Neq(t) [Ewl(r,Z)Nl(t}+w2(r,Z)Né(t)].
(7-35)

where now the shape, weq(r,z,t) is a function of time, since we

use only one time coefficient Neq(t) to represent'

[wl(r.Z)Nl(t) + wz(r,Z)Nz(t)].

| Derivation;
Replacing @(r,z,t) in Equations (3-1), (3-2) and (3-3) by

weq(r,z,t) Neq(t) - this expression being identical to

wl(r,z)Nl(t) + wz(r,z)Nz(t) - leads us to the residuals defined
through Equations (3-15), (3-16) and (3-17), where V¥ (r,z)N(t)

should now be read: weq(r,z,t)Neq(t). Thus the first term of

6f the right hand side of Eq. (3-15) becomes

an a[weq(r,z,t)Neq(t)]
ot
(3-16) and (3-19)] with the first weighting mode. Thus the

. We weight the residuals [Eq. (3-15),

first term of the RHS of Eq. (3-15) becomes
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‘ ' oy _(x,t)
A T, \ -1 eq ='
Negq ®) [ e WDV 7E *
r,reactor

aN__(t) : R
——%%-g-—[ dr Wl(z) v lq)eq(_ng_,t) ) (7-36)

r,reactor

For the anmplitude function, Néq(tf, to éontain'mosf’of
the time dependence, weq(E’t) should embody only slowiy varying
time functions for all r and t. One way of insufing this is
to impose fhe constraint condition 123]. That is

oY (r,t)
T -1 eq = —
J dr Wl(z) \V4 — e = 0 . (7-37)

r,reactor
That means

1

T - - -
dE.Wl(E) v weq(g,t) = cste v (7-38)

I;_,reactor

where cste stands for a constante number that is determined by

merely setting t to zero -~ in Eq. (7-38) - . Thus

_ T -1
cste = dr Wl(£) v weq(E,O)

Jr,reactor

ar Wl (£) V7T oy (x) = A (7-39)

I 11 °
r,reactor

Then multiply both sides of Eg. (7-38) by Neq(t) to obtain
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’ dr Wy (z) VT Bz, )= (¢) J ar Wi () vy (o)
r,reactor . r,reactor '
| S N N
+N2(t) J dr Wl(z)v wz(E)’Nl(t)All+N2(t)Alz(t)"AllNeq(t)‘
r,reactor .
(7-40)

Thus N__(t) is defined as
eq

N_(£) = N.(t) 2 M2 (t) (7-41)
eq S | A7 72 ’

11

and can be calculated at various times based on the output
from OZAN.

Next multiply both sides of Eq. (7-41) by A and take

11
the derivative of both sides with respect the time. The result

is

eq’ ?_1\193_;_)_ = Ay ?-If-l-;—)- Ay ?‘Iiga(‘?‘ ' (7-42)
with

heq = M2 | - . (7-43)

Furthermore we note that the procedure of weighting the
residuals analogous to those given by Equations (3-15), (3-16)
and- (3-19) [the only difference being that weq(g,t)Neq(t)

replaces ¥{r) N(t)] by w{(g), leads us to equations for Neq(t)
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that are identical to the first scalar equations of the matrix -

equations (3-44) and (3-45); namely the equations

Ayqy —3e— + Ayy —==— = [p___ (£)-B (£) 1N, (£) +
" t) - B (©)TN, (E) + 5 -
t) - £) IN, (& . C. -
{pnewlz new, , 2 (t) +j§1 XJ le(t) ' - (7-44)
ac, (e&) _
- = B. (£)N, (t) + B, N,(t) - x.C. (t) ,
(j =1,..., (H+1)] , (7-45)

where in(accord with the comment ﬁade (in the previous chapter)
about the external source expressed in terms of an extra de-
layed neutron precursor amplitude function, j's are extended
to (H%l).

Next we define

B. (t)Nl(t)+B'j (t)Nz(t)

Jnew
B (t) _ 11 new, , . .
qu - '[J:'-l,o.o,H] r

Neq(t)
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(Note thét B =B | =0) ,
{H+1) (H+1)
, newll newlz‘ ;
H A | o
B__(t) = r B (t) ' (7-47)
o =1 9
and
p (t) N, (t) + p (£)N, (t)
newll 1 new12 2 | .
peq(t) = (7-48)
Nog (8) |

Thus the equations (7-44) and (7-45) [identical to ﬁhose
we would obtain by finding Neq(t), through weighting by W{(g)
the residuals given by Equations (3-15), (3-16) and (3-17)
with ¢ (r)N(t) replaced by weq(g,t)Neq(t)], can now be written
through Equations (7-43), (7-46), (7-47) and (7-48) as

an_ . (t) X . H+1
Aeq ———%%;—f = [peq(t)'seq(t)]Neq(F) + jil Ajceqj(t) , (7-49)
dCoq (1)
_——%T:— = Beq . (t)Neq(t)—Ajceq . (t), [3=1,...,(H+1)] ' (7-50)

J J

where C (t) stands for C. (t).
eqj J 1

Thus we have been able to derive a point kinetics model

equivalent to the multimode synthesis scheme.
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. . N N .
Note that Ae peq(t) and Beqj(t) s as they_éppear in

équations (7-49) and (7-50) have not been normalized. [cf.

ql‘

'Equations (7-43), (7-46) and (7-48)]. However that does not
~affect the preceding derivation since we know the normaliza-
tion consists merely in dividing all the matrix elements. of

A, pnew(t)' and B, (t)'s by the same number: denominator of
new

the RHS of Eq. (7-1) - where kl should be read as kOZAN - .
Thus dividing both sides of Equations (7-43), (7-46) and (7-48)
we obtain Aeq’ peq(t), and Beq_(t)—(3=l,...,H) - now normal-

ized in terms of the normalized All' [pnewll(t), and phewlz(t)],

and [B. (t), and B, (¢) - (3 =1,..., H - 1.
Jnewll J ?ewlz :

Naturally Neq(t) predicted through Equations (7-49) and

! - : l . .
(7-50) where Ae peq(t), and,Beq'(t) s are normalized is the

q’
J
same as Neq(t) predicted through the same equations with Aeq'

peq(t) and Be (t) 's not normalized. This can be seen from

q
J
Eq. (7-41). Dividing the numerator and the denominator of

(Alz/All) by the same quantity, will not affect the left hand

side of Eq. (7-41), that is, Neq(t).
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Note that to érrive at Equations (7-49) and (7-50) the
‘second adjoint mode ¢2(£) (or any other function) could have
‘been chosen as the weighting function. Equations (7-49) and

(7-50) , now with

' | - (7-51)

Aeq = A21
85 new21(t)N1(t) + By newzz(t)NZ(t)
Seq (t) = r
J Neq(t)
(3=1,..., H) , (7-52)
H
B _(t) = & B (t) ’ (7-53)
ed j=1 95
" and
Poow; (BINL(E) + p = () N,(t)
_ new,, 1l new,, 2
oeq(t) = ' (7-54)
A Neq(t)
would predict
N (8) N (6) + 222 (o) ~ (7-55)
eq 1l A21 2 *

Note that Neq(t) defined through Eq. (7-41) is different
from the one defined through Eg. (7-55). However the definition

of'weq(g,t) [through Eq. (7-38) where now WE(E) is replaced by

T
*
wz (r)] is also not the same as the one given through Eq. (7-38).
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Thus denoting Ve (r,t); Ve (r,t) defined through Eq. ‘
L o0 q .

: * ’ S
(7-38) by using wl (r) as the weighting function, and

P (r,t); v__(r,t) defined through Eq. (7-38) by'using
eq, = eq — A : _
*T ' '
.wz (r) as the weighting function  and with
N (t) = N__(t) ' ' i (7-56)
ed; eq’ gy, (7-41) !
and
Neqz(t) E'1\]6:(:1“:)]3:(;.(7-—55) (7—57)

We expect to have, through Egq. (7-35),

a(g,t)zweq (r,t) N (£) =¥ _ (xr,£)N__ (£) (7-58)

1 9 €43 92
Hence using a different weighting function in obtaining

the equivalent point kinetics equations parameters, leads to a

different shape function [weq(E't)]' and a different time co-

efficient [Neq(t)]. However since |A| = 1.282x10°3, we have
A A
22 4 12
n (7-59)
Aoy M ’
énd
N () ¥ N (t) , (7-60)

Thus
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"”eql(f-'t) ’weq’z(g,t) - . (7-61)

Utility of the equivalent point kinetics Model;

. . ' .
Since the evaluation of Ae peq(#) and_seqj(t) s ?equlre

the solution of Equatiéns (3~-44) and (3-45), the utility of the

q'

equivalence between Egquations (3-44), (3-45) and Equations
(7-49), (7-50) lies in reducing the complicated matrix scheme to
more familiar scalar equations.

The comparison of Equations (7-49) and (7-50) (description
of the transient equivalent to OZAN, NMODES = 2) with Equations
(3-44) and (3-45) when just one trial mode is used [—the matrix
N(t) being reducéd to a scalar Nl(t), thus - OZAN, NMODES=1],

will be presented in the next éhapter.

7-5-2 Cross checking Neq(t) calculated through Eq.
(7-41; against Neq(t) computed through a point kinetics code
The last cross checking undertaken for OZAN consisted of
¥ * ' .
determing Aeq' peq(t), and Beqj(t) s from respectively the
identity (7-43), and Equations (7-48) and (7-46), computing

Neq(t) with these quantities through a point kinetics code, and

comparing Neq(t) to the result calculated from Eg. (7-41).

Actually Beq (t)'s can be considered to be constant
j .

throughout the transient and, si_nce‘All is close to A12'

N_(t) = N,(t) + N,(t); moreover B. [§=1,...,(H+1)] is
eq 1 2 newll
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almost equal to B. ; thus Beq (t) X B . In addition

J new,,’ 3 j new,,
'Aeq need not be calculated. Thus we are concerned with only
_the calculation of peq(t) in order to be prépared for the

point kinetics code. peq(t) is shown in Table 7-6.

Table 7-6 The equivalent scalar reactivity

time (sec.) peq(t)xlO3

2.445

5.10

7.80
-10.85

o W N e

14.04

Approximating the reactivity peq(t) by a series of ramp

changes and with All' peq(t)’ Bj new,

and also C (0)'s
PKj

from Table 6-2 used as input, Neq(t) was computed through thé
point kinetics code. For a comparison few numbers are shown

in Table 7-7.
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Table 7-7 Comparison of Neq(t)vcalculated through

Eq. (7-39) with Neq(t).computed through

the point kinetics code

t(sec.) Neq(t) (from the point : Neq(t? (OZAN)
0.8 0.71210 E-8 © 0.713 E-8
0.9 ‘ 0.75586 E-8 0.748 E-8
1.0 » 0.80455 E-8 _ 0.813 E-8

y Ex = yxle

We note that numbers for Neq(t) calculated from Eq.
- (7-41) based on the'output from OZAN, agree satisfactorily
with numbers for Neq(t) computed through OZAN (within an

error of less than 1.15%).
7-6 Summary

In this chapter we have taken a look at five different
ways of checking the results given by OZAN to answer the
question: Do we believe in the computer code (OZAN) written-
to perform computations required by the proposed method?

At some stages we have presented results that made a positive

answer difficult (discrepancy in the eigenvalues and generation
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time,) the (21) element of the matrix pl,'etc.). We pointed

out however, that discrepancies encountered in section (7-1)
are, we believe, due to both the bad convergencebof the fluxes
determined by Exterminator-II and to the difference in the
methods used for computations in both OZAN and Exterminator-II.
The worse convergence of the second adjqint mode was foupd'to

be responsible for the anomolous divergence of 0y  (algebra)

21

from Py (0ZAN) . :
21

On the other hand sections 7-2, 7-4 and 7-5 as well as

oy (0ZAN) and Py (0ZAN) that checked well against 2

12 22 12

(algebra) and Py (algebra) very much favor a positive answer
22

to the question of validity of the code OZAN.

Thus we are inclined to say, we believe in OZAN.



CHAPTER VIII

THE VALIDITY OF THE PROPOSED METHOD

AND CONCLUSIONS

This chapter includes a discussion of the photoneutrons,
a word about the reactivity concept, a tentative to answer
questions concerning the validity of the two-shape method,
a summary of the conclusions and recommendations‘fbr further

work.
.8fl Photoneutrons

Much effort has been devoted throughout this thesis re-
search to analyse quantitatively the generation of both prompt
" and delayed photoneutrons in MITR-II.

8-1-1 Pfompt photoneutrons
For o (the correction factor introduced to account for
the error due to various approximations made in calculating the
photon intensity at a point in the reflector region) = 1 we
-found |
PPRy, (0) % 3.94 x 107> , (8-1)
where PPRll(O) denotes the (11) element of the prompt photo-

neutron production matrix at t = 0.
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This result implies that, if (assuming that a can be taken

equal tovl) the prompt photoneutrons are neglected,‘an error of
léss than 4-.x10-5 is made in computing the (initial)'réactivityf
of the reactor.

8-1-2 Delayed Photoneutrons

In orde: to see the importance of the delayed phdto—
neutrons in determining the reactor inverse period, for ‘various

reactivity insertions we computed [28]
w + X.) ’ A(8~2)

Where RHO is a reactivity that corresponds to w, and A, the
‘neutron generation time of the reactor. A has been taken
(1.043922x10”%) as given by the Exterminator-II output for the
inverse veloci£ies presented in Chapter VI. For easy reference

BETATj's and Aj's are presented in Table 8-1.

The computation of RHO for various values of w was re-
peated changing the correction factor o for the delayed photo-
neutron fractions (j = 7, ..., 14). The results are presented

in Table 8-2..

* i.e. Phew (0) defined in Chaptef III.

11



Delayed neutron fractions and the cbrresponding

decay constants

Table 8-1

3 BETAT, Aj(sec‘l)
1 0.3010 E-3 0.1240 E-1

2 0.1709 E-2 0.3050 E-1

3 0.1529 E-2 0.111

4 0.3082 E-2 0.301

'5 0.8980 E-3 1.14

6 0.3280 E-3 3.01

7 0.1128 E-4 0.277

8 0.3531 E-5 0.169 E-1

9 0.1215 E-5 0.481 E-2
10 0.5824 E-6 0.150 E-2
11 0.3574 E-6 0.428 E-3
12 0.4028 E-6 0.117 E-3
13 10.5562 E-7 0.437 E-4
14 0.1757 E-7 0.363 E-5

vy Ex =y x 10*

167
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w(sec?l)

W

3 3 3 3 3

1x10~ 1.5x10° 2.x10° 2.5%10" 3.x10° RHO

Fig. 8-1 Inverse Period versus Reactivity (a = 1)



Table 8-2 Effect of delayed photoneutrons in

determining the inverse period, for various

connection factors. .

reactivities multiplied by a hundred.

Numbers presented are

169

-1

“Q 0.02 0.04 0.06 0.08 0.1
0.13078 | 0.20049 | 0.24888 0.28612 | 0.31640.
0.13128 | 0.20113 | 0.24961 0.28692 | 0.31726
0.13229 | 0.20240 | 0.25106 0.28851 | 0.31897
0.13329 | 0.20368 | 0.25252 0.29011 | 0.32069

As expécted.we see from Table 8-2 that the delayed photo-

activity.

w(sec~l) is plotted versus RHO for a= 1 (as shown in

8-2

Chapter II) in Fig. 8-1.

The Equivalent Reactivity

neutrons become more important for small insertions of re-

In Chapter VII (section 7-5) we have shown that an equiva-

lent generation time, set of delayed neutron fractions and re-

activity can be defined so that with these parameters the P
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equation predicts the same solution as the one given through

the multimode kinetics equations (synthesis method) . -
‘The equivalent reactivity makes ‘it easy to visualize the
difference between various predictions;

Comparing the parameters (Aé Beq(t) and peq(t)) of the

q'
point kinetics model equivalent to OZAN (NMODES=2), to those

(t)) determined for the point kinetics

newll

(A B (tY, o
;1' newll

type of approach; (OZAN, NMODES=1l) we see that the only one that
is significantly different is |

Prew, , (BN (D048, (00N, (8)

(t) {for Beq(t) = Neq(t) ;

Deq

_ A A |
_ 12 .12 4, n .
Neq (t) = Nl (t) + Y Nz(t) H K';-I c\,l, thus Neq (t)f\,Nl(t‘)'l'Nz (t) H

B Ag T . vE .
,?newll(t)msnewlz(t)msnewll(O), thus seq(t)msnewll(O), and

Aeq = AllI :

Thus the three different approaches (the point kinetics
CodeA[18], OZAN; NMODES=1, and OZAN; NMODES=2) undertaken in
Chapter VI for analysing the effects of withdrawal of the

bank of shim rods, are equivalent to solving equations of

type
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aN_ (t) (o (£)-B_ (£)) H+1
a4 = = £ .C. , 8-3
eq T Neg(t) + jil A4Cy (8) (8-3)
de(t) eqj . ,

where Aeq = APK (cf. Chapter VI)=All (cf. 0ZAN, NMODES = 1),

and Beq.(t)gBPK. (cf. Chapter VI) = B, (0) (cf. ozaN,
J 3 ' . new, 4

NMODES=1), for reépectively peq(t) = pPK(t) (cf. Chapter VI),

peq(t) = pnewll(t) (cf. 0zZAN, NMODES=;), and
Dnewll(t)Nl(t)+Dnew12(t)N2(t)
peq(t) = SN [cf. Eq. (7-41), 0zZAN,
eq
NMODES = 2].

Comparison of various reactivities;

The comparison of these various reactivities, that have
been defined for the same transient (withdrawal of the control
rods, cf. Chapter VI) is shown in Table 8-3. This table also
includes values of two other definitions of reactivity obtained
by making the first weigﬁting fﬁnctién unity throughout the
entire reactor, first in OZAN (NMODES=1l) and then in OZAN
(NMODES=2). (We will iater come'back to the latter study
to point out the importance of the weighting function in the

weighted residual technique.)



172

Table 8-~3 Comparison of various reactivities defined for

 the same transient (c£. Chapter VI) through

different approaches

=1) =2) = )wl =2)W
(r)=1% (r)=I.
0. 0. 0. 0. 0. 0.
1 0.3x1072] 0.2x1072 | 0.2445x1072 | 0.627x1072 | 0.585x1072
2 fo.6x1072 | 0.4x1072 | 0.520x107% | 1.253x1072 | 0.855x10"2
3 Jo.9x1072 | 0.6x107% | 0.788x1072% | 1.88x1072 -
4 f1.2x107% | o0.8x107% | 1.085x1072 | 2.51x10"2 -
5 |1.5x1072 | 1.0x1072 | 1.404x1072 | 3.14x1072 -

PK stands for the reactivity determined by the first ap-

proach undertaken in Chapter VI in the course of the study of

the withdrawal of the rods by the point kinetics code [18].

Numbers presented in the last two columns of Table 8-3;

The numbers presented in the last two columns of Table 8-3

were obtained in the following way;

A calculation has been made with the first weighting

function unity throughout the reactor (and everything else being

-the same) for the problem (withdrawal of control rods) subject to
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Chapter VI. The relevant initial value and the ramp change

shape of the reactivity matrices, p ew(0) and Py were taken

n
from the output OZAN (NMODES=2). A normalization factor (cf.

Chapter VIII, section 7-5)

dr (l)Tv X Zg(E,O) wl(g) [(1)T denoting the transpose-
r,core '

of the column matrix composed of G (number of neutron groups)
elements that are unity] is already present in these matrix

elements. On the other hand a normalization factor
. «T - . . o
: dr ¥ (r)v ¥ ZF(E,O)wl(E) is present in the numbers
r,core v .
shown in second, third and fourth columns of the Table 8-3.

“Thus for the purpose of the comparison an adjustment of the -

pneW(O) and Py relevant to the study; Wl(g) = 1, OZAN (NMODES=2)

is made such that the (11l) element of_the generation time
" matrix relevant to this study becomes equal to the (11) element
of the generation time matrix obtained through the study where

*
wl(g) is used (as the weighting function).

Then the fifth column numbers of Table 8-3 were obtained
by writing, with the adjusted (11) elements of pnew(O) and Py

relevant to the study: Wl(g) = 1, OZAN (NMODES=2) ;.

Peglt) =0 (0) + t pg

11

~e

ner 1

and the last column numbers of Table 8.3 were obtained by using

the Eq. (7-48) along 0 (0), o (0), Py v and Py
1 _

new .newlz 11

1 12
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relevant to the same study.

We recognize that different sets of numbers for reactivity
versﬁs time, shown in Table 8-3 are responsible for different
predictions about the transient studied. Thus the interpreta-
tion of a prediction in terms of the equivalent paramete:s
(and mainl& equivalent reactivity) makes us better understand,

how this prediction is different from others.
8-3 The Validity of the two-shape calculations

In the pre&ious chapter we examined the correctness of the.
code OZAN and defined the question of the validity of the pro-
. posed method. Specifically oné has to examine what conditions
must be fulfilled in order to maké an accurate prediction for
a transient through the weighted residual method and whether or
not we fulfilled those conditions for the present study.
Are two shapés sufficient for the purpose of analyzing the
accident mentioned in Chapter VI? Even further, in Chapter VII
it is pointed out that we used the two-shape method to observe
the transient only after the reactor had becomne critical.
If the two _ shape method had been ﬁSed for the entire
transient would the result be significantly . different from those

given in Chapter VI ?
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Unfortunately we will not be able to give a definitive

answer to these questiohs without further study.

We intend, however to discuss two points that relate to

the character of the weighted residual method and are for con- -

sideration to resolve some of the obscurities.
a) It was pointed out earlier (cf. Chapters IV and V)

that in order to compute the leakage integral dr -WT(E)
: r,reactor

V.D(x,t)Vy(r) (in matrix notation) we needed the balance
equations through ghich wl(E) and wz(E) fcolumn vectors,
compohents of w(EX] are generated. Thus the eigenvalues kl
and k2 fdr the balance equations in question were computed
through OZAN, in an integral sense. For the eigenvalues
relative to wl(E) and w2(£) computed through the code (Ex-
terminator~II) would not insure these balance equations (due
‘ to the poor convergence of the fluxes and differences in
computations used in both codes, etc.) when applied to OZAN.

In addition koz was introduced to compensate the photo-

AN
neutrons and insure that at time the reactor becomes critical

the (11) element of the reactivity matrix, Pnew (0) vanishes
' 11

so that we do not go to the time dependent equations with a
residual reactivity at that time. Otherwise an erroneous-
prediction would result. |

The examination of possible errors arising from these
(somewhat.artificial) manipulations is made beldw throughout

the subsection 8-3-1.
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b). A second point of this validity consideration is a

study of the effect of the weighting on the prediction through
the weighted residual method. This is done in the subsection

8”3_2'

- 8-3-1 Eigenvalues computed in an integral sense
For the purpose of studying the possible errors arising
from the introduction of the eigenvalues k;, k, and kg .,
computed in an inteqral sense (to satisfy the required balances)

we develop arguments about koz and k2’ We then try to show

AN
that we do not have to fear the artificialities introduced by

the definition of these quantities.

1. Xozan’

The purpose of defining a quantity k was to compensate

OZAN
fdr the presence of the photoneutrons (Neither of the operators

that generated the trial shapes through Exterminator-II included

the photoneutrons) by forcing p (0) to vanish. However

nerl

since k (5) then differs from Hl(E) (a correction factor

OZAN
o= 10 has been used for photoneutrons throughout the OZAN

studies), a relationship such as Hl(£)|¢1(£)>=0 does not hold

. *
for Hy,, . (X). Thus we expect <y, (r)|Hy, o (r) |y, (r)> [the

(21) element of the initial value of the reactivity matrix] to

differ from zero. This quantity turned out to be l.93x10—5,

which is still satisfactorily close to zero. Thus we feel the

error in the (21) element introduced by this approximation is

negligible.
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The (12) element of the initial value of the reactivity

T .
* : -
matrix; wl‘(g)[HOZAN(£)|w2(£)> is & 1.463x10 3. ;f there were

L ,T :
'no photoneutrons it would be <y, (r) |Hy (x) [¥,(x)> which should
* . ‘7
vanish if wl(g) were well converged. Numerically for the un-
converged values used, the (12) element without photoneuﬁrons

3

. - &T
- : *
is 1.404x10 ~. The difference between <y, (5)[HOZAN(£)|¢2(£)>

T
* :
and <Py (x) Hl(g)[¢2(£)> is then of a minor importance in view

of the (12) element of the ramp change slope of the reactivity

matrix: 2.241x107 3.

Thus the introduction of k is a small correction and

‘OZAN
'apparently gives its expected result.

2. It does hot métter if the reactor has not been
poisoned to compute k2 through OZAN: -

The second trial mgde was generated through Exterminator-
II) by increasing the absorption cross sections by the quantity
wv-l throuéhout the reactor (cf. Chapter IV). To be rigorous
we should do the same thing when we come to compute k2 through
OZAN. Failure to do so the eigenvalue‘k2 (computed in an

integral sense through OZAN) will be different (greater) than

the one obtained if the reactor was poisoned. k2 (NP standing
NP

for "nonpoisoned") will then be rather artificial (for it is
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computed so that the balance - cf. Chapter IV - is insured for

a’f}ux through some cross sections that does not beiéng to this
~flux). | | |

A sensitivity study was.made'to see the effect on the
matrix elements of not poisoning.the reactor in computing the
eigenvalue k, through OZAN. A comparison is_presented in

Table 8-4-1.

Table 8-4-1 Comparison of reactivity matrix elements
in cases the reactor has been poisoned for
the computation of k2 through OZAN, and the

reactor has not been poisoned for the same

computation
P _ NP
k, 1.02579212 1.02754307
x 0.14621585 E-2 X 0.14627143 E-2
;pnew(O) x -0.52545846 E-1 x =0.52609537 E-1
x 0.22408564 E-2 [x 0.22407090 E-2
p : _
1 x 0.16423166 E-1 , x  0.16423021 E-1

YyYEX=Zyx leb
P stands for the nase the reactor was poisoned for OZAN
to compute k2, NP for the case the reactor was not poisoned

for the same computation.
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The crosses in Table 8-4-~1 refer to the (11) and (21)

elements of the matrlces in question that are not affected at
all (since these elements do not 1nvolve the second trlal mode)
The numbers shown in Table 8 4-1 affirm that the dif-
ferences due to computing k2 by poisoning the reactor and not
poisoning it, are minor. This can also be seen from Table

8-4-2 where we give numbers for Nl(t) and Nz(t) for both cases.

Table 8-4-2 The time coefficients Nl(t) and\Nz(t) for
both cases: the reactor has been poisoned
to compute k, through OZAN, and it has not

been poisoned for the same computation

t(sec.) P 4 NP
1 0.61083 E-8 © 0.611027 E-8 N, (t)
0.20901 E-8 0.20874 E-8 N, (t)
2 0.99663 E-8 0.99747 E-8 N (t)
0.10495 E-7 0.10478 E-7 N, (t)
3 0.61598 E-7 0.61673 E-7 N, (t)
0.22798 E-6 0.22693 E-6 N, (t)
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P, NP and y E x that stand in Table 8-4-2 were defined

for Table 8f4—l.

The results presented throughout both parts of this sub-
section suggest that we do not have to fear artificialities
introduced during the course of the proposed method, due to the

definitions in an integral sense of kl, k, and k An

0ZAN"®
undesirable perturbation (photoneutrons, small variations in
the cross sections, etc.) is then éuccessfully absorbed in the
definition of the eigenvalue of inﬁerest, to reassure the re-
quired balance equation. For the study undertaken in part 2

of this subsection this can be cléarly seen from the algebraic
relationship obtained in Chapter VII (section 7-3) for the ele-~

‘ments of the rahp change slope of the reactivity matrix [cf.

Eq. (7-33)1,

H, (r) ko=K~o
_ 'L 2 Xozan
$(zx) = Hy(r) + —gpm— x 3 Hozay (£) + H

ppy (L)

Hypy () + wv™h . - (8-5)
xT ’
<P () |8(x) [v(x)>
T

(We recall that Py =

In case the reactcr has not been=poisoned to compute Py

the last term in the RHS of Eq. (8-5) will be omitted, but
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(P standing for the case

~is now greater than k,
NP P

thé reactor is poisoned to compute k, through OZAN) , (Pl )
- A o 12

since k2
/NP

and &ﬁ. ) are still approkimately equal to respectively
N T22/NP , :

Gl ) and (pl ) (cf. Table 8-4-1). This implies that a
12/p 22'p

¥

relationship such as

k

wv t = Ao L o o(r) 2ZAN . (g-6)
ky Kk B =" (0)
P NP newll

is approximately true; that gives (through the values for

: k ’ k ’ k
2P 2NP

OZAN' BET, and w given ealier);

. +T
A% 1.305 <y (x) |Hg(x) [v(x)> . {8-7)

which happens to be indeed right (cf. Table 8-5).

Table 8-5 Comparison of the elements of the generation
time matrix with the ones obtained through the

approximate Relationship (8-7)

A Meq. (8-7)

0.1011 E-3 0.9786 E-4 0.1023 E-3 0.1020 E-3
0.9807 E-4 0.9508 E-4 0.960 E-4 0.955 E-4
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Throughout this subsection we will try to émphaéize the
importance of the weighting functions in thé weighted residual
method. This is done in three pérts. |

1. The (12) element of the initial value of the re-
.activity matrix is not small enough; . |

It was pointed out earlier that (cf. Chapter VII section
7-3-4) the (12) element of the initial value of the reactivity
matrix is not close énoughrto zero due to the bad convergence

T 3

* - .
of y1(r) (<y; () [H (x)|¥,(x)> ¥ 1.4 x 1073, and the photo-

neutrons are shown - cf. part 1. of ﬁhe previous subsection -

not to play a major role in this divergence from zero), and may
be a source of trouble. Through Eq. (7-48) one can indeed see
that, because the (12) element of the initial value Qf the re-

- activity matrix is not negligible as compared to tx Py (for '
‘ : 12

the period of time of interest), there is a certain contribution

of o

new (0) in the computation of the equivalent reactivity,
: 12 :

peq(t). Equivalent reactivity peq(t) is calculated assuming

that o .(0) vénishes, and compared in Table 8-6, to the

new12

numbers obtained by taking the finite value - for Phew (0) -
‘ 12 :

computed through OZAN.
Thus apparently the prediction about the transient would

not be as severe if the first adjoint mode were well converged
T

«
so that <y, (E)[Hl(£)|w1(£)> vanishes and p (0) is close

new12
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Table 8-6 Comparison of peq(t) of Table 7-6 with peq(t)

calculated by'makingvp (0), zero.

newlz
3 n, . ) -
t(sec.)| Peq ) [WEEh Pngy (0] Joeq (E) vith ong,,  (0)=0]
0.1463E-2 -
1 2.445 E-3 2.075 E-3
2 5.100 E-3 ' 4,33 E-3
3 7.880 E-3 6.70 E-3
4 10.850 E-3 9.25 E-3
5 14.04 E-3 12.15 E-3

j Ex = j x 10%

enough to zero.

We note that in any case;

~ A space-dependent analysis (for the transient we have

studied) results in a different (and hopefully more accurate)
prediction than a point kinetic analysis (cf. numbers pre-
sented in Table 8-6 compared to the numbers presented in the
third column of Table 8-3);

-~ The reactivity peq(t)'versus time is initially lower
than pPKCt) (cf. the second column of Table 8-3) for sometime
and finally intercepts it [at arqund.S sec. in case we have

numbers presented in the second column of Table 8-6 and later
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in case we have numbers presented in the third column of the

same table].

2. A comment abbut tﬁe (Zl)velement of the'famp change
slope of the reactivity matrik tbat was found badly off as ‘
compared to the prediction made by the algebra (cf. Chapter VIi,
section 7-3);- |

It may be thoughtvthat we cén overcome the divergence of

computed through OZAN (NMODES=2), from the value given by the
21

algebraic relationship (developed in Chapter VII,'séétion 7-3),

Py

by simply setting Py ‘to this algebraic result. This is not

21
as simple for the reasons we give below;

The divergence in question was found due to the bad con-

vergeﬁce of the second adjoint made [specifically

T ' .
(r) [H, (x) |9, (x)> was found to be o 5. x 1072, whereas

*
<q)2
it is expected to vanish].

On the other hand in section 7-2 (Chapter VII) it was
shown that the elements of the matrix p; can be merely computed
by taking into account the perturbed area only (that is four

points and the relevant fluxes and cross sections). That

means, since setting Py to the value found by the algebra
21
T

* » :
implies <y, (r)[H,(x)[y,(x)> = 0, convenient values for

* ' ' |
.w2(£)'over the four points (of the perturbed area) in question,
are then tacitly assumed (so that the relationship of interest

is now satisfied). Th’s in retufn implies all the matrix
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. *
elements that involve w2(£) must be accordingly adjusted, or

an erronéous prediction will resﬁlt.

We may think from a different point of view that-thev
‘nature of the weighted residual method does not require
relationships such as <w;T(£)lH2(£)lwl(£)> = 0, so that a bad
converged adjoint function can be allowed as a weighting
functioﬁ. This is shown to be incorrect throughout the ‘final
part of this subsection.

3. Effect of Changing the weighting fuﬁétion

Changing the weighting function makes a'large dif-
ference. We have examined a case where Wl(E) is chosen to be
.unity for all the points of the reactor, for the same accident
presented in Chaptar VI. The equivalent reactivity, péé(t)
for this case is already presented in the last column of
Table 8-3.

Ve will be content here by giving the final predictions

as compared to the ones obtained through the run where Wl(g)

was'w;(g) (cf. Table 8-7).
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Table 8-7 Comparison of the results obtained by making’

Wl(Ej = 1 with those obtained by making

*
Wy (x) = ¥, (x)

t(sec.) OZAN (NMODES=2) OZAN (NMODES=2)
Wl =1 W, (£)=v] (z)
1= "1'=
1 0.554 E9 0.611 E-8 Nl(t)
0.128 ES8 | 0.209 E-8 N, (t)
0.257 E27 0.997 E-8 Nl(t)
2 ; '
0.116 E27 ~ 0.105 E-7 N, (t)
The prediction with Wl(£) = 1 is erroneous. The reason

is that the reactivity insertion peq(t), estimated for the

accident is much higher with Wy(xr) = 1. .(cf. Table 8-3).
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function in the weighted'residual method. As suggested by the

‘perturbation theory or variational method, the adjoint modes

that correspond to the spatial shapes are more properly used as

weighting functions.

Moreover it is important to have reason-

~ably well converged adjoint functions (as well conﬁerged as the

spatial shapes) in order to make an accurate prediction.

We find it interesting to note that peq(t), Wy (x) = 1.,

NMODES=2 behaves better than peq(t), Wl(E) = 1, NMODES=1l (cf.

the last two columns of Table 8-3). It seems then that the

two-shape method (NMODES=2) improves the results as compared

to a point kinetics type of approach (NMODES=1l).

However the

prediction is still far beyond being realistic.

* %

We conclude in this section thus, that the answer of the

question: Do we believe in the

answering the question: Did we
functions?, everything else, we
A positive answer to the latter
to lack of funds, and it seems,

tained if we had more converged

remains however to be shown.

* &k %

proposed method?, lies in

use well converged weighting
believe, working correctly.
question is not available due
better results would be ob-

weighting functions, that
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In any case one unfortunately cannot tell whether or not

he made a'good prediétion through the'weighéed residual method
uhtil he compares his results with the éxact»solution; although
the method was proven to givéAsuccessful results (for a much
simpler case however) (27], if cére is taken to insure "good"
working conditions.

It is believed that for‘some caseé, obtaining the éxact
solution may be even easier. For the generation of well con-
verged trial shapes and weighting functions along the appli-
cation of the weichted residual criteria, may be as time con-
suming as 90 minutes of computation (case of the present étudy)
on an IBM 360/65 computer. Even if the exact solution is
thought to be "little" more costly than that, we believe it may
be worth spending the computation time to obtain a reassuring

prediction.
8-~-4 SUMMARY

It was shown that equivalent point kinetics parameters dan
be defined so that the same prediction made through the multi-
mode kinetics equations about a transient, can be made through
a point kinetics equations. It was emphasized that the equiva-
~lent reactivity is the predominant parameter in the kind of
accident undertaken. Thus it was pointed out that the equiva-
lent reactivity concept makes it éaSier to visualize the

differences in the procedures used by various methods.
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We were concerned that erroneous prediction may be caused

by the definitions of the eiéenvalues kl' k2 and kOZAN in an
ihtegral sense. The artificialities'introduced through the
- definitions (in an integral sense) of ki, k, and kOZANbare
proven to be of a minor importance. |

Finally a study about the importance of the weighting
fﬁnctions used in the weighted residual methbd is preseﬁted.
It is shown that not just any function can be used as a
weighting function, and the adjoint functions are‘the most ap-
proériate ones for this purpose. Furthermore the weighting

functions are required to be as converged as the trial shapes.

Otherwise an erroneous prediction may result.
8-5 Recommendations for further work

The concern about the proposed technique has always been’
the fact that it lacks definitive error bounds.

We recognize that for a good set of fluxes (trial shapes
and theif adjoint modes) the algebraic relationships presented
in Chapter VII (section 7-3) would be satisfied and wé would
feel much more comfortable aboﬁt the predictions under these
circumstances.

- We suggest a study should be done. to see the effeét of
the convergence of the fluxes on the predictions (however ih a

much simpler case than the one we have undertaken for the
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present work). Then we thought a line may be drawn between '

the divergence of the predictions from the exact solution and
_the degree at which the algebraic reiationships are éatisfied.

It may, then, also be possible without>having to generate'
more converged fluxes, to adjust in a consistent way the "bad"
matrix elements so that a better prediction can be made quickly.
The proposed method would be more fruitful ahd more satisfac-
tory under these circumstances. |

The effect, on the prediction, of more trial shapes and
more neutron groups remains to be seen. However the limitations
of the available facilities (compdter care storage, use of
input output devices, etc.) may impede the combination of such
studies. -

A comparison betwéen the muitimode method with OZAN and
an exact solutiqn for a simplified transient problem would
‘give valuable infofmation about the validity and usefulness

of the proposed method.
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APPENDIX A

PHOTONEUTRONS GENERATED BY PHOTONS HAVING
HAD ONE AND ONLY ONE COLLISION, FROM U°3° ON D,0

The purpose in this Appendix 1s to invéstigate whéther
the photoneutrons génerated in D20 by photons from VU235,
having had one and only one collision, could be neglected
as compared to photoneutrons produced by uncollided photons
under the same circumstances.

To this end we seek an estimate of photoneutrons gene-
rated by photons having had one and only one collision,
from U235 on D20. |

Assume then that we know.the directional flux of
uncollided photons of energy A', per cm2, per Mev, per

. steradian, per sec., from an atom of U235

at a central
location, in an infinite medium of D2O, at r',_in the
direction @' and at time t':E'(r',A',Q',t') photons
per cm2 x Mev x steradian x sec. | |

Thus

.t |
Pr(r',A',Q',t) = [ E'(r',A',Q",t')dt", (A-1)
0 |

gives the total number of uncollided photons of energy
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within a unit interval of energy around A', crossing a
unit area‘at r' perpendicular to the direction ng’,
within a unit solid angle around ', between t' =0

235 placed in a central

and t' = t, from an atom of U
location in an infinite medium of D20.
Define now the microscopic Compton scattering cross

section
(A-2)

5 rg A )2 (A A > .
d” o(A' > p) = — |— — + — - sin“0|d{/sin 6 de,
© 2 A A

where . T is the classical radius of the electron, A'
and A are the energles of the photon respectively before
and after the scattering; 1n addition, various angles

(6,1,2,2') are shown in Fig. A-1.

3
Let gDZO

and Z be the number of electrons present in one molecule

be the number of D,0 molecules per cm

of D2

O, (Z = 10); such that,

(A-3)

¢t(rt’Av -> A,Ql,t)d£1 = W'(I",A',Q',t)d?_' d2eU’(A' - A)IED OZ’
2

i1s the number of photons among those deseribed by the
Eq. (A-1), scattered in the elementary volume dr', into

the so0lld angle dQ = dﬁ[sin 6 de.



A

196

Furthermore through the study of Compton coliiSion,

—_——-—=— (A-4)
!
A A EO
where EO = 0.51 Mev, and considering A' tq be constant,
Eq ;5 = sin 6 de, (A-5)

so that the energy of the scattered photon stays within
dA around A; once the solid angle df 1is chosen, A

being determined through Eq. (A-4) and dA through

Eq. (A-5).

£l=r2l
r =rg
0 Fig. A-1 The Scattering of the Photon, at r'

from dQ' into dQ = duy sinf do
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The photon flux due to photbns described in Eq.. (A-3)

is ¢'(r',A' - A,Q',t)dr' divided by ds, the surface

area seen by df, at r and,

ds = d@|r-r'|? , | (A-6)

Define now, ZD(A) and ZI(A) to be respectively the
photoneutron reaction and the attenuation cross sédtion
for photons of energy A in D2O.

We can, then, write the total number of photoneutrons.

generated by photons having had one and only one collision,

from an atom of U235 on an infinite medium of D20 to
be
(A-T7)
A v 2
S, = qz'quA'dQ'w'(r',Af,n',m)d Lo > A)gDZOz X
r',r,A',Q',Q
1 .
R O VNG oo A B (M),
D

ds

where [ denotes the integrations over the

r',r,A',Q',Q
variables r',r,A',2' and @, and « in Y'(r',A,Q',®)

stands for t = «3; that is, the atom of U235 being
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fissioned, we wait for all the gamma rays to come out of

the fission products.
A-1 Calculation of Sl

To perform the calculation of Sq we consider the
Fig. B-2 (of Appendix B) where we have a(A',t), the num-
ber of photons of energy A' emitted per sec., per Mev,

t second(s) after the fission of an atom of U235 took

place.
Then,
(A-8)
: t
: 1l 1
Y (p',A,RT,8) = a(A',tr)at' y» — x — g Z(AT)r"
0 Y ds'
where
2
ds' = dQ'r'“, (A-9)
and
dr' = r'2 sin 6! de'Qujdr' (A-10)

"in the spherical coordinate system relative to O(U235).
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Next notice,
dr = dsd|r-r'|. ' C(A-11)

Eq. (A-7), through Equations (A-8) up to (A-11),

thus becomnes,

© ) ’ T T T i ©
r'=0 /|r-r'|=0 ‘6'=0 ‘6=0 ‘/L'=0 ‘U=0 ‘A'=E

th

(A-12)

® | 1
l a(A',t')dt') — sin o' ae'dy'dr'e
Uy

—E(A')r'dA,

2 ‘ S =T(A !
ac o(n' A)ﬂDzOZZD(A)dIEfE'le (M) fz-z'|

where Etﬁ is for the threshold energy for photoneutron
reaction in D,0 (2.23 Mev). .

Note that r', 8', /' and |r-r'| are independent
'varlables and that [( comes into plgy within d2é (A" = p)
only; thus define '

27

= 2 ,

d o = [ a“jo. - (A-13)
=0
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Further define

A(AY) = j a(A*,t)dt (A-14)
0

Next consider L photon groups (Fig. A-2) such that

Ay = Ay 1 - A, (¢ =1,...,L) 4is small enough to replace
dA.
A, A o 2.23 Mev
1 2 L
I | | | | |
f I 1 T | 1
A Ay,
4+ +

Fig. A-2 Photon energy groups

Then the scattering can be assumed to remove-the
photon into a lower energy group. Also the scattering
cross section for photons of energy within such group,
into a lower energy group, can be taken as constant and

2 o = = —
equal to d eU(A£ - Al)’ Ay' and A, belng the

representative energies of the photon energy groups to which
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the photon belongs respectiVely before and after the scat-
- tering.

We define

L M |
= _~_.[ - A(A)AA, ' - (a-15)
Ahy )y
%
1 [A!L-l .
I, = — | z_(M)gA (A-16)
D D
%
. Ay q
L, = — T(A)aa _ (A-17)
(N A
27,

With the above remarks and definitions Eq. (A-12)

can then be written as

(A-18) -
% - 1 L 1
S, = N. .7 A, AN, , —— d o(2' + L)L, X —
L =D507 a2y TRTTTRT 5 pfpayy © Dy "5 7
g0 | 3
where
e ,
2 - -
do(e' =+ 2) = d eU(Az' + A,'). or precisely
=0
(A-19)
— 3o _
' ) Ay V(A Ay
deU(2 + 2) = Try|= —_—t — - sin29 sin © de,
' X L) Ao
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with
1 1 14cos 3]
1
A, Ay E,
: o | 21)
sin® de = E; X_E . (A-21
2
Combining Equations (A-18) through (A-21) we finally
have
4 = y2[+ -
. L-z-l 1 L By | 7 {Agr A (22)
S. = 7l Zr AV — ' + A-22
1 -D,0"" 0 -2 v el = - -,
2 L'=1 Zy L=2"+1 A, A, A,
(1 1 137 Ay 1
_1+EOE-—+}_;_—-—.[_\*_—'T EOFZDR‘X:"
0 L L 2 b
where
- 1 ' -

A, AgtAp, . o (A-23)

A-2 Scheme for numerical application

The scheme presented in Table A-1 was the one
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adopted for numerical calculations and the

Table A-1

Photon Energy Groups.to Compute Sl

2 (A (Mev) A, (Mev)
1 6.00 | 5.000
2 4,00 3.500.
3 3.00 2.875
4 2.75 2.625
5 2.50 2.365

A lower 1imit of energy group 2

2:

A

% representative energy of group &

determination of the relevant data (éz, ZDL’ Zgs 2=1,...,5)
'is discussed in the Appendix B.

- Results are grouped in Table A-2,

Table A-2

Data to Compute Sl

27
o, x 10
2 A Dy £, (cm?)
, L 5 AR
(em®)
1 0.0692 cm— ——-
2 0.141 2.25 0.0366
3 0.0518 1.70 0.0405
4 0.0804 1.20 0.0L424
5 == 0.60 0.0448
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Note‘that the number for gz's* given in Table A-2
has been calculated for the time interval |
2 sec., < t < 103 sec. To speak rigorously a correction
ought to be made for those photoneutronsbgenerated (by
photons having had collisions) within 2 sec. and after
103 sec. the fission event took place. Nevertheless
we show in this Appendix that photoneutrons generated
by photons having had collislons can be neglected.

Thus the time correction in question is omitted.

# The value, A,, of Table A-2 is 0.0692 whereas

it would be 0.0650 as calculated from the last column
of Table B-4. The difference is due to the fact that
the latter number accounts for.photons of the first
energy group with an ubper limit of only 6 Mev. Yet
there are phdtoné of energy beyond 6 Mev. An effort
is made to inclﬁde fhose photons in the first group.
Thus an estimate of the number of photons, emitted from

235

the fission products of an atom of U , of energy beyond

6 Mev 1s made through the enery dependence formula for
photons of interest (c¢f. Appendix B, Fig. B-6):

-1.1A

6.22 e (A > 4 Mev). The number

J” -1.1A 2

6.22 e dA = 0.421 x 10°, is then added to 0.0650

0
oD(A)
to obtain 0.0692.. Note that

beyond 6 Mev is
Z(A) :
~approximately constant. ‘ ’
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In addition

ry 1s taken to be 2.818 x 10713
22 : ~
and §D20’ 3.32 x 10",

A-3 PResult and conclusion

The calculation for Equation (A-20) was carfied
out with a computer program shown in Appendix J. The

result is

S1 = 0.93 x lO"u photoneutrons/fission of U235 (A-24)
On the other hand we learn from the Table B-1 of
Appendix B that the total number of photoneutrons produced

235

by photons from U fission products interacting with

DéO is 2.44 xllO—3. We assume that the difference
(2.4% x 1073 - 0.093 x 1073) 1s due to those photoneu-
trons produced by the uncollided photons (that is an
approximation of about 12% according to section B-2 of
Appendix B). Thus, with an error of a few percent, —we
note that this will be even less fof a finite system as
in the case of MITR-II, because of the leakage of a con-
siderable number of photons out of‘the reactor (about

20% only of the fission photons are absorbed in the

D,0 reflector of the Franco-German reactor ALIZE III )—,

the photoneutrons due to photons having had collisions

can be neglected.



APPENDIX B

CORRELATION BETWEEN THE DATA RELEVANT TO THE DELAYED
PHOTONS FROM U235 FISSION PRODUCTS AND THE
DATA RELEVANT TO THE DELAYED PHOTONEUTRONS

GENERATED BY THOSE PHOTONS, IN D20

The purpose of this Appendix is to determine whether the
data relevant to the generation of delayed photbns from‘U235
fission products (Fig. B-1 and Fig. B-2) is consistent with the
attenuation and photoneutron reaction cross sections of photons
in D20 (Fig. B-3 and Fig. B-4). If this is the case, then
through those data one should be able to obtain the data rele-
vant to the production of delayed photoneutrons by ?hotons from

0235 fission products in D20 (cf. Table B-l).

To this end we consider the fission of one étom of 0235
'inlan infinite medium of D20.

Let then_éz be the total number of photons within zth groué
of photons coming from the fission products of one atom of U235,
between 2 and 103 sec. after the fission event took place. For

these photons let Zz and ZD be the attenuation and photoneutron
. 2’ -

reaction cross sections in D20.

Thus, taking into account only uncollided photons,

L zD

1 2. L g
S0 = ¥ A,Z J e . 4nr"dr= ¥ A, =—— ,(B-1)
2 ‘ =1 ’

g=1 %+ Dy Jo gur2 g=1"% Z,

is the number of photoneutrons aenerated by photons coming from
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Fig. B-1 Time dependence of the emission of gamma rays

that can give rise to the photoneutron reaction in D,0,
for long times after fission [12].
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Table B-1 [16]

IIa‘i Lives and Yiclds of Pbo;onnuuonQ S'Lc“:v. 23s
Fission Products in DO

: Photonecutron yield | Photoneutrons{10—5)

Halt-life 22-sec delayed-neutron yield Fission

53h - ~'0.00074 025

4.4 h - 0,00232 o . 078

. Lé5h . 0.0168 : . 5.65
27 m . 0.0149 | 5.01

77 m 0.0242 | 8.14
24 m .~ 0.0504 - - 17.0
41s 0.147 = 49.5
2.5 - 0.469 ' 158.0

Sum =244.33 x 10>
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235

the fission products of one atom of:U , placed in an in-

finite medium of D,0, in the interval 2 sec. to lO3 sec. after

2
the fission event took place. (L is the number of photon

groups.) .

B-1 Calculation of A

For the calculation of A, we aim to obtain, starting with
Fig. B-2, curves similar to the ones of Fig. B-1l, but for more
than two groups of photons. A£ will be then, the area under the

th 3

L curve (2 sec. < t < 10” sec.) multiplied by the width of the

Zth

group of photons.

Actually we shall end by adopting the two-group scheme (cf,
Fig. B-1l). However at this stage of the development we do not
kpow whether or not the photoneutrons produced in Dzo by photons
of energy beyond 5 Mev (upper energy limit of photons sketched
in Fig. B-1l) can be neglected as compared to the photoneutrons
produced by the less energetic photons. In addition we must
prepare the material to be used in Appendix A (study of the
photoneutrons produced by photons having had collisions), and
that will iequire a scheme with more than two-group of photons.
Also for a consistency check of the data we try to avoid pos-

sible errors due to the calculation of average cross sections

for a few-group scheme.

Ay is accordingly first calculated.in the following way

for fifteen-groups of photons;
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- Make up Table B-2 out of Fig. B-2, with Pét)being the13
number of photons/Mev S_fission X sec., belonging to the zth
group of photons, versus time after fiésion; |

- Then similarly to Fig. B—l, draw Fig. E-S, where we have
for each of fifteen groups of photbns, the decay of the fission
products photons.

- Finally integrate gréphically each of ﬁhe curves of
Fig. B-5 between t=2 sec. and t=103 sec. (cf. Table B-3) to make
up Table B-4, where the product of this procedure, Az's (2=1,...,
15 - the most energetic group bearing the number 15 - ) are
given, so that . |

1000
A, = M A, = AN, [ P, (t) dt, &=1,..., 15, (B-2)
2

where AAQ is the width of the 2#h group of photons.



214

Table B-2 Photon activity from Fission products of
0235 versué time after.ﬁhe fission,' for lSQgroup scheme
Energy Representative| Group | Time after Photoﬁs/
group Energy _ Width Fission Mev x
L (Mev) A, (Mev) (sec) fission

X secC.
1 2.365 0.27 1.7 2.3 x 1072
| 10.7 7.0 x 1073
40 2.5 x 1073
250 1.5 x 1074
1000 4.0 x 107>
2 2.625 0.25 1.7 1.5 x 1072
| 10.7 4.4 x 1073
40 2.0 x 1073
250 1.4 x 1074
1000 4.0 x 107°
3 2.875 0.25 | 1.7 1.2 x 1072
10.7 2.5 x 1073
40 1.2 x 1073
250 1.5 x 1074
1000 1.0 x 107°
4 3.125 0.25 1.7 1.2 x 1072
10.7 2.5 x 1073
40 8.0 x 10~4
250 8.0 x 107>
1000 9.0 x 10°°
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knergy Representative|] Group Time atiter Photons/”
group Energy Width Fission Mev x
L (Mev) K& (Mev) (sec)’ fission
X SeC.‘
5 3.375 0.25 1.7 1.0 x 1072
10.7 2.0 x 1073
40 9.0 x 1074
250 1.0 x 1074
1000 3.0 x 10’5
6 3.625 0.25 1.7 1.0 x 1072
10.7 2.0 x 1073
40 1.0 x 1073
250 8.0 x 107>
1000 1.0 x 107>
7 3.825 0.25 1.7 9.0 x 107>
10.7 1.5 x 1073
40 7.0 x 10”%
250 4.0 x 10°°
1000 4.0 x 10”°
8 4.125 0.25 1.7 6.0 x 1073
10.7 1.0 x 1073
40 6.0 x 1072
250 7.0 x 107>
1000 3.0 x 1078
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Time after

Energy | Representative | Group Photons/
group Energy Width Fission Mev x
L (Mev) K& (Mev) (sec) fission
X secC.
9 4.375 0.25 1.7 4.0 x 1073
10.7 8.0 x 107%
40 2.0 x 1074
250 4.0 x 107°
1000 2.0 x 107°
10 4.625 0.25 1.7 3.0 x 1073
10.7 6.0 x 1074
40 1.8 x 1074
250 2.0 x 107°
1000 1.0 x 10°°
1 4.875 0.25 1.7 2.2 x 1073
| 10.7 4.2 x 107°
40 1.4 x 1074
250 1.3 x 107>
1000 4.0 x 1077
12 5.125 0.25 1.7 1.8 x 1073
10.7 5.0 x 107%
40 1.1 x 1072
250 1.0 x 107>
1000 1.8 x 1077
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Energy Representative Group Time after Photons/
group Energy __ Width Fission Mev x
L (Mev) Ay (Mev) | (sec) fission
: X secC.
13 5.375 0.25 1.7 2.0 x 1073
10.7 3.0 x 1072
40 1.8 x 1074
250 9.0 x 10°°
1000 1.0 x 10”7
14 5.625 0.25 1.7 8.0 x 1074
10.7 2.0 x 1074
40 1.0 x 1074
250 7.0 x 107°
1000 3.0 x 10”8
15 5.875 0.25 1.7 5.0 x 1074
10.7 1.5 x 1074
40 6.0 x 107>
250 6.0 x 107°
1000 1.0 x 1078
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Table B-3 Graphical Integration of curves of Fig. B-5
t(sec)| At Pl(t) Pl(ﬁ)At t(sec)| At Pz(t) P2(t)At
;f:fr (sec) x102 ;fgfr (sec) : Xloz
sion sion
2.5 | 1 1.8x1072 |'1.80 | 2.5 1 1.3x1072 |  1.30
3.5 | 1 1.5x1072 | 1.50 | 3.5 1 1.1x1072 | 1.10
5 2 1.2x1072 | 2.40 | 5 2 9. x1073| 1.80
7 2 1.0x107% | 2.00 | 7 2 7.6x1073 | 1.52
9 2 8. x1073 | 1.60 | 9 2 6.5x1073 | 1.30
15 10 5.6x107> | 5.60 |15 10 4.5x10°3 4.50
25 10 3.8x10°°> | 3.80 |25 10 3.0x1072 |  3.00
35 10 2.8x1073 | 2.80 |35 10 2;3x10_3‘ 2.30
50 20 1.9x1073 | 3.80 |50 20 1.5x1073 | 3.00
70 20 1.3x1073 | 2.60 |70 20 1.0x1073 | 2.00
90 20 7.5x107% | 1.50 |90 20 7.0x103 1.40
125 |50 5.2x10"% | 2.60 [125 50 4.5x10"% | 2.25
175 |50 1 2.sx107% | 1.40 175 50 2.5x1074 | 1.25
250 | 100 1.5x10"% | 1.50 |250 100 1.4x107% | 1.40
350 100 9.5%x10™° | 0.95 | 350 100 9.0x10”% 0.90
450 100 7.5x107° | 0.75 | 450 100 7.0x107> 0.70
600 | 200 5.6x1075 | 1.12 | 600 200 5.5x107° | 1.10
850 | 300 4.5x107° | 1.35 ]850 300 | 4.4x1075| 1.32
1000 N -2 1000 -2
J P, (£)A£Y39.07x10 { P, (£)dt}32.14x10
2 2
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Table 'B-3
t(sec)| At P3 (t) P3 (t)A’t t (sec){ At P, (t) P, (t)At
agter (sec) Xloz after (sec) xloz
f%s— f%s- :
sion sion
2.5 |1 7.0x1073| 7.0 2.5 1 8.5x10"> | 8.5
3.5 |1 6.0x10°3| 6.0 | 3.5 1 6.5x107> |. 6.5
5 2 4.5%x1073 | 9.0 5 2 5.0x10"> .| 10.0
7 2 3.5x1073 | 7.0 7 2 3.5x1073 | 7.0
9 2 3.0x1073| 6.0 9 2 3.0x1072 | 6.0
15 10 2.0x1073 | 20.0 |15 10 1.9x1073 | 19.0
25 10 1.5x1073 | 15.0 25 10 1.2x1073 | 12.0
35 10" 1.3x1073 | 13.0 35 110 9.0x10"% | 9.0
50 20 1.0x1073 | 20.0 |50 20 6.4x10"% | 12.8
70 20 8.0x10™% | 16.0 |70 20 a.5x10"% | 9.0
90 20 6.0x10"% | 12.0 |90 20 3.4x107% | 6.8
125 |50 4.5x10"% | 22.5 |125 50 2.3x1074 | 11.5
175 |50 2.7x107% | 13.5 175 50 1.5x10"4 7.5
250  [100 1.5x10"%4 [ 15.0 ]250 100 8.0x10™> | 8.0
350  [100 9.0x107° | 9.0 350 100 5.0x107° | 5.0
450  |100 5.5x10"° | 5.5 |450 100 3.3x107° | 3.3
600 200 3.2x107°| 6.4 |e00 200 | 2.0x107° | 4.0
850  |300 1.5x107> | 4.5 |850 300 1.2x107° | 3.6
1000 ; 1000 ;

|

2

p3(t)dt&207.4x10“

|

2

P4(t)dt%l49.5x10-
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Table B-3 (continued)
t(sec)| At | P (t) P (t)at] t(sec) At P (t) P (£)At
2fgfr (sec) xlo2 ?f:frA (sec) Xloz
sion sion
2.5 | 1 7.0x1073 | 7.0 2.5 |1 7.0x1073 | 7.0
3.5 | 1 5.0x1073 | 5.0 3.5 1 5.0x1073 | 5.0
5 2 3.7x1073 | 7.4 5 2 3.7x107° | 7.4
7 2 2.8x107° | 5.6 7 2 2.8x1073 | 5.6
9 2 2.3x1073 | 4.6 9 2 2.3x1073 | 4.6
15 10 1.6x107> [16.0 15 10 1.6x10°3 | 16.0
25 10 1.2x1073 {12.0 |25 10 1.25x1073 | 12.5
35 |10 9.6x10™% | 9.6 |35 10 1.1x1072 | 11.0
50 20 7.5x107% {15.0 |50 20 8.0x10"4 | 16.0
70 |20 6.0x10”4 |12.0 |70 20 6.0x10"% | 12.0
90 20 4.5x10"% | 9.0 oo 20 4.5x10°% | 9.0
125 |50 3.0x10”% [15.0 125 50 2.6x107% | 13.0
175 |50 1.9x107% | 9.5 175 50 1.5x10°% | 7.5
250  |100 1.0x10”% |10.0 250 100 7.0x10°% | 7.0
350  [100 7.0x10™> | 7.0  [350 100 5.0x10™° | 5.0
450  }100 5.5x107° | 5.5  |450 100 3.5x107° | 3.5
600  |200 4.4x107° | 8.8 [600  [200 [2.2x1075 | 4.4
850  |300 3.4x107° |13.2 800 300 1.3x107° | 3.9
1000 1000 —
f Ps(t)dt%172.2x10'3 J Pg (t)dty150.4%10
| R |
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Table B-3 (continued)
t(sec)| At Po(t) [P, (t)at] t(sec)| at P (t) P (£) At
;.jf.:fr (sec) x103 ;jii'is:fr (sec) xlOB :
sion sion
2.5 |1 5.0x1072 | 5.0 2.5 1 3.2x1073 | 3.2
3.5 | 1 3.5%1073 | 3.5 3.5 | 1 2.3x1073 | 2.3
5 2 2.6x1073 | 5.2 5 2 1.7x1073 | 3.4
7 2 2.0x1073 | 4.0 7 2 l1.3x1073 | 2.5
9 2 1.8x1073 | 3.6 9 2 1.2x1073 | 2.4
15 10 1.3x1073 [13.0 {15 10 8.6x10°3 | 8.6
25 10 1.0x1073 {10.0 |25 10 7.0x10"% | 7.0
35 10 g.5x107% | 8.5 |35 10 6.4x107% | 6.4
50 20 6.0x10"% [12.0 |50 20 5.0x10"4 | 10.0
70 20 3.5x10™% | 7.0 |70 20 3.5x107% | 7.0
90 20 2.0x10°% | 4.0 |90 20 2.5x10°% | 5.0
125 |50 1.0x107% | 5.0 125 50 1.5x107% | 7.5
175 |50 5.0x107° | 2.5 175 50 9.0x107° | 4.5
250|100 2.6x107° | 2.6 |250 100 5.0x107° | 5.0
350  |100 1.5x107° | 1.5 |350 100 2.8x107° | 2.8
450  |100 1.0x10™> | 1.0  ]450 100 1.8x107° | 1.8
600 {200 7.0x107% | 1.4 |e00 200 1.0x107> | 2.0
850  |300 4.6x10"% | 1.38 Jsso | 300 3.0x10"% | 0.9
1000 1000 '
J P., (t)dtR90.18x10™> Jz Pg (t)dtk82.4x107>
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t(sec)| At Py (t) Py(t)At] t(sec)| At Pio't) P olt)at
after (sec) x103 after (sec) xlo3
f}s- . ‘ f}sr

sion sion

2.5 |1 3.0x10”3 [ 3.00 | 2.5 1 2.2x1073 | 2.20
3.5 |1 2.1x1073 | 2.10 | 3.5 1 1.6x1073 | 1.60

5 2 1.5x107°> | 3.00 |5 2 1.2x1073 | 2.40

7 2 1.1x10 3 | 2.20 .| 7 2 9.0x10"% | 1.80
9 2 9.5x10"% | 1.90 o 2 7.5x10"% | 1.50
15 10 5.8x10"% [ 5.80 15 10 4.6x10"% | 4.60
25 10 3.6x10”% | 3.60 {25 10 2.9x10°% | 2.90
35 10 2.7x10”% | 2.70 |35 10 2.1x1074 | 2.10
50 20 2.0x10"% | 4.00 50 20 1.5x1074 | 3.00
70 20 1.4x10”% | 2.80 {70 20 1.0x1074 | 2.00
90 20 1.1x10°% | 2.20 |90 20 8.0x107° | 1.60
125 {50 8.5x107> | 4.25 [i25 50 5.2x107° | 2.60
175 |50 6.0x10"° | 3.00 |175 50 3.5x107° | 1.75
250 |100 4.0x10™° | 4.00 250 100 2.1x107° | 2.10
350 [100 2.5x107° | 2.50 350 100 1.2x107° | 1.20
450 | 100 1.4x107° | 2.80 [450 100 7.0x107% | 1.40
600 |200 7.0x107% | 1.40 600 200 3.5x107% | 0.70
850 300 3.3x107% | 0.66 }s850 300 1.7x10”° 0.34

1000 1000
Jz Pg(t)dt251.91x10‘3 Jz Plo(t)dtx3§.79x10‘3
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) I P O () P EP R
fis- x10 fis- x10
sion sion
2.5 |1 1.6x107> | 1.60 2.5 1 1.4x1073 | 1.40
3.5 |1 1.2x1073 | 1.20  [3.5 1 1.15x1073 | 1.15
5 2 g.5x10"% | 1.70 1Is 2 9.0x10”% | 1.80
7 2 6.5x10"% | 1.30 17 2 7.0x10"% | 1.40
9 2 5.3x10"% | 1.06 J9 2 6.0x10"% | 1.20
15 10 3.3x107% | 3.30 M1s 10 3.7x107% | 3.70
25 10 2.1x10°% | 2.10 {25 10 2.0x10"% | 2.00
35 10 1.5x10"% | 1.50 35 10 1.3x10'4 1.30
50 20 1.1x1074 | 2.20 |50 20 8.5x107° | 1.70
70 20 7.5x107° | 1.50 |70 20 5.5x107° | 1.10
90 20 5.8x10™° | 1.16 |90 20 4.0x107° | 0.80
125 50 3.8x107° | 1.90 125 50 2.5x107° 1.25
175 |50 2.5x107° | 1.25 {175 |50 1.7x107° | o.8s
250 | 100 1.3x107> | 1.30 }250 100 1.0x107° | 1.00
350 100 7.0x107% | 0.70 350 100 5.0x107° 0.50
450 | 100 3.5x107°% | 0.70 J450 |100 2.0x107% | o0.40
600 | 200 1.6x10°% | 0.32 Jse00 |200 8.0x10"7 | o0.16
850 | 300 6.8x1077 | 0.14 J8so {300 3.0x10"7 | o0.06

1000 100

I P, (£)at¥24.93x107> [2 P, (£)dtk21.77x1073

2
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J‘ P, 5 (t)dty20.98x10"
2 |

3

Py 4(t)aty12.30x10"

2

50 [t | 20 [rgtonfimen ] Trasr o
sion sion
2.5 |1 1.4x1077 | 1.40 |2.5 1 5.5x10"% | 5.5
3.5 |1 9.5x10™% [ 0.95 . |3.5 1 a.0x10™% | 4.0
5 |2 6.5x10"% | 1.30 |s 2 3.2x107% | 6.4
7 2 4.5x107% | 0.90 |7 2 2.5x10°% | 5.0
9 2 3.7x107% | 0.74 |9 2 2.3x10°% | 4.6
15 10 2.6x107% | 2.60 |15 10 1.7x10"4 | 17.0
25 10 2.1x107% | 2.10 |25 10 1.3x107% | 13.0
35 |10 1.9x1074 [ 1,90 |35 (10 1.1x107% | 11.0
50 20 1.3x1074 | 2.60 |50 20 7.0x107° | 14.0
70 20 _ | 6.5x107° | 1.30 |70 20 4.5x107° | 9.0
90 20 5.0x107° | 1.00 |} 90 20 3.3x107° | 6.6
125 |50 3.0x10™> | 1.50 J125 |s0 2.0x10™° | 10.0
175 |50 1.7x107° | 0.85 |175 |s0 1.2x107° | 6.0
250 |100 9.0x107% | 0.90 J250 100 6.0x107% | 6.0
350 {100 4.5x207% | 0.45 |350 |100 2.7x107% | 2.7
450 |100 1.7x107% | 0.3¢ 450 |100 8.0x107% | 1.6
600 | 200 5.5x107 | 0.11 §600 [200 2.3x107% | 0.5
850 | 300 1.7x10"7 | o0.04 ]850 300 7.0x107% | 0.1
1000 1000

3
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Table B-3 (continued)

t (sec) At(sec) | P, (t) Py (t)AL x 104
after
fission
2.5 1 3.5 x 1074 | 3.5
3.5 1 1.8 x 1074 | 1.8 .
5 2 2.2 x 1074 4.4
7 2 1.8 x 10'4 3.6
9 2 1.7 x 1074 3.4
15 ‘10 1.2 x 1074 12.0
25 10 8.5 x 10°° 8.5
35 10 6.5 x 1072 6.5
50 20 5.0 x 10°° 10.0
70 20 3.5 x 107> 7.0
%0 |- 20 2.6 x 10°° 5.2
125 B 50 1.7 x 107° 8.5
175 50 1.0 x 1073 5.0
250 | 100 5.5 x 10°° 5.5
350 100 2.5 x 1070 2.5
450 100 9.0 x 10~ 1.8
600 200 2.1 x 1077 0.44
850 300 4.0 x 108 | 0.08
1000
f P, (t)dty89.72 x 107
2 15° "
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Table (B-4) A ‘

28 for fifteen groups oﬁ photons
Energy group £ | Representative AKz(Mev) Azzb
’ energy Photons/Mev
Ii (Mev) : x fission
1 2.365 0.27» - 0.3907
2 2.625 0.25 0.3214
3 2.875 0.25 0.2074
4 3.125 ‘ 0.25 0;1495
5 3.375 0.25 0.1722
6 3.625 0.25 0.1504
7 3.825 ] 0.25 0.0902
8 4.125 0.25 0.0824
9 4,375 ' 0.25 0.0519
1o 4,625 ‘ 0.25 0.0358
11 4,875 0.25 0.0249
12 5.125 0.25 0.0218
13 5.375 0.25 0.0210
14 5.625 0.25 0.0123
15 5.825 0.25 0.0090

AK&; width of 2tP group
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We boint out that later in the library of the code POPOP IV

(cf£. Appendix D) we found numbers . for A,'s (photons: from the

2
235

fission of U » £ > 1 sec.) presented below;

2 A, (Mev) éz

1 2.2 3.40500 E-1
2 2.6 2.27500 E~1
3 3.0 1.27860 E-1
4 3.5 9.41499 E-2
5 4.0 6.93300 E-2
6 4.5 $3.36500 E-2
7 5.0 | 1.61900 E-2
8 5.5 ~7.77000 E-3
°o | 6.0 0.

where Azlrefers to the upper energy limit bf the zth group,
and yE-n stands for y x 107, |

We note that (although slightly higher) these numbers check
against our résults (115917 E-2 and 39.264 E-2 against 9.9 E-2
and 34.8 E-2 of Table B-7 - presented further .-.In addition
according to those numbers of the library of the code POPOP 1V
we have: 12.694 E-2 for the energy interval 3.5 Mev - 10 Mev,

and 43.246 E-2 for the energy interval 2.23 Mev - 3.5 Mev.).
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One can then with the help of Fig. B-3 , Fig. B-6 and

Table B-4 , make up the Table

multiplied by Aﬁz and summed over & furnishes the result of

Egq. (B-1l).

Table °'B-~5

B-5 , where the last column-

Calculation of Az Op /22

L

Energz group Zy fllo oDz(mb) A, 0Dz(mb)
(em 7) Zl(cm—l)
1 4.48 0.60 5.24
2 ~ 4.24 1.20 9.10
3 4.05 1.70 8.72
4 3.88 2.10 8.11
5 3.73 2.20 10.15
6 3.58 2.30 9.66
7 3.45 2.37 6.21
8 3.33 2.40 5.93
9 3.23 2.44 3.92
10 3.13 2.42 2.87
11 3.05 2.41 1.965
12 2.96 2.40 1.770
13 2.90 2.37 1.720
14 2.83 2.30 1.00
15 2.77 2.26 0.735
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15 Oh -5
That is, S, = ( L A 2 AA)) x 2 x N o= 19.42x2x3.32x10
0 o == 2 -D.,0
=1 z : 2"
' £
235

= l.29x10-3 photoneutrons/fission of U , 2 sec.ﬁpg}os_sec.

This answer is to be compared to the summation of the
number presented in the last column of Table B-1, that is

3 photoneutrons/fission of U235. However one should

2.44x 10~
notice that in the course of thg calculation of the number-sov
above, we have dealt with photons of energy up to 6 Mev 6n1y,
whereas some of the photoneutrons will be produced by photons
of energy beyond 6 Mev. In addition we have taken into account

photons generated between t = 2 sec. and t = 103

sec. only,_
whereas delayed photons appearing within 2 sec. or 103 sec.
after the fission, will also give rise to photoneutrons. Thus
the number for Sd, found above should be corrected accordingly

before being compared to 2.44 x 10_3, result of Table B-1.

~.

5

B-2-1 Estimation of photoneutrons produced by photons of

energy beyond 6 Mev.

In order to estimate the number of photoneutrons produced
by photons of energy beyond 6 Mev, coming from the fission

products of U235

, in an infinite medium of DZO between t=2 sec.
and t==103 sec. after fission, we draw the last column of Table
B-5 versus the second column of Table B-4 for Kﬁi 4 Mev , that
is Fig. B-6 (where, the last column of Table B—4‘versus the
second column of Table B-4 is also ploﬁted—bottom curves- for

Kgi Mev., for use in Appendix A, section A-2). We then approxi-

mate the photoneutrons produced by photons of energy beyond
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Fig. B-6 For extrapolation beyond 6 MW, the total:number of
photons from fission products of U??% versus energy (> 4Mev) -
bottom curve and the total number of photoneutrons produced by

those photons - upper cvrve are approximated by straight lines
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2 e-l.lA

6 Mev by’ I 4.9 x 10 dA ~ 0.62, that is to be added
to 19.42., With this S0 becomes 1.34 x 10—3 photoneutrons/fis-
235 3 ’

sion of U r 2 sec. <t< 10”7 sec.

B-2-2 Time correction brought to the total number of

photoneutrons produced per fission of U235.

In order to compare the result of Table B-1l, that is the

3

number 2.44 x 10 ~°, to the number S0 we obtained, we have to re-

move from the former,the number of photoneutrons produced within

235 took place; since

2 sec. and after 103 sec. the fissién of U
N has been calculated for the interval of time 2 sec.<t< 103 sec.
We assume that, a phqtoneutron decaying'with one of the
half lifes shown in Table B~1, implies there must be a photon

appearing Qith’that same hal¥—life, that creates the photo-

. -A.t
neutron in question. Thus we let Ny (1-e J') be the total

]
number of jth -time wise- group of photons emitted until t.

Then, assuming that there is only one energy-group of photons
with I and fb being the average attenuation and photoneutron
reaction cross sections of photons in D20, to achieve the

“time correction" the number 2.44 x 10"3 should be multiplied

3

by £, -1, x10 | A %2
— Iy, (l-e 1) - N (1-e T )
c=-2tJd -3 . - (B-3)
T
= 1N,
3 7]

Defining Yj to be the yield of a photon of jth time group,
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'Noj = NO yj | ’ . oo (B-4)
where

NO = z No' ’ (B"S)

J J :

and I Yy = 1, we find that C becomes
3
“Ai .5 -Ay x 107
C=Ivy. (¢ 3 -e 7 ) . (B-6)

yj's are presented in Table B-6, being calculated from

the information of Table'B-l.

Table B-6 Yield of a photoneutron of -time wise=group j

j A5 Y5

1 2.77x 1071 0.647

2 1.69 x 1072 0.2025

3 4.81 x 1073 6.97 x 1072

4 1.50 x 1073 3.34 x 1072

5 4.28 x 1074 2.05 x 1072
6 1.17 x 1074 2.31 x 1072

7 4.37 x 107° 3.19 x 1073
.8 3.63 x 107° 1.008 x 1073

9 6.26 x 10~/ 0.496 x 107>

The calculation of _ from Eq. (B-6) then gives Cix0.67.

*
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We should also include with the number S, the number of

0
photoneutrons produced by photons having had one and only one

collision (calculated in Appendix A), that is S N o1.345 x 1073 +

4 3 photbneutrons/fission of U235. This

3

'0.93 x 107 % = 1.44 x 107

~ is now to be compared to the number 2.44 x 10~ 3

photoneutrons/fission of U235. The agreement is satisfactory

x 0.673Y1.64x10°

(for a difference of about 12%, which is we think, partiaily due
to the procedure of calculation, graphical integrations etc.).
Hence we conclude the data relevant to the generation of

235

photons from U fission products and the attenuation and

20,

photoneutron reaction cross sections of those photons in D

are consistent.

B-3 The two group scheme of Fig.L\B—l
The upper curve of Fig. B-6 suggests that the photoneutrons

7 produced by photons of energy beyond 5 Mev (that is

f 4.9 x 102 e 1-1%410) can be neglected (within an error of
5 .

about 8%). We also have shown we do not have to carry photo-
neutron generated by photons having had collisions (cf. Appen-
dix A) that required a multigroup scheme. Henceforth we can
adopt instead of the compliéated fifteen-group scheme derived
from Fig. B-2, the two-group scheme already presented in

Fig. B-1 (2.3 Mev < A < 5 Mev, 1 sec. < t < 103 sec).

The relevant numbers are shown in- Table B-7.
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2 -1 2
L Ap_1 | BA, A, x 107 | £, (em 7)x10% ch(mb)
(Mev) | (Mev)
1 7] 1.5 9.9 3.28 2.39
2 ) 3.5' 1.2 34-8 ) 4.00 10.56
A2 = 2.3 Mev
In Table B-7
51 = A AAz ’ L =1,2, (B-7)
and Ay is obtained by integration of the curves of Fig. B-1

between t = 1 sec. and t = 103 sec. For this purpose we

approximated the two curves of Fig. B-1, by two equations each;

—
specifically we found for the upper curve of Fig. B-1;

3 t—0.816

a;(t) = 6 x 10” , sec <t< 10% sec,

-2.084

a, (t) 3.83 t ’ 102 sec.<t< 103 sec,

and for the lower curve of Fig. B-1 ;

-0.85

a,(t) = 3.0 x 1072 ¢ » 1 sec.<t< 102 sec.,

ay(t) = 3.75 x 1071 £71-398 142 s ct< 103 sec.

In addition 82 and oh (¢ = 1,2) were collapsed from the
. ,

fifteen-group data. We neglect the photoneutrons gener

(B-8)

(B-9)

(B-10)

(B-11)

ated by

photons of energy beyond 5 Mev. and also the photoneutrons
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generated by photons having had collisions. We then estimate

through the two-group scheme of Table B-7 the number of the

photoneutrons produced by the delayed photons from the fission

235 placed in the middle of an infinite

3

products of an atom of U

medium of D,0. The result agrees with the data: 2.44 x 10~

of Table B-1, within 30% of error.
[It is worthwhile to mention that using é&'s computed-

through the numbers (presented above) of the library of the code

POPOP IV (A, = 12.694x1072, A, = 43.246x1072

- in Table B-7, and the result of Appendix A, the agreement with
3

), the data shown

the data: 2.44x10 ~ of Table B-1 falls within 6% of error.]

B-4 Representation of Fig. B-l in terms of the data of ~~ - -

Table B-1. ' ' Lo

We were able to reproduce the data of Table B-1, having
started with the data relevant to Fig. B-2 or Fig. B-1l. This

suggests that we can describe the emission of the gamma rays

235

from U fission products, of sufficient energy to produce

photoneutron reaction in D20 : by

J

o g -ALt :
az(t) = KX; Y, jil }jyjNOe R , (B-12)

h

with AA2 »  the width of the 2t photon group. Yz is the

probability that a fission product photon of sufficient energy

to produce photoneutron reaction in-D20, appears within the
gth group (assuming that this prdbability is not a function
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of time). Aj is the decay constant of the j (j=1,...,3)

group shown in Table B-1. yj’s are presented in Table B-6 and

N, is defined through Eg. (B-5). Yz is represented by [17];

Ay 1 -1.1A
Az l.1 e dA .
Y, = , (B-13)
L1A gy

I 1.1 e
2.23 iy

(cf. élso the lower curve of Fig. B-6). That is for the two-

group scheme we make up the Table B-8.

Table B-8 Y,, & = 1,2
% Y, | L
1 0.24
2 0.76

N0 remains to be determined so that we can make use of

Eq. B-12. Thus from Eq. B-12

A, = AA, I ‘ag(t)ae = ¥No. (B-14)
(o)

Next insert the RHS of Eq. (B-14)in Eq.(B-1). Then with

the numbers of Tables B-7 and B~8 we obtain

Ny o 0.8 S (B-15)
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Finally based on Equations (B-12),(B-15)and the Tables B-1,

B-6, B-7 and B-8, we can make up the Table B-1 and Fig.'B-7
where a comparison of the theoretical and experimental be-

havior of
(B-16)

is shown

Table B-9 Comparison of the theoretical and experimental

values of a(t)

t (sec) g AN e-Ajtheoretical a(t)
j=1 J Oj ‘ ' experimental
1 1.1 x. 1071 4.8 x 1072 B
10 1.2 x 1072 7.5 x 107°
102 1.2 x 1073 9.5 x 1074
103 1.8 x 107° 3.4 x 107°
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Fig. B-7 Comparison of the Theoretical and Experimental 10

Behavior of al(t)

;
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B-5 Conclusion

In this Appendix we have shown that the data rele-
vant to the production of phbtons -from thé fission products
of 0235 -and the data relevént to the attenuation of photons
vand photoneutron reaction (cross sections) in heavy water
are consistent (within = 10% of accuracy). Thus for the
purpose of our calculations, we can make use of the attenu-
ation and photoneutron reaction cross sections in DZO, sat-
isfactorily (at least for the photons of interest:
A > 2,23 MeV). |

Moreover, this checking of one data against the
other led us, neglecting the photoneutrons produced by pho-
tons having had collisions, to derive an analytical repre-
sentation for the curves of Fig. B-1l as the summation of
nine exponentialAfunctions: e_xjt's, Aj (i =1,eee, 9) be~
»ing the decay constant of the jth~-time wise- delayed photo-
neutron'group (cf. Table 2-1).

Thus for the purpose of our calculations, Eqg.
(B-12) coupled with Eq.‘(B-IS) will be used to express the

235

production of delayed photons from U fission products*,

* Tt is worthwhile to mention that this éhables us further
to drive our equations for the unknown time coefficients (cf.

Chapter III) into the familiar point kinetics form, thus
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making the solution much easier to find.



APPENDIX C

THE PROBABIZITY PA(EA)' THAT A PHOTONEUTRON INDUCED IN D20

BY PHOTONS OF ENERGY A, WILL BE BORN WITH AN ENERGY EA

A formula relating the energy EA of a photoneutron
induced by photons of energy A can be found in Reference [10]

to be

1

2 .
Ay 4op (A= 2.23)7 (c-1)

1862 | 931

= 1 - -

where Aland EA are in Mev.

The Table C-1 and Fig. C-1 illustrate Eq. (C-1).

Table C-1
Energy E, of a Photoneutron Induced by

Photons of Energy A, in D20

A (MeV) 2.5 3 4 5

E, (MeV) 0.195 0.488 1.08 1.67

According to Eq. (C-1) an appropriate analytical

representation ofvPA(EA) would be,

PA(E) = §(E - EA) (C-Z)j
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| E, (MeV)
) l:s -
11
0.5 L

x

0.043MeV |
Iy | u L—)
2 2.23 3 4 . 5 AMev)

Fig. C-1 Energy of a Photoneutron as a Function of the

Energy of the Incident Photon, in DZO
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Furthermore, from Fig. C-1 we can see that the mini-

mum energy that photoneutrons born in a heavy water medium
carry, is 43 keV. The lower limit of the fast'energy group of
our three group scheme being 3keV, all the photoneutrons,
therefore, will be born in the fast group.

On the other hand, through Egqs. (2-18), (2-13),’
(2-12) and (C-2), we have,

P N Ao Eg-1 - AL-l
Ahy |4 E , A
1 g L
Eg-1
' G(E—EA) dE/|. (C-3)
Eg
‘Hence,
1l 0
Pg = 19 = 1' Pg = ¢ 9 # 1l (C"4)
1 0

‘where only two groups of photons have been considered.



APPENDIX D

THE SECONDARY GAMMA RAY CROSS SECTIONS FROM

THE CODE POPOP IV

In the expression for the prompt photoneutron source term

we have quantities such as, Xf b(r,z,t) W} (r,z), which is the
g L9

cross section for photons, induced by jth type of neutron re-

action (either fission or prompt capture or inelastic scat-

tering) due to neutrons of energy group g, to appear in the
photon group %, at (r,z) and t.

Thus we need to evaluate

Pq : 3
SGCSzg(r,z,t)‘=_ (r,z,t) I cfg(r,z) ﬂ}zg(r,z) (D-1)

wherekpq(r,z,t) is the atom density at (r,z) and t, and

’ 7

Og (r,z), the microscopic cross section corresponding to
g - ,

r. (r,z,t).
f ? 14
g ,

oo

The. various quantities,
1 £ fz
_ g g

£

I W

[ where n replacing (r,z), denotes the nuclide n present at

(r,z) 1, were computed by the code POPOP IV [2].
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D-1 Input to the Code POPOP IV

Input to the code POPOP IV consists of the boundaries of
the neutron and photon energy groups, the nuclei of interest,

and the reaction of interest. It is also necessary to input

the neutron cross sections 02 's. The code computes'ﬂﬂﬁ‘ out

tg

of its own library, performs the multiplication 02 X ﬂﬂgz

g9 g9

and eventually sums it over f if there is more than one re-

action that the nuclei n can undergo;

D-1-1 Cross sections input to the Code

fhe feﬁ groups fission‘and Capture* cross sections were
ready for MITR-II (cf. Appendix I), whereas we had to determine
Athe inelastic scattering cross sections.

There are only two elements present in MITR~-II that can
cause inelastic‘scattering gamma rays having an energy above
the threshold energy for photoneutron reaction in D20 (2.23 Mev).
These are carbon and oxygen. The inelastic scattering cross
sections for these two elements were estimated in the fol-

lowing way:

—

Capture cross section is identical to absorption cross
section in case of a non fissile material. It is equal to
the difference of absorption and fission cross sections in case
of a fissile material.
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f f(E)o. (E) 4E -
_ ‘ /g Jin
O, = g . - ’ » . (Df-Z)

g ol
j- £f(E) dE

E
g

235

where f(E) [7] is the fission spectrum for U and 04, (E) [8],

in -
th

the inelastic scattering cross section for the j nuclide at

energy E.
Only fast neutrons (belonging to the fast group; E> 3Kev)

can cause inelastic scattering.

Hence, assuming f(E) dE=1, Eq. (D-2) becomes,
3Kev
o0
c: = £(E) 0. '(E) dE. . (D-3)
‘Jinl, E. . ~ Jin
Jthreshold'

Equation (D-3) can then be written as,

N
oy, = E: o5 F, (D-4)
whére
En-l _
F = f f(E) 4E . . (D-5)
E, _ )

The calculations based on this formula are presented in

Table D-1.
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Table D-1 Calculation of the inelastic scattering

: 12 O16
3 cross section of 6 and 8 for the fast
group of our scheme

Eiement E. n|E (Mev)] F x].O2 g, (barn)l o, F xlO3

threshold n _ n ing in "n
(Mev) ’ o .
;2 4.8 1 6 | 3.489 0.1 3.489
2 7 1.301 0.3 3.903
3 8 0.615 0.3 1.845
4 9 | o.286 0.4 1.144
S 10 0.131 0.3 0.393
5
E:a. P o=
in_"n
n=1 n
10.774 mb
O16

8 6.55 1 7 0.650 0.04 0.260
2 8 | o0.615 0.20 1.230
3 g 0.286 0.30 -0.858
1 4 10 0.131 0.35 0.458
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Thus for the inelastic microscopic scattering cross

sections we input to the Code POPOP IV, the numbers in milli-

barn, (10.8, 0,0) for carbon and (2.8, 0,0) for oxygen.

D~-1-2 Neuﬁron and Photon energy'group boundaries
input to the Code POPOP IV
The neutron and photon engfgy group boundaries are given in
Tables D-2 and D-3.
Table D-2 Upper energyAlimits of the neutron

energy groups

gl | Eg-l (ev)
1 1 x 107
2 3 x 10°
3 4 x 10°L

Table D-3 Upper energy limits of the photon

energy groups

Eg_1 (Mev)
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D-2 Output from the Code POPOP IV; the microscopic

secondary gamma ray Cross sections

In Table D-4 are given, in barn, the final miéroscopic
ksecondary gamma ray cross sections for the two-photon and three-
neutron energy group, for various material present in MITR-II.
The second column gives the_nuclide numbers that refer tQ'the
material in question (cf. Appendix I).

The reason that two DZO's appear in Table D-4 is that the
few group microsqopic éross sectioné have been obtained through
a flux weighted collapsing procedure from a multigroup scheme.
We may then have two different cross_sections for the same
material at different locationé.

In Table D-4 yE-x stands for yx10 ~.

We point out that the gamma rays born in H20 are due to the

"inélastic scattering of neutrons with the oxygen nucleis only.

D-3 Macroscopic secondary gamma ray cross sections for

materials present in MITR-II.

In order to get SGCS (r z,t) we have to multlply the
numbers given in Table D-4 by the atom den51t1es given in
Appendix I. Table D-S shows the macroscopic secondary gamma
ray cross sections, in'cm_l, for the ﬁwo photon and three
neutron energy group, for various compositions (cf.Appendix

G) in MITR-II at the st~ady state.



Table D-4 The microscopic secondary gamma ray Cross

present in MITR-II

sections (in barn) for various materials

Neutron Enerqy Group

Material. |[Nuclide 'Photon 1 2 3
Number (s) |Energy
Group
H,0 3,7,12,14, 1 1.06848E-3 0. 0.
19,26,30, 1.40488E~6 0. 0.
31 2
D,0 21 1 3.568480-3 2.63000E-5 8.630005-5
| 2 1.40488E~6 0. 0.
D,0 40,51 1 3.06848E-3 2.45000E-5 9.86000E-4
2 1.40488E-6 0. 0.
g2 33 1,5,9,15,17 | 1 2.87140E-1 5.08125 5.53837E+1
. 33,27 2 8.48170E-1 1.51157E4+1 1.63794E42
4,8,11,13,20, -
Al 22,25,29,32, | 1 1.13679E-3 5.201978-3 7.52636E-2
34,36,38,41, | ‘
44,48,50,52, | 2 8.59558E-4 5.69087E-2

54,55

4.00139E-~3

Xt




.Table D-4 (continued)

238

5.37749E-01 -

3.54914E<«01

U |2.6,20,16,18 | 1 6.43148
24,28 2 | 9.64999E-02 1.15414 6.36899E-02
Pb 1 1.57480E-04 4.37896E-04 2.43840E~-03
33 2 0. 0. 0.

Cd 35 1 1.22047 2.95523 4,10662E+402
| 2 1.48315 3.59126 4,99046E+402

Cc 39,53 1 5.4455E-03 7.7250%E-05 2,24250E-03 |
2 0. 2.,57500E-05 7.47500E—04

rSc¢



Table D-5 The Secondary Gamma Ray cross sections (in cm.l)

for various compositions in MITR-II at the steady state

Neutron Energy Group

Composition |Photon Energy _ '

Number Group : 1 2 3
1 1 0.1839E-03 0.2402E-03 © 0.2463E-01
2 0.3707E-03  0.6233E-02 0.6759E-01
2 1 0.5189E-04 0.1592E-02 ' 0.2263E-02
2 0.2588E-04 0.1204E-03 0.1713E-02
3 1 0.1900E~-03  1.2508E-02 '0.2565E-02
2 0.3868E-03 0.6538E-02 0.7084E-01
7 1 0.8243E-04 0.1722E-05 0.1502E-04
© 2 0.1392E-06 0.6480E-06 0.9218E-05
8 1 0.5173E-05 0.1443E-04 ‘0.8040E-04

2 0. 0. 0.

SG¢C



Table D-5 (coritinued)

9 1 0.8549E-02 0.2084E-01 2.8644
2 0.1034E-01 0.2520E-01 3.4759
10 . 1 0.6846E-04 0.3186E-03 0.4529E-02
2 0.5174E-04 0.2409E-03 0.3427E-02
16 . 1 0.4536E-03 0.6431E-05 0.1866E~03
2 0. 0.2141E-05 0.6222E-04
17 1 0.7671E-04 0.1655E-03 0.2348E-02
2 0.2680E-04 0.1248E-03 0.1775E-02
18 1 0.3567E-04 0. 0.
' 2 0.4676E-07 0. 0.
19 1 0.3699E-04 0.1593E-04 0.2265E-03
2 0.2631E-05 ' 0.1205E-04 0.1714E-03
23 1 0.3888E-04 ' 0.3185E-04 0.4527E-03
2 0.5213E-05 0.2408E-04 0.3425E-03
24 1 0.6846E~04 0.3186E-03 0.4529E-02
2 0.5174E-04 0.2409E-03 0.3427E-02

96¢
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The Composition numbers 4,5,6,11,12,13,14,15,20,21 do not

appear in Table D-5, the sets of Compositions (1,5,6,14),
(2,15), (3,4,13), (10,11,12) and (18,20,21) being identical.



APPENDIX E

LINEAR DEPENDENCE OF THE SPATIAL FUNCTIONS:

Obtaining the time dependent coefficients through

the system of equations,
' H .
[Phew(t) = Bpey (811 N(£) + ] A€ (%),  (E-1)
j=1

anN (t)
at

A

dc. (t)
— B. (t) - a.C.(t), , (E-2)
dt Inew 33

will reqﬁire inverting the generation time matrix A. This
is possible if the determinant of the matrix A is not singu-
lar. Moreover, numerically an "aimost" singular determin-
ant for the matrix A is to be avoided. Thus the normalized

determinant (Grahm determinant)

Ao A
det(G) = 1 - 22 21 (E-3)
Ay Boo
Ay = <W.l(r) | vy (r)>, i=1,2, k=1, 2 (E-4)
ik i = k= 4 ’ ’ ’ ’r

should be greater than an imposed criterium.
If we fear an "almost“‘linear‘dependence, we can

use the difference of the second and first trial modes as the
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second trial mode (if only two trial modes are used), that is

¥yt (X)) = SV(X) = ¥y(x) = ¥y (D). (E-5)

However, here one must be careful in computing the
leakage integral subject to section 5-2 of Chapter V, since
Eqs. (4-19) or (5-14) do not hold. for ¥,'(r). For the inte-
gral < W, T (x) | V.D,(z, ©)V | 8¥(x) >, i =1, 2 (with the
familiar notation used throughout the dissertation) over
the reactor volume, an-apprbpriate<expression may be found
in the following way; write from Eq. (4-18),

F

< wiT(_z;) I V.Dé (B)V | ¥y(x)> = <WiT(_x;) A,' (x) - k——g-(g.;)
2

l Yolr) >, i =1, 2. . (E-6)

Nothing changes if we add at the right hand side
' F
of Eq. (E-6) the quantity < WiT(g) V.Dl(g)v - Al(g) + —i(g)
k
1

l Wl(g) >, 1 = 1; 2, that is equal to zero by definition.
Next subtract from both sides of Eg. (E-6) the quantity
< WiT(E) I V.D2(£)V wl(g) >, i =1, 2. Also add and sub-

" tract at the same time, to and from the right hand side of
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Eq. (E-6), the quantities < WiT(g) l Aé(z) , ¢1(£) > and

S Fy |
< W. (r) ' —(r) ' Y, (x) >, i =1, 2, to obtain
i = k. — 1'=
2
T o Fy
< W, (r) ' V.D,(xr)V ' SY(xr) > = < W, (r) AS(r) - —(x).
i = 2=~ = i ‘= 2 k2 =
' SY(r) > + < wiT(;_:_) l = [V.D,(r)V = V.D, () V] + A, (x)
Fy F |
-a@ - 2@ - 2o [y -1, (E-7)
' ky ky

Hence, if we wish to use the difference of the
second and first trial modes as the second trial mode - to
.avoid an undesirable "almost" singular generation time ma-
trix A, - we should compute the leakage integral associated

with that second trial mode according to Eq. (E-7).



APPENDIX F _
THE SOLUTION OF THE POINT KINETICS-TYPE OF EQUATIONS

BY THE WEIGHTED RESIDUAL METHOD

We wanted to solve the system of equations

H
dN(t) _
A e (0o (B) = Bpoy (E)] N(E) +j£lxjcj(t),
' (F-1)
dc, (t)
— = B, (&) N(t) - AC. . | (F-2)
at Jnew 3]

The solution we have adopted [11] proceeds as

follows: Choose a trial function,

K A
N(t) = ] Ak(t—ti>k ' (F-3)
k=0 '

for the time step: ti <t < ti + 17 with unknown parameters;

By 0

indicates an approximate expression.

's (k=1,..., X), A being N(t;). The bar on top of N(t)
Inserting Eq. (F-3) into Eq. (F-1l) and Eq. (F-2)
will give rise to time dependent residuals. We perform as
many weighted inteqrals with those residuals as there are
unknown parameters. One way of doing this is called subdo-

main weighting. We integrate the time dependent residuals
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first over the entire time step, fhen over half of the time
step} and so forth as many times as the.number of unknown
’parameters.

This way we will get a‘syétem of equations in K

unknowns that will determine N(t) over ti <t <t We

i +1°

then can carry out the same attack for the next time step.
The method proposed involves a way to select the

time step (halving procedure) so that the convergence of

the time coefficients is ensured.



APPENDIX G

THE (R,Z) CYLINDRICAL MODEL ADOPTED



THE MODEL
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The (r,z) cylindrical model, that we have adopted for the
Reactivity.and Transient Analysié of MITR-II is shown above.
In this model 23 Compositions are shown (note that the composi=-
tion number 22 does not appear, thus the numbering goes up to
24). Each composition is made of nuclei which are numbered
from 1 up to 55 as they were input to the code Exterminator-II.
Below is shown the composition numbers before the nuclei
nunbers they are made of. Below each nuclei number,is pre-

sented the nucleus that bears this number.
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APPENDIX H
APPROXIMATE ATTENUATION COEFFICIENTS, ATTre's,

FOR PRECHOSEN REGIONS OF THE DZO REFLECTOR

To save computer time, we do not calculate the
1

-z, (22 + 237
) e %
dn(xr” + z2%)

attenuation'coefficient 1

(2 =1,..., L) at every point (r, z). Instead we divide
the reflector into regions within which a constant, approxi-
mate attenuation coefficient will be used.

To proceed, we make use of Fig. H-1 to create
the final Table H-1.

The macroscopic attenuation cross section is taken
to be equal to 0.04 cm-l, the value appropriate for photons
“emitted with an energy of 3 MeV.

The regions in question are rectangular and defined
by four mesh point numbers; two in the r direction: INUI .,

INUFre’ and two in the 2z direction: INVI

re’ INVFre, as

shown in Fig. H-2 (cf. Appendix G for the presentation of
the mesh volume structure for MITR-II).

(See following page for Fig. H-2.)
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~—,

L R

A A

20 30 40 50 60 70 go I.CM

Fig. H-1 The Attenuation Factor as a Function of the Distance

r of a Point in Dzo Medium, to a Central Point. ‘The Attenua-
1

tion Cross Section I, is Taken to be Equal to 0.04 cm .
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INVF

INUIre
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INUF
re

re

Fig. H-2 reth

Attenuation Coefficient

Region for Constant Approximate

Table H-1 The Constant Approximate Attenuation

Coefficients, ATTre's, in Ten DZO Reflector Regions

re INUIre INUFre INVIre INVFre ATTre X 105
1 1 8 31 34 4,

2 9 15 32 34 2.4
3 1 15 35 39 2.4
4 16 22 29 39 1.
5 23 27 23 39 1.
6 25 27 7 22 2.7
7 28 30 7 39 1.

8 1 30 40 44 1.

9 31 33 7 44 0.3
10 1 33 45 47 0.3




APPENDIX I
EXTERMINATOR-II INPUT DATA

(FIRST TRIAL SHAPE AND ITS ADJOINT)



GBTAINING THE FIRST SHAPE AND ITS ADJCINT‘THROUGH EXTERMINATOR 2

// "TULGA YARMAN' ,REGION=335K,CLASS=C
/%MITID USER=(MBb96,9441)

/*SR1 LOW ‘ ,

/*MAIN LINES=20,CARDS=30,TIME=30

/%SETUP UNIT=2314,10=234118,A=LLD, X
/%COMM='USING MT7514% 7728 DISKPACK?

//STEPL EXEC FURGyPRUG="USERFILE«MT514.7728.EXTERML.LOAD{NELIB)?
//G.FTO1FOUL DU UNIT=SYSDA,DISP={NEW,PASS), X
// DCB=(RECFM=VBS,LRECL=3204,8LKSTZE=6412),SPACE=(TRK,+{20,10))
//G.FTO2FULL DU UNIT=SYSDA,DISP=(NEW,PASS), X
/7 DCB=(RECFM=VBS ¢ LRECL=2404,3LKSIZE=4812),SPACE=(TRK,(20,10))
//7C.FTO3F001 DD UNIT=SYSDA,UL1SP={NEW,PASS), X
// DCB=({RECFM=VBS,LRECL=1604,3LKSIZE=3212) 4SPACE={TRK,{20,10))
//G.FTO4FUO1L DD  UNIT=SYSDA,DISP=(NEW,PASS), X
/7 DCB=(RECFM=VBS,LRECL=1604,BLKSIZE=3212) ySPACE=({TRK,(20,10))
//G«FTO9FVO0Ll DD DSVAME=USERFILE «M8696.5441.DENGEA.KISIDISP={0LD,PASS)
//G.FT10FOVLL DD UNIT=S5YSDA,DI3P=(NEW,PASS), X
vy DCB=(RECFY=VS,LRECL=1604,8LKSIZE=1608),SPACE=(TRKs(10,5))
//7G.FTL1IFU0Ol VD UNIT=SYSDA,DISP=(NEW,PASS), X
// . DCB=(RECFM=VS,LRECL=80443LKSIZE=8C8) ySPACE=(TRK,{1045))

//G.SYSIN DD #*
MITR11 EQUILIBRIUM FLUX AND ADJUINT FLUX

11111011011 0000000

00O0O _ _ :

60 48 40 3 28 55 89 0L 10 10 01000 0l.0E-54,125E+171.0000001.30
1.0

000 ' .

10.160 4 5.080 7 7.62 8 2.54 20 1.27 25 .635 26 1.164 29 .635 34
«952 35 «997 42 1427 45 3.492 45 15.24 48

3.728 2 1864 3 1.364 5 .317 7 1.614 11 .977 15 1.596 16 .954 19
.159 20 +635 21 159 22 .476 23 687 26 .635 27 4.41 34 3.0 35
9.66 37 15.24 40 , ’

7 7 48 1 34 18 1 3 119 18 1 3 22 34 16 1 48 35 40

EXT20001
EXT20002
EXT20003
EXT20004
EXT20005

EXT20006

EXT20007
EXT20008
EXT20009
EXT20010
EXT20011
EXT20012
EXT20013

TEXT20014

EXT20015

EXT20016

EXT20017
EXT20018
EXT20019

EXT20020 -

EXT20021

EXT20022

‘EXT20023

EXT20024
EXT20025
EXT20026
EXT20027
EXT20028
EXT20029
EXT20030

- EXT20031

EXT20032
EXT20033
EXT20034
EXT20035
EXT20036

N

1A



. 22

4

94.22356~4 1U3.179JE-5 113.0150E-2
INTERM.
154.0160k~4 163.0227E-5 133.1628E-2
UUTER CORE A
174.0160E~4 183.0227E-5 203.1628E-2
HEAVY WATER

5

6

7

4

5

6

7

CENTRAL CORE

21.0329146

CUKRE

220001521

2 3 4 119 2 3 4 22 31
19 3 4 31 33 19 &4 5 22 33
9 410 5 7 13 810 1 5
10 10 26 5 1 5 10 20 711
1 20 24 7 17 2 2425 1 5
24 25 26 1T 11 22629 117
21 10 21 20 21 21 1 21 21 22
11 21 22 19 21 12 5 19 22 23
12 30 31 1 5 2 30 31 5 8
2 31 32 10 11 17 32 33 10 11
17 33 34 13 14 12 33 34 14 16
2 31 32 17 138 A2 30 31 13 20
L7 28 29 &1 43 12 271 28 22 23
17 24 25 24 25 12 22 24 24 25
L7 19 20 ¢6 21 20 32 33 14 16
20 29 30 1 20 20 28 29 17 20
20 22 24 19 23 20 21 22 21 23
21 5 22 24 25 21 5 19 25 26
25 35 42 13 21 26 35 42 27 2S
29 45 35 40 13 5 8 1 5
9 112 20 21 8 526 1 3
l6 26 46 35 40
1.1 UUTER BJT. EDGE CORE
14.0160k=4 - 23.0227E-5 43.1628E-2
2 2 508 AL 50% H-2-0
32 0.03012 31 0.01655
3 3 INNER BUT. EDGE CORE
54.2235t~4 63.1790E-5 83.,0150E~2

2 4 8
23 3 5
14 8 10

6 10 20

2 24 25

9 110
11 4 27
12 5 19
17 31 32
12 32 33
12 32 33
12 29 30
12 25 27
12 20 22
20 31 32
20 27 28
20 19 21
25 37 40

27 35 42

10 8 10
7 34 43

31.5404E-2

121.6367€E-2
141.5404E-2

191.5404E-2

1
33

7
11

K¢
20
17
26

5
11
16
20
23
25
11
17
22
11
29

5

11

71.6367E-2

5
34
17
17
17
21
18
27

8
13
17
21
24
26
17
22
23
12
31

7
34

S v

20
25

31
32
32
28
24
19
30
24

36
35

20

~ X

20
24
21
24
48
32
33
33
29
25
20
31
27
2%
41
42

43

el e K |

18
34

13
17
20
23
25

18
23
12
31

34

EXT20037
EXT200338
EXT20039
EXT20049

EXT20041.

EXT20042 -

EXT20043
EXT20044
EXT20045
EXT20046
EXT20047
EXT20043
EXT20049
EXT20050
EXT20051
EXT20052
EXT20053
EXT20054
EXT20055
EXT20056
EXT20057
EXT20058
£XT20059
EXT20060
£X120061
EXT20062
EXT20063
EXT20064
EXT20065
EXT200656

- EXT20067

EXT20068
EXT20069
EXT20070
EXT20071
EXT20072

vLe



-8
33
9
35
10
36
11
54
12
55
13

234.22356-4 243.L790E~5 253.0150E-2 261.6367E-2

8 LEAD

«3295E~1
9 158 CD 85% AL
0.00696 34 V.U51195

10 INNER CURE AL
0.06023

11 UUTER CURE AL
0.00023

12

0.06023

13 CENTRAL CORE

14 14 UUTER CURE

2T4.0160E-4 233.0227E-5 293.1628E-2 301.5404E-2

15
38
Lo
39
17

. 40

18
42
19
43
20
45
21
46
22
53
23
48
24
50
25

51.

15 CURE TANK
003012 37 V.01055
16 GRAPALTE

17 508 D-2-0,50% AL
0.01654 41 0.0312

18 REFLECTUR H=-2-0
0.0334

19

«3143t-1 ‘44 .3012E-2
20

«03340

21

«033490

22

«8334E~-1

23

«006023 47 .030078
24 502 AL 50% H-2-0
0.06023 49 0.03006
28 HEAVY WATER
0329146 52.00010621

EXT20073
EXT20074
EXT20075
EXT20076
EXT2007T

EXT20078

EXT20079
EXT20080
£XT720081
EXT20082
EXT20083
EXT20084
EXT20085
EXT20086
EXT20087
EXT200838
EXT200R9
EXT20090
EXT20091
EXT20092
EXT20093
EXT20094%

EXT20095

EXT20096
EXT20097
EXT20098
EXT20099
EXT20100
EXT20101
EXT20102

- EXT20103

EXT20104
EXT20105
EXT20106
EXT20107
EXT20108

N

SL



1 1

2.0496E 0l.0442E 06.5T86E 02.5535€ O

0.0
1 2

4.0114E 12.677TLE 14.4517E 12.4493E O

0.0
1 3

403257 23.4731E 24.4139E 22.4420E O

g.0
2 1

2

LOTE-

447543E-30.0

0.0

V.0

4.4165E-3

Va0

29TE=1Lo1T753E 06.5535E 01.1082E 0

5.7U51lE=30.0

2.6415E 10.0
D.2998E-3

9.1350E 00.0
0.0

71.4955E 00.0

2.1158E 00.0

 2.1705E 10.0

4.0400E O

 6.6503E 10.0

Vel

2.6894E 00.0

2655E=2040

V.0 .

10.0

1.3738E 00.0
1.0158E-2

l.4662E 00.0

EXT20109
EXT20110
EXT20111
EXT20112

EXT20113.

EXT20114
EXT20115
EXT20116
EXT20117
EXT20118
EXT20119
EXT20120
EXT20121
EXT20122
EXT20123
EXT20124
EXT20125
EXT20126

EXT20127

EXT20128
EXT20129
EXT20130
EXT20131
EXT20132
EXT20133
EXT20134
EXT20135
EXT20136
EXT20137
EXT20138

-EXT20139

EXT20140
EXT20141
EXT20142
EXT20143
EXT20144

o

9L



-0 0.0
5
628E 01.6524E

0.0
3
257E 23.4731k
Osv
1

029E 10.0
V.0

0

0

5

0

0

5

3

0

o

1

0

6

o

0

6

8136E 00.0

o V.0

7

7681E-30.0

0 2.1602E
7
5
0
7
1
0
8
9
0
8
2
0
8
8

157E-30.0

5T1E-20.0
0.0

107E-10.0

0.0
06.6203E 02.5509E 0

4.8549E-30.0

1444430 12.4493E 0

24.4139E 22.4420E 0
Oe0

L09E-11.1806E 06.6000E 01.0851E 0
5.8259E=30.0 '

2.6441E 10.0
5.2380€E-3

9.1350E 00.0
0.0

71.5792E 00.0
00.0

2.1 T00E 10.0
4.0005€ 0

6.6503E 10.0
0.0

2.6940E 00.0

6.1172E-30.0

1.3738E 00.0
1.0039E~2

lL.4662E 00.0

~ EXT20145

EXT20146
EXT20147
EXT20148

EXT20149.

EXT20150
EXT20151
EXT20152
EXT20153

EXT20154

EXT20155
EXT20156
EXT20157
EXT20158
EXT20159
EXT20160
EXT20161
EXT20162

. EXT20163

EXT20164
EXT20165
EXT20166
EXT20167
EXT20168
EXT20169
EXT20170
EXT20171
EXT20172
EXT20173
EXT20174

- EXT20175

EXT20176
EXT20177
EXT20178
EXT20179
EXT20180

N

LL



4.2371E-10.0

O.g ) .00 0.0 .
2.06T3E 01.6554E 06.6321E 02.5507E 0
0.0 4.883TE-30.0
9 2
3.9510E 12.6289& 14.39175 12.4493E 0
0.0 0.0 4.1198E~3
9 3
3.5922E 22.8708E 23.6822E 22.4420E O
0.0 Ue0 0.0
100 1
3.7225E=11.1723E 06.6127E 01.0832E o
0.0 5.8604E~30.0
10 2
2.9694E 10.0 2.54T78E 10.0
0.0 0.0 . 4.9437E-3
10 3
1.5204E 000 8.9890E 00.0
0.0 0.0 0.0
11 1
. 2e8423E-30.0 2.0861E 00.0
0.0 6o1535E"3000
.11 2 ~
- 1.2288E-20.0 . 1l.3768E 00.0
0.0 . Vo0 9.4755€E~-3
11 3 ,
1.5807E~10.0 1l«5366E 00. 9
0.0 0.0 0.0
12 1
3.7547E-30.0 7.5854E 00.0
0.0 . 2el737E 00.0
12 2
3.4102E~20.0 2.16T9E 10.0
0.0 0.0 3.8151E O
12 3

5.7017E 10.0

- EXT20181

EXT20182
EXT20183
EXT20184

EXT20185.

EXT20186
EXT20187
EXT20188
EXT20189

EXT20190

EXT20191
EXT20192

EXT20193

EXT20194
EXT20195
EXT20196
EXT20197
EXT20198
EXT20199

T EXT20200

EXT20201
EXT20202
EXT20203
EXT20204
£X720205
EXT20206
EXT20207
EXT20208
EXT20209
EXT20210

-EXT20211

EXT20212
EXT20213
EXT20214
EXT20215
EXT20216

8LC



1.5387E 00.0

0.0 0.0 0.0
.13 1
2.88T0E-3040 2.0843E 00.0
V.0 ) 6.0604E-30.0
13 2 ' ‘
1.2215E-20.0 1.3735E 00.0
0.0 U.0. 9.5483E~-3
13 3
1.5239E-10.0 " le4447E 00.0
0.0 0.0 0.0
14 1
3.9168E-30.0 7.5053E 00.0
0.0 . 2.1406E 00.0
14 2
3.4244E-20.0 2.1681E 10.0
0.0 0.0 3.8391E O
14 3 '
4.2913E-10.0 57570E 10.0
0«0 0.0 0.0
15 1 '
2¢0574E 01.6495E 06.5969E 02.5533E O
0.0 4+8099E-30.,0 '
15 2 N
3e9558BE 12.6331E 14.3966E 12.4493E 0 -
0.0 . 0.0 - 941514E~3
15 3 |
3¢6349E 22.8750E 23.724TE 22.4420E O
0.0 0.0 0.0
- 16 1
3.T7T487TE-11.1615E 06.5724E 01.1062E O
0.0 5.7719E-30.0
16 2
29713E 10.0 2.6461E 10.0
000 000 : 409817E"’3
16 3

8.9989E 00.0

EXT20217
EXT20218
EXT20219
EXT20220

EXT20221-

EXT20222
EXT20223
EXT20224
EXT20225

EXT20226

EXT20227
EXT20228
EXT20229

EXT20230

EXT20231
£XT20232
EXT20233
EXT20234%

. EXT20235

EXT20236

EXT20237

EXT20238
EXT20239
EXT20240
EXT20241
EXT20242
EXT120243
EXT20244
EXT20245
EXT20246

"EXT20247

EXT20248
EXT20249
EXT20250
EXT20251
EXT20252

N
~
o



0.0

0.0

0.0

17 1
2.0435E 01.6402E 06.5655E 02.5540FE 0O
0.0 4.6992E-30.0
17 2
3.9946E 12.60633E 14.4358E 12.44935 0
0.0 0.0 4.3124E-3 ~
17 3
4e3257TE 2344731E 24.4139E 22.4420E 0
0.0 0.0 0.0
18 1
3.7332E-11.1740E 06.5409€ 0l.1131lE O
0.0 5063905-50.0
18 2.
3.0008E 10.0 2.6450E 10.0
0.0 0.0 541748E-3
18 3 "
1.8136E 00.0 9.1350E 00.0
0.0 0.0 0.0
19 1 '
«93522E-30.0 T.4697E 00.0 .
0.0 2.0931E 00.0
o192 .
3.5118E-20.0 2.1696E 10.0
0.0 0.0 3.9727€ 0
19 3
«1425E-10.0 5.6503E 10.0
0.0 0.0 0.0
20 1 "
0.0 5.9209E-30.0
20 2 '
1.2521€E-20.0 1.3738€ 00.0
000 000 9.9184&"‘3
20 3
1.8107€E-10.0 Le4662E 0040

- EXT20253

EXT20254
EXT20255
EXT20256

EXT20257 .

EXT20258
EXT20259
EXT20260
EXT20261

EXT20262 -

EXT20263
EXT20264
EXT20265
EXT20266
EXT20267
EXT20268
EXT20269
EXT20270
EXT20271

T EXT20272

EXT20273
EXT20274
EXT20275
EXT20276
EXT20277
EXT20278
EXT20279
EXT20280

EXT20281

EXT20282

EXT20282

EXT20284
EXT20285
EXT20286
EXT20287
EXT20288

08¢



1.5204E 00.0

0.0 0.0 040
2l 1
2.4984E-30.0 T.0599E 00.0
0.0 6.7T724E-10.0
21 2 '
2.6314E-50.0 8.3280E 00.0
0.0 0.0 6.2333E"1
21 3
0.0 0.0 0.0
22 1
3.06T8E=30,0 1.9218E 00.0
0.0 1l.3768E~20.0
22 2 '
0.0 0.0 1.3621€-2
22 3 .
2.1166E-10.0 1.5991€E 00.0
0.0 - 0.0 0.0
23 1
- 2.0B69E 01.6686E 06.6T16E 02.5501F
0.0 5.0685E-30.0
23 2
3.9430E 12.6118BE 14.3898E 12.4494F
0.0 | 0.0 3.8991€E-3
23 3 .
3.5922E 22.8708E 23.6822E 22.4420E
0.0 - V.0 0.0
24 1 ,
3e7523E~11.1530E 06.6511E 01.0772E
0.0 6.0822E-30.0
24 2
3.0006E 1.0 2.6662E 10.0
0.0 0.0 4.67T89E-3
24 3

8.9890E 00.0

EXT20289
EXT20290
EXT20291
EXT20292
EXT20293

EXT20294 -

EXT20295
EXT20296
EXT20297
EXT20298
EXT20299
EXT20300
EXT20301

"EXT20302

EXT20303
EXT20304
EXT20305
EXT20306
EXT20307
EXT20308
EXT20309
EXT20310
EXT20311
EXT20312
EXT20313
EXT20314
EXT20315
EXT20316
EXT20317
EXT20318

- EXT20319
- EXT720320

EXT20321
EXT20322
EXT20323
EXT20324

N
o)

T



0.0 0.0
25 1

1.5204E 00.0

0.0
2.0792E 00.0

2.8420E-30.0
0.0 6.3863E-30.0
25 2 |
1.2178€E~-20.0 1.3767€ 00.0
0.0 Q0.0 849680E=3
25 3
1.5807E-10.0 1e5366€E 00.0
0.0 0.0 0.0
26 1
0.0 2424T5E V0V
26 2
3.3859E-20.0 2.1662E 10.0
0.0 V.0 3.7248E 0
26 3 :
0.0 . V.0 0.0
27 1
- 2+0649E 01.6547E 06.6089E
0.0 408899&‘30.0
21 2
" 3.9T39E 12.6425E 14.4168E 12.4493E 0
0.0 , 0.0 4.1611E-3
27 3 ,
3e5922E 22.8T08E 23.6822E 22.4420E O
0.0 Ue.U 0.0
28 1
3.7T02E-11.1495E 06.5831E 01.1079E O
0.0 . 5.8679E-30.0
28 - 2 '
2.9966E 10.0 2.6521E 10.0
0.0 0.0 4.9933E-3
28 3

8.9890E 00.0

02.5534E 0

- EXT20325

EXT20326
EXT20327
EXT203238

EXT20329.

EXT20330
EXT20331
EXT20332
EXT20333

EXT20334"

EXT20335
EXT20336
EXT20337
EXT20338
EXT20339
EXT20340
EXT20341
EXT20342
EXT20343

" EXT20344
EXT20345

EXT20346
EXT20347
EXT20348

EXT20349

EXT20350
EXT20351
EXT20352
EXT20353
EXT20354

-EXT20355

EXT20356
EXY20357
EXT20358
EXT20359
EXT20360

N

c8



0.0 0.0
29 1
2.88455“30-0

201166&“1000

0.0
2.0809E 00.0

0.0 6.1613E-30.0

29 2

1.2459E-20.0 1.3771E 00.0
0.0 Va0 9057055-3

29 3

1.5807€E-10.0 1.5366E 00.0
0.0 0.0 0.0

30 1

3.9034E-30.0 T.5048E 00.0
0.0 2417T11E 00.0 :
30 2. :

3.4601E-20.0 241684E 10.0
0.0 0.0 3.8759E O

30 3 :
4023715‘10.0 5.7T017E 10.0
0.0 0.0 0.0

31 1

3.8287E-30.0 71.6889E 00.0
0.0 2+4438E 00.0

.31 2

3.9349E~20.0 201969E 10.0
0.0 . 0.0 4.4186E O
31 3
601276&”1000 7.7699& 10.0
0.0 Vel . 0.0

32 1 :
249243E-30.0 2.0563€ 00.0
0.0 7001402’3000

3¢ 2 '
1.3678E-20.0 1.3785E 00.0
0.0 0.0 lel1265E-2

32 3

l«5991E 00.0

EXT20361
EXT20362

EXT20363 -

EXT20364

EXT20365.

EXT20366
EXT20367
EXT20368
EXT20369

EXT20370:

FXT20371
EXT20372
EXT20373
EXT20374
EXT20375
EXT20376
EXT20377
EXT20378
EXT20379

T EXT20380

EXT20381
€XT20382
EXT20383

- EXT20384

EXT20385
EXT20386
EXT20387
EXT20388

EXT20389

EXT20390

.EXT20391

EXT20392
EXT20393
EXT20394
EXT20395
EXT20396

N
@D
w



0.0 0.0
33 1

1.5807E-10.0

0.0

3.1042E~30.0 5.8792E 00.0
0.0 1045"’95-20.0
33 2 |
8.6206E~30.0 1.1134E 10.0
0.0 0.0 lel662E~2
33 3
4.8000€E-20.0 l«1130E 10.0
0.0 0.0 0.0
34 1
28500€E-30.0 2.0590E 00.0
0.0 7.2065E~30.0
. 34 2 :
1.2342E-20.0 1.3770E 0C.0
0.0 Oe0 . 843502E-3
34 3 :
2.1166E~10.0 l.5991€ 00.0
0.0 . 0.0 0.0
35 1
.-62356TE 00.0 . 6.2660E 00.0
0.0 0.0 0.0
.35 2
T 1.5368E 10.0 . 1.1086E 10.0
0.0 | Vo0 . Ve0
35 3
- 241407E 30.0 2.8590E 30.0
0.0 0.0 0.0
36 1
248564E-30.0 . 2.08B46E 00.0
0.0 . 6.1598E"‘3000
36 -2
1.2340€E-20.0 1.3769E 00.0
36 3

l.5366E 00.0

- EXT20397

EXT20398
EXT20399
EXT20400

EXT20401 -

EXT20402
EXT20403
EXT20404
EXT20405

EXT20406 -

EXT20407
EXT20408
EXT20409
EXT20410
EXT20411
EXT20412
EXT20413

. EXT20414
_EXT20415
CEXT20416

EXT20417
EXT20418
EXT20419
EXT20420
EXT20421
EXT20422
EXT20423
EXT20424
EXT20425
EXT20426
EXT20427
EXT20428
EXT20429
EXT20430
EXT20431
EXT20432

N

78



0.0 0«0
371 1
2.2737TE-30.0

9.8633E-40.0

0.0
1.U878E 10.0

0.0 6.2105E Q0.0

371 2 .

5.2773E-20.0 2.2355E 10.0
0.0 0.0 6e5134E 0

31 3

«L2TH6E-10.0 71.7T699E 10.0.
0.0 (VY 0.0

38 1

3.1166E-30.0 1.8247E 00.0
0.0 1.9097E"2000

38 2
0.0 0.0 1.7807E-2
38 3 :
2.1166E-10.0 1.5991E 00.0
0.0 0.0 0.0
39 1
0.0 " 0e0. 3.1137E 00.0
0.0 1.1280E~-10.0
39 2
" 140297E-40.0 " 4+.4031E 00.0

0.0 . 0.0 1024285"1
39 3
2.9912E-30.0 4.7187E 00.0.
0.0 U0 0.0

40 1
3.3897E~-30.0 . 6.6839E 00.0
0.0 . 4+34756-10.0

40 2
2.3374E-50.0 8.3113E 00.0
0.0 0.0 5.5817E"'1

40 3

1.2816E 10.0

EXT20433
EXT20434
EXT20435
EXT20436

EXT20437

EXT20438
EXT20439
EXT20440
EXT20441

EXT20442 .

EXT20443
EXT20444
EXT20445
EXT20446
EXT20447
EXT20448
EXT20449

 EXT20450

EXT20451

TEXT20452

EXT20453
EXT20454
EXT20455
EXT20456
EXT20457
EXT20458
EXT20459
EXT20460
EXT20461
EXT20462

EXT20463
"EXT20464

EXT20465
EXT20466
EXT20467
EXT20468

s8¢



0.0 0.0
41 1

2.5910E-30.0"

2.1166E-10.0

0.0
2.0228E 00.0

0.0 8.8093E-30.0 .
41 2 .
0.0 O«0 1.2100E—2
41 3
241166E-10.0 l.5991E 00.0
0.0 U.0 0.0
42 1
0.0 24319t 00.0
42 2 :
4.2248E-20.0 2.2043E 10.0
0.0 0.0 4.8494E O
42 3 ‘
6.1276E~-10.0 T« 7699E 10.0
0.0 0.0 0.0
43 1 |
.+2438E-30.0 7.4581E 00,0
0.0 2.4766E 00.0
- 43 2
" 441398E~-20.0 242015E 10.0.
0.0 . 0.0 4.T066E 0
43 3
6.1276E-10.0 71.7699E 10.0
0.0 0.0 0.0
44 1
0.0 T«1607E-30.0
44 2
1.4371E-20.0 1.3794E 00.0
0.0 0.0 l.2011E-2
44 3

1.5991E 00.0

- EXT20469

EXT20470
EXT204T1
EXT20472
EXT20473 -
EXT20474
EXT20475
EXT20476
EXT20477

EXT20478

EXT20479
EXT20480
EXT20481
EXT20482
EXT20483
EXT20484
EXT20485

- EXT20486
.EXT20487

EXT20488
EXT20489
EXT20490
EXT20491.
EXT20492
EXT20493
EXT20494
EXT20495
EXT20496
EXT20497
EXT20498

- EXT20499

EXT20500
EXT20501
EXT20502
EXT20503
EXT20504

=)



0.0 0.0 0.0

45 1

3.6428E-30.0 8.0176E 00,0
0.0 2.T762E 00.0

45 2

4.0418E-20.0 © 242003E 10.0
0.0 0.0 4+5923E 0

45 3 '

6e1276E-10.0 - 71.7699E 10.0
0.0 0.0 0.0

46 1

3.4945E-30.0 8.U340E 00.0
0.0 2.T121E 00,0

46 2

3.8902E-20.0 241953E 10.0
0.0 0.0 403424E O

46 3 :
6.1276E-10.0 1.7699E 10.0 .
0.0 0.0 0.0

47 1

3.8794E-30.0 8.0138E 00.0
0.0 340305E 0040

4T 2 »

4+.3928E-20.0 2.2099E 10.0
0.0 | 0.0 5.1276E 0

47 3
6.1276E-10.0 T.7699E 10.0
0.0 0.0 0.0 ‘
48 1 K
0.0 8.8612E-30.0

46 2 ’
1.5235E-20.0 1.3804E 00,0 .
48 3 :
2.1166E-10.0 1.5991E 00.0

- EXT20505

EXT20506
EXT20507
EXT20508
EXT20509

EXT20510

EXT20511
EXT20512
EXT20513

EXT20514.

EXT20515
EXT20516
EXT20517
EXT205138
EXT20519
EXT20520
EXT20521

EXT20%22

EXT20523

T EXT20524

EXT20525
EXT20526
EXT20527
EXT20528
EXT20529
EXT20530
EXT20531
EXT20532
EXT20533
EXT20534

EXT20535

EXT20536
EXT20537
EXT20538
EXT20539
EXT20540

L8¢



0.0 0.0
- 49 1

2.1166E~10.0

0.0
T.6667E 00.0

0.0 2.3724E 00.0

49 2 | ,
3.877T3E-20.0 2.1957E 10.0
0.0 0.0 4+3394E O

45 3

6.1276E~-10.0 T.7699E 10.0
0.0 0.0 0.0

50 1

2+9202E-30.0 2.0670E 00.0
0.0 647902E~-3040

50 2 E

1.3464E-20.0 1.3783E 00.0
0.0 0.0 1.1070E-2

50 3 ‘
2.1166E-10.0 1.5991E 00.0:
0.0 0.0 0.0

51 1

R2e57T73E~30.0 7.0489E 00.0
0.0 0e¢5528E~10.0

512

2+5T09E-50.0 8.3246E 00.0
0.0 . 0.0 ' 6.09115"1
51 3

9.8633E-40.0 1.2816E 10.0
0.0 0.0 0.0

52 1
3.1038E-30.0 1.9280E 00.0
0.0 1.3310E-20.0

52 2 ’
1.4689E-20.0 1.3797€E 00.0
0.0 0.0 1.3308E-2

52 3

1.5991E 00.0

EXT20541
EXT20542
EXT20543
EXT20544

EXT20545-

EXT20546
EXT20547
EXT20548

- EXT20549
EXT20550

EXT20551
EXT20552
EXT20553
EXT20554
EXT20555
EXT20556
EXT20557
EXT20558

. EXT20559

EXT20560
EXT20561
EXT20562
EXT20563
EXT20564
EXT20565
EXT20566
EXT20567
EXT20568

EXT20569

EXT20570

‘EXT20571

EXT20572
EXT20573
EXT20574
EXT20575

EXT20576

88



co o©

MITR11 EQUILIBRIUM ADJOINT FUNCTION

0000
1 24

0.0

0 0.0

53 1

«0 0.0 3.1243E 00.0
0 le 10795"1000 .

53 2 |
0.0 0.0 le2339E-1

53 3
0.0 0.0 0.0

54 1
2.8567TE-30.0 . 2.0758E 00.0
0.0 6¢0215E~30.0

5 2

1,290/E-20.0 La3T776E 00.0
0.0 Qe 1l+3003E~-2
54 3 :
2¢1166E~10.0 1.5991E 00.0
0.0 Va0 0.0

55 1 '
2.9237E-30.0 2.0380E 00,0
0.0 . 8.18335"30.0 ‘
55 2
" 143662E-2040 1.3785E 00.0

55 3
2.1166E-10.0 1.5991E 00.0
0.0 0.0 0.0

1

1.990E~-92.317E-T4.545E~6

1

- EXT20577

EXT20578
EXT20579
EXT20580

EXT20581

EXT20582
EXT20583
EXT20584
EXT20585

EXT20586 .

EXT20587
EXT20588
EXT20589
EXT20590

EXT20591
EXT20892

EXT20593
EXT20594

" EXT20595
TEXT20596

EXT20597
EXT20598
EXT20599
EXT20600
EXT20601
EXT20602
EXT20603
EXT20604
EXT20605
EXT20606

EXT20607
EXT20608

EXT20609
EXT20610
EXT20611
EXT20612

68¢
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APPENDIX J

PROGRAM S1

(Photoneutrons Generated Ry Photons Having

Had One and Only One Collision from 0235

Fission Products on DZO)



// *TOLGA YARMAN',CLASS=A
“/*MITID USER=(13696,59441)
/%SRI LOW

/*MALN TIME=02,LINES=10
//STEP1 EXEL FURCULU
//CSYSIN VIV S

C PRUGRAM 51
c '
C STUDY OF PHUTUNEUTRGCNS GENERATED BY PHOTONS HAVING HAD ONE AND ONLY ONE
C COLLISIUN,FRJM AN ATOM OF U235 FISSICNNING IN THE MIDDLE OF AN INFINTE MEDIUM
C OF D20(CFe. EWUATION A-22 OF APPENDIX A). ’
c :
DIMENSIUN A(5),SIGMA{5),DELTA(5),SIGD(5),SLAM(S)
C .
DATA SNOZ2UOsNLyROyEOQ/3.32E22+10+2.818E~-13,0.51/
C :
NAMELIST/IN/Ay SIGMA,DELTA,SIGD,SLAM
NAMEL IST/0uT/51
C

REAU(5, INJ
SUM2=0.
DO 500 LP=1,4
AS=A(LP)/SIGMALLP)
Ll=LP+]
. SUML=0. | A
DU 400 L=L1,5 ,
PAR=(SLAM(LI/SLAMILP) ¥ (SLAM{L)/SLAMILP) )*
1{(SLAM(LP)/SLAMIL))+(SLAM(L)/SLAM(LP) ) -1.+EQ*EO*
2((1a/EUI+(La/SLAMIL) )=(1+/SLAMILP)) )#%2)%DELTA(L)/
3(SLAMILI*SLAMIL ) )*SIGD(L)/ S IGMA(L)
SUML=SUML+P AR
400 CONTINUE
DEH=SUM1*AS ,
SUM2=SUMZ +DEH
500 CUNTINUE
S1=SUMZ2% 3. 1416% SND20%* SND2U*NZ*RO%*RO*EOQ

0001
0002
0003
0004

0005

0006
0007
0008
0009

0010

0011
0012

0013

0014

. 0015

0016
0017
0018

0019

0020
0021
0022
0023
0024

10025

0026
0027
0028
0029
0030

0031
0032

0033
0034
0035
0036

c6¢



WRITE(6o,0UT)
STOP

END
[ *
//G.SYSIN bbb =
GIN A=0.00929J+14190.0518,0.0804,0.08,
SIGMA=U004|U.U306|U0 040510.04&4,0;04481
UELTA=2-’ L-,U-ZD]O-&S,O-Z?;
SIGD=4.E~2T34e50E=2T7 13e4E-2T732.4E-2T741.2E-21
SLAMzb- '5.5!2. 815'&. 625’2.355
HEND
/%

51,

Sl
5%
S1
T
5t
Sl
S1
S1
51
51
51

0037
0038

0039
0040

0041

0042
0043
0044
0045

0046 .

0047
0048

€6C



APPENDIX K

APPROXIMATE CORRECTION FACTORS FOR THE

DELAYED NEUTRON FRACTIONS

We intended to approximate the Eq. (6-24) by applying é
neutron balance argument to the already’aVailable fifteen~-group
Exterminator-II output for MITR-II.
| The central idea of this method is to compute the ratio
of the probability 6f causing fission of a delayed néutron to
the probability of causing fission of a prompt neutron.

For this purpose neutrons born in the first six groups of
a fifteen-group.scheme are considered. These neutrons méy
~cause fission,or méy,be absorbed,or may leak out of the core,
or may scatter‘to'a lower group. The probability for these
events can be cdmputed by a balance argument. The probability
of causing fission of a neutron of group y in the core is for ins-
lpance the number ©Of fissions per sec.caused in the éore by the
neutrons of group g over the number of neutrons gained (or
lost -if the reactor is atAa steady state_critical condition-)-
per sec. in the core in groupyg. A

Thg neutrons born in group Q are followed throughout their
story until | they become thermaliégd ana the nuﬁber of
fissions caused by these neutrons isAcouhted. The ratio of
the final number of fissions caused by the neutrons borniinJ

group g - during the thermalization process - to the number of
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neutrons born in group g give the global probability of causing

fission of a neutron born in group g tthughout its entire
lifetime. . ‘ v |
This probability PFISS(g);‘g=l,’;.., 6, is‘caﬁputed for
all the six groups of neutrons'and averagedléver'the prompt‘
neutron spectrum. This yields, PRTHP,the global probabilitf of
éaﬁsing fisSiqn of a‘prompt fission neutron over a lifetime
period. | o
Assuming that the deléyed neutrons are born in the fifth
end Sigtﬁﬁenérgy group of the fifteen-group scheme} the cdr-

rection factor that we seek is then

_. PFISS(5 o
_ PFISS(6) .
CFG - TPRTHP '’ (K-2)

where j refers to the jth delayed group.
The details of the.calculations can be followed from the
code written for this ‘purpose (cf. Appendix L).

PFIsS{(g), g =1, ..., 6,is shown in Table K-1l.
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Table K-l PF:SS (g) ? g=l, s o e ’6

g - PFISS(g)

10.30629
0.40506
0.50895
0.57297
0.65779

- 0.70902

N wn L3 w N g

PRTHP is found to be 0.45959

To cross check this result the eigenvalue of the reactor'
may be computed by simply multiplying PRTﬁP by v, the average
number of neutrons generated through the fission. If this is
done a discrepancy of about 8% is found as compared to the
eigenvalue given in the relevant Exterminator-II output. It is
believed, this is due to the bad convergence of the fluxes.

Nevertheless it is anticipated that an error of the same
order of magnitude may be introduced in each of the proba-
bilities PFISS(g)'s. In this case CF_'s would not be affeéted

J ,

by the fact that we had to work with badly converged fluxes.



APPENDIX L

PROGRAM BTCR

(Like BETA - Delayed Neutron Fractions -
Correction Factor)

e



// '"TOLGA YARMAN',REGICN=12€EK,CLASS=A
/AMITIC USER=(MB6EGEyS441)

/% SRI LOW

/¥VMAIN LINES=204CARDS=00,TIME=5
//STEP1 EXEC FURCGC

//Ce SYSIN CD =

e Xz XsXeKaX2Xs Xal

FROGRAM EBTCR

THIS PROGRAM COMPUTES THE RATIGC OF THE PRCBABILITY OF A CELAYEC NEUTRCN(BURN
WITHIN THE STE OR 6TH GRCLP OF THE 1E5-GRUOUP SCHEME) TCQ CAUSE FISSICN,TO THE
FRGBABILITY OF A FISSICN MEUTRON TO CAUSE FISSSUNCTHIS RATIU WILL BE USED AS A
CORRECTICN FACTOR FUR THE DELAYED NEUTRON FRACTICANS IN FEW GFOUUP SCHEME WHERE

FRUNFT AND CELAYED NEUTRCMNS ARE BURN WITHIN THE SAME -FAST- GRCUP

COMMON/P/PSTI(15,426)
CCMMON/ A/ ALEAKL(L15)9£LEAK2{15)y ALEAK3(15),STLT(15)
COMMON/ABS/AESP(15)
COMMIN/S/SCAT(15425515)
COMMCN/ABC/ZAESPC(15,7)
COMMCON/FC/FISSC(15,7)
CCMMUN/STC/STINC(15,47)
COMMON/GTC/OTSTCIL5,7)
COMMON/KB/KHIF(15) 4BETA( &)
COMMCN/SR/SRCEL(LS)
- CCMMCON/URTAK1/ALEAK(12)4PLRC :
CUMMLN/URTAKZIPF(IS)'PLCR(14l,PSR(14v15)'PSC(14715)
CCMMON/MSTULY/MFSRT o LLL yMH(14) 9 KKK

CIMENS IUN 50(6)15116)'52(6)o53(6)154(6)155(6),56(6)157(6),58(3)9
159(6)9510(5) »S1114)981213)9S13(2)sS{ 6915)9CL€)ySTEIED)9FIS(6)4PF1S

este)
CAL KHIF

EQUIVALENCE ( MH(L)oMEL) o (MH(2)yMH2) 4 (MH(3),MK2)y (MH{4)yMHE)y

1(MH(S) yMH5) o (MHU6) ¢ MEE) 9 (MHUT) yMET) 5 (MH(E) yMHB) 9 (MH(F) 9 MFT ),

- BTCRO001

BTCRO002
BTCRQQGC3
BTCRO004

BTCROOOS:

BTCR0OOO0S
BTCROQQT

BTCROQOS8
8TCR 0009

BTCROO10

BTCRCO11
BTCROO12
BTCRQOO13

BTCRO0O14

BTCROO15
BTCRQO16
BTCR0OO17
BTCRQOO18

. BTCRCO159

BTCR0O020
BTCROO21
BTCROOZ2
BTCRO023
BTCR(CO0Z4
BTCROUZS
BTCROO026
BTCROO0Z7
BTCROOZ28
BTCRO029
BTCR0020

"BTCR(GO031

BTCRG032
BTCR0033
BTCROO34

BTCRQO035

BTCROO36

N .

86



ZIMH(10)9"H10):(MH(11)9MH11)9(MH(lZ)oMHlZ)n(MH(lB),MH13),(MH(14)1

3MH14)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQU IVALENCE
EQUIVALENCE
. EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCEe
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(S0(1)9S{1,1))
(S1(1),S(1,2))
{S2(1)4+8(1,3))
(S3(1)4+S(1,4))
(S4(1)45(1,45))
{(S5(1)9S(1,y6))
(S6(1)4S(1,7))
(S7(1)4+S(1,8))
(S81(1)+,5(1,9))
(S9(1)+8(1,10))
(S1C(1)48(1,511))
(S11{(11),S8(1,12))
(512(1),8(1,13))
{S13(1)5£(1,14))
(S14,5(1,415))

NAMELIST /70UTK/KKK
NAMELIST/CUTSTH/STH
NAMELIST/JUTS0/S0
-NAMELIST/CUTEL/S]
NAMELIST/CUTS2/82
NAMELIST/CUTS3/83
MAMELIST/0UT $4/ 54
NAMELIST/CUTES5/S85
NAMELIST/QUTS6/356
NAMELIST/CUTST/ST

" NAMELIST/0UTS8/S8
NAMELIST /CUTS9/S9
NAMELIST/0UTES10/S510
NAMELIST/CGUTSL1/S811
MNAMELIST/0UTS12/S12
NAMELIST/CUTE13/S513
NAMELIST/JUTS14/514

- BTCRO037

BTCRCO38
BTCR0039
BTCR0O040

BTCROO41-

8TCRO042
BTCROO043
BTCRQ044
BTCROO45

BTCRCO46

BTCROO047
BTCRQO48
8TCRO049
BTCROOS0
BTCRQOQO51
BTCRGOZ52
BTCRO0O53

BTCRCO54 -
. BTCRQOO55

BTCRQO56
BTCROOE7
BTCROO58

- BTCROO59

BTCROO€0
BTCROO61
BTCRQOE2
BTCROOE3

. BTCROOG4

BTCRO0&5
BTCROO06&6

" BTCROQ&7?

BTYCRO0O&8
BTCRO069
BTCRQO70
BTCROO71
BTCROO72

N

66



_nhnnnnnﬁnononnon

ALEA
SOUT
ABSP

SCAT (MG MC oy MF)
GRGUF MH IN CUMPCSITION MC

s CESCRIBES THE FISSICN SPECTRUN

FCeECsl CURRESPCNCS TU MATERIEL 1,2 TO 3,3 TC 494 T0 545 TU €é,6 T0 12

KHIF

CF 1

NAMELIST/CUTF/F1S
NAMELIST/CUTFFS/PFISE
MANMELIST/OPRTHP/PRTHP
MAMELIST/CUTCL/CL
MMELIST/0UTC2/C2
MMELIST/CUTE/ BETA

K{I) 3 NUMBER OF NeUTRONS THAT LEAK CGUT FROM GRCUP I/SEC

(I} 3 NUMBER CF NEUTFINS THAT SCATTER OUT FROM GROUP I/SEC

(I) 3 NUMBER UF NEUTRCNS THAT ARE ABSURBED IN GRCUF I/SEC

3 MACRUSCCFIC SCATTER ING CRUSS SECTION FROM GRUUP MG INTG

HE CCRE

27 TG 14

£BSPC(I4MC);ABSCRPTS /SEC,IN MATERIEL MC OF THE CCRE,CF NEUTRCNS OF GROUFP I

FISSC(I4MC)SFISSICNS/SEC CAUSED BY NEUTRCNS CF GROUP I IN MATeRIEL MC

STINC(Io¥MC)3NUMBER OF NELTRONS SCATTERED IN GROUF I/SEC WITHIN TFE MATERIEL

"MC CF THE CURE

CTSTC(I,MC); NUMBER OF NELTRONS SCATTERED CUT GF GRCUP I/SEC WITHIN THE

MATERI&L MC CF THE CORE

80

KKK=C

[3 80 I=1,15
ALEAK(I) =ALEAKL (1) +ALEAKZ (1) +ALEAK3 (1)

CALL PROEB

€93

MF=5

C3d 300 I=1,6
IF (KKKelLTs 1€0000000C) GG TO 893
WRITE(69CGUTK)

KKK=Q
CONTINUE
SRT=0.
SUM1=Q,

- BTCR0073

BTCRO074
BTCROO75
BTCROO76

BTCROO77"

BTCRC078
BTCRCO79
BTCR0080
BTCROO81

BTCR0082

BTCRQO043
BTCRCO84
BTCRQUO&5
BTCROQO86
BTCRQOQ&7
BTCROOBS
BTCRCO89
BTCRO090

BTCROO91

BTCROQ0SG2
BTCR0OOS3
BTCRCOS4
BTCR(OOS5
BTCROO 36
BTCRCOS7
BTCROO98
BTCROOSS
BTCRO100
BTCRO101
BTCRQOLl02

‘BTCRO103

BTCROLO4
BTCROLO5

" BTCRO106

BTCRO107
BTCRO108

w
Q
o



OO0 DODOOo OO0 6000

SUM2=0, " BTCRO109
SUM3=0, BTCROL10
SUM4 =0, BTCRQ111
SUM5=0., BTCROL112
SUM6=0, BTCROL13
SUMT=Q, BTCROL14
SUM8=0, BTCROL115
SUMS=0, BTCRO116
SUM10=0. BTCRO117
SUM11=0, BTCROL18"
. SUM12=0. BTCRO119
SUM112=0. BTCRO120
SUM14=0. BTCRGOLZ1
! BTCRO122
YET NO COLLISION FOR NEUTRONS BORN IN ENERGY GROUP I THAT WOLLD SCATTER . BTCRO123
THEM INTC A LCWER ENERCGY CRGUP; ~ BTCRCLZ4
BTCRO125
SCO=SRCE(I) ‘. BTCRO126
| , , : . BTCRO127
WE ARE INTERESTEC IN THESE NEUTRONS EITHER CAUSING FISSICN, A BTCRO128
| . . BTCRO149
SUMC=SCO*PF (1) | BTCRO120
. 4 ~ BTCROL31
CR LEAKING UUT OF THE CGFE AND CGNTINUING FRCM THRERE UGN, , | BTCRO132
: - | BTCRO133
SRO=SCO*PLCR (1) S : BTCRO134
BTCRO135
OR SCATTER ING(THAT MAY HAFPEN IN THE CORE GF IN THE REFLECTGF)-FIRST CGLLISISN BTCRO136
IN I- INTG A LUWER ENERGY GRGUP MH1, AND CONT INUING FROM THERE ONe | BTCROL37
BTCR0128
I1=1+1 ~ -BTCRO139
IF =1 +MF BTCRC140
CO 200 MH1=I1,IF : BTCROL41
SC1=SCO*PSC (I, MH1) . ' BTCRO142
SUM1=SUM1+SC1¥*PF(MHL) BTCRO143

) BTCROl44 W

10
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Lo T T o

OO0

THE REFLECTOR SCURCE OF CROUP MHLl IS FED BY MEUTRCNS OF GRGUF MH1 LEAKING
FROM THE CORE ANC NEUTRCMNS SCATTERING (IN THE REFLECTCR) INTC MH1 FRCM UFPPER
CROUPSoFCWEVER IF MHl CURRESPUNDS TQ THE THERMAL GROUP(WHICH IS NOT TRUE AT
THIS LEVEL EVEN IF I WERE 6 AND THERE WERE SCATTERING TGO FIVE LUWER CROUPS;
NEVERTHELESS WE WILL PERSULE THE THOUGHT TG INITIATE THE CHAIN GF REASCNING)
THERE WILL BE NC LEAKAGE CUT UF THE COREsAND THERE WILL BE UNE FRUM LLTSIDE
CF THE CURE INTC THE CURE FUOR WHICH WE BUILC UP THE THERMAL

REFLECTOR SOURCE TERM SRT.

IF (MH1.EQelf) GU TO &

- SR1=SC1*PLCR(MF1)+SRCAPSR{IyMH1)
GU TC 6

5 SRT=SRT+SRO%PSR(I,MHK1)

IF WE CCUNT UN THE SECUNC CCLLISICN TO BRING THE NEUTRCN TO THE 15TH
CROUP (THE GREATEST)sMH1(WHERE THE SECOND CGLLISICMN WILL EVENTUALLY
CCCUR) CAN NCT BE BIGER TFAN 14 (HERE AGAIN,WFILE MH1 IS NEVER GREATER
THAN 14,WE WANT 10 INITIATE THE CHAIN OF REASCNING ).

6 IF(MHL.GTs14)
MH1B=MH1+1
MH1F=MH1 +MF
CC 200 MH2=MF1B,MHLF

GC Te¢ 2C0

SECCND COLLISICN IN MH1,STUDY OF MH2

CALL STUDY(SCLySR1ySCZsSR2ySUM2y2,MH21,MH2F)
IF (LLLsEQ.0) GO TC 20
CO 200 MH3=MF21,MH2F

AND SO CA

CALL STUCY(SC24SR2,SC2,SR3,SUM3, 2,MH31,MF3F)

IF (LLLeEQe Q) GG TC 2(C
CO 200 MF4=Mk31,MH3F

BTCRO145
BTCRO146
BTCRO147
BTCRO148

BTCRO14S

BTCROL150
BTCRO151
BTCRO152

BTCRO153

BTCROL154
BTCROL55
BTCRO15¢6
BTCRO157
BTCROL53
BTCRO12S
BTCRO160
BTCRO161
BTCRQ1é&2

- BTCRO163

BTCROLé4
BTCRO165
BTCROL66
BTCROL1é&7
BTCRO168
BTCROLé&S
BTCRO170
BTCRO171
BTCRGCL72
BTCRO173
BTCRO174

BTCRQO175

BTCRO176
BTCROLT7
BTCRO178
BTCROLTS
BTCROLE0

w
o
N
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COoO0nO0 o

CALL STUDY( SC39SR39SC49SR49SUMS 944 MHSGL g ME4F) - BTCRO1E1

IF (LLL.EGQ.O0) GO TO 2(OQ BTCRO182

CO 200 MH5=MF41,MH4F BTCRO1&3

_ BTCROL184

CALL STUCY(SC4,SR%4ySCEZ9ySR59SUMSy 5yMH514MH5F) - BTCROlu> -

IF (LLL.2Qe0) GO TG 2CO BTCROLES

LJ 200 MEE=MES14MHSF BTCROL&87

BTCR(O188

CALL STUDY(SC5,SR5,SC€ySR6ySUNMEy6E4MHEL 9 MREF) BTCRO1E9

IF (LLL.EC.0) GU TO z(Q BTCRO190"

. CO 200 MRT=MF&1 ¢MHGF BTCRQOLGL

BYCKOi92

CALL STULCY(SC63SR6EsSCT9SRT9SUMT s T9yMHTL4MHTF) BTCROLS3

IF (LLLeCCeQ) GG TG 2zCO BTCRO1S4

CO 2C0 MHE=MHTLlyMHTF BTCROL1SGS

BTCRCLSE

CALL STUDY(SC74SR7,SCE,SR8ySUVM8B,y8,4MHEBL 4 MHEF) BTCRO1S7

IF (LLL.EC.O0) GO TU Z(C . BTCRO198

CQO 2C0 MHS=VMF81 ¢4MHSF . BTCRQO199

BTCR0O200

CALL STUCY(S(84SR8,SCSySRIHSUMT, SyMHSLsMFSF) BTCROZ2C1

BTCRO2U2

EVEN IF THE NEUTRON HAS BEEN SCATTERED ALWAYS TO THE CLUSEST GRUUP STARTING BTCRO203

FROM THE 6TH GRULP AFTER ¢ COLLISIONS IT WOULD BE MNOW AT THE 15 TH GRCUP3 ETCRO204%

THEN WE KEEP IT ASICE. BTCRO205

' : BTCR020é

IF((IeEQe€E)oCRef{LLLeEC.C)) GC TG 200 : BTCRO207

DU 200 MH10=MHI9Ll,MFSF ‘ BTCRC208

' BTCRO2QS

CALL STUDY(SC9,SR9y $C10,SR10,5UM10,10,MHLIOL,MH1OF) BTCRO210

IF((IsEQe5) s LRe(LLLaECLO)) GO TO 200 ' -BTCRCZ211

DO 200 MH11=MH101,MH1(F . BTCRO212

: BTCROZ213

CALL STUCY(SCL104SR10,SC11ySR119SUMLL 411, MH1L1,MH11F) ' BTCRO214

IF{(1sEQe4)eCRellLLLotCe0)) GO TG 200 | BTCROZ215
LU 200 MF12=MH111l,MHI11F BTCRO216 o

w



200

300

CALL STUDY(SCLL,SR11,SCL2sSR12,SUML2,12,FH121,NH12F)
IF((IeEQe3)eCRe(LLLoECeO}) GO TO 200
0O 200 MH13=MH121,MH1ZF

CALL STULY(SCL24SR129SC139SR13,SLM13,13,FH131,MH13F)
IF((IeEQe2)aCRe(LLL.ECSO)) GO TO 200
CO 2C0 MF14=MH131,MHI1ZF

CALL STUDY(SC13,SR13,8CL4sSR14sSUMLA 414 MH14L,MH14E)
CONT INUE

STH(I)=SRT

SO(I)=SUrO

SLUI)=SUMI1

S2(1)=5UnN2

$3(1)=5UM3

S4 (1)=SUNM4

S5(1)=SUM5

S6( 1)=SUMé

ST(1)=SUMT7

S8({I1)=SUME

S9(11=SUMS

IF (I.EQe6) GO TO 300
S10(1)=SUM10

IF (I.EQ.5) €O TO 300
S11(1)=SLM11

IF (I.EQe4) €U TO 306
S12(1)=SUM 2

IF (I.EQ.3) GO TO 30C
S13(1)=SUM13

IF (I.EQe2) €O TO 300
S14=5UM14

CONT INUE ,
WRITE(&,CLTK)
WRITE(6,0UTSTH)
WRITE(6,CUTSO)

BTCROZ217
BTCR0O218
BTCRO219
BTCRQ220

BTCRO221
BTCROZ22 -

BTCRQ223
BTCRO224
BTCRQOZZS

BTCRO226

BTCRO227
8TCR(O228

BTCRO229

BTCRO230
BTCR0O231
BTCRO232
BTCRO0Z33
BTCRO234

. BTCRO235

BTCR(Q236
BTCRQ237
BTCRO238

- BTCRQ239

BTCR0O240
BTCROZ41
BTCRO242
BTCROZ243
BTCRCZ244
BTCRO245
BTCRO246

‘BTCRO247

BTCR0O248
BTCRQO249
BTCRQ2E0

BTCROZ251
BTCRC2E2

W
o
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WRITE( 6y CUTS1)
WRITE(6,0UTS2)
WRITE(6,CUTS2)
WRITE( &y CUTS4)
WRITE(6,CUTSE)
WRITE(6, CUTSE)
WRITE(6,CLTST)
WRITE(6,LUTS8)
WRITE{6,CLTSC)
WRITE(6,CUTS10)

. WRITE(6,CUTSIL)
WRITE(&,CUTS12)
WRITE(6,CUTS13)
WRITE(69CLTS14)

TOTAL NUMBER CF NEUTRCNS THAT STARTEL UP IN CROUP I(lelEeleLEsé)

AND CAUSE EVENTUALLY FISSICN

CC 500 I=1,6

KCR=17~-1

SUM=Q.

Co 4C0O K=ly15 :

IF (KeGESKCR) GO TO 4(0
SUM=SUM+S (I 4k)

400 CONTINUE

FIS(I)= SUM*STH(I)*PLRC*PF(IS)
500 CONTINUE
WRITE(6,CUTF)

THE FRCBABILITY THAT A NELTRCN BORN
FISS ION

CO 510 I=1y6
510 PFISS(I)= FIS(I)/SRCE(I)
WRITE(69CUTPFS)

IN GROUP 'I GIVES EVENTUALLY RISE TO A

- BTCR0253

BTCRO254
BTCRG255
BTCRO256

BTCRO257 -

BTCRO258
BTCRO259
BTCRO260
BTCRO261

BTCRO262

BTCRQZéE3
BTCRQO264

BTCR0265

BTCRO26¢6
BTCRO267
BTCRC268
BTCRQ2¢6
BTCRO270

" BTCRC271

BTCRO272
8TCRO273
BTCRO274

- BTCRO275

BTCRO276
BTCRO277
BTCRO276
BTCRC27S
BTCRO280
BTCROZ81
BTCRO282

‘BTCRO283

BTCROZ2E4
BTCR0O285
BTCRO286

BTCRO2&7

BTCRO288

w

S0
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OO0

NEUTRUNS IN THIS SCHEME ARE SUPPSED TU BE BURN IN SIX ENERGY GRUUPS AND
hE

520

THE CORRECTICN FACTUR WE #RE SEEKING FOR THE FRACTIGN.EF DELAYED NEUTRCNS

CF-

66

THE

WANT TU AVERAGE THE AECVE PROBABILITY CVER THE FISSIUN SPECTRUM;

FRTERF=0.

Co 520 I=1,6
FRTHP=PRTHP+PFISS(I)#KKIF(I)
WRITE(69CFRTEP)

TNE NTH GRUUP(TINE WISE) IS FINALLY;

" Cl=PFISS(5)/PRTKP

C2=PFISS(4) /FRTHP
WRITE( &,GUTC1)
WRITE(6,CUTC2)
clli=Cl

[0 66 M=2,6
C(M)=C2

CORRECTEL BETA VALUES ARE THEN
€0 580 N=1,¢

CBETA(N)I=BETA(NI*C(N)
WRITE(6,CLTB)

. STQP

END
BLCCK DATA

COMMON/P/ PSIL(15)4PS12(15)yPSI3(15)4PSI4(15)4PSIS(15),PS1€(15),
1PSIT7(15)4PSIE(L15),PSIS(15),PSI10(15),PSI12(15),PSI12(15)4PSI13(15
2),PSI14(15) 4FSI15(15),P5116(15),PSILT7(15),PSI1E(15),PSILS(15),

-~ ZPSI2C(15)4PSI21(15)4FS122(15)4PS123(15),F5124(15),PS125(15),FS126

4(15)4PSI27(1E5)4PSI28(15),PSI29(1E)
COGMMCN/A/ ALEAKL(15)9ALEAK2UL15), ALEAK3(15),SCUT(15)
COMMCIN/ABS/AESP(15)
COMMIN/S/ SCATL(15+25)95CAT2(15+29)9SCAT2(15425)+SCAT4(15,29),

BTCRO289
BTCRGZS0
BTCRO291

"BTCR0292
BTCR0293

BTCRO254
BTCRC265
BTCROZ2G¢
BTCRO297

BTCR(C298

BTCRO299
BTCR0300
BTCR0301
BTCR0302
BTCRO303
BTCRO304
BTCR0305
BTCRO306

. BTCRQO3Q7

BTCRO308
BTCRO309
BTCRO310
BTCRO311
BTCRO312
BTCRO313
BTCRGC314
BTCRO315
BTCRO316
BTCRO317
BTCRO318

"BTCRO319

BTCRO320
BTCRO321
BTCR(O322
BTCR0323
BTCRO324

W
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oo

¢SCAT5(154929) ySCATOo(15429)4SCATT(15929)+SCATE8(15529)9SCATS(15929)
3SCATI10(15,29)9SCAT11(15,2G6) 3 SCAT12(15+29),SCAT13(15,
429)9SCAT14(15,29),5CAT15(15,29)
CJMMuN/ABC/AESPCl(lblsABSPCZ(l5)sABSPC3(15)1AESPC4(15),AESPC5(15ly
12BSPC6(15), AESPCT(15)

COMMON/FC/FISSCL(15) ,FISSC2(15), FISSC3(15), FISSC4(15];FISSC5(151,
IFISSCO(15),FISSCT(1E)

CUMMCN/STC/STINCLU15)sSTINC2(15) 9STINC3(15)ySTINC4(15),STINC5(15),
1STINC6(L15)y STINCT(LS)

COMMUN/OUTC/UTSTCL(15),4,CTSTC2(15) yUTSTC3(15),CTSTC4(L5),CTSTC5(15),
1CTSTCS5(L5), CTSTCT(15)

COMMUN/KB/KHIF(15),BETA(6)

COMMON/SR/SRCE(15)

REAL KHIF

AVERAGE FLUX IN MATERIEL MUMBEREC 1 FCR 15 GFOUPS

CATA PSI1/1.00737E13+2423071E13 118219E13,1.768€62E13,
116 78534E13y1425523E13245469910E1298669193E12,8¢347T72E12,

25054323E12y 4¢8TSTIE 12954 CTTB88EL2+4e 51213612434 58555E12,
33,05949E13/

=£VER£GE FLUX IN MATERIEL MUMBERED 2 FUR 15 GRUUPS

CATA PSI2/Te13232E11491.€268TEL1297077294E1191e1E5G96E12,
116305026129 1400939E1248429590E114780256E1197eE5932E11y5449627EL1,
250 00281E1195e3465TE1144¢83793E11 93094693E11y1eC5225E13/

S0 CN
DATA PSI3/1e27551E13,2.85790E13y 1454£29E12,242591GE13,

126 3E8€25E1391.69370451241.30778E1341,17095€13,1.121861E13,
270443064E 129 €452520E12160 TE325E12 950 S8542E12944748S1E12,

- 33.85021€E13/

BTCRC3e5
BTCRO326
BTCRO327
BTCRO328

BTCRO329 -

BTCRQO320
BTCRO331
BTCRO332
BTCRO323

BTCRO334

BTCRO335
BTCR0336
BTCRO337
BTCR0338
BTCRO339
BTCRO340
BTCRO341
BTCRO342

' BTCRO343

BTCRO344
BTCRO345
BTCRQO346
BTCRO347
BTCRO348

BTCRO349

BTCRO350
BTCRO351
BTCRO352
BTCRO353
BTCRC354

‘BTCRO355

BTCRO356
BTCRO357
BTCRO358
BTCRO359

BTCRO360 &

~



CATA PSI4/1671227c13+20456525E1342005659E1343.16724€13,
13024365E13924314TSEL1291478172E13,1458380E13, 1449€£65E13,9474154E12,
2€641C21E12y Ee58567E12 17450303612 +5484070E12+2468752E13/

DATA PSI5/1445549E1342025063E13,1.68575£13,2654005E13,42,£0652E13,
116 85560E139 1642987E12+1027317E13 112056 TE13476£64387TE1296T8T69EL2,
2€e¢95031E12,y€408568E1294475007E1242416455E13/

CATA PSI6/5e€80S851292421733E129101465561391e72905E1391075745E13,
11422013E13,y5+39882E12+8439353£12,8.03255E12,45.20221E12,
€40 €51T78E 1294082862612 14027T03E12434345948E1292417280£13/

CATA PSIT/1e51137£11,2406827EL191e343408119264738¢E11,
12, 05S956kE11, 5. 4‘318L1155.28815E11e).26329E11,5 445021193 .93885E11,
230 66STEELL94e08846E1193e79416E11,3.52016E11, 2.€2642£13/

CATA PSIE/1e20144E13 92084534E13,1.50217E13,243€6870EL3,
12,40741E1391e73901E12,41433255c13,1018453E13,1012134E13,7¢36938E12,
¢€e 25423E 129 6048740812154 E8TO64EL2 y4e41452E12,2424688E13/

DATA PSIS/1450146E1292e58446E12,1e7T7T785E12924732737E12,
13.05101E12y 2. 39223&14:1.9%321&12v1-80674E12r1 16625E124117805E12,
21606€44E127113439E1291000258E12496622561E11, 2450012811/

CATA PSI10/1e56417EL12,3,60170E1341s85488E13,2,83327E13,
12091852E1392408403E1241461003E13,1.43636E13y 1.36231E13,8.86824E12,
€70 €SE0SEL2y) TeB80B0C12Z 16489826812 95e35424E1242467552E13/

CATA PSI11/4465987L1241407289E1395455235E12,8448465E12,
156 05€601E12y 6063210512 95425852E12 940 85433E129407432CE12,3.19684E12,
22.85435:12,3.00461t1¢,2 67725c1292403224E12y 16S244€213/

CATA PSIlZ/2.44550512g5.57977E12’2.6617€E12p4o24124E12:
15,48C36C12y 446704212924 T7136201293s4T1ETE12y 204054€E12,2441814E12,
2¢e20282E1292e3€435E61212413292E12 410 74126t12,5.40822t13/

BTCRO3¢1
BTCRO3¢2
BTCRO3¢3
BTCRO3 64

BTCRO3¢&5:

BTCRO366
BTCRO3&7
BTCRO3¢8
BTCRQO369
BTCRO370
BTCRO371
BTCRO372
BTCRQ03173
BTCrO374
BTCRO375
BTCRO376
8TCRO377
BTCRQ378

. BTCR0O379

ETCRO380
BTCRQ3¢&l
BTCRO332
BTCRO383
B8TCRO384
BTCRO385
BTCRQO3E6
BTCRO387
BTCRO3&38
BTCRQ3EY
BTCR0O390

"BTCRO3951

BTCRO3g2
BTCRQO3S83
BTCRO3S4
BTCRQO3G5
BTCRO350

8CE€E

]



CATA PSI13/6693262E1291463319E13,48421708E12y 16 27142E13,1432311E13,
160 £6526E129 7Te56880E1216082197TE1296e49332E1294022544E1293467926E12,
23479062E129 3431885E12+24 25604E12+7404385E12/

CATA PSI14/5651701E1291e26775E13 96e30738E1295452943E12,
1Ga68196E129 Te09271C1295e52900E1294eGT67T9E129401631€c12y
234 12083E1292472414E1212081461E12+92448035E12y 10E9556E14,
37.84C37€E12/

CATA P3I115/2483552E5 15453223E9+9241415E992485601E9, '
18645488EGy1e19461E1091451236E109 1696665610920 5E6C2EL0924 16769E10,
224255892109 2e84095510192+450990E109270993E10955461€EE12/

CATA PSI16/2e551GTELyEeB8ESS2EE1346T056EB916e17273EE, ,
116 10616EG91e46164EG91608106E992008975EF92665010E992e2L534E9,
22033C0ES920EGEEBES 925G T6TEG 924 1395565+2415733C12/

DATA PSI17/2e38627TE12,5021565E1292438901E129350725E12,
15061735E1294eT0552E 12930 S3748E1213066121E12934€5511E1292457785E12,
224358T0E1292455382¢1212e32249E1292001416E1295441501213/

DATA PSI18/9e9SS61EG92e2GTLTELQy BeTF224E591e 2CETTELD,
11,48G67651Cy1e15969E1091002758E1091400958E1091006745E109779902E9
2703635TES91Be 15255E Gy 1e€1416EG164 21105EG93468421E11/

CATA PSI15/44696802E1C 16 07163E11 14426929E10,6439392E10,
176 26767E109 5¢90273E1€+50403304E1094052060E1095015745E1093.72584E1Cy
230 495TTEL1093484597£10+245617411092488146E10y 1e76375E12/

CATA PS120/2.92986E12,é.48734E12y3.10695512}4.835356129
15, 8€8415C1214a82543c1214009801E12+93492453E12940C00821E1292484567TE12,
220 E1498E1292482121E12+20 57460012 92015G52E1296482265E13/

CATA PSIZI/Z.?QZ?ZEIZ16.41947E1203015487E12p4.93465212’ .
14093372E 12y 4476330812936 96308E12193e 7256CE12934,73572E1292459872E12y
22035688B6E1292e51551£12,2426435c1291e481786E1294046644E13/

BTCRO397
BTCR0358
BTCR0399
BTCRO4CQ

BTCRO401:

BTCRO402

BTCRO403

BTCR0404
BTCRQ405

BTCRO400

BTCRO407
BTCRO4(8
BTCRO409
BTCRO410
BTCRO411
BTCRO412
BTCRC413
BTCRO414
BTCRO%415
BTCRO416
BTCRO417
BTCRO418

- BTCRO419

BTCRO420
BTCRO421
BTCRO422
BTCRO423

BTCRC424

BTCRO425
BTCRO426

- BTCRO427

BTCRO428

BTCRO429

BTCRO4320
BTCRO431
BTCR0432

w
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CATA PSI22/15%04/

CATA PSI23/74304C0E1C,1e59244E1L +6433609E10,1400316E11,
11.33994E11y 1e17226E1191eC5928E1191.07670E11910 10864E11,8471505E1C,
2€433665E1095+36818E1€1848694TELD97466278E10,8454001E12/

CATA PSIZ#/O.57385E1291.40396&1397.3&030E12y1.12006513;
114 15848E1399e05311E12+703486E129€e83381E1296680922E12946172257E12,
24425575612y 4e50T7T7T0E12+4005123E12+3432159E1297e32432E13/

" DATA PSI25/5479924E1191e 14494E12 44082339E1Lly Se10516Ell,
11693840812y 2404278E12+1050154E1291482453E129146384CE1291431154E12,
216 21184E1291e34153E1241e23831E1291414720E12984£776CEL3/

CATA PSI26/1+9067T6E1193445018E11914427CGE11y2,8885CE11,
1764G6514E1199e43641E1145088051E11+1601437E129106275£12+9774108E11,
27e24443E11,8412987E11, 7.58574&1197.1‘832E11g7.18332E13/

DATA PSI27/5.44443E1C5002989E10+3, 67989E1017.64669510:
126 22783E11y3426632E1193.E68721E1194e35476E11944¢53ECE11,3, 77230E119
224 €4096c1194420310€11,4001508E11+3485550E11y56444372E13/

CATA PSIZB/I.09570510a1.73024E10v6.98252E9,1.44094E10’

. 144 28526E1Cy)6e84570E10 986999378 10;1.12109E11,1.3331&t11,1.120205119

21e13418E1191e36955E11916361T1EL1191633562E11+93,27573213/

CATA PS129/442173458,1483346E9,7e75283E8,1.30822E6,
120 2B€54E G920 ST0€C4EG 12350406 94¢ C892TEF 9540852189 140206709,
24439 746E9595e45074E59 £463666E99 50 1651€EGy24584¢2c12/

OVERALL TOP LEAKAGE FGR 1% GRUUPS

CATA ALEAKL/14889440E13,3,153295E13,54587261E12y64€4553GE12,
150 600768E129 2023459 1292e337S79E12926154750E12+241¢€9184E12,
21.524452E12,1.466040&12,1.650620&12,1.475029E12'90392717Ello

BTCRO433
BTCRO434
BTCRQO435
BTCRO436

BTCRO43T7:

BTCRO438
BTCRQO439
BTCRO%+40Q
BTCRO441

BTCRO442

BTCRO443
BTCRO444
BTCRO445

BTCRO446

BTCRO447

BTCRO448
BTCRO449

BTCRO450

. BTCRC451

BTCR0452
BTCRO453
BTCRO454
BTCRO455
BTCR0456
BTCR0457
BTCR0O458
BTCRC459

BTCRO4¢0

BTCRO461

BTCRO462

“BTCRO463

BTCRO464
BTCRO465
BTCRO466
BTCRO467
BTCRO468

W
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C

3% £24966E14/

C
C CVERALL RIHGT LEAKACGE FOR 15 GRJUPS
c : ‘

CATA ALEAK2/4e552575E11934632165E12+1e401S874EL2+1368641E12,
11.947569E12424153000E12924277313E1292.747096E129 3422578914,
2205€1373k12924579727E12934016094E12934026231E12,24669834E12,
35.464075E15/ ‘

c :
C CVERALL BOTTCM LEAKAGE FCR 15 GROUPS
C

DATA ALEAK3/ 14221 791E12941e807827EL12+4e596729E1197703967ELL,
11499357E129 344854 TTEL1C1446T6534E129642C0280E129842581115E12,
274072027812 472518418E12994545074E1299946090E1280713511E12,
3G, 251814E15/

C
C GVERALL ABSORPTICN FOR 15 CRGOUPS
C
CATA ABSP/1.88522E1591e4662308E159943€66616E14y1e451446€E15,
11 855078E159 16 ST8965E15124041348E1593,102764E15960£€13305E15,
216020215E16980413368E159) 7 6T3170E1596026CE98EL5914(C51310E16,
34 17€038E17/ ’
COVERALL SCATTERING OUT FUR 15 GROUPS
C : .
CATA SOUT/TeS52307EL1€41e86T122E1791e56632322E17924434807EL17,
136155958E17 134362153 E17934297101E17934235534E1793183894E17,
2o €11682E1T9205C5562E17 920581691 E1792e43380TEL17926187724E17,
30e/
c

C MACRCSCOPIC SCATIERING CRCSS SECTIONS FRUM GRCOUP 1 INTC FIFTEEN GROUPS FOR
C 29 MATERIELS
c :
CATA SCAT1/435%0./
¢ ,
CATA SCAT2/5406E~2y 14%0e 94e93E~-2y 14%0¢ 95.16E=2y 14%04944S1E~2,

- BTCRO0469

BTCR0470
BTCRO471
BTCR0472

BTCRO473-
BTCRC474 -

BTCRQ475
BTCRO%76
BTCRO477

BTCRO478

BTCRC47S
BTCRO480
BTCRO481

BTCRO482

BTCR0483
BTCRO464
BTCR0O485
BTCRO486

. BTCR0O487

BTCRQO448
BTCRO489
BTCRO4S0
BTCRO491
BTCRO492
BTCRO4S93
BTCRO4S4
BTCRO455

BTCRO4S6 .

BTCRO4S7
BTCRC4S8

"BTCRO493

BTCRO500
BTCRO501
BTCRO502
BTCRO>03
BTCRO504

W
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114% Qe 9%e ECE~ 29 14%00 9 £ CEE~29 14% 00 140 S6E~2914%00 42431 E-3, . , - BTCRO505

214400920 8TE=2914%006 93e3TE~2914%0093437E=2,14%0e93¢37E~2, , BTCRO506
214%00940 S1E~2914% 00 14e80E~2914%00+40S3E~2114%009429E~2, BTCRO507
414%0094023E~2914%00 9 £e55E-29 14%0e96033E~2914%(Ce96455E-2, : BTCRO508
514‘3‘00 060 55.&"20 14*0:,15*0.960245‘2114*0096:23&“2, ‘ BTCRCSCQ’
€14%0094%0 SEE~ 29 14% 00 140S6E=2914% 00 14e SOE~2 ‘ : BTCRO510
T14%009 40 SEE~29 1450494 429E=2y 14404/ BTCRO511
; : BTCRO512
CATA SCAT3/1e13E~2934€3E=2913%04 911e0SE~293642GE-2913%06 91 el6E~2, BTCRO513
136 73E-2913%0e91e10E-293425E=2913%0091e07E~2y 24,16E=¢cy13¥0ey BTCRO514
€10 13E~293463E~2913%00 116 32E~2194¢ 15E=2113900a91e58E~292604E~3, ETCRO515
313%0a9 50 12E~29 Lo 18E~2913%009 66 02E=3914383E~2y 13%04 9ée 02E~2, BTCROS16
‘!1.38E"‘2’13ﬂ“0096002}:‘3 !1.38&"291340.910105"21 3028&“29 13:‘009 . BTCR0517
516 07E~293416E~2913%00 910 0FE~2¢3¢ 29E=2914% 00 926£€2E-2y , BTCRO518
61320491 9eT4E=392e80E-2913%0091e60E~295625E~2y 13404 910 53E~2, ; - BTCRO519
126 ClE=2912% Q091leb60L~2 45025E~2913%00 91e60E=295625E=2513%049 ‘BTCRO0520
B15% 069 1o 50E~294e86E~2913%00sy le S0E-294e86E~2913%0s 11e32E~2, , ' BTCRO521
G4e 15E=2913%¥0e91e32E=214e15E=2913%0e91432E-254¢ 15:-4,13#0.: .. BTCRC522
" 1le32E=294e15E=2914%406 920 62E~2+13%0s/ : . BTCRO523
- BTCR0524
CATA SCAT4/8e58E=3 92 af5E=29€e208=2912%0418481E=392e61E~29E458E~2, , BTCROS25
112400990 01E=292e95E~2 980 5TE=2912% 00 9 Se 03E=39 20 £2E~2986453E-2 ' BTCRO526
212400980 60E~392e50E~298615E~2912%0098e58E=3y) 2et5E~298020E~2, - BTCRQO547
13124009 Le 1ECE—29401TE~2 19100561 912%0091e34%4E~298457E-392440E~3y BTCRO0528
4 12%009le S4E~295463E~291954E~2912%009le E1E-3y €0 €2E~292425E~2y BTCR0529
512%00 910 BlE=2,6462:=392029E=291240011e8BlE=3960€2E=392e25E~2 ' ~ BTCRG530
€12%0099¢ 02E=2924€2E~218653E=2912%00 18e60E~392450E=298415E-2y ! BTCRO531
"71240e98e¢B8BLlE~292+61E~298e585~2914%069 70 13E~2 ' BTCR(O532
B1l2% 0499 ETE=292044E=2 100456~ 2912%0091e60E=294461E~2)1450E~1, BTCRO533
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150 16E=39 1e5SE~29561GE-29 1a63E=194¢52E~1910%06 950 10E~3y1e E7L~2,
256 126=291061E=19404TE-1910%00 954 10E=391eE7E=29Ce13t~2s1a€1iE-1y
3404 TE= 19 1050094680 =3 910 48E=2940 €3E=291s5lc~194021E-1910%00y
44:805-311.48E‘214.82E'2'1.51E”1'4.21t-1p13*0-11.79t"2,1.£3h‘1’
514*0.14.64&'-’14*0.150895“3,14*0.16o93E‘3’14*0016093E'3914*00!

 66093F=39 1000950105 =34105TE=295¢ 13E~291e €1E- 19404 TE~1+10%00 +4¢8E-3

7’10485-214083&‘211.52E“114.21ﬂ‘1710$0.,5.16&"391.5§E-2'5'19E-21

"81leb3E=194e52E~1914+Ca 80 TTE=2913%00 190 00E=348e07E-2910%04y1004E-2,

G3420E=291605E=193¢25E~-199e00E=1y 104009 Ge E0E=3932402E~2994 EcL=2,
130106—1'8.535-1'10*0.fl¢04t—2,5.ZOE"Zp1.CSE“1'3.295"119006£'1'
210% 0oy la O4E~293020E=241s 056=1930 2SE=115e C6E=1+25¥00915s306E-3,
32e89E=299e4%E=292:96E=198e1T=1910%009Fe37c=392e88E~299+43E~2,
42696F~1y8elEE=1913%Ca9le 715E=291053E~1913%0091le79E=291e53E~1y13%04,
51679629 1e53F=1313%Ca9le5c=291e53E~1y144009CaT8E~290e7/

C FISSIUN SPECTRUM

C

C

DATA KHIF/0e2040400344040016805001800+060500,0+0140,49%04/

BTCRO685
BTCROb86
BTCROGET
BTCRO68S

BTCRO68Y -

BTCRQO6&S0

BTCRO651
BTCRO6S2
BTCRO&S3

BTCRO694

BTCRCESSH
BTCROU696
BTCRQOo%7
BTCRQO698
BTCRO6G9
BTCRC7CO
BTCRQT701
BTCROT702

. BTCROT7Q3

BTCRO704
BTCRQO705
BTCRQ706
BTCRO707
BTCRC7Ca
BTCROT0S
BTCROT10
BTCROT711
BTCROT712
BTCRO713
BTCROT714

"BTCROT15

BTCRCT716
BTCROT717
BTCRO718
BTCROT1S
ETCRO720

W

LT



C THE BETA VALUES TRAT ARE T0 BE COURRECTED

OO0

C

CATA BETA/0.215E~3,1. 4245-391.2745—3’20 €8E~3,0, T4EE~3,
10.273E-3/

CVERZLL ABSORPTICNS QVER 1HE CURE MATERIEL NUMBER 1

CATA ABSPC1l/4eG05E129324634E13y1e 863E13920E39E1393e67EL395.035E13,
166210E13 4910 112E14924515E 14, 4.124&14,3.52c£14,-.236t14,2 461c 14,
22,411E1441.6215E16/

" CATA ABSPC2/5.065E12,24935E12,24030E12934150E12,40071E12+54615E12,

166 974E 12910 250E13920 ECCEL139%0 622E13934938E1393e592E13924716E13,
23, 754E13 914 67832E15/

CATA ABSPC3/ 74480513 954821E13924 G82E13944€652E13,64(B2E13484441E13,
116 045€E1491e859E14940129E14960653E1495.57SEL1495e01€EEL14934745E 14,
22,01CE1491.07120E1€/

DATA ABSPC4/E.668E1494e206E14924132E14493. 260E1494.¢90t14y5.953E141
l7.321b14pl.302815;2.5£3E1594.667E1593.924E1573 542E1542.€50E15,
234611E1547.£C956EL16/

CATA ABSPC511.44SE1491.08521495.431E13p8.333E13;1.C86El491.4705149

.11e807TEL% 934 223E1497e2€TEL4y 1o184E155 1601081595424 0E149 76 CCEE 14y

2Se55€E14936 41424E18/

CATA ABSPC6/244T8E134910962E13994749E12914528E13924030E13,2,8E65E12,
126633E139€e553E139 106 4€SE14926361E14910957EL1491e812E14916355E14,
214 708El492625734E15/

CATA ABSPCT/24418E1491eB24E14984 ST9E1391e376E14910830E144926561E14
13418€6E14954731E1%y 1. 292&15920090&1511.774&15910614E15)10418u15’
216 625E1543. 07011E1 €/

C CVERALL FISSIUNS IN CORE MATERIEL NUMBER 1

BTCRO721
BTCRO722
BTCRO723
BTCRC724

B8TCRO725

BTCRQ726
BTCRQ727
BTCRO728
BTCROT729

BTCRO730

BTCRO731
BTCR0732
BTCROT733
BTCRO734
BTCRO735
BTCRO736
BTCRO737
BTCRO738

. BTCRO739

BTCRC740

BTCROT741
BTCRO742

. BTCRO743

BTCRO744
BTCRQ745
BTCROT46
BTCRO747
BTCRC748
BTCROT49
BTCRO750

-BTCRO751

BTCR0O752
BTCRO753
BTCRO754
BTCRO755
BTCRO756

8TE



OO0

CATA FISSC1/14701E13920365E13y1¢ €86E13934314E1392, EBGEL3,3,519E13,
14¢ 568E13 970 7ClEL3,10€28E1492046TEL4910a992E14,1e66EEL4,1, 7611 14,y
220 656C 14910 2EL13€EELE/

DATA FISSC2/1.799E12,-.650t12,l.840t12 3.69151:,3.¢24El<p..964512;
126 143E1298e6€4E12, 14 €2 EE13924T67TEL3924225E13414855E13 916 S50E13,
220934E1341432918E15/

CATA FISSC3/24656E1395e454E1392, €52E13954451E13044 E16E13,
154960L1347e7C7EL13,1,2E9E1442, 69TEL493e983E1492e153E14924 591E 14,
224€85E14934ST3E14984425GCELS/

DATA FISSC4/14G66EL14926969E14416921E1443,806E14, 3, 369E14+441£60E14,
15.385E14.9.0<1E14:I.SSZE15;2.792E15'2.21‘&15-1.826&15'1 S00E1LS,
224812E1545498862E16/

CATA FISSC5/54011E13¢ 14 004E1494e S15E1395e729E13586530E13 y1,027EL4,
116329614920 223E14940122E149Te087TEL495eT01ELG944764E14y54 C12E 14,
27e441E 14924 €ST41EL16/

CATA FISSC6/€eT10512914851E13484710E12,16790E12 v1.607E1302.0’7513'

-14.679E1394.543E13,9.574E13,1.414t14,1.129E14p4.359E13,9.732t139

21.334&14,1.80902515/

CATA FISSC7/84386E1391e721E14984 C89E1391e€07E1491e438E14,1,789E14,
120 343E14 930 9710E149 844 11E14910250£15,1eC01E15,€¢322E14984 71105 14y
216 263E1542441131E1¢/

CVERALL SCATTERIMGS INyIN CORE MATERIEL NUMBER 1

CATA STINCL/0691e424E15920580E15,4¢725E1597042EE15984542E15
180 106E1597e664E159Te4CTEL5,46, 091&15:5.542515,5.&93E15,5.137&151
24, 507E1597.098c15/

DATA STINC2/Ce11e455E14926723E1445¢091E15484221E14+94582E14,

"BTCRO757

BTCRO758
8TCRO759
BTCROT760

BTCRO761 -

BTCRO762
BTCRO763
BTCRO764
BTCRO7¢€5

BTCRO766

BTCRO767
BTCRO768
BTCRO769
BTCRO770
BTCRO771
BTCRQ772
BTCRQ773

.. BTCRO774
.BTCRC715

BTCRO776
BTCROT777
BTCRO778
BTCRQ779
BTCRO780
BTCRO781
BTCROT782
BTCRQ783
BTCRO784
B8TCRO785
BTCRO7¢&6

BTCRO787

BTCRO788
BTCRO789
BTCRO790
BTCRC7S1
BTCRO792

61¢



T a00

19.195&1498.711514y8.41“E14,6-904El4,6.277E1496.31&0E14y5.779514,
25,050E14+74933E14/

CATA STINC3/0ey2e051E1593,627E15970 188E1591e 2C3E 1691041 EELE,
116 371616910 3C6EL6910254E16110016E1699,09E8EL59954022E15984126E15,
274011E1541e084E16/

DATA STINC4/Ce11e5¢E1E16192e66TELE 15 186E16980452E16994849E16,
1G,48TEL1695e024E 16984 EEOE169Toe055E169£e431EELE19062T4ELO956E6CELY
2449501E16474552E16/

- CATA. STINC5/Ce1%4el95E159Te689EL591a350E1¢€920 1E2E16924522E16

12e37CE16924 232616924 150EL691e 761516 14595E16141, 604E16,1.409h161
210285El6:2.0€3516/

DATA STINCH/Ce 9o 7S4E14916220E1592e3T7TEL15134560E15944715E15,
14066 TE 15946 S22E 15y 40 4(4E1593e510E15930227E1592215E15924 524E15,
224532E154930 TE4EL5/

CATA STINCT/Ce16e661E1591e154E1612¢4208E1€9345ECE1€940197ELE,
140 07516936 923E16930814E169361249E1692820E1612e822E16926572E169
22023SE1&93e4324E16/

CVERALL SCATTERINGS OUT,IN CCRE MATERIEL NUMBER 1

CATA OTSTC1/24158E15454180E1594e371E15,64575E15,8033E£15,84129E15,
17¢ 69E159 7e3ECE159Te C4CEL15954 684E 15 950210E15956292E1594e9C5E15,
2‘*0 225E15) 0./

CATA DTSTC2/2¢22TE1495e535E1494%e 150E149Te352E1499eC31E14954249E14,
18e738E14 984349 149748 TOEL14960434E1495.8TTE1495e9542E14950485C 14,
2407115 149Ce /

DATA 0TSTC3/3;161€15,70531E15o6.87851591 082E1€91e238E1691e3€1E16y
11.309L16,1.242E1691.lllh16,9.263E15,8.327£19,8.297515;7.565t15y
260374E15490./

- BTCRQ7S3

BTCRC754
BTCRO7S5
BTCRO796

BTCRO7ST:

BTCRO798
BTCRC7SS
BTCRO&0Q0
BTCRO801

BTCROBCZ

8TCROB03
BTCRO804

BTCROBO5

BTCRO&806
BTCR08C7
BTCROB08
BTCR0O309
BTCRO810

- BTCRO811

BTCRO812

BTCRO813

BTCRO814

- BTCRQO815

BTCROS816
BTCRO817
BTCR(C818
BTCRO819

BTCRO820

BTCRO821
BTCROB822

"BTCRO823

BTCRO8 24
BTCRO825
BTCR0826
BTCR0O827
BTCRO828

oce



I zXsXs

CATA OTSTC4/2e385E169544T72E16940S23E1647e52TEL699e290E1699.553EL6,
1G4 062E1698e610EL1€98e121E1696e432E1695¢T75€ELE356TS2ELE954254E16)
240 471E169Ce / :

CATA GTSTC5/€e356E15914546E16916274k1691e530E164920374E1¢,
14.376516,2.2’7E16,2.1’1&16,2.03451691.63’&16,1.#9151691.511&169
214396E1691e1E4E169Co/

DATA GTSTC6/1.047&1594.538&1592.2%8E15'3‘SSbEl S940465E15,

14¢722E159405°¢ 1&1594.377E15,4.155E1513-281&15o2.980E15,2.997:15'

€20 137E15924139E159Ca s

CATA OTSTC7/1e019£1692e373E16924073E16,34178E16y34564E1694010SE16,
120G44E16434 TEGE16934 €15E16924880E1692.618E1692.,640E16924427E16,
22.008E164504/

TOTAL NUMBER OF NEUTRUNS EGRN IN VARIOUS GRCLPS/SEC

OATA 5RCE/8.121976E16,1.369589517;6.688654E16,
17¢1€€452E169 24 56322E8E16956 5T3905E1595% 0o /

END :
SUBROUTINE PRGB

VARIGUS PROBABILITIES WE NMNEEC

CCMMON/ORTAKL/ALEAK(15),4PLRC

COMMON /P /PST1(15,265)

CCMMON/ A/ ALEAKI(IB),ILEAKZ(lbiyALEAK3(lﬁlySOL?(15)
CCMMCON/S/SCAT(1542G,25)

COMMCN/ABC/AESPC(15,17)

CCMMIN/FC/FISSC(L5,47)

COMMON/STC/STINC(15,7)

CCMMON/CGTC/OTSTC(1547)

COMMIN/ORTAKZ/PF(15) 4FLCR(14)4PSR(14,15),4PSC(14,15)

- BTCRO82S

BTCR0O830
BTCRO831
BTCRO832

BTCR0833

BTCR0O834
BTCRO835
BTCRO836
BTCRQB27

BTCR0O833

BTCRO439
BTCRO840
BTCRO841
BTCR0842
BTCR0843
BTCRObB44
BTCRCE845
BTCR0OB46

. BTCROB847

BTCROB48
BTCRO849
BTCRQ850
BTCRO8S51
BTCRO852
BTCR(O853
BTCRO854
BTCRO855
BTCRO856
BTCRO857
BTCRC858

"BTCROBE59

BTCRO360
BTCRCB61
BTCR0862
BTCRO863
BTCRO8E4

1ze



COMMCN/SR/SRCE(15)
COMMCN/AES/AESP(15)

CIMENSION TSTINC(1E5),1GC(15) ,TABSPC(15),V(29),
1SNR(15515)4SNC(15,15),SDR(15),SDC(15),TSCALL1E,25),TOTSTC(15),
ZCENR(L15) 4PSCLTC(14),4FSCUTR(14)

C ,
C VOLUMES(FOR 29 NMATERIELS)
C

CATA V/24T792E39Te24€E492621TE2920439E3,
120233E4y E4384E399e452E5124412E3964333E391.011E3,
21:s520E49543G5E3,10555E3924513E49167T1L7ES,
35e381E59Te915E292405CE596e271E4940991E3,
420150E49Ce916048E5976534E2914031E4,

510 TTEE4y Le51SE4y2051EE4954652E5/

NAMELIST/CUTSTC/TSTINC
MAMELIST/OUTPF/PF
MAMELIST/CUTFLC/PLCR

NAMELIST/CUTFRC/FUTRC 4FUTRCC
MMELIST/CUTFRC/PLRC
- NAMELIST/CUTFSR/PSR
' . . NAMELIST/CUTFSC/PSC
e NAMELIST/UPSTC/PSUUTC
< NAMELIST/CPSTIR/PSIUTR
c .
C COMFPFULTATION CF THE PRUBAEILITY THAT A NEUTRCN OF ENERGY GROUP 1
C CAUSES FISSIGN WFILE IT IS WITHIN THE ENERGY GROUF I
c
‘L0 2C I=1,15
SUMN=0,
SUMD=0.
CO 20 M=1,7 .
SUMN=SUMN+F ISSC(I4M)
. SUMD=SUMD+STINC(I M)
20 CONTINUE

- BTCR0865

BTCROB66
BTCR(C867

BTCROB&8
BTCROBES

BTCROB170
BTCRO871
BTCRC872
BTCRO873

BTCRO8T4

BTCRO875
BTCROBT6

BTCRCBT7

BTCRG878
BTCROB79
BTCRO8EQ
8TCROB81
BTCRO882

. BTCRO883

BTCRO884 -

BTCROBES
BTCROBE6
BTCROB87
BTCROBES
BTCRO88E9
BTCR08S0
BTCRQ891
BTCR0892
BTCRC8S3
BTCROB854

"BTCRO895

BTCRCES6
BTCRO8ST
BTCRO3S8
BTCR0899
BTCRO900

cce



A0 O

[aXaKe

Bl

TSTINC(I)=SUND

TGC(I)=SLND+SRCE(T)

PFUI)=SUMN/TCGC(I)
30 CCNTINUE

TSTINC(I);TOTAL NUMBER UF NEUTRONS SCATTERED INTO ENERGY GRGLP I
WITHIN THE CCRE/SEC

TGC(IN;TOTAL GAIN IN ENERCY GROUP I IN THE CCRE /SEC

FFUI);PROBABILITY THAT 4 NEUTRUN UF ENERGY GROUP I CAUSES FISSION wWHILE IT
IS STILL IN EM=RCY GROUP 1

 WRITE(6,CUTSTC)
WRITE(6, CUTPF)

FRBABILITY THAT A NEUTRGN OF ENERGY CGROUP I LEAKS CUT CF THE CORE

Cad 31 I=1,15

SUMA =0,

SUMO=0,

LO 21 M=1,7

SUMASSUMA+ABSPC(14M)

SUMC=SUMC+OTSTC(I,M)
21 CONTINUE -

TABSPCUI)=SUMA

TOTSTC(I)=SUNU

FUITEC=-(SUMA+SUMO~-TGC(I))

IF (I.EQel5) GU TO 31

PLCR(I)=FLITEC/TGC (I
31 CONTINUE

"WRITE(6,CUTPLC)

ABSORPT ION UUTSICE UF THE CORE FOR THERMAL NEUTRCNS
ABSPR=ABSP( 15)1-TABSPC (15) |
SCATTERING INTO THE 15 TH GRCUP CUTSIDE GF TFE CCRE

BTCROS01
BTCRQSC2
B8TCRO903
BTCROSC4

BTCROSO5:

8TCRO906
BTCRQSGC7
BTCROS08
BTCRO909

BTCRGOS1Q

BTCRO911
BTCRCS12
BTCR0913

BTCRO914

BTCRO915
BTCRQO916
BTCRGS17
BTCRO918

. BTCRO919

BTCR(O920 -

BTCRO921
BTCROS22
BTCROSG23
BTCRO924
BTCRQOS25
BTCR0926
BTCRO927
BTCRO928
BTCR0O929
BTCRC330

BTCRQ931

BTCR0O932
BTCR0933
BTCRO934
BTCR0O935
BTCR0936

gce



00

OO

OO

OO M OO0 OO M

SINTH=3,3577S0EL?
STINR=SINTH=T1STINC (15)

LEAKAGE FROM THE REFLECTCF REGIGN FOR‘THERMAL NEUTRGNS
FUITR==(ABSPR=-STINR)
LEAKAGE FROM THE REFLECTCR TC THE CORE FUR THERMAL NEUTRCNS
. FUTRC=FUITR=ALEAK(15) |

SAME LEAKAGE CGCMPUTED EB2SEC ON THE NUMBERS RELEVANT TC THE CORE(CROSS
CHECKING) '

FUTRCC=TABSPC(15)-TSTINC(15)
WRITE(E,CUTFRC)

PROBABILITY THAT A THERMAL NEUTRCN LEAKS FRCW THE‘REFLECTOR TO0 TEKE CCRE

PLRC=FUTRCC/STINR
WRITE( &y CUTPRC)

FROBABILITY THAT A NEUTRCMN SCATTERS CUT CF GFGUP I IN THE CORE AND IN THE
FEFLECTCR

CO 720 I=1,14.
CENR(I)=SCUT(I)-TOTSTC(I)+ABSP(I)-TABSPC(I)+ALEAK(I)
FSOUTC(IN=TCTISTC(I)/TCC(I)

720 PSCUTRI(I)I=(SCUT(I)I-TCISTC(I)I/DEMRL(I)
WRITE(6,4CPST ()
WRITE(6yCPSTF)

CUMPUTATION OF THE PROBAEILITY OF SCATTERING FROM CROUP MG TC GROUP MH
IN THE CORE AND CUTSIDE CF THE CCREsWHEN THERE IS & SCATTERING

BTCRO937
BTCROS38
BTCRQ9329
BTCRO0940

BTCROG4L

BTCRO942
BTCRO943

BTCRO944
BTCRO345

BTCRCS46

BTCRO947
BTCR0948
BTCROG45S
BTCRO950
BTCRO351
BTCR0952
BTCRO953
BTCROS54

- BTCROS55

BTCROS50
BTCRQS57
BTCRO958
BTCRO959
BTCR0960
BTCRO961
BTCRQOSe&2
BTCRO9¢3
BTCRO9¢&4
BTCROS65
BTCRO966

"BTCRO967

BTCRO9¢8
BTCRO9ES
BTCRO970
BTCRO971
BTCR0O972

w

44



c

C FROBABILITY OF SCATTERING FROM MG TO MH IN THE CGRE ANC QUTSIDE CF THE CCRE

C

22
32

CC 32 MC=1,2S

O 22 MG=1y14

SUM=0,

Cd 22 MH=1,15%
SUM=SUM+SCAT(MGyMC oM} )
TSCA(MGy MC)=SUM

CO EC MG=1,14

[3 8C MH=1,1¢

SUMNC=0.

SUMNR=C,

LU 45 MC=1426

44
45

50

IF ((MCeEQel)eCRe(MCeEQe3)eORe(MCaEQe4)sCRe(MCeEQeé)oORe(MCoEQa5S)e

1CRe (MCeEQe13)eCRe(MCeEQe14)) GC TO 44

SUMNR=SUMNR +SCAT(MGy MCyMF)%V(MC)APSI(MG,MC)

Gd TC 45

SUMNC=SUMNC + SCATI(MGy NCyME)®RV(MC)¥PSI (MG, NC)

CONT INUE

SNR(MGyMH)=SLMNR

SNC{MGyMH )= SLMNC

LU 60 MG=1,14

SUMDR=C,

SUMDC=0.

CO 55 MC=1,2% :
IF ({MCeEQe1)eORe(MCoEQe3)eURe (MCeEQe4)eCRe(MCaEQeb)eORe (MLoEQe5)e

"1{Re (MCe ECe13)eURe(MCEQel4)) GO T0 54

54
55

60

SUMBR=SUNCR+FSI(MGyMC)*TSCA(NGMC)EV (MC)
Cs TO 55 :

SUMCC=SUNCC+FSI(MGyMC I¥TSCAIMG,MC )%V (MC)
CONTINUE

SCR{MG)=SUMDR

S$DC(MG)=SUMDC

CO 7C MG=1,y 14
L3 7C MH=1,15

- BTCRO9173

BTCRO974
BTCRO975
BTCR(CS76

BTCRO977

8TCRO978
BTCRCS7S
BTCROS80
BTCRO981

BTCROS82

B8TCRO983
BTCRCS3E4
BTCR0985
BTCROYE6
BTCRQOS&87
BTCRO988
BTCRO38Y
BTCRO9S0

. BTCRO9S1

BTCR(GS62
BTCRGS9S3
BTCR0994
BTCRCSS5

BTCR0996

BTCRO997
BTCR0O9G8
BTCR0O9S9
BTCR1000
BTCR1001
BTCR1002

"BTCR10C3

BTCR1004
BTCR1005
BTCR1006
BTCR1007
BTCR10C8

qZ¢



8y

70

PSR{MG yMH)=SMR(NMGyMH)}/SCR(MGI*PSCUTR(MG)
PSC(MGyME)=SNC{MG,MH ) /SDCIMG)%PSCUTC (MG)
WRITE(6,CGUTPER)

WRITE(E,CLTPEC)

RETURN

END

SUBRCUTINE STUDY(SC14SR19SC2+SR2¢SUM29JJgMH21,¥H2F)

CCMMEN/MSTUDY/NMF9SRT o LLL yMH{14) 4 KKK
COMMUN/URTAK2/PF(15) 9FLCR(14)4PSR(14415) 4PSC(14,415)

NGlaMH{JJ-1)

71

MG2=MH(JJ)
SC2=SC1*PSC(NMG1l,yNMG2)
SUM2=SUM2+SC z%#PF(MG2)

IF (MG24.EC.1E) GU TU £
SR2=SC2xPLCR(MG2)+SR14PSR(MG1yMG2)
CJ TC €
SRT=SRT+SRL*FSRIMCL,¥(2)
LO 7 J=1,4JJ

IN=14~JJ +J

IF (MH(J)sGTWJN) GC T1C 8
CONTINUE

MH21=MG2+1

MH2F=MG2+NMF

IF (MH2F oLE&15) GO TC 71
MH2F=15 -

LLi=1

KKK=KKK+1

RETURN -

LLL=C

KKK=KKK+1

RETURN

END

 BTCR1009

BTCR1010
BTCR1011

BTCR1012

8TCR1013

BTCR101l4
BTCR1Q15
BTCR1016

BTCR1017

BTCR1018
BTCR1C19

BTCR1020

BTCR1021
BTCR1Q22
BTCR1023
BTCR1024
BTCR1025
BTCR1026

- BTCR1027

BTCR1028
BTCR1029%
BTCR1030
BTCR1031
BTCR1032
BTCR1032
BTCR1034
BTCR1035
BTCR1036
8TCR1037
BTCR1038

‘BTCR1039

BTCR 1040
BTCR1041
BTCR1042

BTCR1043
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APPENDIX M

PROGRAM INVA

(Like Averaged Inverse Velocity)



//

'TULGA YARMAN®' CLASS=A,REGION=128K

/*MITID USER={MB690,9441)
FMAIN TIME=2:LINES=20,CARDS=0
/%ESKI LOUOW '

//STEPL EXEC FURLLU 4
//7CaSYSIN LD *

C PRUGKAM LNVA

C

C CUMPUTATIUN UF AN LINVERSE VeLOCITY

C

DIMENSLUN PSELIL15),PST2(12)+PSI3(15),PSI4(15),PSI5{15)+PSI6(15),
LPSITULo)4PSI8LL5),PSIO(L5),PST10(15),PST21(15),PSI12(15),PST13(15
2)sP51L4{L2),P5115(15),P5116(15),PSI17(15),PS118(15),4PSI19{15),
3PSTI20(L5),PS5121(15),PS122115),PS123(15), P5124115),P5125(15),PSIZb
4(15)4P5127015),PSI125(15),P5128(15),PSI(15,29)

UIMENSIUN VIL15) oVL(L5),NMGL{2),NMGF(2),V1AVI(2),V11(2)

EQUIVALENCE (PSI1(1)4PSIfLs1)) .
EQUIVALENCE {PSTI2(1),P51(1,2))
EQUIVALENUCE (PSI3(1),PSI{1,3))
EQUIVALENCE (P>I4(1),PS1(Ll,s4))
EQUIVALENCE (PSISI(L)+P51(1e5))
EQUIVALENCE (PSI6(1),P51(146))
EQUIVALENCE (PSIT{L1),P5I(L,T))

. EQUIVALENCE (P>I81{1)+P5I(Ls8))
EQUIVALENCE {P>IS(1)4P5I1(1s9))
EQUIVALENCE (P>I10(1),P51(1,10))
EQULIVALENCE (PSTL1I(L)sPS1(Ls11))
EQUIVALENCE (PSI12(1)4P51(1412))
EQUIVALENCE (PSTL13(1)+P5I(1413))
EQUIVALENCE (P5>I14(1),P51(1,14))
EQUIVALENCE (PSI15(1).PSIt1+15))
EQULVALENCE (P>I16(1)4P5I(1416))
EQULVALENCE (PSTLIT{L)«PSI(1y17))
EQUIVALENCE (P>118(1)4P5I(1,18))
EQULIVALENCE (PSTIL19(1)4P5ll1419))

- INVAQOOOL

INVAQOO2
INVAQOOO3
INVACOO4
INVAOOO5
INVAOOO6
INVAOQOT
INVAQOQO8
INVAOOOS

INVAOO10 -

INVAQOL1l
INVAQO12
INVAQOL13
INVAOO1l4
INVAQO15
INVAOOl6
INVAOO17
INVAOO18
INVAOO19

"INVA0OO20

INVAQD21
INVAOO22
INVAQO23
INVAQO24
INVAQO25
INVAOO26
INVAQO27
INVAOQO28
INVAOO29
INVAQO30

INVAQO31

INVAQO32
INVAQO33
INVAQOO34
INVAQO35
INVAOO36

W
N
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EQUIVALENCE (PSI20(1),PSI{1,20))
EQUIvALENCE (PSI21(1),P51(1,21))

EQUIVALENCE (PSI22(1),PSI(1,22))
EQUIVALENCE (PSI23(1)4PSI(1,23))
EQUIVALENCE (PSI124(1)4PSL(1424))
EQUIVALENLE (PST25(1)4PSI(1+25))
EQUIVALENCE (PS5126{1),PSI{1426))
EQUIVALENCE (PST27(1),P51(1+27))
EQUIVALENCE (PST28(1)yP51(1,28))
EQUIVALENCE (PS129(1),P51(14+29))

" NAMELIST/0UTO/ZV
NAMELLIST/UUTL/V 1AV
NAMELIST/uuT2/V 11

DATA P31L/LeU0T3TEL392423U7T1E1391.18219€E13,1.76862E13,
11e70534E1391445523E13,9.69910E12,8.69153E12,8.34T772E12,
25.54323E12,4.8797T9E12,5. J7788E12+4.51213E1243.58995E12,
33.09549L13/

DATA PSOI2/Tel3232E1191.6268TEL12,7.77294E£11,1.18596E12,
11.30904L1291.0U939E1298.29590E11,7.80258E11,7.85932E11,5.49627E11,
25.002081k1195434657E11+4.83753E1193.54653E1141.05229E13/

DATA PSI13/1.27551€13,2.89790E13,1.54625E13,2.35919E13,
12.38625E1391.693T0E13,14307786E13,1.17055€E13,1.12181E13,
27. 44364b1296.52920E12,0.70325E1255.58542E1244.T4891E12,
33.5bualtldl

DATA P514/1.7122TE13+43.96525E13,2.05659E13,3. 16724E131
13.24305E139243147T9E13,41.78172E1341.58380E13,1.49665E13,9. 741545127
28441021E0298.5856TE12,7.50363E12,45.84070E12,2.68752E13/

DATA PS5i5/1.45549E13,3.29063E13,1.68575E13,2.54005€E13,2.60652E13,
11.8550001391.44687E1391.27317€13,1.20567€E13,7.84387TE12,6.78769E12,
20e95031E1290.VU8G68E1294.750CTE1242.1645GE13/

INVAOO37
INVAOO338
INVAQO39
INVAOO40

INVAQO41

INVAQO42
INVAQO43
[NVAQO44
INVAQO45

INVAOO46.

INVAQQ47
INVA0043
INVAQO049
INVA0O50
INVA0OO51
INVA0OS52
INVA0O053
INVAOOS54
INVAOO55

* INVADOS6

INVAQOS57
INVAOOS8
INVAQOS59
INVADO060
INVAQOS61
INVAD062
INVAQO63
INVAQO64

INVADOG6S

INVAOOG66

_INVAQODGT

INVAOO68
INVAOO69
INVAQO70
INVAOO71
INVAQOT2
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DATA P5S15/9.88098E1242.21733F13,1.14855E13,1.72909€E13,1.75745E13,
11.22013E1399.39882€12+8.39353E12,8.03255E12,5.30221E12,
L4601 T0ELLy%«82802E12+4.27763E12+43,34948E12,2.17280E13/

DATA PSI7/1451437TEL1193.0082TE11,1.34340E11,2.47386E11,
15405950kl L95445318E1145.23815E11,5.26329E11,5.44502E11,3.93885E11,
£34009T0ELLy 4o U3846E1L93.79416FE1143.52016E11,43.62643E13/

DATA P10/ 1a201l44E1342.84534F1341.50317E13,2.36870F13,
LeoaaVU/4lEldgleaT3901EL39L0e33255E1391418453F13,y1412134E13,7.36938E12,
20035445k L290s28T40EL2y9.68T64E12,34.41452F12,2.24688E13/

DATA PS19/145U1L46E12,3.53446E1241.77785E12,2.73737E12,
L3.05101t1252439223E12+1494321E1241.80874E12,1.76625E12,1.17805E12,
€1e00044E1291415439E12,1.00268E12,6.229€1E1143.90013€11/

DATA P>110/1.50417E1343.60170E13,1.£5488E13,2.83327E13,
12.918604E13,2.08403E13,1.01003E13,1.43636F13,1.36231E13,8.8824E12,
2Te69509cL29T.8B080E12,6.87326E12,5.35424FE12,2.67592E13/

DATA PS111/4.6598TE1241.07289E13,5.55235€E12,8.48465FE12,
19.05001kE1490465210E12+5.29352E12+4.65433F12,4.74320E12,3.19684F12,
22e85435L1293.0U0461E1242.07125F1242.03224E12,1.92446E13/

. DATA P5112/2444550E1245.579T7TE12,2.66179E1244.24124E12,
15.48000L02y4.40T04E1293.T1362E124+3.471€7E12,3.46546E12,2.41814F12,
£2420£8E12192430435E12,2e13292E1241.74126E12,5.40822E13/

DATA P5113/0.95262E1241.63319E€13,8.21708E12,1.27142E13,1.32311E13,
19.00946E1291e50880E1240.82197E12+6449332E12,4.22544F1243.67926F12,
23e479002E1293.31885E1242439604E12,7.04389E12/

OATA PS5114/5451701E12,1.20775F13,6.30738E12,9.52943€12,
19.80L90E1297.0927T1E124+5.52900E12,4.S7879F12,4.T76316E12,
 23e1l2UB3L1292T2414E1292431461E1242.48035E12,1.89559E12,

INVAOO73
INVAQOT74
INVAQQ75
INVAQOT6

INVAQOTT.

INVAQOT8
INVAQO79
INVAQO8O
INVAQO81

INVAQOB2:

INVAQO83
INVAQOB4
INVAQOQ8S
INVADO86
INVAQQS8T
INVAQO8S
INVAOQO89
INVAQO90
INVAQO91
INVAOOS2
INVAOO93
INVAQO94
INVAQO9S5
INVADO96
INVAQO97
INVA0OO938
INVAQD99
INVAQO100
INVAO101
INVAO102

-INVAQ103

INVAOL1O4
INVAOL105
INVAQL106
INVAOL10O7
INVAQO108
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37.84037kc12/

DATA PS1L5/2483592E995453228E99241419EG,3.85601E9,
1845406699 1e19461E10,1e51256E105,1.56665610,2.58602E1042.18789E10,
22429909E1U92.84095E10,2.90990E10,2.709%3E10,9.94618E12/ '

DATA P5116/253157t8,8.80992E8,2.67C96E8,6.17273E8,
1lelUY9L5EY9Lle45L64ET) 1ab68LUOEGy12.085T79EG,2.65010E992.21534E9,
22.33090E992+09865E9,2.99707ES,2.73G59E6,2.15733E12/

DATA Po1iT/243862TEL295.21569E12,2.38901€12,3.90725E12,
15660735002y 4e TUB92E1243495748EL12+43.66121E12+3.65511LE12,2.5T785E12,
224358T0EL292459382E1292432249E1242.01416F1249.41901E13/

OATA PS118/9. 59961&9,2.&9?17E10 8.76224E9,1.30877E10,
L1e489T0ELULel9969E1091eUl2T58E1051.00958E1051.06745E10Q057. 79902E9:
27305619408 13455&‘:9, 71.614106F9,6.31105ES,3.68421E11/

DATA PS1L9/4%. bsSOZblOyl O7TL63E11,4.26929E1046.39392E10,
17.26767t1Us5.90273E1055.03304E1054452060E1095415745E10, 3. 72584E10.
234490TTELU»3.645STELD13.50174E10,2.88146E10,1.T6375E12/

DATA P5120/2.92986E12,0.48734E12,3.10695E12+4.83535E12,
15.80415£12:4.82943E12,4.09801E12,3.52453E12,4.00831E12, 2.84567E12,
224614906124 2.82121E12,2.57T460E12,2.15952612,8.82265E13/

DATA P5121/2.79272E124044194TE12,3.15487E12,4.93465E12,
14.93072E1294.76330E12,3.903C08E12,3.72960E12,3. 735T2E12,2.59872E12,
22.398088LL292e5L551E1292.20435E1241.81786E12y%.46644E13/

DATA PS122/15%04/
UATA PS125/73u400F1051.59244E11,6.33609E10,1.00316E11,

1143399401y 140T22€E1151.05928E1191.C7670E11y1.16894E11,8.71505E10,
28433009EL0,9.356818E10,8.80947E10,7.66273E10,8.54001€E12/

- INVAOQ109

INVAO110
INVAOQLLL
INVAO112
INVAOL113

INVAO11l4

INVAOL15
INVAOL1l6
INVAOL17
INVAOQO118
INVAOQLl1l9
INVAO120
INVAOL121
INVAQ122
INVAO123
INVAO124
INVAO125
INVAQ126
INVAO127

" INVAO128

INVAO129
INVAO130
INVAOL31
INVAO132
INVAO133
INVAQL34
INVAO135
INVAO136
INVAOL137
INVAO138

INVAO139

INVAOQL40
INVAO141
INVAQ142
INVAOL43
INVAO 144
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UATA PS124/6.57385E12+1.40396F132,7.38030E12,1.12008E13,
11.19848E1399.05311E12,7e3486FE12,6.83381€1246.80922E12+4.72257E12,
24425915E12944507T70E12+4405123E1243.32159€E12,7.32432E13/

DATA PS125/5479924E11914144S4E12,44.8233GE11, 9.10516E11,
11.95640&12.2.04278E12p1.9015451211.EZ458E12f1-33840E12!1-31154512v
2121184129134 153E129142368231E12,1.14720E12,8.87780E13/

DATA P5120/1.90676E11+3.45018E11,1.427CSE11,2.88850E11,
17.43914LLL.9.4§641E11p9-88051E11'1-01437E12:1-06279E12y7.74108E11v
27e24440E0 L1 80he98TELLsT428574EL197,15832E11974 18332613/

DATA P5127/5.44443E10,49.02989E10,3.67989E10,7.64669E10,
lZ-Zz?Bbtllg3.2&632511,3.J8?21511:4.39476511'4.95380E11,3.77230E11c
23.64090tL1ly4e20310E11+4401508E11,43.85550F11,5.44373E13/

UATA P5128/14UY570E109L+73024E1096.5S8252E9,1.44094E10,
14.255¢ot1u.0.54570E10.8.99937E10,1.12109E11,1.38318E11.1.1202QE11,
21.13418E1141<306955E11514301T1E11,41433562E11,3.27973E13/

DATA PS129/4<21734E8,1.83346E9,7.75283E8,1.30522E9,
12.28054E92¢+9T064E993435040E9,4.08927E9,5.08521E9,4.20670E9,
24.39?40t9,5.43974E9,5.63006E9,5.16516E9,3.58462E12/

. DATA V/28e5E8919.9E8914e7c8911.0E8,€.TEB12.9E8,1.14E8,

100

L0.48E8,0.206E8904101EByV.0566E8,0.0319E8,0.0179E8,0.0109E8,
2UaUV4E+LE/

DATA NMGL/L1,8/
DATA NMOF/Ty14/
DU 100 Mg=1,15
VLIMG)=1./V(MG)

DU 300 K=iy2
MGI=NHG L (K )

INVAQO145
INVAQl46
INVAOL147
INVAO148
INVAQ149
INVAOQ150
INVAQ151

INVAQ152

INVAQ153

INVAOL54

INVAQL55
INVADLS6
INVAQ157
INVAO158
INVAO159
INVAO160
INVAQle6l
INVAQ162

 INVAO163

INVAO164
INVAO165
INVAQL66
INVAO167
INVAO168
INVAOL169
INVAOL70
INVAOLT71
INVAOL72
INVAO173
INVAOLT4

"INVAOQLT7S

INVAO176
INVAO177
INVAO178
INVAOLT9
INVAOL180
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/%

200

300

MGF=NMGF LK)

SUMN=U e

DU 2uu MM=1,29

DU 200 MG=MGL 4MGF
SUMN=SUMN+V 1{Mo ) *¥PST {MG,MM)
SUMU=SUMD+PS1IIMG,yMM)
CUNI1INUL

V1AVUIKI=SUMN/SUMD
VIL{KI=1la/VLIAV(K)

CONT LNUE

WRITEL6,JUTO)

WRITE(6,JUTL) |
WRITE(G,0UT2)
STUP
END

INVAOL181
INVAO182
INVAO183
INVAQ184
INVAC185

INVAQO186

INVAQLBT
INVAO1838
INVAQL189

INVAOQ190 |

INVAOL131
INVAQ192
INVAO193
INVAQ194
INVAQO195
INVAQL196
INVAO197
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APPENDIX N

BRIEF DESCRIPTION OF THE INPUT TO OZAN

All the input is in NAMELIST format. fhat is the class
name is introduced by an ampersand sign in the column 2 and the
class is terminated by‘a card bearing &END in columns 2 to 5.

A complete listing of the input is shown in Appendix O.

The input consists of (in this order)

Card'type l, class name INNM;

NMODES: number of trial shapes;

NOEKIN may be inpuﬁ 1 if the cross sections are ready on
tapes to be used by 0ZAN. A'zero indicates that the cross
sections will be prepared on tapes throughout the run;

KSREX: 1 for this variable indicates that the eigen-
value(s) for the trial shape(s) will be computed in an integral
sense by OZAN. If 0 is input the eigenvalue(s) must be sup-
plied in card INSKEF (sée below) ;

KSROZ:kl for this variable indicates that an eigenvalue
for the first trial shape will be computed to compensate the
photoneufrons and make the (11) element of the initial value
of the reactivity matrix vanish if the reactor is critical
dt the beginning of the transient. If 0 is input the eigen-
value of thé critical reactor must be supplied in card INSKOZ

(see below) ;
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COEFIC: The correction factor for the photoneutrons. If

this number is input 0,’the photoneutrons will be ignored;

LFINAL: Denotes the number 6f the time zone(s);

INPC: 1 for this Qapiéble indicates that the initial
value(s) of the first precursor‘émplitude fhnction(é) will be
input to the code (generally when.the reactor is not at a
steady state at the beginning of the transient). O ihdicates
that the initial value(s) of the precursor amplitude function(s)
will be computed in the code; |

LPSN: 1 for thisivafiable indicates that the absorption
cross sections will be increased b& OMEG X V1(MG) (Input in
the next type of card, MG being the neutron group, MG = 1,2,3)
for the computation in an integral Sense of the eigenvalue of
the second shape; otherwise 0 shéuld be input;.

LBYD: 1 for this parameter indicates that we intend to
continue compuﬁatibns beyond the end of the time zone (TgAx;
see below) established to study the transient with the pro-
posed method; | |

Card type 2, class name INV1;

V1l: Neutron inverse Vélocities, the first one belonging
to the fast group;

OMEG: w, the estimated inverse period that the reactor
will assume by the end of the tranéieht;

Card type 3, class name INHU;

HU: the mesh intervals in the r direction;
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Card type 4, class name INHV;

HV: the mesh intervals in the z direction;-

Card type 5, class name INYL;

YIEL: Relative yields of photons of interest, the first
one beldnging to the most energetic group of photons;

- Card type 6, class name INYJ;

YIEJ: Probabilities of photoneutrons to show up in
various - time wise -~ groups; |

vNZRO; Total number of photons of interest geﬁerated
per fission of 0235;

card type 7, class name INBA;

BETA: the delayed neutron
NBETAl: number of delayed neutron group fraction(s);’

NBETA2: number of delayed'photoneutron group(s) ;

-Card type 8, class name INF,;

F1J: b'the'initial conditions for the time coefficients;

FAMLAM: Decéy constant (s) for the delayed neutron(s)
[éﬁd photoneutron(s) J;

Card type 9, class name INATTI1;

ATT1: The attenuation coefficients for the various
attenuation zones

Card type 10, class name INMVU;

An edit of the time dependent flux will be made for the
region framed by the mesh points MV1l, MVV in the z direction

and, MUl, MUU in the r direction;
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Card types 11,12,13,14, class names INUI, INUF, INVI,

INVF;

MRUI (1), MRUF(l), MRVI(l), MRVF(l) are the mesh p01nts
framing the first attenuatlon zone (the first two numbers in
the r direction and the last two’ ones in the z direction);

Card type 15, class name INGLK;

MGLK: Number of'groups.for D, Ea.vZF, ZF, SGCSl jfirst

group of photons), SGCS2 {second group of photons),‘zs, and

2D;

Card type 16, Class name INDV;
MDVIC: Inpﬁt output device numbers for in this order, D(0),
za(O),sz(O), ZF(O), sgcsl(O), SGCSZ(O), Z,(0),

I,(0), D(T), I_(T), VI (T), Zp(T), SGCS) (T),

SGCS, (T), I_(T), I (T), D,, zaz, szz,

(Here enter three any numbers to flll a blank in the array ),
Zé , ( another any number to £fill a blank 1n the array ),
2

D z
1’ a; ’ )

(any three numbers), I
1 ' :

s ¢ (any number), where
1

0 stands»for the beginning of the transient, T the end of the
traneient, 1 for the first trial shape and 2 for the second

trial shape.

Card type 17, class name INT;

TMIN: time at which the transient starts;.
IJUMP: After Every IJUMP times GONCA (the subroutine

solving the multimode kinetics EquatiOns) is called, the time
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dependeht_solutions will be printed out;.

TUp;v is built up outvof times at,@hich a complete edit
will be made; o
| NINT:  Number of times.a'complete edit will be made;
TUP (NINT) is the end of the ﬁime zone established for
studying the transient with the prbposed méthod;

NCMl: - Degree of the polynomial expansion used in .

determining the timé coefficients (cf. Appendix F);
| EPS2: Criteria insuring the convérgence of the time co-

efficients (1. E-1 is good enough for this purpose);

Card type 18, class'name_INl;.

X1: ' Macroscépic diffusion coefficients and cross
sections in varioﬁs materials. Input three (-group-) diffusion
coefficients for all the materials. Db the same thing for

SGCS, and SGCS.,.

Zar Vip. Ty, 8GOS 2

Fl

Card type 19, class name IN2;

X2: Macroscdpic scattering cross sections in various
materials. Input first the scattering cross section from
group one to group 2 [Zs(lel )1, then the scattering Ccross
section from group 2 to group 3 [23(243] for the fiést materiai.

Do the same thing for the other materials.

Card type 20, class name IN3:

X3: Macroscopic photoneutron reaction cross sections

for various materials;
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Card type 21, class name INCS;

NCS: If the first, or the second, or the third, or the

seventh_element'of this array is 2, D,, or Zazr or V:§2°r

r,  (in this order) - relative to the second trial shape -
2 ‘ : . ,
is the same as compared to Dl' or'Za

,.or VZF or Zs (in this
1 1 1 ‘
order) - relative to the first trial shape. If 1 is input for
any of these elements the corresponding cross sections relative
"to the second trial shape are not equal to those relative to

the first trial shape.

Card type‘22, class naﬁe‘INNCS;

ND=1, NSSGA=1, NUNSF=2, NSCRT=1,
s 1

Correspond to NCS (1) =1 , NCS(2) = 1, NCS(3) = 2,

NCS(7) =1 (seé above Card type 21);

- Card type 23, 24, 25, 26, class names INNRK1l, INNRK2,

INNRK3, INNRK7;

NRK1: Number of regions ih which D, is different as
compared to Dl' . ;

NRUI1 (1), NRUF1(1), NRVIL (1), NRvm(l)framé the first
region (the first two numbers in the r direction, and the last
two ones in the z direction) where Dzvis different -as compared
:to Dl' "NRCC1l(l) = 1 is the material number in this region;

XT1(1): the new diffusion coefficients relative to the
trial shape in thié region;

The same thing is répeated for INNRK2, INNRK3 and INNRK?

relative respectively to Za., vZ and ZS 2;'

F . If any-of D
2 2 A

2
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r_ ., vzg and I_ do not differ from those relative to the
az’ . Fa . 82 - ~

first trial shape, the corresponding cards can be dismissed;

Card type 27, class name -INSKEF;

SKEF: The éigenvalﬁe(s)-of the trial shapes‘computéd in 
an integral sense. This card is read in only if KSREX ‘is 1

(cf. first type of cards);

Card type 28, ’cléss name INSKOZ;

SKOZN: Eigenvalue of the critical reactor, computed in an

integral sense;

Card type 29, class name INCDNC;
CsC: This array has eight elements that correspond

respectively to D, Za vZF, EF, sccsl, sGCSz, ZS and ZD.

If during the transient any of these cross section sets
receive a ramp change 1 will be input in the place of the ele-

ment of interest. Otherwise 2 will be input;

Card type 30, class name INDDNC;

PC, SIGAC, UNSFC, SIGFC, SGCSC,'SCATC,,SPNRC

These vériables are treated the same way the elements ofv
the CSC array (see above Card type 23) are treated. DC=1 will
then mean that the diffusion coefficient-set receives a ramp

change during the transient;

Card type 31, 32, 33, 34, 35, 36, 37, 38, class names

INMRK1, INMRK2, INMRK3, INMRK4, INMRKS5, INMRK6, INMRK7, INMRKS

(D, I, VIp, Ip, SCGS;, SGCS,, I, Iy);

Confer Card type 21 with the only difference that the
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values at the end of the transient, t = TUP(NINT), for those

cross sections that vary during the transient will now be input.
Cards, for those cross sections that do not receive any

change during the transient, can be dismissed;

Card types 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, class

names INSPC, INSTP, INMSK1l, INMSK2, INMSK3, INMSK4, INMSKS5,

INMSK6, INMSK7, INMSKS;

The test that is made for a ramp change through card types
29 up to 38 is now made for a step change.

If LBYD is greater than 1, then the class INT is repeated to
characterlze the output beyond the time TUP(NINT) input through

‘the flrst INT (see above, card type A)



APPENDIX O
PROGRAM OZAN
ALONG WITH REQUIRED PRFEPARATIONS,

PROGRAM RHO1

(The Ramp Change Slope of the Reactivity Matrix

Computed through a Perturbation tvpe of Approach)



ALLO Set Up

(Like Allocate)



ALLUCATE SPACLE TJ SAVE VARIOUS CROSS SECTIONS

// "TULGA YAKRMAN' ,RE;ION=128K,CLASS=A

/FMITID USER=(ME0Y649441)

/EMAIN LINES=20,CARUS=00,TIME=5

//STEPL EXtlL PoM=1EFBR14

//DDL DD USNAME=USERFILE.M8696.9441.EQD.IF,

Zd DCO=MIT.STANDARD. SOURCE ySPACE=(16004(5045),RLSE),
// UNIT=3330yVIL=KEF=RENTDISK,DISP=(NEW,CATLG)
//UDZ2 DU DSNAME=USERFILE.M8690+7441.ESI.GA,

#d DLB=MITSTANUARU«SOURCE s SPACE=(16004(50,5),RLSE},
// UNIT=33509VUL=REF=RENTDISK,DISP={NEW,CATLG)

//0D3 DU USNAME=USERF ILE .M8696.9441.FUN.SF,

// ULB=MIT.STANVARDSOURCE 4 SPACE=(1600,(50,5)4RLSE),
// UNIT=33,UyVIL=REF=RENTDISK,0LSP=(NEW,CATLG)

//0D4 DD USNAME=USERFILEL.MB8690.9441.ESC.AT,

// DCU=MIT.STANDARU<SOURCEsSPACE={160C,(4094)4RLSE),
// UNIT=3350,VUL=REF=RENTDISK,0ISP={NEW,CATLG)
//0D14 DO USNAHL=UStKFILE.M8046.9441.FCD.iF,_

{7/ DEB=MIT«ST ANDARD4SOURCESPACE=(160C,(50,5) yRLSE),
// UNIT=3330,VUL=REF=RENTDISK,U1SP=(NEW,CATLG)
//DDL5 DU USNAME=USLRFILE.M86Y6.9441.FSI.CA,

Ve ULu=M1T.sIAvUAxu.>UURCE,SPACE=t1600,(50,5),RL583,
// UNIT=3330y VUL=REF=RENTDISK yuISP={NEW,CATLG)
//UD16 DU LSNAME=USERFILE «M8090.9441.FUN. SF,

I DCB=MITaSTANUARUSSOURCE,SPACE=(160C,(5045),RLSE),
// UNIT=3330s VUL=REF=RENTDISK,yUlSP=(NEWSCATLG)
//BULT DD USNAME=USERFILE.M8690.9441.FIS.GF,

I UDCB=MITSTANUARUSSOURCE 4SPACL=(1600,(50,5)4RLSE),
// UNIT=3330sVUL=REF=RENTOISK,UISP=(NEWK,CATLG)
//D0D18 DD USNAME=USERFILE.M8696.9441.TRD.IF,

/7 uca=M1T.sTAuuARu.SOURCE,SPAutz(1600,(50,51,RLSEJ.
// UNIT=3330,VUL=REF=RENTOISK,0ISP={NEW,CATLG)
//7L0LY DU USNAME=USERFILE.M8696.9441.TS1.GA,

/7 UCB=M11.51ANUARU.50URCE,SPAut=(1600:(50.5):RLSE):

ALLO0O0O1
ALLO0002
ALLOO0003
ALLO00O4
ALLOO0O0OS
ALLOOQOOS
ALLOOO0O07
ALLOOOOS8
ALLOO009

ALLOQO10O

ALLOO0011
ALLO0012
ALLD0013
ALLOOO14
ALLO0015
ALLO0016
ALLO0017
ALLO0018

. ALLOOO19

ALLOO002D
ALLOOO21
ALLOOO022
ALLOO0023
ALLOO024
ALLOOO25
ALLOQO26
ALLOQO27
AL100028
ALL0O0029
ALLOOO30

"ALLO0031

ALLO0032
ALLGO0033
ALLOO0O34
ALLO0O035

ALLOO0036 w
P

v



// UNIT=3330,VOL=REF=RENTDISK,DISP={NEW,CATLG)
/70022 DO USNAME=USERFILE JM8696.9441.FSC.AT,

// UCB=MIT.SIANUARU.SOURCE;SPACE=(1600,(40'43vRL5E)r
// UNIT=3330,VUL=REF=RENTDISK0LSP={NEW,CATLG)
//0023 DD USNAME=USERFILE «M8696.9441.TSC. AT, -
/7 UCb=MII.STANUAKU.bOURCEgSPACt=[1600,(40,4),RLSE)’
// UNIT=33309VIL=REF=RENTDISK,UISP={NEW,CATLG)
//ub24 LU USNAME=USERFILE eMB869049441.FSG.CS,

/7 U[-.fj:MI].b‘A‘iUARU-bOURCEy SPACIE:(].bOOf(I-OO! 10) +RLSE) ’

// UNLIT=3350sVIL=REF=RENTDISK,0I5P=(NEW,CATLG)
//buee DV USNAME=USERFILE «MB309049441.FSPLNR,

// DCB=MII.bIAWUAKU.SUURCE:SPACc=(1600v(40v41pRlSEJv
// UNIT=33309VUL=REF=RENTDISK,0ISP=(NEW,CATLG)
//0LZ8 DD USNAME=USERFILE .M869649441.HEDLIF,

/7 ULu=MIT.bTAVUAKU.bUURCE,SPACE=(16009(50r5),RLSE)'
// UNIT=3330,VIL=REF=RENTDISK,ULSP=(NEW,CATLG)
//DD29 DL USNAME=USERFILE«MB80696.9441.HSI.CA,

// DC5=MIT.SIAHUARU.bUUQCE,SPACE=(1600’(5015);RLSE),
// UNIT=3330,VUL=KEF=RENTDISK0ISP=(NEW,CATLG)
//70bD31 DL USNAME=USERFILE «M80790.9441.HSC.AT,

7/ UCB=MLT.SIANUARU.bGURCE.SPACE=(1600.(40,4},RLSE),
// UNIT=3330, VUL=ReF=RENTDISK,0ISP={NEW,CATLG)

%

ALLOOQ037
ALLOOO38
ALLOO0039
ALLO0040
ALLOO0O041

ALLOCO42

ALLOO0043
ALLOOO44
ALLODO045
ALLOOQO46
ALLO004T7
ALLOOQO04S8
ALLOO0O049
ALLOQ00S0
ALLO0O51
ALLOOO0O52
ALLOOOS53
ALLOOOS4
ALLOQQOSS
ALLOOOS6
ALLOO0QS7
ALLOGOS8
ALLOQOS9

Sve



TRSF Set Up

(Like Transfer)



TRANSFER VARIUJS FLUXES(FIRST SHAPE AND ITS ADJOINT,ETC) TO THE CORRESPONDING TRSF0001

UDATA SETS IN URDcR Tu MAKE USE UF THEM DURING THE v+ OZAN 54 RUN TRSFQ002
TRSF0003

TRSF0004

/7 'TULGA YAKMAN',REGICN=128K,CLASS=A ' - TRSF0005
/MITID USER=(MU690,9441) TRSF0OO006
JMAIN LINES=220,CAKUS=00,TIME=3 TRSFOO0OO7
/%SKI LOwW ' TRSFQOO008
//STEPL EXEC FORCGO TRSF0009
//CaSYSIN b * TRSFOO10
C PRUGKAM TKANSFER ' TRSFOO11
G TRSF0012
C CUPY FRUM EXTERMINATOR 2'S DATA SET THE FIRST SHAPE AND ITS ADJOUINT WITH . TRSFO0013
L NECESSAKY MUDIFICATICNS CONTU TAPES WHICH WILL BE USED BY ,,0ZAN,, TRSFOO014
C . TRSFO0015
DIMENSTIUN PSI (40,3,48),PHI(3:48,40) TRSFQOO16

C TRSFQO017
REWIND 20 ' . TRSF0O018

DO 1u0 I=1,438 . . TRSF0O019
REAU(20) ((PSI(JsKeTI)pd=1,40),K=1,3) ; TRSF0020

100 CUNIINUE _ ' TRSF0021
L1000 FURMAT(LPSEL%4.06) TRSFQ022
; . U0 U0 MG=1,43 TRSF0023
DO 2U0 MV=1,48 TRSFQ024

. DU 200 MU=L1le44 TRSF0025

200 PHI(MGsMV 3HUI=PST(MUyMG MV ) TRSF0026
DO 21U MG=1l.5 . TRSF0027

DO 210 MV=1,48 : TRSFQ028

210 PHI(MoyMVyL)=PHI(MGsMV,2) TRSFQ029

© REWIND 1u TRSF0030
WRITE(LUy 1O00) PHI -TRSF0031
ReWlINU 10 TRSF0032

DU 125 J=i,y2 . TRSF0033
REAU(Z2Q) ' TRSF0034

125 CONTINUE ' TRSF0035
DU 15u l=1,%8 : TRSFO036

LVE



READ(20) ‘(PSI(J:K,‘)1J51040)tK=1,3)

150 CONTINUE
DU 300 Mo=1ly3
DO 300 MV=1,48
DO 300 MU=Ls40
300 PHLUIMG MV 2 MU)=PST(MUMGsV)
DU 310 Mu=Ll,3
, DU 310 MV=Lls48
310 PHI(MGyMVsL)=PHI(MG,MV,2)
Redlinvu 11
WRITE(LLylYU0) PHI
"REWIND 11
STuP
E END
/*

//G.FT2UFUUL UD DSN&ME=USERFILE.M8696.9441.DENGEA.KISI;DISPé{OLDgPASSI

//6.FTLOFOUL LU USNAME=USERF1LE.M86€6.944l.ECP.SIrDISP=DLD

//G.FTLLIFUUl LV USNAME=USERFILE.MB69
/%

6.5441.FCA.DJ,DISP=0LD

TRSF0037
TRSF0038
TRSFQO039
TRSF0040

TRSFOO041 .

TRSFO042
TRSF0043
TRSFO044%4
TRSF0045

TRSF0046 -

TRSFQ047
TRSFO0438
TRSF00N49
TRSFO050
TRSFOO51
TRSF0052
TRSF0O053
TRSFOO054

' TRSF0055

8¥E



PROGRAM OZAN



/7 '"TULGA YARMAN' yPEGION=32%K,CLASS=A
/#SRT LOW

/EVMITIC USER={ME6GE,S44])

/HMATN LINES=20,CAFCS=30,TINE=25
//8TEPY EXEC FCRCGCL

//7CaSYSIN LD *

C

C
C
c

FRUGRAM Q7AN

12 UZAN,y MEANS POET IN TURKISH

CCMMGN/GZO/SIGA,UNSF|$GCS.SCAT:P$I:H

CCMMBN/DZII/CvDNC;KSRCZ;5KUZN;NDPSI¢NDH1PU9HV,R
CCMMCN/0212/EC,SIGACthSFCvSIGFCySGCSC;SCATCfSFNRC,ATTC
COMMCMN/QOZ2/NMUDESI1 4 kK

COMMCH/OZ3/TMIN,TMAX

COMMON/OZ4/NEETALZNBET22 yNBETA,NRETL

COMMON/OZEK /MGLK,MDVIC
CCNMCN/UZETA/NhS,NFK,thIyNHUF,NFVI,NHVF,NHCC,XGZ
CCMMGN/FUZIl/LLLvLFIAﬁL;KSREX,FLADI,ALAPl,DIFFI,SKEF
CCMMCN/FGZIZ!ISDyISS#rISUFpISSF,ISSGrISSTrISSP:ISATT
COMMON/FOZI3/NCyNSIG 2 ,NUNSF,NSCAT

COMMON/O22FZ1/V1 '

COMMON/DZ3FZ 1/ GENTME

COMMON/OZ4FZL/LAPN yVLEFN

COMMON/FCFA/CUEF MCUF
CGNNENIGZFZZIEETA,E,FFAR,VFMAR;BETR,VBETR,BECII'BECZI
COUMMUON/F 2F4 /b SC 4 UJNPC

CJ”MJN/J21FZ3/NZRJ:CCEFICvSlyYIEL:YIEJqMRUI,MRLFyMRVIpMRVFvATT

CCMMCM/GZZFZ3/PHPR,VPPPR,DPPR,VDPPR,EECIZ,BECZZ

CCNMON/UZFZ&/FIJ,FAMLAN,RﬂCl'ROCZ'ROC3,BEC1,EECZ'BEC3,FANFRE11NPC

CIMMUN/F 24HT /R E
CLMN&N/GZGGAIIJUMP.EFSZ,NCMI'NCGEF,RCJpEATA,JE
COMMOM/OZCRHT/FANCLM

COMMON/GCIHT/FIF
COMMIN/QZHST/ATTLATTZ 4MULyMLU,M V1 4 MYV

CGZANOOO1
OZANCOC2
OZANQOO3
CZANOOOQ4
OZANCOQCS
GZANOOOS
0ZANQOOQ7
OZANOQOOS
CZANOOO9

CZANCOLO

O0ZANQO11
0ZANOO12
0ZANCO13
0ZANOO14
0ZANOO15
OZANQO16
CZANQO 17
UZANQO18

 UZIANOO19

CZANOO20
0ZANGOZ21
0ZANOOZ22
O0ZANOO23
0ZANOQO24
0ZANQO 25
CZANQOQZ26
OUZANQO27
UZANOO23
0ZANQOZS
0ZANO0O30

-UZANOO31

0ZANOO32
GZANOO33
CZANOO34
0ZANQO25
CZANOO3s

0SG€



(g

OO0

INTECER €,4DNC

INTECER CCySIGAC,UNSF(»SIGFCySCATCySGCSC ySPNRC,ATTC
REAL NIRC :

REAL LAPN

CIMZNSION SIGﬂ(B;#T;BS?,SCAT(2747;39),56(5(2,3,47,Egl,HU(39),
IPV($7),P(QOJ,V1{3D,AT1{2,10),ATTI(lO),ATTZ(lC),MRUIIIOI,NPUF(IOIv
2PRVI(10);MRVF(loi,YIEL(ZI'YIEJ(QlyBETA(é)gTUP(ZOJ,FIJ(ZloFIF(Zl,
ENDW(ZIvNDPSI(2'vSKEF(E)vFAMLAM(lﬁlfFANPRE(Zq15)'FAMCLMIZ'15l9
495C11(2,2’6),8EC21(2,2,6),8EC12(2,2,GI'BEC22(2;nglpDPPR{Z,Z),

.EVDP9P(2,ZI,CEKT“H(Z,2J,BECI{Z,Z,15!,BECZ(Z,Z,IS!,BECB(E:2;15),

5BATA12,2,ISF'RLCI(Z,Z),RLCZIZ,ED1RGC3(2,2!,FCJ(2,2)

CINENSTON PFtLL{épé},PFALF(#,@I,BFULL(&I,EHALF(él,EETR(E,ZJ,VBETR
1(2,2),LAPN(Z,ZI;VLAPhtzyZ),=NAR(2,23,VFHARIZ,ZJ,PHFRCZ,zI,VPFPR
2(2,2),MGLK(81.MDVIC(EE),NHS(Pi,NHK(S),NCSCJ(E!.MHtI(20,8l;
3hHUF(20,81,k+VI(20,3!,NHVFIZO,BI,NHCC(ZO.sl;XGZ(B,ZU,B)

DIMENSICN PSI(B;&B,@C).w(3,&8,40)1UNSF(3'47;39)-51(2,10),
1("5"‘(3947’39 37WSC(2)vLEYCf5)

C LIKE CFANGE,DONC LIKE DJES NOT CHANGE(DURING THE TRANSIENT)

NDPST(1)=10
NDFST(2)=12
NOW(I) =11
NDW(2)=13

hﬁMELIST/INNP/NMUDES,hCEKINgKSREX'KSRCZg(GEFIC;LFIAAL,INFC,LPSNv
1LEYC :

MMELTST/INVI/VYLOMEE

NAMELTST /INHL/HU

NAMELIST/ INHV/ RV

MMILIST/INYL/YIEL

NAMELIST/ZINYJ/YIEJ,NZRC

0zZANOO37
CZANOO38
OZANCO329
UZANQO4O
CZANOO&1

0ZANOQ42

CZANOO43
CZANCO44
CZANCO4S
UZANOO4S
OZANCO47
UZANOO43

GZANOO49

0ZANOQOSO
CZANQOS51
CZANCQOS2
OZANOOS3
CZANQOS4

- UZANCQS5

J0ZANOOSS
CZANQOS7
OJZANQOES8
CZANQOS59
OZANCO40
GZANOOGL
GZANQOG2
OZANOOQOE3
OZANDO&4
CZANQQES
OZANQOES

- UZANQO&7

OZANCOEB
CZANDOK9
CZANOOTO
OZANGO71
CZAN0OO72

w

w
e



OO0

O OM

NAMCZLIST/INBA/BETAZNEETAL1,NBETA2
MFMELIST/INF/FIJy FAMLEN, FAMPRE
MAMELIST/INMVU/ZMVL , ¥V, VUL, MUY
NAMELIST/ZINATTLI/ATTL
MMELIST/INATT2/ATT2
MVELIST/ZINUI/MRLT

NAMELIST /INUF/MRUF
MNMELIST/INVI/NMRVI
MMELTST/INVF/MRVF

NAMELIST/ INGLK/MGLK

MGLK(1) IS THE NUMBER CF GROUPS FOR C

MMILIST/INCV/NDVIC

MOVIC(1) IS THE INPUT CUTFUT CEVICE FOR D AT THE BEGINNING CF THE TRANSIENT

NAMELIST/INSKEF/SKEF
MAMELIST/INSKOIZ/SKIZN

NAMELIST/INT/TMIN, TJUNPTUP ,NINT yNCM1,EPS2

READ(S5 y INNM)

CREAC(5, INVL)

REAC (54 INFU)
READ(S, INHV)
REAC(5, INYL)
READI(S,INYJ)
REAC(5,INBA)
REAC (59 INF)
READ(S,INATTL)
REAC(5, INMVU)
REAC (5, INUI)
READ(S, INLF)
REAT(5,INVI)
REED(5,INVF)
READ(S5,INGLK)

OZANQO73
JZANOO74
OZANCO75
JZANOO76

CZANOOTT

OZANCOT78
CZANOO79
CZANOOEO
CZANOOSB1

CZANQOB2.

UZANCOE3
OZANOOB4
CZANOOBS
OZANQOES
CZANOOSB7
OZANQOES
0ZANQQE9
CZANOOSO
OZANCOS1

T UZAN00S2

CZANQOS3
0ZANQOS4
CZANQOSS
CZANCOS6
0ZANQOS7
O0ZANOO98
OZANCOQSS
CZANC100
JZANO101
GZANO102

.0ZANO103

CZANOCL1C4
UZANOQO10OS

. CZANOLOQ6

OZANC1Q7
CUZANOLOS

cStE



REAC (5, INCV )
REAC(54INT)

LCOO FORMAT(TEl1l.f%) :
€00 FORMAT (1H. 420X, INPLT CPTIONSY//77) '
€01 FURMAT (1H 4 'THE NUMRER (F THE TRIAL FUNCTIGON(S) USED IS ',1I1)
€02 FORMAT (1K ,'CRCSS SECTICN ARRAYS WILL BE SENT ON TAPES'/)
€03 FORMAT (1H ,'CROSS SECTICN ARRAYS ARE SUFPOSECLY REACY ON TAPES'/)
€04 FURMAT (1H 4 'A SEARPCF FIR THE EIGENVALUE(S) UF THE TRIAL FUNCTICNM(
1S) WILL BE MADE TRCUGF THE CJD&')
€05 FORMAT (1H ,'THE EIGEAVALUE(S) OF THE TRIAL FUNMCTICN(S) ARE SUPPCS
LEDLY KNOWN')
€06 FUORMAT (1H ,*CONSIDERING THE PHOTONEUTRCAS A SEARCF FOR THE EIGENVY
‘ LALUE 2F THE STEADY STATE SHAPE WILL BE MADE TRCUGH THE CCDE' /)
€07 FCRMAT (1K 4'THE PHLUTONEUTRINS HAVE PEEN €ST IMATEC TO BE NUT IMPOR
1TANT FOR THE TRANSIENT STUDIED!/)
603 FORMAT(1H » ' IT HAS BEEN CHUSEN', I2,' TIME ZUNE(S) FCR THE TRANSIEN
11 -STUDIEDY)
6C81 FORMAT (/1X,y "THE PRECLRSCR CUNCENTRATIONS WILL BE CCNPUTED WITHIN
1THE C2DE'/)
6C82 FIRMAT (1H ,'THE PRECLRSCR CONCENTRATICGNS ARE INPUT TO TFHE COCE')
6C83 FORMAT (1F o 'THE REACTOR WILL BE UNIFORMLY PCISONEC FOR CuMPUTATIC
“ 1IN CF THE EICGENVALUE CF THE SECUNC SHAPE'/)
€0% FORMAT(1H ,*THE INITIZL CONDITIGCM FOR THE FIRST TRIAL FUNCTION IS
1 "3ELLleS)
€10 FORMAT(LH ,*THE INITIAL CGNDITICAN FOR THE SECCND TRIAL FUNCTION IS
1 '9E11.5)
€11 FORMAT (/1X,*AN ECIT CF THE TIME DEPENDENT FLUX WILL BE MADE(IF NM
10DESeGT-1)AT THE SELECTED POINT(S) LCCATED BEThEEN THE MESFES'//7X
29124%y "y 129 ' IN THE Z CIRECTIUN AND '/TX9I29%4%,124* IN THE R CIFRE
. 3LTICN'Z27)
€12 FORMAT(LXy'FIRST TIME ZONE'//7X,'TIME CRIGIN IS AT ", FLO.5/7X,'AMF

LLITUCE FUNCTICNS PRINTED AT INCREMENTS OF '+ 12/7X4'A CUNMFLETE EDIT

2 WILL BE MADE(IF NMCCESeGTel) AT TIMES3'"//(7TX310(FEab6,2X))/(TXy10H
. 2F34£92X))7)
6121 FORMAT (/TX,"THERE ARE TFEN 'yI24" TIME STEPS'///)

CZANO109
OZANC110
JZANOL11
OZANO112

JZANOL13

CZANOL14
0ZANQL115
OZANOQO116
CZANOL17

0ZANC118

OZANO119
0ZANO120

0ZANO121

CZANOL122
CZANQlR23
UZANO124
UZANOL25
OZANCLZ26

- UZANO127

UZANOL128
CZANQ129
CZANO130
CZANO121
OZANOQ132
CZANOL133
OZANO1324
0ZANOL135
UZANOL136
UZANOQ137
UZANO138

"GZANOQL13S

JZANO140
CZANO141
O0ZANQ142
0ZANO143
O0ZANO144

w “
(9]
w



€20 FORMAT (1HL1 ,/////21X4'SEARCH FOR THE EICENVALUE (S) CF THE TRIAL F
' LUNCTIGON (S) *//7)
€2] FOPMAT (///7/7/1X+"KEFF1=' yF104894Xy" KEFF2=',F1048//)
622 FIEMAT (1F14///7/21Xy 'SEARCH FUR THE EIGENVALUE CF THE STEADY STAT
1E SHAPE CUNSIDERING THE FHCTCNEUTRONS*///7)
€23 FORMAT (/////1Xy'KEFFCZAN=",F10.€//)
€24 FORMAT (LHLy "NEW TIME ZONE'/TX, 'TIME ORIGIN AT ',F10. 8/7X,'AMPLITLC
1E FUNCTICONS FRINTEC AT INCREMENTS OF %,12/7Xy'A CCMPLETE CCIT WILL
2 BE MADE(IF NMUDESaGTel) AT TIMES;'//{TX410(FEebs2X))/(TX,10(F8eb,
32X))7)
7C24 FORMAT (/2//7/71X,'THE FEACTOR HAS ALREACY BLOWN UP */7X,'NJ NEED TGO
1 CONTINUEae ") :
7025 FORMAT (////7//7Xy'THE CRITERIUM(EPS2) INSURING THE TIME DECPENDENT
1 SCLUTIONIS) TC CONVEFRGE IS TOC SMALLY)

WRITE (6,600)
WRITE (6,601) NMODES
IF (NJEKINoECal) GO TC 613
WRITE(6,€02)
€0 TC 614
€13 WRITE(6,603)
€14 IF (KSREXeEQel) GO TO &18
L WRITE(6,605)
G2 TC 61¢
£15 WRITE(E, £06)
€16 IF (KSROZ.EC.l) G2 TC 617
IF (COEFIC.NEeO.) GO TO €18
WRITE(6,607)
63 TC 618
617 WRITE(6,€06)
618 WRITE(6,603) LFINAL
© IF (INPCe£Qel) GO TO €181
WRITL(6,€081)
GC TH 6182
6181 WRITE(&,€C82)
6182 CONT INUE

OZANC145
0ZANO146

OZANOQ147

CZANO148
OZANQO149
JZANO150
0ZANO151
OZANOQ1S52
GZANOL153

UZANQ154

DZANOQ155
OZANOLS56
0ZANQ157
OIANOL158
O0ZANO159
OZANO160
CZANOL61
0ZANQLE2

" QIANO163

CZANOl 64

OZANCLES

OZANO166
CZANO167
OZANO1€8
0ZANO169
GZANGL70
0ZANOLT1
GZANOLT2
DZANCL73
QZANOLT4

. CZANO175

0ZANOQ176
CZANOLTT
GZANCL78
0ZANOL179
0ZANOL18BO

AT



‘a0 o

6192

€19

1024

2023
10825

1C30

IF (LPSN.EQ.C) GO TO €192
WRITE(£,€C082)

WRITE(6,509) FIJI(1)

TF (MMTDES.ECel) GC TC 619
WRITE(E,€610) FIJ(2)
WRITE(Oy811) MVI1,MVV,MUL,MUY
WRITE(64412) TVINGTJUUMF(TUP(IT) 3IT=1,NINT)
W ITE(Ey €121 ) NINT
NBETA=NRETAL4NRETAZ
ABETI=NBETALl+1

£J 2022 MR=1,10
ATTC1,MR)=ATTL(VR)

> COMNTINUE

IF(ATTC LEQaC) GO TO 1024
GO 7€ 1025

FEAD(S, INATTZ)

LT 2023 WMR=1,10
ATT{2yMR)=ATI2(MR)

CONT INUE

CALCULATICON CF R{MU)

F(1)=0, :

€1 1030 MU=2,40
RIMUI=RINMU=-1)+FU{MU-1)
CONTINUE

II=NM3NDES

KK=11

LLL=1

MMM=Q

JNFC=INPC
TMAX=TUP(NINT)
NDINM=NNMOCES#HACM1
NCOEF=NCM1s1 :

IF (NJEKINeECs1) G2 TC 511

0ZANOLB1
JZANQ182
CZANO183
QZANC1 E4
0ZANO18&5

GZANOLBS

OZANOL187
0ZANQLl8E
CZANO1ES
0ZANO1SO
GZANOLS1
0ZANC1S2
0ZANO193
UZANO194
OZANOL95
OZANO196
CZANCL1ST
UZANO198
CZANO199
DZANQ2CO
0ZANO201
CZANO202
U0ZANOQ203
UZANO204
CZANOQO2G5
0zANQ206
CZAND207
0ZANQ2CS8
0ZANO20S
CZANO210

" GZANOQ211

CZANO212

UZANQZ213

JZANO214
GZANO215

UZANCZ216

w
wn
wv



O

O

CALL EKIN(CQOEFIC,SIGA,SGCS,SCAT)

READ(14,1000) ST1GA
REWIND 14
WRITE(1,1000) $1GA
REWIND 1

READ(15, 1000) SIGA
REWIND 15
WKTTE( 2, 1000) SIGA
REWIND 2
READ(15,1000) SIGA

- REWIND 1¢

£00

WRITE(3, 1000) SIGA
REWIND 3
REAC(2241000) SCAT
FEWIND 22

" WRITE(4,1C00) SCAT

REWIND 4

CALL DATA3(DNMN)

CALL THEEND!NGLK,MCVICgDNCsSIGAySCAT)

IF {(NMODESeEQel)eRe (LPSNeNEa1)) GG TO €111

CALL POISON(SIGA,OMEC,V1)

CINTINUE

IF {KSREXeEQel) GC TC 500
KEAD (59 INSKEF)

Gl TC 502

COINT INUE

WRITE(54620)

CALL FILIZ1

WRITE(S54€21) (SKEF(I1S)y15=14,NMCDES)

- 0ZANO217

CZANO218
OZANQG21S
0ZANQ220

02AND221

UZANOQ222
OZANO223
UZANO224
O0ZAN0225
CZANO225
OZANC227
O0ZANO228
CZANO229

0ZANO230

UZANO231
CZANOZ32
0ZAN0233
GZANO23%
OZANQ235

" 0ZANO0236

QOZANO237
0ZANOQ238
0ZANO239
CZANQ240
0ZANO241
OZANQO242
OZANQZ243
UZANO244
CZANO245
OZANO246

UZANQ24T

OZANC248
0ZANQ24S
0ZANO250
OZANQ251
OZANO252

9S¢



O

O

,-ﬂ

2621
£046

507

£09

£03

IF (KSROZ.EQel) G2 TC 504

IF (CUEFICeLCa0s) GC TC 5021
READ(5,INSK2Z)

G TC 506

SKUZN=SKEF(1)

KSREX=0 '

‘kKSRCZ=0

CALL DATA2{DNC)
IF (LLLoEQel) GG TC 5(9

CALL PASS(NCSKC,DNCyMLVIC,SIGA+SCCS +SCAT)

CALL CHANCE(NGLK,MOVIC,ONC,SIGA,SGCS,SCAT,NCSCC)

CALL CATAL(LCNANC)
CALL STEP{MGLK yMOVIC yCNC +SIGA,SGCS,SCAT)

IF (LLLeECe1l) GU TC E(3

READ(S, INT)

WRITE(G,624) TMINg IJUNMPy (TUP(IT) yIT=1,NINT)
WRITE(Ey£E121) NINT

TMAX=TUP(NINT)

CALL FILIZ1
CALL FILIZ2

IF (COEFICeNELO.) GO T0 508
CC 520 I=1,11

D) £20 K=1,Kk

PHPR(I,4K )=0.

VPHPR(I,K)=0,

EDPR(I,K’=03

VOPPE{IyK)=0s

Ll 520 J=1,NEETA2
8%C12(I'K’J)=OO
EEﬁZZ(I,K,J’=O.

CZANO253
O0ZANQ2%4

JZANQ255
OZANO256
OZANQ2Z7
CZANO258
CZANC259
UOZANO2€0
CZANO261

OZANC2&2

CZANO263
O0ZANO264
OZANO2€5
JZANQO266
CZANQ267
OZANQ2¢68
0ZANO255
0ZANC270

- 0ZANO271

GZIANO272

0ZANO0273

0ZAND274
GZANC275
OZAN0276
CZANO2T7
0ZANC278
8ZAN0279
0ZAND280
0ZANO281
0ZAN0282

"0ZANO283

0ZANO284
0ZANO285
OZANC286
0ZANO287
GZANO2 85

LSE



)

£l2

- 1093
1C34

5041

- CONTINUE |

0 T2 510

CALL FILIZ3
CALL FILIZ4

GO TO 412
CINTINUE
WRITE(6,£22)
Ii=1

. kK=1

CALL FILIZ3

SKQZN=*FLAPll(ALAPI-EIFFl—PHPRll,ll-DPPR(lyll)
WRITE{(6,£623) SKCIN
TI=NMIDES

KK=NNMODE S

CT TC 306

TMAX=TUP(1)

IF (MMM EQ,0) GO T 1CS54
L3 1093 I=1,11

L 1093 K=1,4 KK
FOCLIIZRI=RCJI(I,4K)

07 1C93 J=1,MNBETA
FECIIToKoJ)=BATA(I K 4J)
CONTINUE

CALL GONCA(NCIM,PFULL,PHALF,BFULL,BHALF)
IF (J3.GEe30) GO TC E£¢€00

CC 5041 I=1,11
FIFM=FIF(I)

1F I!ABS(FIFN‘»GE«l.E?S)oURg(ABS(FIFM)-LE-I.E—BS)I GC TO 5800

IF (MMODES.ECsl) GC TC 513

OZANQ2ES
0ZANQO290
Q7ANOQ2651
0ZaNQ2S2
U0ZANQ2G3
OZANC2G4
OZANO295
OZANO296
O0ZANQ2S7

OZANO298

CZANGC2SS
0ZANO300
CZANO301
OZANC302
OUZANO303
QZANO304

- OZANO305

DZANO306

. CZANC307

O0ZANO308
CZIANQ307
CZANQ310
CZANO311
CZANO312
O0ZANO313
CZANO314
JZANC315
OZANOQ3 1€

0ZANO317

UZANGC318

‘UZANO319

0ZANO320
UZANO321
JZANQ322
OZANGC323
OZANO324

8G€E



@)

£13

1021

5C42

1C32
7022

1633

5€00

CALL HASAT(BATA,GENTME4RCY)

IF (NINT4LTs2) GO TGO 7032
07 1032 NI=2,NINT
THIN=TMAX

TMAX=TUP (N )

CO 1031 I=1,1I

CO 1031 K=1,KK
ROCI(I4KI=RCI(T 4K)

[0 1031 J=1,NBETA

BECL(I 9K o) =BATA(I 4K 9d)
CONTINUE

CALL GONCA(NLCIN,PFULL 4FHALF,BFULL,BHALF)

IF (J3eGEe30) GU T2 £€00
0T EC42 I=1,II
FIFM=FIF(I)

IF ((ABS(FIFM)oGGoloE25)CRs (ABS(FIFM)aLEaleE=351) GO TO 5800‘

IF (NMUDESe.ECel) GO TC 1(32
CALL HASAT(BATASGENTNE,LRCY)

CONTINUE
CONTINUE

IF (LBYD(LLL)EQsO0) GC TJ 1033

RELC(5,INT) ;

WRITE(G9624) TMINy IJUMPy (TUP(IT) IT=1,NINT)

WRITE(646121) NINT
LBYDI(LLL) =0

MMMz ]

Gl TC 512

IF (LLLs EQa LFINAL) GC TO 5000

LLL=LLL+1
GY TC 507
WRITE(4,7024)

0OZANO325
0ZANO326
DZANGC327
DZIANO328
CZANO329
0ZANO3320
CZANO331
0ZANGC332

GZANQ323

CZANO334
OZANQ335
OLANO336
CZANO337
0ZANO338
CZANO339
GZANC340
CZANO341
CZANO342

- OZANC343

0ZANO344
GZANQO345
OZANQ346
CZANO347
GZIANQC348
O0ZANQ349
GZANO350
OZANQC351
JZANO352
0ZANO353
OZANO354

0ZANO355

UZANQ356
UZANO357
GZANO358
OZANQ359
O0ZANO360

W

6S



OO OONO O

OO0

OO0 |

OO

¢ T2 5000
5¢00 WRITE(6,7025)
000 CONTINUE
sTOP
END i
SUBRUJUTINE EKIN(COEF ICyDsSGCSy5CAT)

THIS SUBRUUTINE WILL MAKE UP THE CROSS SECTICN ARRAYS ANC WILL SENC THE
RESULTS 7O THE DATA CELLS

vy EKIN 99 MEANS SEED IN TURKISH
A PRCVERR SAYS 4 yWHATSTEVER A MAN SOWETH THAT ALSC SHALL HE REAP.y
COMMIN/CZEK/NGLK MLV I(

CIMENSION X1(3,23,6)922(2923)9%X3(2423)4X12423,8) +D(3,47,39),
1SGCS (293 947 933)9SCAT (2947439 )4MGLKI(8)yMDVIC(32Z)

CATA FOR DySIGAyNUSIGFyS1C(F,SECUNDARY GAMMA RAY CROSS SECTION
PHITCN GRGUP 1 AND PHCTCN GROUP 2 (STEADY STATE)

MANMELIST/ZINI /X1

CAT 2 FOR SCAT: SCATTERING CRUSS SECTION (STEADY STATE)

NAMELIST/IN2/X2

CATA FTR SPNR; PHRCTCONEUTRCN REACTION CREOSS SECTICN (STEACY STATE)
MAMELIST/IN3/X3
5C00 FORMATITELLl. 5)
REAC(5, IN1)
RTEAD(5 ,1M2)
READ(5,4IN3)

- OZANQ361

0ZANC362
0ZANO363
GZANO364

OZANO3ES .

UZANO3GS
CZANC367
0ZANO3¢8
0ZANQ369
0ZANC370
OZANO371
CZANO372
GZANO373
CZANO374
OZANG375
0ZAN0376
0ZANO377
OZANC378

 OZANO379

OZANO380
0ZANO381
GZANO382
CZANO3E3
CZANO384
CZANO385
OZANGC3ES
CZANO387
CZANO388
OZANO3ES
CZANQ330

-CZANG3G1

0ZAN03S2
QZAN0393
UZANC3S4
OZANO355
OZANO396

09¢€



&
¢

STEARY STATE PICTURE

B8O

17

85

18

84
20

212

Eu 1‘)"‘ K= 1,8

I ((COEFICeEQeOe) oANLo( (KeEQe4 ) eORe (KoECo 5!.59.(K.EQ 61 .0R,

LKaGQs8))). GZ TO 153

MITVC=MDVIC (K)
MGL=NGLK(K)

IF (KsEQW7) €3 1O 17
IF (KeEQe%) GO TO 18
LT RO MC=1,27

CC 60 LG=1,y4MCL

XOLG yMC oy K)=XL(LG4MC4K)

CONT INUE
GU TC 20
Lo 8S MC=1,232

L0 85 LG=1yMCL

XOLG yMC 4y %)=X2(LGyMC)
CONT INUE

C3 T 20

0O £€ MC=1,213

[T & LG=1, MCGL
XCLGyMCyK)=X3(LGyMC)
CONTINUE

{3 220 LCG=1,MGL

CALL SUIK,LGyX,D)

IF(KsENe5) GC TO 212
IF(KeZQat&) GC TO 214

IF (KeGTo&) GO TC 215

IF [LGoLToMGL) GT TC 250
WRITEC(MDEVC,S000) C
REWIND MLCEvVC

3 TS 25¢

CC 300 MV=1,47

DT 2C0 MU=1l,:28

OZANQ3ST
0ZANO398
0ZANO399
UZAN040Q0

CZANO40O1

CZANC4Q2
UZANCAQ3
CZANO%0%
OZANQ4Q5

0ZANO406

UZANO4OT
OZANO4CS8

LZANO4O9

0ZANQ41C
OZANGS 11
UGZANO412
OZANC413
O07ANO4%4 14

- UZANO%415

UZANO416
UCZANO417
CZANC418
CZANO419
07ANO420
CZANC421
CZANQ422
CZANO423
OZANO424
CZANO%25
OZANG426

‘DZANOQ427

CGZANQO428
OZANO429
CZANO430
OZANO431

0ZANQ432

19¢€



i

OO0 0O

300

214

215

[¥3]
-
N

¢50

153

SGCS{LyLCoMVyMUI=D (LG oMV ,,MU)
CCANTINUE

GO TO 25C

07 310 MV=1,447

Cid 310 MU=1,329
SGCS(24LGy MV, MUI=D (LG yMV,MU)
CONT INUE

IF (LG.LT4MGL) GT TO 250
WRITE(MDEVC,S000) SGCE
FEWIND MLCIVC

. GO TC 25¢C

LD 315 MV=l,47
9 315 MU=1,39
SCAT(LG o MVy ML) =D (LG, M\ 4MU)
CONT INUE

IF (LGaLTeMGL) GG TGO 250
WRITE(MDEVC ,$000) SCAT
REWIND MLCEVC

CAONTINUE

CINT INUE

RE TURN

END

- SUBRCUTINE SULKyLGyXyY)

r9SUss MEANS WATER IN TURKISH

FOR MV=1,MU=1 THE CRGSS SECTION OF THE 18TH MATERIEL IS SAID TC BELCNG TO THE
MESH VOLUMES ENCLOSED IN MU=1,MU=18(IN THE R DIRECTION) AND MV=1,MV=2(IN THE Z-

DIMENSION X(Z242348)4Y(2447,39)
CIMENS ION MRUI(SS9),MRLF(3S9)y MRVI(S9) MRVF(S9),MRCC(99)

CIRECTICN)

CATA MRUI/1,1992092192092293593491922931923, 197,
1229193454 s 179239225 264279345 56373010357 9397 53+ T3 152322,
221922919918 9209 17y Ly E9llolby1591792592692%25,3524,3%23,22,

- 0ZANQO433

OZANOQO434
O0ZANOQO435
CZANO436

OZANC437

0ZANO438
O0ZANO%39
OZANO440
CZANO441

OZANQ442

OZANO443
0ZANOG 44
GZANOQ445
0ZANO446
GZANO44T
OZANO443
GZAN0449
JZAN0450

. GZANQ451

OZANO452
OZANC453
UZANO454
0ZANO455
UZANO456
0ZANO4ST
CIANC45E
OZAN045S
0ZANO%40
OZANC4EL
QZANOL62
0ZANO463
0ZANO4E4
OZANO465
OZANO4 56
OZANO46T
GZANO468

¢9¢€



3204921422 420418+419417416917913914,15,10,11,12,12,59697+855,
1:1.0, 11 SyZ*Zfl’25!24923121920318!16 13*1 127!1/

CATA MRUF/1€419420921120933939934418930,922932,4,16,
132,2,4,6916,18,25,22,2&,3294,5,6;1091694:16(411694;2*16;24,2*22!
22312‘:‘22’21'2*19117’16!15,20, 1792572612"25'3’;’2‘(‘,23!2"#231
322,20,21q22g20y18,1?g17g15:17:13114p15110g11112,131516'718y9’10,
G49T95v25912959442%33/

CATA MRV /4w 1,12,3-1 ,5)’5'373'5"4-92"-‘:51"-".‘-;5’43‘:?*5v

_110,2%892‘5‘ 1092520y 2424 i2”25y2612’?‘ l‘?72172'3‘22v24’2:"27’

722345 3Cy 31,32121!2‘1‘92"‘-"1?120’21 122,2312*24'25:26'279 3*28, 2% ,2‘*30'
33172"32; 3¥3344%32, f:"il"3172”30r 20’21,22,2572?'29’3013112“3’-33 ’
5532 ’31: ?1 34/

CATA MRVF/2920911,292C09292%4793%30693%44925,5,7+45
123 ,3"3'131f>g19 228254 2% 1?,235231 2":‘24,2*25g 28 ,21' 20121,2’?231 26;27,
228,29,30,31,32'21126,2*19,20,21;2292312*24!2512602713*23’291
32’530'317 2"*'3293*33y‘}3‘~32,6*319 2+30 220521424 '26!28"29'30' 32,
4g:22,32,214332,47/

CATA MRCC/189219942321918516915,2%2,19,22,2%2,
1169891396914 901921424129229492%109596939142¥%2,2%23 1292192720,
2219875209 2¥1 1929 1794512917929 341292924179 23%129241242%17,

c32¥1241 74,2412 '2’3“-;"—17, 2¥le ,2’12121 14%7/

CC @0 MR=1,9¢

MIT =NMRUT (MR)
MUF=MRUF (MR )

MYI=NMRVI {MR)

MVF=MRYF (M)
MCC=MRCC (MR )

D0 50 MU=MUI 4MUF

CO 30 MV=MVI 4MVF
Y(LC!MV, WU)=X(LG;MCC'3'

S0 CIUNTINUE

OZANQ469
OZANO470
CZANO471
OZANO472
OZANO473
CZANC474
UZANQ4 75
CZANO4T6
OZANC4T7

OZANO&T8

OZANO4T9
GZANO480
CZANO481
CZANO4E2
0ZANO483
CZANOS 84
OZANQ4E5
UZANO&BS

- GZANO487T

UZANC4%88
CZANO46&9
CZANC4SO
OZANO4S1
CZANO%92
O0ZANC4S3
0ZANQ494
OZANO%95
OZANO04GE
CZANO4S7
UZANC4G8

"O0ZAN0O4SY

GZANO500
0ZANQ501
0ZANOS502
CZANO503
OZANQ504

w

£9



OO0

RETURN
ENC
SURRCUTINE DATAL(DNC)

STEF CHANGE AT THE BEGINMNING OF THE TIME STEP

CCMMON/FQOZ12/1SDy ISSA9ISUFyIS3SFy ISSGHISSTHISSP,ISATT
COMMUN/OZCTA/ISTPCyMSKL ¢ MSK2 ¢ MSK 3, MSKE yMEKE ) MSKO 9 MSKT9MSKEyMSUTI1,
L¥SUI 2, MSUI3 4 MSUTI 44 MSLISyMSUI64MSLITHMSUT €E4MSUFL,MSUF24MSUF3, MSUF4,
2ZNSUF5yMSUFL 3 MSUFTyMSUFEZMSVIL1oMSVI24MSVIZ4yMSVI4, MSVIS,MSVIS,MSVI T,
2NSVIEZMSVFL 4 MSVFZ2yMSVF3 MSVFE4 4y MSVFS y NSVFE,MSVFTyMSVF8,MSCC1,MSCC2,
4MSCC39MSCC4yVSCC54MSCCHMSCCT yMSCCB o XSLyXS29 XS39 XS4 9 X559 X569 XSST y
Ex8s58

INTECER CNC

CIMENSION XS1(3,20)y x82(2420)9XS3(34520)9XS4(3,20)+4XS5(3,20),

1X56(3,20),X57(2,20), XS8(2,20)5 ISTPC(8)4XSS7(2,20),%558(3,20)

CIMENSTUN MSULIL(Z0),MELT2(20),MSLIZ(20),MSUT4(20),MSUIS(20
2),MSUT6120) 9y MSUTTL2G) 4MSLIB(20),MSUF1(20)4MSUF2(20)4MSUF3(20)4MSUF
34(20)y MSUF5 (20) yMSUFE (20)4yMSUFT7(20)y MSUFE(20),MSVI1(20),4MSVIZ(20),
EVSVIZ(20) ,MEVI4L(20) 4 VEVIS(20) 4MSVIE(20) 4 MSVIT(20),MSVIB(20),

CHONMSVEL(20)4MSVF2120) s MSVF3(20)4MSVF4( 20) ¢ NSVFE(20) 4y NSVFE( 20) 9 MSVF T

£20) 4 VSVFB(20)4MSCCL(2C) 4 MSCC2120)4MSCC3(20)y MSCC4(20)9yMSCCE5(20),

IMSCCE(20),MSCCT(20) 4 NECCE(20)

CEQUIVALENCE (XS7(L1,1) 4XSST(1,41)),(XS58(151)sXSSB(1,1))

NAMELIST/INSFEC/ISTPC

NEMELIST/ZINSTP/ISD 41 SSA,ISUFZISSFLISSGLISST,I1588P, ISATT
NAMELIST/INMSKL1/MSK]L ¢¥SUT1yMSUFL MSVIL1yMSVFL,MSCC1,4X81
MAMELTST/INMSKZ2/MSK2 g MSUT2yMSUF2 ,MSVI2yMSVF2,4,MSCC24XS2
NAMEZLTST /INMEK23/MSK3 4 ¥SUI3,MSUF3 yMSVI3 ,MEVF3 ,FSCC3,XS3
MAMZLIST /INMEKEG /MSKE 9 NSU TS 9 MSUFG ¢MSVI%L yMSVF4 4, VSCC4,XS4
NAMELIST/INMEKS /MSKS g MSUTIS ¢MSUFS yMSVIS5 9 MSVF5 4 VSCC54XS5
NAMEL IST/ INMEKGE/MSKE o ¥SUTH MSUF B MSVIEZMEVFE 4 MECCE4XSH

"OZANQ5Q5
‘GZANO506

OZANQOS5Q07
CZANOS508

0ZANO5CS -

0ZANO510
0ZANO511
UZANQS12
UGZANOS13

CZANOS514

CZANO515
CZANOS 16
CZANC517
0ZANO518
0ZANOS 19
OZANGOS520
07ANO521

. OZANO522
.O0ZANQO523

CZANO524
CZANGS525
0ZANQ326
QZANOS2T
OZANQS528
0ZANO529
JZANOS30
OZANO531
CZANO532
CZANOS523
CZANQO524
TZANO535
OZANO526
GZANOS37
C7ANOS538
OZANQS539
CZANO540

o€t



OO OO OO OO0 TS

NANMELIST /INMSKT /MSKTY ¢ MSU ITy MSUFT yMSVITsMSVFT ¢MSCCT,XS7
NAMELIST/INMSKB/MSKE 4 NSUIB yMSUFB yMSVIS,MSVFB,¥SCCB,XS8

MSK1 GIVES THE NUMBER CF FEGIGNS IN WHICH DUFING THE TRANSIENT D= THE

CIFFLSICON CUErFICILhi*

KeFQel CORERES TZ
KsEQs2 CORRES TO
KefQe3 CHRFKES TC
KstEQe4 CORRES TO
Ko EQe5 CIRRES TH
Ke EQeb CUREEZS T3
KeEQe7 CORRES TO
KeEQeB CORFES T4

THE REGIGN MSK1(MR) IS
AND MSVIL1(MR) sMSVF1{MR)

CHANGES,

C)

S1cA)

UNSF)

SI1CF) '

SCCS ~PHITON GROUP 1-)
SCGCS =PHOTEN CGROUP 2-)
SCLT)

SFAR)

BLFDERED BY MSUIL1(MR) yMSUF1(VNR)
(IN THE Z DIRECTION),ENCLCSES THE MATERIEL MSCCL(MR).

(IN

THFE R DIRECTICN)

X51 IS THE NEW CROSS SECTICN ARRAY FOR D(BEGINNING OF THE TRANSIENT =STEP

CHANGE=~)

REAC (54 INSPC)

- READI(5,INSTP)
IF (ISDeEQaDNC) GO
FEAD (5, INMSK])

704 IF (ISSALFQeCNC) GO

REAC (3, TAMSK2)
705 IF
READ(S, INMSK 2)
706 IF (ISSF
READ (5, INMSK4)

+=QeCNC) CC

TC 7C4

1C 705

(ISUF «EQ.CNC) GT 10 706

¢ 707

707 IF {ISSG «FQDNC) GU 10 708

FEAC (5,4 IKNMSKS)
R-AD(5,INVEKE)
708 IF (IS8T
READ (5 yINNMSKT)

+EQDNC) GO TQ 709

CZANO541
OZANOQO542

CZANOS543

OZANCS544

OZANQ545
CZANQOS46

OZANO547

UZANQ543
CZANC545
0ZANQCS5E0
GZANO551
OZANGCS552
OZANO553
CZANO554
OZANQSES
CZANO550
CZANCS57?
UZANO558
CZANO559

OZANG5€60 -

U0ZANQ561
Q0ZANO562
DZANOS563
CZANO564
CZANQ5E5
GZANQ5¢6
CZANO567
UZANQ5€8
OZANOS69
CZANO570

"0ZANOST1

CZANO572
GZANOS73
CZANOS74
CZANQOST5
OZANC576

w
[=)]
w



OO0

™y

109 IF

(ISSP oEQ.DNC) GO 1C 710
REAC(5,. INMSKE)

710 CONTINUEG

RETUPRN
ENC .
SUBRIUTINE DATA2(DNC)

CHANGE -THE END CF THE TIME STEP-

IF

CCMMDN/EZlZ/EC;SIGAC;LNSFC;SIGFC;SGCSC9SCATCgSFNRC'ATTC

~ COMMEON/OZOTA/Z CSC ,MFHI,NRKZ,MRKB,MRK#,MRKS,MRKé,MRK?,MRKB,MRUIl,

1NRUI29MRUIB'MRUIQ,MRLIE;MRUI&,MRLI?,MRUIE,MRLFI,NRUFZ,MRUFB,ERUFé,
ZNQUFB,MRUFégFRUF?,HRUFB,MRVII'MRVIZ,MRVIEfMRVIégMRVIE,MRVI&;MRVIT?
ENRVIE,MRVFI,NRVFZ.M?\FB,MRVF#;MRVFS,VRVF&,MRVFT,MRVFG,MRCCI,NRCCZv

QMQCC3,MRCC4,PRCCS.MRCC&,MRCCT,MRCCB,XKl.)KZ,XK3,XK4,XK5'XK69XKKTf
5XKKE '

INTECER [NC

INTEGER Df,SIGACyINSFCySIGFCySGCSCySCATCHSPNRCIATTC
INTEGER CSC

DIMENSION XK1(3,20) 9XK202,20),XK3(3,20) 4 ¥K&(3,20),XK5(3,20),
lXK6(3120’fo7(2720)!XK3(2120]!CSC(S’sXKK7(392G)1XKKa{312C)
CINMONSION MELT1(20) ,MFLT2(20)4MRUTI3(20) 4 NRUTI& (20 ), MRUIS( 20

-Z)gMRUIé(ZOiyNPUI?!ZO),MRLIB(ZO),PRUFI(ZO),MRUFZ(ZOI,NRUF3(20){MRUF

34(20),NRUF5(20):MRUF61201,MRUF?{EOI,MRUFE(ZOlgMRVIl(ZO),NRVIZ(ZOl'
%MRVIE(ZO'qMPVI4(ZO),PFVIS(ZO),MRVI&(?O),PFVI?(ZOI,NRVIBIZO},
GN?VFI(ZO),MRVFZ(ZO],FPVFB(ZDI,MRMF4{20),NPVF5(20},PRVFb(ZO)gVRVF?(
&20),NRVFB(20),MRCC1(ZG),NRCCZ(20l1MRCC3(201,MFCC4(EO):MRCC5(201!
TIMRCCE(20)4MRCCT(20),MFCCE(20)

LOUIVALENCE (XKT(LyL1) 9 XKKTIL 1)) s (XKE (L4 1), XKKE(Ly1))
MANMELIST/INCCNC/CSC

TFE EIRST ELEMENT OF CSC oEQe 1,DURING THE TRANSIENT D CHANGE S

OZANQST7
CZANO5T78
QZANC57S
OZANO580

GZANO581-

O0ZANOSE2
CZANO583
CZANQS5E4
CZANOSES
OZANO586
OZANOSET
0ZANOS588
CZANO589

DZANO0590

CZANO591
CZANOSS2
O0ZANOSS3
CZANOS94

. DZANG5S5

UZANQO596
OZANO597
OZANG598
CZANO5539
OZANC6CC
0ZANO601
0ZANO602
OZANQ603
CZANOGO%
0ZANG6E05
OZANO606

- OZANOSOT

0ZANOSO8
CZANOS09
CZANOS1CQ
07ANCG11
CZIANOS12

w

95



O

OO

114

hAMELIST/INDCNCIDCqSIGAC,UNSFC,SIGFC’SGCSC1SCATC1SPNRC'ATTC
hAMELIST/INMRKl/MPKI,NRUII,MRUFI,MRVII.MPVFI,NRCCIvXKl
hAHELIST/INMPKZ/NPKZ,PRUIZ,MPUFZ,MRVIZ,MRVFZ,MRCCZ,XKZ
hAMGLIST/INMRKB/MRKB,PQUI3,MRUF3,MRVI3,MPVF3gNRCC3,XK3
hANELISTIINMFKQ/MRK%fPRUIﬁyMRUFé’MRVIQqMRVFQ,NRCC4gXK4
hANGLIST/INMFKSIMRKS,NRUIS,MRUFS'MRViﬁyMFVFS,FFCCS,XKS
hAMELIST/INMRKé/MRKb,NFUIG,MRUFﬁyMRVIG,MFVFégNRCCé,XKb
hAVELIST/INMFK7/MRK?,FRUIT,MRUFT.MRVIT,MRVFT,MRCC?;XK?
hAMELIST/INMRKB/MRKByFRUISvMRUFSyNRVIBfNFVFBpNPCCSrKKB

FEAC(S,INCONC)
READ(5,INDDNC)

IF (CC.EC.ONC) GO TG Tl4
REAC(5, INVRK])

IF (SIGAC.EQDNC) GO 10 715
FEAC(5,INNRK2)

IF (UNSFCeLQsDNC) GO 10 716
REAC(S, INVRKZ)

IF (SIGFCeEQeDNC) CCT TC 717
READ(5y INMRK 4)

IF (SGCSCeZQeCNC) GO 10 718
READ (5, INMRKS)
REAL (54 INMRK £)

1F (SCATC.EQLCNC) CC TC 719
READ(S5, INMRKT)

IF (SPNRC.EQ<DNC) GU TQ 720
READ (5, TAMRKE)

CONTINUE

RTTURN

ENT

SUBRCUTINE DATA3(CNC)

IND OF THE TRANSIENT

COMMON/FOZL3/ND,NSIGA NUNSFyNSCAT

CZANO613
0ZANQG 14
CZANO615
OZANQE1LE
OZANOG1LT

OZANOSLE

CZANQS19
0ZAN0620
CZANG621
OZANQE22
CZANODG23
UZANGCE24
Q0ZANO525
QZANOb626
QOZANOG27
CZANQ6ZB
0ZANQ629
0ZANO630
0ZAN0O631

" 0ZANC632

OZANO633
0ZANO634
OZANOQ&35
CZAN0636
GZANO637
OZANQ638
CZAND639
DZANCE4Q
OZANQE4]
0ZANQ642

- CZANO643

GIZIANGE44
DZANQESS
CZANOS46
OZANCSK47
UGZANO643B

w
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OO0 N

COMMON/QZLTA/ NCS 9NRK1yNRK2yNRK2,NRK&yNRK5y NRK6 9 NRKTyNRKE yNRUIL
LNRUIZ2yNRUI3 ,NRUI&L 4 NPUTEZNRUIEZNRUIT o NRUIBSNRUF1y NRUF2,NRUF 3, NRUF 4,
ZNRUFSyNRUF& 9 NRUFT9NRLFByNRVIL1,NRVI2 o NRVI3yNRVI4,NRVISZNEVIE,NRVIT,
3NRVIByNRVFLy NRVF2,NRVF34NRVF4yNRVF5 4 NRVF £4NRVFT74NRVF By NRCC 14 NRCC2,
ANKCC 39 NRCC4 9 NRCCE4NRCCE 9 NRCCT oNRCCB 9 XTL g XT29XT 29 XT4y XT54 XTE9 XTT T,
EXTTE '

INTECER CNC

CIMENSION XT1(3,20) 4X72(3,20),XT3(3420)4XT4(2,20)9XT5(3,20),

AIXTE(3,20) 3 XT7(24200) 9 XT8(2,20) ¢4NCS(S8) 4 XTTT(3,420),XTT8(3,20)

CIMENSION NRUIL(20)4NRUIZ2(20),NRUI3(20),NRUI4(20),4NRUIS(Z0
2)yNRUIS(20) yNRUI7(20)4NRUIB(20) 4 NRUF1(20),NRUF2(20)yNRUFZ{20)4NRUF
34(20)yNRUF5(20)4NRUFE(20)4,NRUF7(20) yNRUFE(20)sNRVIL(20)4NRVI2(201),
4NRVI3(20) oNRVIS(20) 3 NEVIS (200, NRVI6(20) 9 NRVIT(Z20)4NRVIB(2C),
SNRVF1(20) yNKVF2(20) yNFVF3(20) 4NRVF4(20) y NRVF5(20) s NRVF6E(20) s NRVFT(
520) s NRVFE (20 )y NRCC1U2C)yNRCC2{201yNRCC3{2C) 4 NRCC4(20) yNRCC5(20),
TANRCCE(Z0) yNRCCT(20) 4 NFCCB(20)

EQUIVALENCE(XT7 (Lo 1) 9 XTTTULs 1))y (XTB(Ly1)yXTTE(Ly1))

CATA RELIATEC TU THE SECCAD TRIAL FUNCTIGN IF N3OT THE SANME AS COMPAREC
*T0 -THE STEADY STATE CNE

!

N

i

NAMELIST/INCS/NCS

NAMELIST/INNCS/NDyNSICA,NUNSF,NSCAT

NAMELTST /INNRK1/NRK1 yNRUTL4NRUFL 4NRVIL yNRVF1 yARCC1L,4XT1
MAMELIST/INNRK2/NRK2 ¢yNRUTI29NRUF2yNRVI2yNRVF24NRCC 24XT2
MAMILIST/INNRK3 /NRKZ ¢NRUTI3 ¢ NRUF3 4NRVI3 yNRVF3 4y NFCC24XT3
MAMELIST/INNRK7/NRKT g NRUITyNRUFT ¢NRVITyNRVFT 4y NRCC T4 XT7

REAC{5,INCS)

FEAC (54 INNCS )

IF (NDeTZGQeDNC) GC TG 725
REAC(3y INNRK 1)

IF (NSIGALEQCCNC) GCT TJ 726

CZANQO649
OZANC650
O0ZANO651
O0ZAN0OS52
OZANOG653

CZANQ654 -

CZANCESS
DZANQSSe
CZANOSGST
ODZANQSESE
JZANQS59
GZANQS60
CZANOQ661
GZANQG62
CZANCGEE3
OZANOEE4
CZANOG6S
OZANQGES

 OZANO567

OZANQ668 .

0ZANO6E9
OZAN0O670
0ZANC6T1
OZANQ6T2
0ZANO6T3
GZANOQ&T4
OZAN06T5
GZANO&TS
OZANO6T7
0ZAN0O678

0OZANC67S

UZANO68O
O0ZANOGE1
OZANO582
CZANOG6SB3
CZANQSE4

89¢



T2¢€

127

W28

YOO

C

"(‘

¢ Q00

READ (5, INARK2)

IF (NUNSF.EQDNC) GO 10 727
RELD (5, INNRK3)

IF (NSCATJEQ.DNC) GO 10 728

FEAC(5, INNRKT)

CONTINLE

RETURN

ENC

SURRCUTINE STEP(MGLK yMCVIC,ONC Y ¢SGCSy2)

STEF CHANGE AT THE BEGINMING QF THE TIME STEP

CCMHCN/QZCTA/ISTPC;WSK,MSUIfMSUF;MSVIpMSVF,MSCC,XS

CIMENSTIUN MDVIC(32) 4, MSK{B)yMSUI(2048)sMSLF(204+8) ¢ MSVI(20,8),
LMEVE (20581 MSCC(2048 )9X5(392098)9Y(3,4793%)ySGCS12934474325),2(2,
€4T93C)yISTPCIB) ¢yMGLK ()

INTECER CNC

FORMAT (TE11eE)

00 153 K=1,§
YDEVC=MDVIC (K)
MGL=NMGLK (K)

IF (ISTPC{K)eEGeONC) €O TO 153
IF (KeEQae3) CUO TQ £53
IF (KeCQu%) €C TC 855
IF (KoGTe€&) GO TO E54
REAC (MCEVC, 9C00) Y
REWIND MCEIVC

GU TC 8SE
FEAC(MCEVC,9000) 5GCS
REWIND MCEVC

¢s TO 85¢

REAC (MDEVC,9000) 2
REWIND MDEVC

ODZANQE&ES
CZANO6EBS
OZANOGET
UZANOGES
CZANO6B9

O0ZANCESO

OZANQGS]
CZANO5G2
OZANQES3
CZANQG694
GZANCESS
CZANQESSE
QZANOG69T
OZANC66S38
OZANO699
GZANOT700
OZANOT7G1
0ZANOT7Q2
CZANQTC3

T QZANOTC4

OZANQ705
OZANOQTCH
OZANOTOT
0ZANQT708
O0ZANOT0S
GZANOT10
CZANCT11
0ZANOT 12
CZANOT 13
OZANQ714

-0ZANO715

CZANOT 16
OZANOT717
UZANO718
GZANQT1S
O0ZANO7 20

69¢€



€55 MRR=MSK(K)

412

414
415

416
320

8C00
153

L0 BO00 LC=1,MGL
DO 320 MR=1,MRR
MUT=NMSUT (MR 4K)
NUF=NSUF (MR 4 k)

MY I=NSV] (MR K)

MY E=VSVE (MR K)
MCC=MSCC (MR 4 K)

L0 320 MV=MVI,MVF
CC 320 MU=MUI,NMUF

_IF (Ke.EQe5) GO TO 412

IF (KeEQe6) GO TO 414

IF (KeGTae) G T3 418

GO TG 41¢é

SGCS(1aLGeMV eMU)I=XSILCsMCCyK)

G2 TL 32¢C

SGCS(2yLEyMVaMUI=XS(LC,MCC4K)

IF ((MRe LTe MRR) ¢0RA(LCsLToMGL)) €GO TO 320
WRITE(MDEVC 4€CC0) SGCE

REWIND MCEVC

GU TC 153

ZULG MV, MUY =XS(LG 4 MCCyK)

IF ((MRoLTeMRR)4ORe(LCsLTeMGL)) GO TO 32¢C
WRITE(MDEVC ,S00C) Z

REWIND MCEVC

GC TC 153

YOLG MYy MUY = XS LG NCC 4K)

CONT INUE

IF (LGeLTeMGL) G2 TC €000

WRITE(MDEVC ,€000) Y

FEWIND MCEVC

CONTINUL

CONT INUE

FETUEN

END

SURROUTINE CFANGE(MGLK,MDVIC!DNCerSGCSstNCSCU)

- 0ZANOT721

CZANQT22
0ZANOT723
CZANOT 24
0ZANQ725
QLANOT7 26
0ZANO727
OZANO728
OZANOQT29

OZANOT730

0ZANO731
CZANOT 32
0ZANQT23
GZANOT 34
0ZANO7 35
GZANOT 26
CZANOT37
GZANOT38

. 0ZANQT739

CZANO740
OZANQTA4AL
O0ZANQT42
CZANOT43
DZANOT44

. GIZANQT745

GZANQ746
DZANQT47
CZANQ748
OZANQT4S
OZANOQOT50

-0ZANO751

GZANOT752
CZANQ753
CZANCT54
0ZANOT55
UGZANOTS6

w
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aEniel

c

- CHANGE~ THE END CF THE TIME STEP-

COMMON/CZOTA/CSCyMRK yMRUT, MRUF4MRVI, MRVF¢MRCCyXC

INTECER CSC
INTEGER CAC

CIVENSION MDVIC(32)yMRK(B)yMRUTI(20,8)yMRUF(2C,E)4MRVI(20,2),
IMRVF(20,8)y MRCC(2048) 4XC(37920+8) +Y(3 34T 939)3SCCS(2493947525),

27(244T+35)y NCSCU(B) 9 CECIB)yMGLKI( E)

SC00 FIORMAT(7E1l.E)

LC 153 K=1,8
MDEVC=MDVIC (k)
MGL=MGLK (K)
IF(CSCIK)eEQGLCNLC) G TG 153
IF (KeEQe%) G3J TO 852
IF (KsEQeb) GO TO B5E
IF (KeGTe6) GO TC 354
"REAC(MDEVC,9C0Q) Y
REWIND MCEVC

GJ TC 855
READ(MCEVC,9C00) SGCS
FEWIND MLEVC

GnD TQ 85§
REACIMCEVC,9000) 7
REWIND MCEVC

MER =MRK( K)
MDEVC=MDVIC(K+8)

OC BCOO LG=1,MGL

{C 220 MR=1,MRR
MUI=NMRUI (MR ,K)
MUF=MRUF (MR 4 K)

MV I=MRVI (MR,K)
NVE=NRVF (MR, K)

GZANOT57
0ZANQT758
0ZANOT759
OZANCTEQ
CZANOTG61
OZANQT62
DZANOTES3
CZANOT7 64
CZANQTES
0ZAND766
CZANOT767
OZANQ7€8
OZANOT6S
GZANOTTO
OZANOTT1
OZANOTT2
CZANQ773
OZANOT 74
CZANQT775

UZANCT776 .

OZANOTTY
CZANQT78
OZANQTT7S
0ZANOTS80
CZANQT781
OZANQT7E2
JZANOT 83
OZANO7E4
UZANOTES
CZANQOTB6

- OZANQT87

QZANOTG8
OZANQT8S
OZANQ7SO
OZANOT 21
OZANCT7S2

w
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412

414

415

416
320

MCC=NRCC (MR 4 K)

CC 320 MV=MVI1,MVF

C 320 Mu=MUI,NMUF

IF (KoEQeS5) GC TO 412

IF “‘(.E.qa(')' CJ T(" 414

IF (KaGTe&) €GO TO 415

G T 41¢
SGCS(1yLCyMVMUI=XCILC4MCCyK)

GLC TG 32¢

SGCS(2)LGoMV yMUI=XCILEyMCCHK)

IF ({MRolTeMFER)oTRs (LCoLTaMGL)) GO TO 320
WRITE(MDEVC »5000) SGCS

FEWIND MCEVC

G3 T 80CC

ZILG MV, MU)=XC{LG,MCC,4K)

IF ((MReLToMFR)oTIRe (LCeLTLMGL)) CJ TC 32C
WRITE(MDEVC ,<0C0) 7

REWIND MCeV(

GU TC 8000

YOLG oMV MUY =XCILG ,MCC,4K)

CONT INUE

IF (LG.LToMGL) GC TU E0QO0

WRITE(MDEVC »$S000) Y

REWIND -MLCEVC

CONTINUE

NCSCL(K)I=CSCIK)

CLNTINLE

RETURN

ENC

SUBRCUTINE  THEEND(MCGLK4MDVIC4DNC,Y,2)

END CF THE TFANSIENT

COMMIN/OZETA/NCS s HRK 9 NRUT o NRUF s NRVI 3 NRVF fNRC C o XT

DIMENSTION MDVIC(32) ¢NFK(8) 4 NRUI(2048)4NRLF(20,8),NRVI(20,8),NRVF(

OZANQTS3
QGZANOT S4
DZANO7S5
QZANOT96

0ZANQO79T

QZANQTSS
0ZANO799
UZANQGBQO
UZANOSC1
CZANOBO2
OZANCEC3
UZANOS 04
OZANCBO5
OZANQ806
GZANOBOT
CZANOB(S8
0ZANQBQS
0ZANQB1O

. DZANOS11

QZANOB12
UZANO313
OZANOB 14
CZANO315
CZANCE16
O0ZANCG817
CZANOBLS
UZANCELS
0ZANG320
UZANOB21
0ZANQE22

- GZANQO8 23

CZANCB24
OZANQB25
0ZANOB26
O0ZANC827
OZANO328

w
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9CCo

12048 )yNRCC(2048)9XT(292098)yY(3947935)92(2947+329)4NCS(8) 4MGLK(B)

INTECGER DNC

FCRVMAT(TELLGE)
L0 123 K=1,8

IF ((KeEQe# ) oTRe (Ko ECa5)eURe (KeEQeb)oORe (KeEQoE)) GO TO 153

IF (NCS (K)eEQeCNC) CGC TC 153
MDEVC=MDVIC(K)
MGL=NMGLKI(K)

IF (KafQae7) GC TO 854
FEAC(MMCEVC,ySC00) Y
REWIND MLEVC

CC TQ B85%
FEAC(MC=V(C,3000) 2
ECWIND MOEVC
MER=NRK(K)
MOEVC=MDVIC (K+16)

CC 2000 LG=1,MGL

o 321 MR=1,FRR

MUT =NRUIL (MR, k)
VUFE=NRUF (MR ,K)

- MVI=NRVI (MR ,K)

MVF=NR VF (MR 4 K)

MCC=NRCC (MR 4K )

DO 321 MV=MVI,MVE

L0 3Z1 MU=MUT, MUF

IF (KeNEeT7) CU TO 85¢

ZOLG oMY, NUY =XT (LG 4 MCC 4K)
CIFUIMRGLTLMRR)22R, (LGWLTeMGL)) GC TO 321
WRITE(MDEVC ,$000) 2

REWIND MOCEVC

) TC 153

& YULG yMVy NU) =XTULG 4 NCC 4K)
1 CONTINUE

IF (LG.LT.MGL) GO TO E£CCO

CZANOB29
OZANGC830
O0ZANCB31
CZANO832
OZANOB33
CZANOB 34
CZANCB35
OZANQ836
0ZANOS37
0OZANGCH38
QOZANOB 39
0ZANQB40
UZANQOB41
O0ZANQB42
CZANCB43
OUZANQOB44
UZANOB4S5
O0ZANC846

. QZANOB4T

JZANO84S .

OZANOQOB49

"OZANO850

GZANC8S51
UZANOBE2
CZANOBS3
OZANCEE4
0ZANOQ355
UZANOB56
0ZANQOBS7
OZANOB S8

-UZANCBS9

OZANOQBEOD
CZANOB61
O0ZANQBE2
COZANOB63
UZANOBES

w
~
w



WRITE(MDEVC ,S000) Y
RLWIND MCEVC
83000 CONTIMUE
153 CONTINUE

PETURN

ENC

SUBRQUTINE PCISCN(SIGA,UNMEG,V1)
c
C FOISCN THE REBCTCR UNIFCRALY
C

. CTIMERNSILIN STCA(2447,3%5),V1(3)
c

1000 FORMAT [(T7E11le5)
FEAD(259,1000) S1GA
REWIND 2¢
L) 289 MG=1,2
CO 287 MV=],47
CO 2892 MU=1, 39 ‘
SIGA(MGy MV, MU)=SIGA(NMC, MV, MU )+OMEGHV 1 MG )
226 CUNTINUE
WRhITE(29,100C) SIGA
FEWIND 26
RETURN
ENED
SUBRCUTINE PASS(NCSCC,CNCyMDVICyLCySGCS,SCAT)

OO

THE END CF THE FIRST TIME STEP IS THE BEGINNING GF THE SECGND ONE(NATURALLY)

DIMENSTIUN NCSKG(B),MCVIC(32) 4D(3,447435)S6CS(243,47935)SCAT (2447,
139

(]

INTECER CNC
C ;
SC00 FORMAT(TE1ll.%)
C7 153 K=1,8
IF (M SCOIK)oECSDNC) €C TO 153

OZANCBES
0ZANOB65
0ZANOB6T
UZANQBES
CZANO36S
0ZANGST0
0ZANO371
GZANO3T2
0ZANC873

O7ANO3T74 -

CLANOSTS
OZANQ876
QZANOBTT
CZANCBT8
OZANOBTS
CZANOB80
OZANCBEL
GZAN0882

. 0ZANOB33

DZANQOBES
CZANO88S5
CZANCEES
DZANQBET
CZANOB38
DZANCBES
UZANO8S0
CZANO391
0ZANG8S2
CZANQ3ZS3
UZANCBS4

"O0ZANC8SS

GZANO896
OZANCEST
GZANQESS
GZANQOB 99
OZANQ9Q0

PLE



OO0

€0Z

9]
o
o

MDZVC2=MCVIC (K48)
MDEVCL=MCVIC (K)
IF(KeEQa &) GC TO 605
IF (KaEQe6) €O TO 153
IF (KaGTab) GU TO £06
RCLD(MOREVCZ2 ,5000) C
REWIND MDEVCZ
WRITE(MDEVC1,2000) C
REWIND MC=vC1

¢ TC 153

REACIMCEVC2 y9000) SGCS
REWIND MDEVC 2
WRITE(MDEVC1,9000) SGCS
REWIND MCEVC1

GO Ta 153

FEAT (MCEVC2,5000) SCAT
REWIND MCEVC2

WP ITE(MDEVC 1,9000) SCAT
REWING MCEVC1

CIINTINUE

RETURN

END

SUBPOUTINE FILIZI

THIS SUBRCUTINE CALCULATES SCME COF TRE CCEFFICIENTS FOR THE FINAL POINT
KINETICS TYPE OF EQUATICNS(GENERATION TINME MATRIX ANLC LEAKAGE MATRIX)

YFILIZ™ MEANS "AYMPH™ IN TURKISH

CUOMMUN/DZ0/SIGAUNSF 4SCCSySCATPSI, W
COMMON/UOZL1L1/CoDNC oK SRLZ 9 SKOZNSNDFSIoNDWoHEUHV,R
COMMEN/OZ12/TCySIGACHUNSFCySIGFC 9SGCSC9SCATC s SFNRCZATTC
COMMON/FCZLL/LLLWLFINLLKSREXyFLAPL yALAP1,CIFF],SKEF
COMMON/FOZ12/15D,1SSAISUF 1 SSF,ISSG 9ISST,ISSE,ISATT
COMMIN/FTTI1I3/NCaNSIG2 sNUNSFyNSCAT
COMMON/GOZ2/NNMODES 11 4kK

0ZANO901
CZANO902
OZANQO903
GZANQ204
OZANCSO5
OZANCSC6
0ZANOS07
0ZANOS08
0ZAN0909
0ZANOS10
UZANCS11
CZANO912
CZANO213
OZANCS14
0ZANO915
CZIANQI16
0ZANQ9 17
0ZANQS18

_ OZANGS19

0ZAN0920
GZANO921
DZANQG22
OZAN0923
0ZANO9 24
GZANO925
0ZAN0926
CZANCS27
0ZANOS28
CZAN0929

DZANOQOS30 .

-OZANO331

UZANO932
OZANOS33
O0ZANO934
GZANQS35
OZANOS2s

w

SL



1600

2000
£25
£2¢4
G2
£28
6271

5292

&
I

¢

OOV

&S 3

NDW

COMMIN/DZ2/TMIN, TMAX
COVMMCN/GZ2F21/V1
CCMMON/QOZZFZ1/GENTME
CUMMIN/QOZSGFZ1/LAPN,VLAPN
COMMON/FCFA/COEF,MCCF

CINMENSTOIN p31t3!48’461,W(3!48v40,1SIGA(3g4713§)rUNSF(3!47y3§"SCﬂT
102984779 3G) yCUEF (3,47 93¢) 3HU(39) yHVIGT I yR(40),V1I(3),NOW(2) NCPSI(2),
25KEF(2) s GENTNME(Z2,2 )3 LAPN(242) 9 VLAPN(242) yFLAP(2) 3 ALAF(2) yCIFFP(2),
35GCS (293447 935)9SF(242),S2(2,2)

CREAL L APN
INTEGRR C,ONC
INTEGER DCy SIGACUNSFCoSIGFC o SCATCy SGCSC ySPNRC,ATTC

FORNATI(TELLG &)

FORMATUIPZEL4u€)

FORVAT (1H1,'GENERATICN TIME MATRIX'/)

FORMAT (1Xy 2(E15e 843X )/(1X92(E15.843X))//)

FURMAT (/1Xse "LEAKAGE MATRIX(INITIAL VALUE)'Z)
FUORMAT (/71X 'LELKAGE MATRIX (RAMF CHANGE SLOPE)'/)
FORPMAT(/ 1Xy "LEAKAGE INTEGRAL(S)' /)

FOPMAT (/1Xy "AESGRPTILN INTEGRAL(S)'/)

FURMAT (/1X,'FISSICN INTEGRALI(S)'/)

IF (KSREX.ERQel) Gi TC 53

C CALCULATION OF THE GENERATION TIME MATRIX

AR

MN=NKE

O
N
=

1,11
I)

i

LIKE INPUT DEVICE NUMEER FOR W

REAL(NNy Z2CO0) W
REWIND NN

0ZANO937
CZANGCS38
0ZAN09 35
GZANO940
UZANCS41
CZANO942
UZANO943
0ZANOS44
CZANO945

OZANGS46

CZANQS47
CZANDS48
OZANGS4S
UZANQS50
CZANQ951
OZANQSE2
CZANO353
UZANOS54

. OZANQ955

GZANO956
O0ZANCS57
UZAND958
JZANQ959
0ZANOSEO
UZANO961
OZANCSE2
0DZANQ9E3
CZANO964
OZANCSES
UZANQ9 66

‘UZANO9267

UZANOG6S8
OZANOSE9
GZANCSTC
OZANQST1
CZANO3T2

w

~
=)



(]

laXa]

o e i ]

aEaNe)

OO,

NDPST LIKE INPUT DEVICE ALMBER FCR PSI

REAC (NN, 2000) P35I
REWIND NN

CALL GTM(W,PSIyFU,FV,F4V1,GENL)

2 CENTME(I+K)=CGENL¥1,57C8
" WRITE(64625)
WRITE(69626) ((GENTME (T 4K) yK=1yKK)yI=1,11)
58 CONTINUE

CALCULATION OF THE LEAKAGE MATRIX
AT ThE BEGINNING 0OF THE TIME STEP

TINE=TMI N
103 CO 4 K=1,KK
AN=ACPST (K)
READ (NN,2C00) PSI
REWIND NN '
IF (KoEQel) €T TN 102
IF (ND.EQ.DNC) GO TT 102

DIFFLSICN COEFFICIENT ARRZY FOR THE SECOND TRIAL FUNCT ION
FEAC (28, 1000) S1IGA
REWIND 2E
IF (KSPEX.EQel) GO TG 17C
€y T3 106

CIFFLSITN COEFFICIENT ARRRAY FIR THE FIRST TRIAL FUNCTICN

UZANO9T73
OZANO974
CZANQOSTS
OZANCS75
JZANQOTT
0ZANQS378
OZANOST9
CZANO98B0O
CZANOSEL
OZANQSE2
CZANOS83
OZANOQGE4
CZANQO385
OZANO98S
OZANOSET
OZANO938
OZANQGES
0ZANQSSO
CZANO9C1

" DZANCSS2

0ZANQ993
0ZANQOSSS
0ZANQ995
GZANO9SE
CZANCSST
OZANGSSS
GZANO999
0ZAN10OCO
UZAN1001
CZAN1002

-0ZAN1003

CUZAN1004
CZAN1OCS
OZAN10Qé&
CZAN10O7
CZANLOCS

LLE



OO

OO0

102 READ(1,10C0) SIGA 0ZAN1009

REWIND 1 0ZAN1010
If (KSREXeSQel) GO TC 109 OZAN1011

106 IF (TIMELEQ, TMAX) GO 10 107 0ZAN1012
; - GZAN1013 -

CIFFUSICN COEFFICIENT ARRAY AT THE BEGINNING CF THE TIME STEP 0ZAN1014
QZAN1015

READ(1441000) UNSF ' GZAN1O16
REWIND 14 CZAN1017
¢ TS 108 GZAN1018

, OZANLOLS

C AT THZ END OF THE TIME STEP 02AN1020
0zAN1021

107 READ(18,1C00) LNSF , GZAN1022
REWIND 18 CZAN1023

: CZAN1G24

109 CALL COF (KSREXyKyTIME yTMAX JLFINAL,ISDyCNCyNDyLLL yCCy TMIN JUNSF,SICA : 0ZAN1025
1) , . CIAN1026

' ‘ : .0ZAN10Z7

IF (KSPEXeEQ.0) GO TG 16§ _ GZAN1028

IF (KeNEel ) GU TO 17C _ 0ZAN1029
REAC(11,20060) W 0ZAN10320

. REWIND 11 CZAN1031

| : CZAN1032
170 CALL FILIZO(%,PST,SIGAsHUHY yR,SUM25) 0ZAN1033
. ' CZAN1034

CIFF=SUM25%3,1416 ' OZAN1G3S5
DIFFP(K)=DIFF " OZAN1036

169 IF (KeEQel) CU TO 112 0ZAN1037
\ 0ZAN1038

SSKEF COMES CUT CF EXTERMINATGR 2 RUN OR ADJUSTED THRGUGH OZAN AND IS THE KEFF OZAN103S
FCR THE TRIAL FUNCTICN IN CUESTIGON 0ZAN1040
| : 0ZAN1041

SSKEF=SKEF(K ) , ' GZAN1042

IF (NSIGALEQeCNC) GE TC 114 0ZAN1043
RIIAD(2S,1000) SIGA OZAN1044

8LE



-4
—
Vi

112

171

REWIND 29
€0 TZ 714

. RCAC(2,1000) SIGA

REWIND 2

IF (NUNSF,ILQeDNC)
REAC(3C, 1000) UNSF
FEWIND 30

G T0 718
REAC(3,1000) UNSF
REWIND 2

IF (NSCAT.EQeDNC) GU
REAT(31,1000) SCAT

REWIND 31

CUO T2 171
SEKEE=SKEF(K)
READ(Z291CC0) SIGA
REWIND 2
READ(3,1000) UNSF
REWIND 3
REAL(441030) SCAT
REWIND 4

O o« I=1,11

CIF C{KSREXeECe1)oANC o (14NES1]
IF (KSREXeEQel) GO TC 172

NN=NCWIT)

112

READ (NNy2000) W
REWIND NN
MCFl=1

VMCF2=1

IF (I{TIMEeZQ «aTMAX)oANCs (UNSFCWaEQeDNC)) GC TO €2
CALL FISSUW,FSIsUNSFsFLyHV,R,MCF1,S5UNM21)

IF (KSREXaTQs0) GO TC 61

FLAPIK)=5UMZ1*1,57CG8

IF (KSREX

eEQel) GJ TO £2

)) €D TC 4

CZAN1045
OZAN1C46
OZAN1047
0ZAN1048

OZAN 1049 .

CZAN1050
UZAN1OS51

0ZAN10E2
CZAN1053

OZAN1054 -

UZAN1055
O0ZAN1056
OZAN10EY
UZAN10O58
CZAN1QOGSS
OZAN10€0
CZAN1061

. OZAN10&2
_0ZAN1063

CGZAN1064
GZAN10é5
CZAN1U 66
OZAN1QOE&7
JZAN10¢é8
CZAN1069
0ZAN10O70
0zZAaN1071
OZAN10O72
CZAN1073
CZANLOT4
QZAN1OT5
0ZAN1076
CZAN1OT77
OZAN1Q78
OZAN10OT9
GZAN1080

6LE



ONO

o1

&2

10

Pl
§%)

131

SUM21=SUM21/ SSKEF
SE{I,,K})=8UM21

IF ((TIMESEQ,TMAX) o ANCo (SIGACSEQ 4DONC )oANCo(SCATC.EQeDNC)) GG TO 11

CINT INUE
CALL ARSP (W yPST,STCA,SCAT,HU,HV, Ry MCF2,SUM22)

SA(T,K)=5UM22

IF (KSREXe#Qe0) G TC 63

ALAP(K)=SUM22:1,5706

IF ((KSPREXaEGel)edNCo{KeEQWKKY) €I TU 131

IF (KSREXeEQel) GO TC 4

IFITIMELEQeaTMAX) GO 1T 11

LAFNAT 9K )={SF(I,K)+SL(I,K})):x1,57C3

GO T0 4

VLAPN(I K )= ((SFUIsK)I4SA(T,K) )#1, E708-LAPNII,K) )/ (TMAX=TMIN)
CONTINUE

- IF (TIME.EQeTMAX) G TC 10

WRITE(£E4€27)
WRITE(E9626) ((LAPNITK)9yK=14KK) 9I=1,11)
IF (CCeEQ-DNC) GC TC 12

AT TMAX

S TIME=TMAX

GC TC 108
WRITE(&,£28)

WRITE(69£26) ((VLAPN(IoK)yK=14KK)sI=1411)
63 TC 14

£0 .12 I=1,I1

L7 12 K=1,KK

VLAFN(T 4 K)=0,

£ TC 14 _

CIFFL=CIFFP(1)

FLAPI=FLAP(1)

AL API=ALAP(1)

"0OZAN10CEl

0ZAN1082
0ZAN1083
OZAN1084

GZAN108S5 -

CGZANLQB6
0ZAN1087
CZAN1OB8
OZAN108S

UZAN10OS0

QZAN1091
DZAN1092
CZAN1093
CZAN1CS4
O0ZAN106G5
CZAN1036
UZAN1OS7

- COZAN1OSS8
.UZAN10%¢9

CZAN1100
OZAN1llQl
UZANL1102
O0ZAN1103
UZAN1104
0ZAN1105
GZAN11C6
UZAN1107
CZANLLOS8
GZAN11CS
OZAN1110
UZAN1IL11
UZAN1112
0ZAN1113
CZAN1114
GZAN1115
CZAN11l1lée

08¢



e e Ne)

o

WRITE(£46291) ' : CZAN1117

WETTE( €9 526V (DIFFP(T ) 4I=1,11) GZAN1118
WRITE(£,6293) , CZAN1119
WRITE(A,4826) (FLAP(I),1=1,11) OZAN1120
WRITE(6,€252) ' CZAN1121
WRITE(69£26) (ALAP(I),y1=1,11) _ 0ZAN1122
CT 26 K=1,KK UGZAN1123
24 SKEFIK)=FLAP(K)/{+CIFFP(K)~ALAP(K)) CIAN1124
14 CONT INUE CZAN1125
RETURN ‘ DZAN1126
ENC _ CZAN1127
SUBRCUTINE GTM(W,PSI o FU,HV,R,V1,CENL) UZANLl128
UZAN1129
CEYERATICN TIME MATRIX . _ CZAN1130
, DZAN1131
DIMENS ICN W(2948,4C) 3FSI(3,48,40),HUL39) yHVI(4T),R(40),V1 (3) CZIANL1132
: OZAN1133
CEN1=Q0. ~ OZAN1124
23 3 MG=1,3 ' - GZAN1135
SUM1=0, . : QZAN1136 -
CO 1 MV=2,47 : : 0ZAN1137
Mi=1 - . UOZAN1138
"GFN=W(MG,FV,hU)#FSI(HG,MV,MU)*(HV(MV-l)+¥V[MV1l*HU(MU)*(F(MU)*HU(M UZAN113S
1U)/4) . UZAN1140
SUMI=SUNL+GEN : CZAaN1141
C3 1 MU=2,3¢ - 0ZAN1142
CEN=W(MG MV 4 NU)IEPST(MCyMV,MU) # ' CZAN1143
LHVIMY=1 ) +HV(MV) )& (HU (MU=L)% (RIMU)=HU(MU=1)/4 )4HU (MU )# \ DZAN1144
2(R{MUI+HU(MU )Y/ )) 0ZAN1145
SUM1=SUMI14GEN QZAN1146
1 CONTINUE "CIAN1147
3 GEN1=SUMI=V1 (MG)+GENMNL CZAN1148
RETURN : , UZAN1149
END . CZAN1150
SUBRUUTI NE CCF(KSREX oKy TIMEZTMAX yLFINALy ISDy CNCyNCoLLL» CCyTMIN, D, OZAN1151
1CPS I} CZAN1152

18¢



A DY O

135

12¢

123

EQUIVALENT OF THE LEAKAGL TERM FCR TFE TRIAL FUNCTION IN QUESTIIN

CUOMNMCN/FCFA/CCEF4MCCF
CIVENSION DU(3447435)4[PS1(3,47425),COEF(2,47,36)

INTECER CNC

MOMF=]

IF (KSREXeEQ.1) G TG 123

IF (KelQsl) CGCZ TG 12C

IF (TIME.FQeTMAX) GO 10 121

IF LLFINALLECL1)Y GO TC 122

£ 130 MV=1,47

L1 130 Mu=1,2%

O 130 IK=1,3

COFFITIKy MVy MUI=D(IKy M\ yMU) /DPSI({IKyMV,NU)
CONT TNUE

RETURN

IF ((ISDeEQoCNC)IeANC(NDeFQLACNC)) GO TO 123
CT TL 135

IF (LFINALsECel) GC 1C 123

IF [LLL.EQaLFINAL) GC TO 123

.G TG 135

IF (TIMESNES TMAX) GO 10 124

IF ((ISDeEQaENC)eAND ¢ (CCoEQeDNC ) oANDo(LLLoEQe1l)) GG TO 123
Gl TC 13%

IF ((ISDoEQeLNC)aAND 4 (TMINGZQe0s)) GC TG 123

GO TC 135

MCOF=0

RETURN

END , :

SUBROUTINE FILIZO(W,FS$I9DyHU,HV,R,SUN25)

CINMENSICN PSTII3,48,40)yW(3,48,40)9D(3,47522),FU(3GS),HV(4T),

CZAN1153
OZAN1154
CZANL11S5
CZAN1156
CZAN1157

CIANL158

DZAN11SS
0ZAN1160
OZAN1161
CZAN11é2
GZANLL63
CZAN1lé4
OZAN11ES

‘GZAN1166

OZAN11&7
OZAN1168
OZAN1169
OZAN1170
CZANL11T71
GZAN1172
OZANL1173
CZAN117%
OZAN1175
OZAN1176
OZANLLT7
COZAN1178
CZANLLT79
0ZAN11EO
UZAN1181
CZAN1182

- OZAN11E3

UZAN1134
0ZAN1135
JZAN1186
CZAN1137
CZANL1lge

(413



1R(4C)
. REAL LAP

SUM2E=0,

CO 5 MG=1,3

CO 5 MV=2,47

FV1=HV {MV=1)

HVZ2=HV(MV)

Ml=1
o RUZ2=FU(MU)

HRZ2=R(MU)+HU(ML) /4

FR&=R{MU }4HU (MU ) /2

LAP=W(MG 4 MV y MU) 2 ({T(MCyMV=1,MU)RFVL 4L (MG MV, MU )*REVZ)4HR4APS T (MG,
IMVyMU+1) /HU2+{DIMG s MV =1, MU) #HU2% FR2)#PST (NG y MV=1 s MU)/HVL+(C(NMGy MV,
2NUNHFU2FHR2)EPST (MG MV+1oMUDI/HVZ=((D(MG yMV=1,FU) #HV 14D (MG, MV, MU)
E*HVZI*HR4/HU2+(C{MGyP\‘lvMU)*HUZ*HRZ)/HV1+(D(NGQMV,MUlﬁFUZWHRZJIFV
42V4PSTIMGMV,4MU))

~ SUM25=SUM25+LAP

CO 5 MU=¢&,35

FU1=+U (MU~-1)

FUZ=HU(MU)

FR1I=R({MU )=-HU (MU=-1)/4

HRZ2=R(MU)+HU (ML) /4
©OFR3=R(MU)=HU(MU=1)/2

FRO=R{MU)+HU MU /2 .

LAP=WIMG yMVy MU= ((D(NCyMV=1 4 MU)EFVL+LCIMG 4NV, ML IHHV2 ) *HRG%PST (MG,
LMV MU+1)/HU24(DIMGy MV=1y MU) R HUZ2#¥HR 24D (MG g MV~ 1y MU=1 )¥HUL®KR]1) #
2RSTANGyMV=1 yVU)/HV14 (C(MGyMV =1y MU=L ) *HV1 4D (MGyMV 4 MU=1) FHV2 ) %
JFR3“PSTIMGy MVy MU=1) /ELLI+ (D(MG MV yMU=1 )3 HLLI¥HRL+D (NG, MV 4 ML) "HU2%
GHR2)APST NGy MV 41,MU N/ EV2=((D(MGy MV=1,MU)FHVLI+D (MG 4 MV, MU) 3HV2 )%
SHRO/HUZ2+ (CIMC gy MV=1 3 ML )¢ HU2#HRZ24D (MG y MV=1 yMU=1)3HU I%HRL1)/FV1+
EAD (MG, MV=1y MU=1)4HVLI 4C{MG ¢MV yMU=1)2HV2 )= FR3/HUL+ (C (MG MV ,MU=1 )%
THULFR 14 D(MG oMV MU ) SHL24HR2) /HV2)PST (MG MV, ML) )

SUM2E=SUN25+LAF

5 CONTINUE

OZAN1189
CZAN11S0
CZAN11S1
0ZAN1192
CZAN1193
OLAN11S4
CZAN11S5
OZAN1196
0ZAN11G7

UZAN1198

CZAN116GS
OZAN1200
CZANl1201
0ZAN12C2
0ZAN1203
O0ZAN1204
0ZAN1205
CZAN1206

- CZAN1207

OZAN1208
CZAN1209
OZAN1210
0ZAN1211
O0ZAN1212
CZaN1213
OZAN1214
O0ZAN1215
CZAN1216
0ZAN1217
0ZaN1218

"QZAN1219

0ZAN1220
0ZAN1221
CZAN1222
CZAN1223
OIZAN1224

w

€8



RETURM
END
SUPRDUTINE FISS{W4PSIUNSFyHU,HV R4 MCF1,8UNM21)
C
C FISS LIKE FISSICMPRODUCTICN) INTEGRATED UVER THE REACTOR
C VOLUME AFTER BEING WEIGHIED
¢

CCMMON/FCFA/CCEFR,MCOF
8
CIMENSICN W(3448,4C),FST(3,%8,40),UNSFI3447,2S),HU(3S)HV(4T),
ARU40),COEF(3,47,33)

SUM21=0a
IF (MCF1eEQel)eANDs (MCOFoEQel)) GO TO 14
(Fll=1l.
CF12=1,
CF13=1,
CF14=10

14 DI 7 MV=E,24
FV1=FV(MV=1)
V2 =HV{MV)
Co 7 MU=2,17
WLl=W (1,MV,M)
FI1=PSI(1,MV,MU)
FI2=PST(Z,MV,4MU)
FI3=PFS1(3,MV,NMU)
UFLTI=UNSF{Ly¥V=1,MU=-1)
UF12=UNSF(1l,MV,MU=-1)
UF13=UNSF(1l,yMV=1,MU)
UFLA=UNSFI{L,MVyMY)
UCZIZUNSF(Z!EN'lrML-l}
UF22=UNSF(24,VMVyMU-1)
LFE23=UNSF{24MV=1,MU)
UF24=UNSF(24MV,yML)
UF31=UNSF(34MV=1,MJ=~1)
LE32=UNSFI(3,MV,yNMU=1)

CZAN1225
CZIANL226
QZAN1227
CZAN1228
0ZAN122S
UZAN1230
0ZAN1231
GZAN1232
((ZAN1233

CZAN1234

0ZAN1235
CZAN1236
0ZAN1237
0ZAN1236
CZAN1239
OZAN1240
CZAN1241
GZANL242

 DZAN1243

CZAN1244
OZAN1245
UOZAN1246
CZAN1247
UZAN1248
CZAN1245
GZAN1250
UZAN12E1
CZAN1252
OZAN12E3
CZAN1254

-0ZAN1255

CZAN1256
CZAN1257

0ZAN12E8
CGZAN1259

0ZAN1260

v8¢g



OO0

.

UF 22=UNSF(3,MV=1,1L)

Un34=UHSF(31FVQMU3

HRL=(R(MUI=HL(NMU=1)/4 }¥HU(MU~-1)
HR2=(R{MU)+HUIMU) 74) 3L (MU)

IF ((MCF1lofQe0)allRa(¥CIOFLEQL.0)) G TO 16
CFLIL=COFF(Ll,MV=1yMU=1)
(F12=COEF(LyMVyMU-1)
(F13=CCOCF(1,MV=1,11U)

C:14=Cﬁﬁg(1,NV1NU’

15 FIS==W1*({(UFL11%CFL14FV14UF12%CF 12%HV2)*HR 1+ (LF137CF13%
LHVLI+UF 14w CFR14+#HV2 ) v HRZ2)#PT1+ ((UF21%CF11l#FVI4UFZ24%CF12
2FHV2)*HR 14 (UF224CF 132 FV14UF24:4CF 142 HV2 )% HR2) % FI2 4
3UUF3LCFILI"FV1+UF323CFL2xHV2 ) *HR1+(UF322CF1 24 HV 1+
LUF34*CF14vHV2)%HR2 ) F13)

SUM21=SUMZ1 +FIS
7 CONTINUE
RETURN
ENC
SUBRGUTINE ABSP(W,PSI,SICGAySCATy FUyHV,RyMCF2,5UM22)

- ABSP LIKE ABSORPTIUN(ANC /LSO SCATTERING)INTEGRATEL GVER THE
REACTCR VOLUME AFTER BEINC WEIGHTED

CSFNCN/FCFA[CGEFgMCJF

CIMENSION W(354894C) 9PSI(3548540),SIGA(3,47,35),SCAT(2+47,39),
LHU(3G) yHVI4T)yR(40) 4 CCEF(3,47,39)

SUN22=0. ‘

IF ((MCF24EQel)oANLCs (NMCOFoEQsL)) GO TO 16
(Fll=1s

CF12=10

CF12=1,

(F1é=1.

CF21=10

CF22=1,

0ZAN12¢€1
CZAN1262
OZAN1263
CUZAN1264
CZAN1265
OZAN126€6
UZAN1267
CZIANL1ZEER
OZAN 1269

CZAN1270

0ZAN1271
GZAN1272
CZAN1273
GZAN1274
CZAN1275
GZAN1276
0ZAN1277

- OZAN1278
OZAN127S

OZAN1280
CZAN1281
0zaN1282
CZAN1233
CZANlZ84
0ZAN1285
CZAN1286
OZAN1Z2E7
UZAaN1288
UZAN1283
0ZAN1290
CZANL1291
CZAN1Z2S2
0ZAN12S3
CZAN1294&
GZAN1265
O0ZAN12%6
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CF23=1,
CF24 =]le
CF31=1,
CF32=10
CF33=l.
CF:‘.‘!’-:].O
16 C7 & MV=2,47
FV1=HV(MVY=1)
FV2=FV [MV)
MI=1
hl=W(1l,MV,MU)
CW2=W(2,MV,MY)
W23=W(3,MV,MU)
PI1=PSI(1,0V,MU)
FI2=FS5I(2 MV ,4MU)
PI2=PSI(2,MV,ML)
SA13=SICA(L 4MV=1,M1))
SE14=SIGA(Ll MV NU)
SA23=SIGA(24MV=1,MU)
SA24=STIGL(24NMV4NMU)
SA23=STGL(3,4MV=1,ML)
SA3‘2=SIGﬂ{39NV’MU}
ST13=SCAT (L ,4NMV=1,NMU)
ST14=SCAT{Ll,MV,MU)
ST23=S5CAT(2,NMV=1,MU)
ST24=SCAT (2 4MV,NU)
HRZ={R(MU)+HLI{MU)/74) AU MY) _
IF {(MCF2eZ0Qe0)ollRa {MIOFEQ0)) €GO TOD 18
CRIZ=COEF(1,y MY=1,ML)
CFR14=CUEF(14NMV,yMU)
CF23=COEF {2 ,MV=1,"U)
CRZ4=COEF(24MV,ML)
CF33=COCF{34MV=1,MU)
CrR34=COCF(3,MV, M)
18 ASB=(WI1# ((SAI13+STI3)#CFL3HVLI+(SALL+ST14 )*CF142HV2)=PILl+
IW25 (={ST13*CF234 RV 1+STLE%CF244FV2)4PT 1+ ( (SA234ST23)%CF23%

CZAN1297
CZAN126G8
GZAN1299
CZAN1300
GZAN1301
UZAN1302
JZAN1303
0ZAN1304
CZAN1305

OZAN13Q6 -

07AN1307
CZAN1308
OZAN1306
0ZAN1310
OZAN1311
OZAN1312
0ZAN1313
OZAN1314
0ZAN1315

" O0ZAN131s

UZAN1317
CZAN1318
CZANL315%
0ZAN1320
CZAN1321
0ZAN1322
OZAN1323
CZANL324
DZAN1325
CZAN1326

CZANL1327

0ZAN1328
CZAN1329
0ZAN1330
07ZAN1331
CZAN1332

98¢



2ZHV1+(SA244ST24)mCF24% V2 )4PT2 ) 4W3% (= (ST22%CF324HV 1 4
3ST24$CF34”HVZ)*pIZ+(5£33*CF33*HV1+SA34*CF34*HV2)*
L4F13))=HR2

SUNM22=S1N22+25B

CO 6 MU=2,39

Wl=W(lyMV,yNMU)

W2=W(2,MV,MU)

W3=W (3 ,MV,MU)

PI1=PSI(1,MV,4ML)

FI2=PSI(2,MV,MU)

. FI3=PSI(3,MV,NMU)
SA13=SIGA(1lyNMV=1,MU)
SAL4=8IGA(14NV,MU)
SA223=SIGL(2,NMV=-1,ML)
SA24=STIGA(2,4MV,MU)
SA33=SIGA(34M=-1,MU)
SA34=SIGA(3,MV,MU)
STI3=SCAT(1,NMV=1,MU)
ST14=SCATI(1 4NMV,MU)
ST23=SCAT(2,MV=1,MU)
ST24=5CAT(2,NMV,MU)
HEZ=(RIMUI+HLINU) /74&) 4L (MU)
SA11=S5IGA(14MV=1,MU~1)
SA12=SIGA(1 4MV,MU~-1)
SAZ21=STIGA(2,NV=1,ML=1)
SA22=STGA(24MV,4MU=-1)
SA3L=SIGA(3 4N NY=1,MU=1)
SA32=SIGA(3,NMVyMU=-1)
ST11=SCAT(l,M=14MU-1)
ST12=SCAT(L4MV,yMU~-1)
ST21=SCAT(2,MV=1,MU~1)
ST22=S5CAT (2 4NV, NMU-1)
HRI={(R(MU)=HLIMU~1) /4 ) HL(MU=1)
IF ((MCF2,EQeD)a0R-(NCUFeEQL0)) GU TO 20
CF13=COEF(l4MV=1,MU)
CRIS=COEF{14MVyMU)

OZANL1323
0ZAN1334
0ZAN1335
UZAN1336
CZAN1337
0ZAN1338
CZAN1339
CZAN1340

OZAN1341

CZAN1342
0ZAN1343
O0ZAN1344
OZAN1345
OZAN1346
CZAN1347
CZAN1348
UZAN1349
CZAN1350

- DZAN1351

0ZAN1352
0ZAN1353
0ZAN1354
CZAN1355
0ZAN1356
0ZAN1357
CZAN1358
OZAN1359
UZAN1360
UZAN1361
OZAN13¢2

UZAN1363

UZAN1364
OZAN13¢5
0ZAN1366
OZAN13¢7
CZAN13é8
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ey i

20

(F22=COEF(2,MV=-1,4U)
CF24=CCEF(2,4MV,yNMU)
CF33=COEF(3,yMV=-1,ML)
CF24=CTEF (3,4 MV, M)
CFLL=COFF(L,MV=1,MU~1)
CF12=CCEF(1'VV1MU"1’
CF21=COEF(24MV=1,M)=-1)
CF22=COEF(2,NV,MLU-1)
CFE31=CaEF(3,M=1,MU=1)
CF32=COEF(3,MV,NMU-1)
ASR=W1={ ((SA11+STLL)#CFL11%=HV1+(SAL2+ST12)*CFL124HV2)#HR1+((SA13+4ST1

3V CFL3Y BVL4(SALA+STLIL)RCRLS ARV2 )4HR 2 V4P T 14 W 2% (= ( (ST1L#CF21+HVLI+ ST

6

2122 CF227FV2)4HR1+(ST129CF23%kV]14ST144CF24+HV2 ) 4HR2)*PTI L+ (((3A214ST
321)#CF214HEVLI4(SA2245T722) #CF22=HV Z)#HR1+( (SA23+ST23)%CF23+%HVL +(SA24
I+5T26)CF2L4 FV2)5HR2 VHPTI2)+W 34 (= ((ST215CFALHFVI+STZ24CF3 22 HV2)¥HR]
G4(ST237CF23%2FV1+STZ244(CF34HV2)2HR2)=PI2+ ((SA31%CF31%FV]1+SA32%CF324
SFV2)*HR14(SA33#CF33wFV1+SA344CF344HV2)>HR2)*PI3)

SUMZZ=SUN22+2SE

COMNT INUE

RETUERN

END

SUBKOUTINE FILIZ2

C FISSION MATRIX AND ABSCRFTION MATRIX

7

O

COMMON/DZO/SIGALZUNSF 4SGCSySCATPSIHW

COMMON/QOZ11/C+eDNC !KSFCZ,SK'JZN'NDFSI NOWsFEUHV 4R
COMMUN/OZLI2/LCySIGAC, LNSFC.JIGFC:SGCSC:SC&TC15FNRC,ATTC
COMMON/TCZ2/NVOCES,IT 4kK

COMMON/OZZ/TMIN,TMAX

COMMON/TGZS/NEETALWNPETA2 yNBETALZNFETL
COMMON/QZFZ2/BETA,E4 FMAR 3VFMAR BETR,VBETRyBEC11, BEC21
COMMON/ F2F4 /WSCe UNPC

DIMENSIUN PSI(3,48,4C)sW(3,48440)ySTCGA(3,44T7+339),UNSFI(3947,39)y
LSCAT(2447432)yHU(39) 3 FV(AT) s R{40)yBETA(6)4NDW(2) 4yNCPSI(2),

CZAN1359
OZAN1370
OZAN13T71
CZAN1372
OZAN1373
CZAN1374
OZAN1375
0ZAN1376
CZANL3T7
O0ZAN1378
OZAN1379
UZAN1380
0ZAN1381

0ZAN1382

CZAN1383
O7ZAN1384
CZAN1385
OZAN13E6
CZAN1387

" 0ZAN1388

CZAN138S
CZAN1390
CZAN1361
0ZAN13G2
UZAN1393
0ZAN13¢S4
OZANL1395
UZAN1396
0ZAN13G7
CZAN1398

. 0ZAN13G9

OZAN1400
CZAN1401
0ZAN1402
0ZAN1403
GZAN1404
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OO0

¢y OOy :

1000
2000
2001
&25
£29
¢30
431
5211
€32
63221
6222

6323
H33

IBECII{Z,Z,bl,BSCZI(Z;Zfél,BETR(Z,Z)yVBETR(Z’ZD,FMAR(Z'ZI,VFHAR(Z,Z
2)356CS(29304793S)9SF(292)95A02,2),WSCI(2)

INTEGER CL,DNC
INTZCER CCy SIGAC,UNSFCySIGFC 9 SCATC»SGCSC ySPNRC,ATTC

CALCULATICN CF FMAR =-¥T# (OMBA%KI#NU#SIGMAFT=-A)3PST(MATRIX)INTEGRATELD OVER
THE REACTHOR VOLUME=AND CALCULATICN OF BEC11 AND BEC21(J=1,46)

FORMAT(TE1ll. £)

FORMAT (1P5EL4.61)

FIRMAT (LXyB8EL12.3/7(12,8212,5))

FORMAT (1Xy 2{01548932)/01X02(E15e843X))77)

FORMAT (/1X, " FISSION MINUS ABSGRPTIUN MATRIX(INITIAL VALUE) */)
FORMAT (/1Xy"FISSION MINUS ABSCRFTICN MATRIX (RAMF CHANGE SLTFE)'/)
FORMAT (/1X, *™DELAYED MNEUTRON FRACTION MATRICESY'/)

FORMAT (/1X,"DELAYEC MEUTRON FRACTIONS'/)

FORMAT (12X51293(2€X,12))

FORMAT (1X94 (2(E1245491X),42X)) .

FORMAT (/1Xy'RAMP CHANGE SLOPE OF THE DELAYEC NEUTRON FRACTION MAT
1RICES' /)

FORMAT (/1X4'RAMP CHANGE SLOPE OF THE DELAYEC NEUTRUN FRACTIGNS' /)
 FORMAT(/1X, "FRCDUCTICN TERM WHICH WILL DIVIDE ALL THE MATRIX ELEME

LM SYS)

AT THE BEGINNING OF THE TIME STEP

MGF1=0
MCE220

TIVE=TMIN
READ(15,1C00) SIGA
REWIND 15
PEAD(16,1000) UNSF
REWING 1&

FEAD (22, 1000) SCAT
REWIND 22

0ZAN140S
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O0ZAN1408
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GZAN1410
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UZAN1412
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O0ZAN1414

OZAN1415
O0ZAN1416
CZAN1417
GZAN1418
OZAN1419
07ZAN1420
OZAN1421
0ZAN1422
OZAN1423
UZAN1424
CZAN1425
CZAN1426
OZAN 1427
UZAN1423
0ZAN1429
0ZAN1430
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CZAN1433
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e

158 CO 121 I=1,11

159.

MN=NCW(I)

READI{NN,2C0C) . W

REWIND NN

IF(IAMODES e EQel ) eRe (TIMEGEQWTMAX)oaRe (JNPCe EQo0)) GO TS 159
WSC(I)=0.

CALL WCOEF(I yWoHUyHV 4F4WSC)

WSCUI)=WSC(T)#1,570¢C

D7 121 K=l,Kk

MN=NEPST (K)

FEAC (NN, 2000) PSI

REWIAND NN

IF(ITIMESEQ e TMAX )» ANC o (UNSFCeEQaCNC)) GJ TO 5¢

CALL FISSUWyFSIZWUNSFFUyHV4R yMCF1,SUNMEL)
SF(I 4K)==SUNEL /SKEZN

IF ((TIMEWEQeTMAX) s ANCo (SIGACCEQLDNC), AhC.(SCﬂTC ECs CNC) )
1GC TC 42

Z6& CONTINUE

£91

N

[AN]

CALL ARSP (W FSToSIGA,SCAT,HUHV s RyMCF2,SLM62 )

SAHCTI 4K )==-SUMeER2

IF (TIMELEQe TMAX) GT 14 42

FAAR (T 4yKI=ISFII,KI1+SL(I,K))#1,57C8
EETRAI 4K)=SF(I4K)=1,5708

IF ((Ia5Qal)oANDe{KaECal)) GO TC 591 -
G2 T2 592

E=BETR(I yK)

WRITE(E,€23)

WRITEl&,626) E

CANTINUE

. OZAN1441

CIAN1442
OZAN1443
CZAN1444
CTANL445
OZAN1446
0ZAN1447
0ZAN1448
0ZAN1449

OZAN1450

0ZAN1451
GZAN1452
OZAN1453
OZAN 1454
CZAN1455
0ZAN1456
OZAN1457
0ZAN1458

. OZAN1459

CZAN1460
UZAN14€1
DZAN14¢€2
CZAN1463
DZAN1464
0ZAN1465
O0ZAN1466
UZAN1467
CZAN14638
CZAN1469
UZAN1470

"CZANL4T1

OZAN1472
OZAN1473
CZAN14T74
OZAN1475
CZAN14T6
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C CELAYED NEUTRCN FRACTICN MATRIX
C

laleNe

120
62
421
422
63
125

1246
121

07 120 J=1,NEETAL

RECII( I KyJ)=BETA(JIHEETR(I 4K)

Cn 7C 121 . :

IF ((SIGACeECoLNC) s ANC4(SCATCoEQSDNC)) GC TGO 421
VFMAR(I,K)=f(SF(I,K)*SA(I,K))#1.E?OB-FMAF(I:K))/(TPAX—TMIN)
Cd TC 422

VFMAR( I ,K’=00

IF (UNSFCLEQDNC) GJ T 125
VBETR(I,K!=(SF(I,KlﬁloSTOS—BETR[I,Kl)/(TNAX-TVIN)
DU &2 J=1,NBETAL '
BECZ21(IyKyJ)=BETA(J)IIVRETR(I,K)

GO 7L 121

CO 126 J=1,MNBETAL

EEC21(TyK4J) =0,

CONT INUE

IF (TIMEWFQaTMAX) GO 10 &4

PRITE(64629)

WRITE(64626) ((FMAR(I:K)|K=1sKK)vI=1vII)

IF (NMMCDESeECel) GO TC €327

WRITE(E,£31)

- WRITE(6y £32) (Jyd=144)

CC 7323 1I=1,11

WRITE(6,6221) (((BECIIII 4KyJ) yK=1,9KK) 9gJ=1,4))

WRITE(696€32) (JyJd=5,¢)

D3 6324 I=1,I11

hRITE(&,£321) (((BECIII KyJ) gK=14KK)yJ=5,NBETAL))

GO TC 6328

- WRITE(6,46311)

WRITE(6,2001) ({((BECII(IgKnggI=lle)1K=11KK)1J=11NBETAII)
IF ({(SIGACoFC.LNC), ANCo (UNSFCoECeDNC)oANLa {SCATC o EQoDNC ))
1CO TC 43

AT TNMAX

OZAN1477
CZAN1478
OZAN147S
O0ZAN1480
0ZAN1481

CZAN1482

O0ZAN1483
OZAN1484
OZAN1485
CZAN1486
O0ZAN1487
GZAN1488
OZAN1489

QZAN14S0

OZAN1491
CZAN14S2
UZAN1493
CZAN1494

. OZAN14S5

OZAN1496

CZAN1497
OZAN14S8
CZAN1499
CZAN1500
JZAN1501
CZAN1502
0ZAN1503
OZAN1504
0ZAN1505
OZAN1506

" QJZAN1507

0ZAN1508
OZAN1509
CZAN1510
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164
168

172

64

6325

6226

- €330

43

bt
45

TIME=TMAX

IF (SIGAC.TQeDNC) GC TC 164
REAC(13,1C000) S1GA

FEWIND 1S

1F (UNSFCeEQeCNC) GC 10 158
REAC (209 1000) UNSF

REWIND 20

IF [SCATC.EQWONC) GO 1C 172
RE2C(23,1000) SCAT

REWIND 23

CONT INUE

€Q TC 15¢

WRITE(E4€30)

WRITE(Ey€26) ((VFMAR(I4K)sK=14KK)I=1,11)

IF (MMIDESeFCel) G2 TCL 6329
WRITE(E,4€222)

WRITE(64£632) (Jyd=1,4)

L3 6325 1I=1,11

WRITE(E,63221) (((BECZI(IsKed) 9K=1,3KK)pJ=1441))

WRITE(64€22) (JyJ=5,¢€)
CQ ¢32¢ 1=1,11

WRITE(Gy€321) (((BECEI(IoK,J!;K=1,KK3,J=E,NBET#1’)

GO TC 6330
WRITE(6,£€223)

WRITE(G,2001) ((U(BECZI{IsKyJ)yI=1,11)9K=14KK),J=1,NBETAL))

CONTINUE

G TC 45

Cd a4 I=1,11

L7 44 K=1,KK
VEMAR( I, K)=0e

CO 446 J=1,NBETA
REC21( IlK!J}=0.
CONT INUE

RETURN

END

SUBRLCUTINE WCOEF(I4W,aFUsFVaR4WSC)

0ZAN1513
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OO0 On

0ZAN154S$
INTEGRATE THE WEIGHTING FLNCTIONS OVER THE REACTCR VCLUME-FIRST GROUP GNLY-  GZAN1S50
0ZAN1551
DIMENSTON W(344844C) ,FU(39),FV(47)3R(40)4WSC (Z) 0ZAN1552
_ , QZAN1553
SUr=0. CZAN1554
MG=1 0ZAN1555
[0 3 MV=2,47 0ZAN1556
MU=1 0ZAN1557
CE=W MGy MV, MUY % (HV (MV=1) +HV(MV) }#HU( MU D% (R(MU)+HU (MU ) /4 ) 0ZAN1558
SUN=SUM#GE 0ZANL559
DU 3 MU=2,3§ - GZAN1560
CE=W (MG 1Yy MLY$(HVIMY=1)4HVIMY) ) ¥ (HU(MU=1)% (R (NU) =kU(NU=1) /4 ) + 0ZAN1561
LRUCMUY = (R (MU +RUMU /4 ) ) CZAN1562
SUM=SUM+GE UZAN 1563
3 CUNT INUE CIAN1564
WSC(I)=SUN 0ZAN1565
RETURN O0ZAN1566
END OZAN1567
SUBROUTINE FIL1Z3 OZAN1568 -
- CZAN1569
FROMET AND DELAYEC PHOTONEUTRONS | | 0ZAN1570
*THIS SUBRCUTINE 1S CALLEC IF IT IS BELTIEVED THAT THE PFOTONEUTROAS ARE NCT UN OZAN1571
IMPORTANT IN THE TRANSIENT STUDIED(COEF ICe NE o0 ) CZANL5T2
. : 0ZAN1573
COMMON/QZ0/SIGA sUNSF 4 SGCSySCAT P ST oW QZAN1574
COMMCN/OZ11/Cy CNCoKSFCZy SKOZNyNDPST yNDWy U SHV 4R 0ZAN1575
COMMIN/CZ12/CCoSTGAC yUNSFCyS IGFC 9SGCSC »SCATC »SENRCATTC UZAN1576
COMMON/CZ2/NMIDES, 1T 4KK OZAN1577
COMMEN/D 23/ TNIN, TMAX UZAN1578
COMMON /0 74/NBETAL NBE1A2 JNBETA ,NRET] " OZAN1579
COMMIN/QOZ1FZ3/NZRGCCEFICS1y YIEL, YIEJ gMRUT y MRUF o MRVI s MRVF ,ATT GZAN1580
COMMON/QZ2F 23/ PHPR,V FHFR yDPPR,VEPPR, BECL2, BEC 22 0ZAN1S€EL
0ZAN1582
REAL NZRO DZAN1533
INTEGER C,ONC 0ZAN1584 |,

€6



INTEGER DCySIGACJUNSFCoSIGFC4SCATCySGCSC ySPNRCATTC

CINENSION PST(3,48,4C) W (3,48+40),5CCS(243,47,39),UNSF(3,47,35),
LATT(2,10)4,AT(10),SCATI(2,4743%) yHUI3G)4HV(4T) 9F(40) yMRUI(10),
2NMRUF(10) 4MRVI(10),MRVF(10),YIEL(2)yYIEJ(S)yNCW(2)4yNDPSI(2),
ZPHPR(242)yVPEPR(2,2) yCPPR(242),VCPPRI(2,2),BECL12(242+5),BEC22(2,
%299 ) sB0ON(292)9PHPL{242)sDPPL(2)y SUMLTIL(291052)4S102,10),S1IGA(3,447,
539) 4 SUMAL(2) ,SUNS2(2)

1000 FORMATA(TELl.E)
2C00 FIORMAT(1P5L1466)
2C01 FORMAT (1XyE8E12.5/(1>,€E1265))
€25 FIRMAT (1Xy2(E1548,43X1/{1X92(E1548,3X))/7)
€34 FORMAT (/1Xe *PRGMPT FRCTCN PRODUCTICAN MATRIX'/)
5 FCURMZIT (/1X, "DELAYED FHOTON PRODLCTION MATRIX'/)
& FORMAT(/1X,* FROMPT PRUTUNEUTRCN FPROCUCTICN MATRIX(INITIAL VALUE) Y/
1)
€37 FORMAT (/71X 'DELAYES FRITONEUTRGN PRCDUCTION MATRIX(INITIAL VALUE)
1v/) -
€371 FORMAT (/1X, "DELAYED FHOTONEUTRGN FRACTICNS'/)
- €38 FIRMAT (/11X 'PROMPT FFOTCNEUTRIN PRUCUCT ICN MATRIX(RAMP CHANGE SLO
iPENIS Y.
639 FORMAT (/1X, 'DELAYED FHITONEUTRON PRODUCTION MATRIX{IRAMP CHANGE SL
1CPEIY/)
€40 “ORMAT (/1X, 'DELAYED FHOTONEUTRON FRACTICN MATRICES'/)
- €32 FOPMRAT (12X,1243(26X4912))
63221 FORNMAT (1Xy346(2(E124541X%)42X))
€43 FORMAT (/1X, '"RAMP CHANGE SLUPE OF THE DELAYED PHOTCNEUTRCN FRACTIC
1M MATRICES'/)

6431 FORMAT (/1X,'RAMP CHAMGE SLOPE CF THE DELAYEC FHUTCNEUTRCN FRACTIO

INS*'/)

C

C AT TMIN

C
MTT =1
TIME=TMIN

OZAN1585
QZANL586
OZAN1587
CZAN1588
OZANL15ES
JZAN1550
UZAN1591
0ZAN15S2
OZAN1593
OZAN15%4
UOZAN1565
CZAN1596
0ZAN1567
0ZAN15%8
CZAN1599
OZAN1£00
CZAN1601
OZAN1602

. DZAN1£03

OZAN1604

GZAN1£05
0ZAN1606
GZAN1607
DZAN16C8
GZAN1609
0ZAN1610
0ZAN1611
0ZAN1612
GZAN1613

0ZAN1514

- CZAN1615

OZAN1616
UZAN1617
OZAN1618
O0ZAN1619
CZAN1620

433



REAC (24, 1000) SGCS

REWIND 24
c
C ULNSF 3 TFE FISSICN CROSS SECTION ARRAY’
C .
EAC(17,1000) ‘UNSF
REWIND 17
c.
C THE FHCTCNEUTRON REACTION CRGSS SECTION ARRAY
. .

REATC(26, 10001 SCAT
REWIND 26
27 CONTINUE

IF {((TIME, EQ.TMAX!.AhEa(SGCSC.EO.DNCl.AND.(SIGFC.EQ.DNCl’ GO TG
1221

[0 295& K=1,4kK

CO 2955 L=1,2

2555 FHPL(K,L)=0,

CPP1(K)=C,

MN=NCPST (K)
READ(NN,y 2C00) PSI
REWIND NN

IF ((TIMESEQeTMAX)eANle (SGCSCaEQLDONC)) GC TO 290

CALL PPNI(KyFSIySCCSytUyFV4RPHP1)

IF (ITIME oEQeTMAX)sANDe (SIFCoEQeDNC)) GC TD 251
<30 CALL OPNY1(PSI,UNSFyHL HV,R,SUMS)

CPP1(K)=SUMB*1,5707%
IF (KSROZ.EQe1l) GU TO 261
CPPL(K)=CPPLIK)/SK{IZN
256 CIONTINUE
291 CONTINUE
' WRITE(6,634)

0ZAN1621
OZAN1622
CGZAN1623
CZAN1624
OZAN1€25

CZAN1626 -

GZAN1627
0ZAN1628
CZANLS29
O0ZAN1630
0ZAN1631
CZAN1632
OZAN1633
CZAN1634
UZAN1€35
OZAN1636
UZAN1637
OZAN1528
CZAN1639

CZAN1640 -

OZAN1641
UZANL642
OZAN1643
OZAN1644
OZAN1645
OZAN1€46
CZAN1647
CZAN1£48
UZAN 1649
CZAN1650

" OZAN1651

UZANL652
0ZAN1653
CZAN1654
0ZAN1655
UZAN1656

S6¢€



OOy

O

W
(=]
€3]

310

WRITE(E69626)
WRITE(Gy £25)
WRITE(G64626)

IF ((TIMELEQeTMAX
L3 215 MR=1,10

ATINR)=ATT(MTI,MR)
5 CONTINUE

CZ 34 I=1,11
NN=NCWIT)

FEAL (NN, 2000) W

FEWIND NN

INTEGRATE QVER THE D2C REFLECTOR WITH APPROXIMATE ATTENUATIUN FACTORS

C7 3C8 K=1,yKK
SUNMLLI(K) =0,
SUMS1L=C,

[3 32 MR=1,1¢C
7 302 K=1,KK
SUM4Z(K) =Ce
SUUM22=0a

MUI =¥RUTI (MR)
MUF =NMRUF ( MR)
M I=MRVI (MR)
MVF=NRVE (MR)
oy 211 L=1,2

IF {(SPNRCeECeLNC) 2 AN {TIMELEQeTMAX))

SUM4E =0,

Call PON2(L,MUTyMUF 3 MVI MVFyW,SCAT,yHUy HV,R,SUMK)

SUMLTL (L MRy 1)=5SUM4
SLL,MR) =SUMGTLIL, ¥R ,1)
SUM32=SUMATL AL 9MRy T ) YIEL(L ) +SUMS2

LT 311 K=1,KkK

SUMA2(K) =SUMEGTIL Ly MRy I)HPHPL K, L)+SUNL2(K)

((PHPL{K,L) L=142)4k=1,KK)

(DPPL (K ), K=1,KK)
o ANDo (ATTCoEQeDNC)) GC€ TU 7215

0ZAN1657
CZAN1658
CZAN1656
O0ZAN1660
CZANL661
OZAN16¢€2
UZANL1663
GZAN1664
OZAN16é€5
CZAN1666
JZANLGGT
GZAN 1668
O0ZAN166S
OZAN1670C
G7ZAN16T1
JZAN1672
GZAN1673
UZAN16T4

. OZAN1675

UZAN1676
UZAN16T7
CZAN1678
UzAaN16T79
UZAN1480
OZAN1€81
C7AN16B2
CZAN15683

OZAN 1cE4

UZAN1685
ODZAN1GES

-GZAN1687

O0ZAN1588
OZAN1689
0ZAN1630
UZAN16SL
UZAN1692

w

96



OO0

OOy

C

211

a3

36
351
68
24

35

CONT INUE

Sur2l= SUN“Z*IT(MR)+SLF91

DO 22 K=1l,KK

SUMEG LUK ) =SUM4L2 (K )#AT (MR)+SUM41(K)
CONTINUE

CO 34 K=1,KK

IF (TINESEQ.TMAX) CU 10 36

PHPR LIKE PRCMPT PHUTINEUTRON PRCDUCTICN OVER THE REACTCFE VOLUME

;PHPR(IvK)*SU”*I(K)*I-?TQH*CQEF[C

DPPR LIKE DULAYED BHCICNREUTRCN PRODUCTICN NVER THE REACTCR VOLUME
EPPR(IyK’=SUN91’NZHU41.5708¥DPP1(Kl*CUEFIC

IF (KSROZ.tQel) GO TC 35

CC TO 34

IF ((SGCSCeECCNC) oANLo{SPNRCWEQDNC 1) €U TO 3é1

VPHPR(I, K)'(SUMQl!K)#].S?OB“CGEFIC“PHPR(I:K))/(TMAX-TMIN'

IF ((SGCSCeFECsDNCIaANCL(SIGFCWLFENLDNC)) GC TO 24

VOPPRET gK)=( SUNMIL“NZFCH1aS708=CPFR{TIZK)II/ZITMAX=-TMIN)

Chh A8 J=1,NBETA2

BEC22(0I4K,3)1=YIEJ(JIANVEPPRII LK)

CUNTINUE

IF (TIMELEQ.TMAX) GO Td &9

WRTITE(64636)

WRITE(£9€25) ((PHPRI(I 4K) yK=1 yKK) yI1=1,11)
WRITE(6,y€3T)

WRTTE(69626) ((DPPRITK) yK=14KK) yI=1,11)
IF- IKSROZ.EQs1) GC TC 361

C SINGE THE SUNMVATICAN OF YIEJ(J) OVER J IS 1,0PPR(I,K) IS NATURALLY

C THE TOTAL DELAYEL PHOTONEUTRCN FRACTIIN MATRIX

C

D0 8F I=1,11
L B5. K=1,KK

- 0ZAN1693

CZAN1l6%4
OZAN16S5
CZAN16G6
OZAN1647
JZAN1698
O0ZAN1693
DZAN1700
CZAN1701

CZAN17C2

O7AN1703
UZANLT 04
OZAN1705
UZAN1706
0ZANL707
OZAN1708
CZANL1TO09
CZAN1T710

- 0ZAN1T11

CZAN1712
0ZAN1713
OZANLT 14

- GZAN1715

OZAN1T 16
OZANL1717
OZANLT18
OZAN1T19
CZAN1720
O0ZAN1721
JZAN17 22

‘GZAN1723

0ZAN1724
0ZAN1725
CZAN1726
0ZAN1727
QZAN1728

Lot



o0

'siile

CALCULATICN CF BECLl2 IND BEC22 (J=7,15)

C? 85 J=1,NBETA2

BEC12{ Ty Ky JI=DPPR(I,,K)XYIEJ(J)

IF (MODES.ECa1) G TT 6344

WRITE(&y £40)

WRTITE(Ey £22) (Jyd=1,4)

CC &341 I=1,11

WRITE(E, €221 M ((BECLI2(I 9K ,J) 9K=14KK) 9J=144))
WRITELE4£32) (JyJ=5,¢)

LD 6362 I=1,1I

€244

&€ 245

240

341

> WRITE(E,E321M(((BeCLa(I sKyd) 3K=1,KK) sJ=5,8))

WRITE(6,632) (JyJ=0,NEETA2)

CC €343 I=1,11

WRITE(69 63210 ((BECL1Z(I4KyJ) yK=1,4K) yJ=G 4NBET22))

€O TC 6345

WRITE{ &y 6271)

WRITE(6,2001) ((((BECI2(T4KyJ)yI1=1,11),K=1,KK) 0=1,NBETAZ))
CONTINUE

IF ((SGCSCaECeDNC) s ANCo ( SPNRCoEQoDNC ) o ANCo(SIGFCoECsDNC) ) G3 TO

137

AT TMAX

MTI=2

TIME=TMAX ;

IF (SIGFC.EQeCNC) GC TC 340
READ(21,1000) UNSF

FEWIND 21

IF (SGCSC.EQ.DNC) GO 1T 341
REALC(25, 1000). SGCS

FEWIND 25

IF [SPNRC.EQDNC) GC 10 242
REAC(27,1000) SCAT

REWIND 27

CZAN1723
0ZAN1730
CZAN1731
OZAN1T722
OZAN1T733
CZANLT 34
GZAN1735
UZAN1T36
CZAN1737

O0ZAN17 38

QZANL1T3S
OZAN1T740
GZAN1T41
0ZAN1742
O0ZAN1743
OZAN1T44
CZANL1T745
OZAN1T746

 QZANL747

O0ZAM1748

OZAN1T49
CZAN1T50
O0ZAN1T751
CZAN1T752
CZAN1753
OZAN1754
UZAN1755
OZAN1736
OZAN1TST
OZAN1758

-0ZAN1759

CZAN1760
CZANL1Té1
QZAN1T7€2
GZAN1763
DZAN1T7€4

86¢€



aOO0oO

7431

£433

281
391

PP

CONTINUE
GO TC 27
WRITE(6,£38)
WRITE(E9€26) ((VPHPR(I¢K)yK=14KK)oI=1,11)
WRITE(H,639)
PRITE(E9€26) ((VDPER(14K)9K=1,KK)gI=1,11)
IF (NMUODES.ECel) GJ 1L €346
WRITE(6,643)
WRITE(6y£€322) (Jyd=1y4)
C3 7431 I=1,11
WRITE(6,6321)1(((BEC2Z2(I14Ked) 9K=1 yKK)pJ=1,4))
WRITE(6y£32) (JyJ=5,¢)
CI 5432 I=1,11
WRIT=Z(€962210(((BSC22(14Ked) yK=l yKK) 9J=5,8))
WRITE(E,£632) (JyJ=3,NEETA2)
£C 6433 1=1,11
ARTITEZ(656321 ) ((BEC22(14K9J) 9K=1 4KK) +J=9,NBETA2))
G TC 6347
WRITE(S,56431) e '
WRITE(£,2001) (COIBECZ2(T 9Ky J) 91 =1411)4K=1,KK)sJ=1,NBETA2))
CONT INUE :
Ga TC 391
£3 381 I=1,11
£ 381 'K=1,KK
VPHPERI(T ? K "-00
VDPPR{I,K)1=0,
D3 381 J=1,NEETA2
BECZ22(I1,KeJ)=00
CONTINUE
RETURN
EMNE
SUBRCUTINE PFNL(K,PS14SCCSyHUsHV,RyPHP1)

LIKE PROMPT FHOTON PRCCUCTION

CIMENSION PSI(ByéS,éCl,SGCS(2,3,47'39),HU(391:HV(47|,R(QO),PHPI(Z:

OZAN17€5
QZAN1766
OZANL1767
UZANLT768
CZAN1769
CZAN1770
CZANLTT1
CZAN1T772

OZAN1773

CZAN1T74
ODZANL1T775
QZAN1T76
CZANL1777
OZAN1778
CZAN1TT79
CZAN1760
O0ZAN1781
UZANLT82

- OZANL17E3

JIAN1T 84
UZAN1785
OZAN1786
CZAN1787
OZANL788
ODZAN1769
UZAN1790
0ZAN175S1
OZAN1TS2
0ZAN1T793
CZAN1T794

"CZAN1795

UZAN17S6
OZAN17G7
CZAN1TS8
OZAN17SS
0OZAN13800

w
(=}
X



raﬁrﬁ,ﬂ

@

23

29

129

CO 29 L=1,2

SU"'B:O-

00 28 MG=1,3

[J 28 MV=2,¢1

FVI=FV(MV-1)

HVZ=HV(MY)

Mi=1

FHP=PST NGy MV MU) = ((SCCSILy MGy MV =1y MUI% RV (MV=1)4SGCS(LyMGyMV yMU) 2H
IVIMV )Y EHU(MU )= (RIML) 4FUIMU) /4))

SUNMI=SUMI4+PHF

L2 28 MU=2,3¢

ERI=(R(MU)=HL{MU=1)/4)4#HL(MU~1)

HR2=(RIMUI+HLIMU) /% )5 UMY - '
PHP=PSTIMGyMVy ML) * ({ SCCSIL MGy MV=1yMU~1)#HVL +SCCS(LyMGyMV,MU=1)
I5HV2 3 HR 14 SCCSILy MGy MV=14MU)EHV 1+SGCS(L MGy NV, MU) BH V2 ) 5 HR2)
SUM3=SUM3+PHF

CONT INUE

FHP1 (KoL )=SUNM3%1,570¢

CINTINUE

RETURN

. ENC

SUSROUTINE DENL(PSI o LMSF yHU»HV 4R 4SUMB)
OPP LIKE OELAYED PHCTCN PRODUCT ICN
CIMENSION PSI(3,48,4C)sUNSF(3,47,39) HU3S) yHV(4T) 4R (40)

SUMB=0,

£3 78 MG=1,3

CO 7€ MvV=5,24

[0 78 MU=3,17
DPP=PSI(WG,MV,MU’*({UhSF(MG,MV~1'MU'I)*FV(MV'I’*UNSF(MG;MV;MU"I,*
lHV(MV)'WHU(ML-l}*(R(WL'~HU(MU‘l}/4'+(UNSF(MG,NV-ltWU'#HV(Nv—lf+UhS

2FEIMCyMVy MUY HEV MV ) ) FLIMU )= RIMU J+HU MU ) 24))

CZAN1801
JZAN18GC2
GZAN1803
CZAN1804
OZAN1805
0ZAN1806
OZAN1EQT
0ZAN1808
CZAN1303
UOZAN1B10
UZAN1811
CZANLB12
0ZAN1813
UZANL3 14
UZAN1815
O0ZAN1816
O0ZAN1B17
UZAN1818

" 0ZAN1819

O0ZANL1320
0ZAN1821
0ZAN1822
CzAaN1823
OZAN 1824
CZAN1B825
0zZAaN1826
GZAN1827
0ZAN1828
0ZAN1829
CZAN1B30

-0ZAN1831

O0ZAN1332
CZAN1833
OZAN1334
OZAN1335

0ZAN1B36

00¥



OO0

OO

SUMR=SUMAsDPF
78 CONTINUE
RETURN
END
SURRJUTINE  PDN2(LyMUIsMUF yMVI yMVE o Wy SCAToHU y KV, R y SUNG)

PHOTCONEUTRON REACTICN INTEGRATION
CIMINSION W(2,48,40) ,SCAT(2447439)53HUI3S)yHV(4T)4R(40)

C2 31 MVY=MV]IMVF
IF (MUToNEs)) GO TC 2¢
V=1 '
FNR=W(1,NV.MU!*((SC&T(L,FV-I,MU)*HV(MV*II+SCAT(L,MV1MU?$FV(MV1J*HU
IT(MUY 2 (RIMU)+HU(MU) /4 ))
SUM&=SUM4L+PNR
MUT =2

30 Ci 21 MU=NUI ,MUF ;
FNP=H(1;NV,MUI*((SCATfL'MV-l,MU*IiﬁHV(MV-1l+SCAT(LvMV,MU-l)*HV(MV)

ll‘WU(”U-I)“!F{Mt)"HU(PU*l)/4}+(SCAT(LyMV-l,MU)#HV(VV-1)+SCAT(L:MV1

2MU) SEVIMV ) ) FUCMUD # (R (MUY +HU(MU) 74) )
SUM&=SUM4+PNER
31 CONTINUE
RSTURN
END
SUBRAOUTINE FILIZS /

FINAL STEP BEFORE THE TINE DEPENDENT EQUATICAS

COMMIN/DOZ2/NNMCCES y 114 KK

COMMON/QZ4/NEETALWNBETA2 yNBETA,NBETL
COMMON/OZI3FZ1/GENTME

COMMON/CZ4F Z1/LAPN GV LLFN
COMMON/CIFL2/B8ETA,E9 FNLAR yVFMAR,BETRyVBETR,BEC11,BEC21
COVMMUN/TIZ2F 22/ PHPRWVPFPR yCPPRy VDPPRyBECL1Z4BECZ2
COMMON/F2F4 /wSCyINFC

OZAN1837
Q0ZAN1838
CZAN1839
OZAN1840
0ZAN1841
0ZANL1B842
OZAN1843
CZAN1B44
OZAN1845
JZAN1B46
CZAN1847
O0ZAN1848
CZAN1849
CZAN1850
0ZAN1851

CZAN1852

OZAN18E3
UZAN1854

- OZAN1855

CZAN1856
QZAN1857
UZANL1BES
CZAN1BES
CZAN1B&O
OZAN18é1
O0ZAN1862
UZAN18é3
0ZAN1864
CZAN18Bé&5
CZAN1366

"OZAN18¢7

CZAN1868
OZAN18ES
OZAN1370
OZAN1871
DZAN1872

=3
=)
=



r

S

CQMMGN/OZFZé/FIJ,FAPLtFyROCI:RGCZ:RGC3oBECIsBECZyBEC3,FAPPRE,INPC
CIMMCON/F Z4HT /BE

REAL LAPN

CIMENSION FIJ(2),FAMLAM(15) 4BEC11(242,6) 4BEC21(
12,2,6',ﬂEClZ(Z:ng)oEECZZ(Z!Z!?’1DPPR(212|1VDPPR(292)1GEhTFE‘2:2,,
ZEECI(Zvalﬁl1BEC2(2:2vl5lyBEC3(2,2,153’RCC1(2;2),RGC2(2,2)1
390C3(2y2|!8ATA(272t15)qRCJ(ZvZ)tLAPN(ZvZ)gVLﬂFh(Z!Z)1FMAF(2oZ)’
éVFMﬂR(Z:Z)pPFPR(Z;Z),VPHPR(2;2);BETR(292'9VBETR[292):FAMFRE(2v1511
EBETA(SE) s WSC(2) 4BETRX(242),0PPRX(242)

2001 FURMAT (1Xy8E12e5/(1X48E12.5))
€26 FORMAT (1Xy2(C154393%)/(1X32(EL5e8,3X))77)
£44 FORMAT (1F1,21X,*FINAL STEP BEFORE THE TIME DEPENDENT EQUATICNS'//
10
£25 FURMAT (1H 4 'GENERATICN TIME MATRIX'/)
€45 FORMAT (/1X+'THE REACTIVITY MATRIXCINITIAL VALUE) /)
€46 FORMAT (/1X,'THE RZACTIVITY MATRIX(RAMP CHANGE SLCFE)'/)
€4T FORMET (/1X, 'DELAYED MNEUTRUN(AND PHOTGNEUTRGN) FRACTION MATRICES(I
INITIAL VALUE)Y/) : .
6471 FORMAT (/1X,'DELAYED MEUTRON(AND PHOTCNEUTRGN) FRACTIUNS'/)

€32 FORMAT (12X4512,2026X,12))
C63221 FORMAT (1Xy41{2(E124591X1,2X))

C

€48 FORMAT(1HL ' 'DELAYED NEUTRUN(AND PHOTONEULTRON) FRACTION MATRICES (R
1AMP CHANGE SLCOPE)'/)
481 FORMAT (/1X,'CELAYEC MNEUTRONI(ANC PHOTCNEUTRON) FRACT IONS (RAMP CHAN
1CE SLGPE)N'/)
G461 FORMAT (/71X 'TOTAL CELAYED NEUTRCN FRACTION MATRIX'/)
6462 FORMAT (/1X,'TOTAL DELAYED PHOTGMEUTRON FRACTICN MATRIX'/)
222 FURMAT (5X92(E124541X1)/)
2221 FORMAT(//1X,'INTEGRAL CF THE WCEICHTING FUNCT ICNS OVER THE REACTOR
IVOLUME=FIRST GRCUP (INLY=1/)
113 FIRMAT(/1Xy * INITIAL PRECURSIR AMPLITUDES */)

EE=0,

- 0ZAN1873

OZAN1874
OZAN18175
CZAN18B76
CZAN1877
OZAN1878
CZAN1879
OZAN1E30
0ZAN1881

CZAN1882"

OZAN1883
CZAN1884
CZAN1835
0OZAN1886
0ZAN188T
OZAN18ES
OZANL839
OZAN183%0

- 0ZAN18S1

OZAN1392
GZAN186G3
0ZAN1894
O0ZAN18S5
GZAN18Ss
O0ZAN1897
CZAN1898
OZAN189¢
CZAN1300
0ZANL19O1
0ZAN1902

-OZAN1903

CZIAN1SC4
0ZAN1305
OZAN1906
OZAN1307
CZAN190&

<0y



OO0

O

90

CC SC J=1,NBETAL
EE=BETA(J)+BE

CALCULATICN CF RCC1 2MC ROC2

01 50 I=]1,II

CO 50 K=1,KK

ROCLA(IsK)=LAFN(I K)+FMAR(I,K)+PHPR( I 4K)+DPPR(],K)
FOC2(T 4K)=VLAPN(I+K)4\FMAR(] tK)I#VPHPR{IK)+VEPPR (I 4K)
RUIC2(I4K )=0,

. COENTME(T K)=CENTNME(TI, K)/E

ROCL(I 4K )=RCCL(T,K)/E
ROC2(I4K)=RCC2(I,K)/E
BETRX(IZK)=BETR(I,K)/E#BE
CPPIX{TyK)=DFPR(1,K)/E

COINTINUE

WRITE(&9€44)

WRITL(6, £25)

WRITE(69£26) ((GENTMERIZK)yK=1,KK)yI=1,11)
WRTITE( 6,y €45)

WRAITE(69 626 ) ((ROGCI(I4K)yK=1,4KK)yI=1,11)
WRTTE(S,6245)
WRITE(C,E28) (IRCC2(T yK) 9 K=14KK) »I=1,11)
WRITC(6y64561)

WRITC(69626) ((BETRX (14K )9K=1yKK)yI=1,11)
WRITE(&y 6462)

WRITE(E,626) ((CPPRX{1,K)3K=1,KK)yI=1,11)

CALCULATITN CF BEC1 ANC BEC2

02 6¢ 1=1,I1

LT G2 K=1,KK

CJ G& J=1,NBETAL
FECI(IsKyJ)=PECL1{I4K4J)
EEC2(I9KeJ)=EEC21{ 14K ,yJ)
EECE(I,K,J,=CQ

- OZAN1SCS

dZAN1910
0ZAN1911
O0ZAN1G12
UZAN1913
OZAN1314
UZAN1915
0ZAN1916
0ZAN1317
0ZAN1918
CZANL1G19
NQZAN13920
CZAN1921
0ZAN1G22
GZAN1923
O0ZAN1924
0ZAN1925
CZAN1326

. OZAN1927

0ZAN1S528
CZAN1329
OZAN1S20
UZAN1931
CZAN1932
O0ZAN1933
CZAN1934
GZAN1935
0ZAN1G36
UZAN1937
OZAN1S38

"UZAN1939

CZAN1940
OZAN1941
CZAN1942
CZAN13543
0ZAN1944
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°3

99

T4T1

€472

8474

7481
6482

6483

ECCIUTa Ky J)=EECLII4K,J)/E

PEC2(I Ky NV =BLL2({1 K J)/E

CENT INUE

L2 335 J=NEET1,NBETA

JJ=J=NBETAL

EECL(TI+KyJI=RBECL12(1I,K4JJ)

REC2(T 4 KyeJ)=PEC22(1ykKeJJ)

RECL(I 4Ky J)=BECI(I 4K, J)/E

BEC2(I Ky J)=EEC2(I4K4J)/E

BEC3(I4Kyd)=Co

COMTINUE

IF (MMCDESeECel) G T 6435

WRITE( &,y £47)

WRITE(65632) (JeJ=1,44)

D3 7471 I=1,1I _
WRITE(69 63210 (BECL (I4Ked) sK=1,KK) yJd=14%4))
WRITE(64£32) (JsJ=5,¢£) ‘

L0 €272 I=1,11

WRITE(G 6221 )01(BECY (T9Ked) yK=14KK) yJ=5,8))
WRITE(64632) (JyJd=G,y12)

D €473 I=1,11

WRITE(E96321 M ((BECL (I3Ksd) 9K=1,KK) J=G6,12))

CWRITE(6,4532) (Jyd=13,15)

LY 4474 I=1,11

WRITE(696321)(((BECL (I4KyJ)yK=1,KK)yJ=12,NBETA))
WRITE(EyE48)

WRITE(6y£32) (JyJ=1,4)

CT 7481 I=1,11

WRITE( 6962211 ((BEC2 (I,KyJ) oK=1 yKK) 9J=144))
WRITE(6,€32) (JyJ=5,E)

CO 6482 I=1,11

WRITE(696321)(((BEC2 (I4Kyd) sK=1 4KK) 3J=5,8))
WRITE(6,632) (Jed=G,12)

CO £483 I=1,11

WRITE(64€221 M ((BEC2 (I4Kyd) 9K=14KK) 3J=5,12))
WRITE(6,632) (JyJ=13,15)

OZAN1945
OZAN1S46
O0ZAN1947
CZAN1S48
ODZAN 1349
CZAN1950
0ZAN1S51
0ZAN1352
OZAN19E3

0ZAN1954-

CZIANL1355
CZAN1S56
O0ZAN1957
GZAN1358
OZAN1959
0ZAN1960
0ZAN1961
0ZAN1962
CZAN1963

T QIAN1S64

O0ZAN19€&5
OZAN1966
OZAN1S67
OZAN1968
0ZAN1969
OZAN1S70
GZAN1971
OZAN1S72
OZAN1973
GZAN1974

‘OZAN1375
0ZAN13T76

OZAN1STT
07ZAN19738
UZAN1979
QZAN1S580

vov
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(s )
4‘_\

6485

6486

105

110

112

L7 €484 I=1,I1

WRITE(Ey 632110 ((BEC2 (I4Kyd) 4K=1,KK) J=12,NBET2))
CJ TC 6486

WRITE(€4€4T71)

WRITE(6,2001) (COEBECIT 9Ky J )9 I=1911)9K=14KK) 9J=1,NBETA) )

WRITE(646431)

WRITE(5,2001) (OCUBECZ(T 9Kad) 912143110 ,3K=1,KK),J=1,NBETA))

CINTINUE
CALCULATION CF STEADY STATE PRECURSOR CONCENTRATICNS

IF (INPCeEQe1l) GO TO 112

C2 105 I=1,11

BC 1C5 J=1,NPETA

FAMPRE(I,J)=C.

CZ 110 J=1,NEETA

L 110 I=1,11

L3 110 K=1,KK
FAMDRE(IpJ,=EECI{11K!J'#FIJ(I)/FAMLAM(J)+FAMPRE(I’J)
GT TT 4¢¢g

CIONTINUE

IF (NMCDES oEQel) GO 10 4999

CJ 4S9 J=1,NRETA

IF (JoNEWGNBETA) GO TC 498

WRITE(¢6,2221)

WRITE(S)A26)(WSC(IY,y1=1,11)

FAMPRE(D yJ) =FANMPRE(L 3 J)#WSC(2)/WSC(1)

G Tio 499
F&”DPE{Z;J)=FﬁMPRE(11J'#EEC1(2911J)/8EC1(111$J)
CANTINUE

WRITE(A,113)

C3 500 J=1,NEETA

WRITE(649222) (FAMPRE(TI 5J) 4I1=1,11)

RETURN

END

SUBROUTINE GCNCA(NDIW,PFULLfPHALF,BFULL!EHALF’

0ZAN1S81
O0ZAN1982
O0ZAN1983
0ZAN1G84
0ZAN1985
0ZAN1S86
0ZAN1987
OZANL1SES
OZAN1989
CZAN1990
OZAN1SS1
0ZAN1992
0ZAN1993
0ZAN1994
CZAN1995

. CZAN1SSs

0ZAN19S7
CZAN1938

- OZAN139SS

UZAN2000
0ZAN2001
UZAN2002
0ZAN2003
CZANZ0C4
QZAN2005
UZAN2006
0ZANZ20Q7
JZAN2008
CZAN2009
O0ZAN2010

"O0ZAN2011

UZAN2012
0ZANZ2013
GZAN2014
O0ZANZOLS5
0ZAN2016

S0¥
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THIS SUBRDUTINE WILL STLVE THE PCINT KINETIC TYPE OF EQUATIONS USING THE WEIGH
TeED RESIDUAL TECHNIQUE (SUEDOMAIN WEIGHTING)=ANL 7565 Pe68-KNCWING THE MATRICES

LAY

IVALENT TC THE CONVENTINAL GENERATION TIME(LAMBDA) ,REACTIVITY(RHO) ANC THE

TELAYED NCUTRON(R2LST THE CELAYED PHOTONEUTRCMN) GRCUP FRACTIONS(SETA'S) IN OR-

LCER

TO GET THE UNKMNOWM TIME COEFFICIENTS

‘1 HAVE BARROWED THIS SURRCUTINE (WITF FEW CHANGES) FRCM WEIR[ =SCWARC FULLER=,

THE ORIGINAL NAME OF THE SULBRIUTIME WAS MOVER

1!

GONCA 44 MEANS BUD IN TURKISH

COMMON/CZ2/NMCDES, 11 4KK

COMMON/OZ3/TMIN,TMAX

COMMON/U 24/ NEET AL NBETA2,NBETA,NBET1

COMMON/OZ2FZY/GENTHE

COMMIN/QZFIL/FIJy FAMLAM, ROCLyROC2,ROC3,BECL,BEC2,BEC3,FANPRE yINPC
COMMON/OZGION/I JUNP,EFS2 4 NCM1 ,NCOEF,ROJ, EﬁTA,JJ33
COMMUON/OZGDHT/FAMCLM

COMMON/GOTIHT /FIF

CIMENSION FAMLAM(15) yFAMPRE( 2415)yFIJ(2) yGENTNME(242) yBETA{6) 9RTUCL(
12,2’,RCCZ(2,2{,RCC3(2'2)yBEC1(2'2915}18EC2‘212,15’18EC3(292915,7AC
205)4QU 2041545 5)4,R0OJI2,2) 4BATA(2,2,15) 1FANCLM(2415)4SUMCI(2)4,SUMRC(2

©39293),SUNMBL24293),CBURN(2,15)4BINT(2+243)ySUINIT(2),FIF(2),CCMF(E,

450
500
=01
502

M?!oPFULL(NDIP NDIM)y FEALF(NDIMyNCIM) g BFULLINCIM) BFALF(NCIM) 4COFE(

5292961 9A0392920) 2 ENFLLLEE92) yENHALF(E42) 9SENFLLI2) ,SENHAE(2) 4SCN(
£2)9T(2048)y IFOWR(30) y CEURNI2,15) ySUMRB(2,2,3),EPS{2)48IFIJ(2),
TSUMNB(2) y TERNMNB(Z2),ENEINT(2)

EQUIVALENCE (J3,J433)

FURMAT (35F TFHE TIMS STEP IMPOSED IS TUQ LARGE)

FORMAT (1 5H TINME=EL18,10)

FORMAT(15H MAXIMUM ERFRIR=£18,10)

FORMAT(S1H MIDE AMPFLITUDE FUNCTICN ERRCR IN AMPLITUDE)

CZAN2017
0ZAN2018
0ZAN2019
GZAN2020
GZAN2021
0ZAN2022
0ZAN2023
0ZAN2024
0ZAN2025
GZAN2026
0ZAN2027
GZAN2028
0ZAN2029
GZAN2030
0ZAN2031
0ZAN2032
0ZAN2033
0ZAN2034

. OZAN2035

OZAN2036
0ZAN2037
0ZAN2038
CZAN2032S
0ZAN2040
CZANZ2041
DZAN2042
O0ZAN2043
OZAN2044
OZAN2045
CZAN2046

- OZAN2047

0ZAMN2048
CZAN2049
DZANZ2050
0ZAN2051
CZAN2052

907



£03
£04
1000
1C01
1200
1€00

103
11

90

FORMAT (14,2E23410)

FORMAT(18H TIME STEP AMUMBER 14)
FORMAT(4H J3=13)

FORMAT (1X,*J3=%1',12)

FORMAT(1H1y //21X, " THE TIME DEPENDENT FUNCTIUN(S)*///)
FORMAT (//7/71Xy'PRUGRAM RETURNED FROM SINQ WITH NO RESULT')

WRITE(S, 1500)
NBET=NBETA

NPP 1=NMODES*NCOEF
IMAX=NCDEF+2
TIJUNE=TMAX~=TMIN

EPS1=s I®EPS2

TINME=TMIN

TCME=TMIN

ISTEP=1

ICuT=1

J2=1

J5=1

ANPR1=1

JE=NCOEF

MN=1C73741824
INC=1073741 €24
FOLL)=1,

CU 651 I=2,IMaX

XI=1

00T )=1/XI

07 11 IN=1,NNCDES

C3 11 IM=1, NMUDES

CJ 103 TI=1,NEET
FAMCLMUIN,I)=FAMPRE(IN,I )FAMLAMI(I)
EATACIMy INy I )=BECL(INM4IN,I)
RCJUIMGIN)=RCCL(IM,IN
TEX=TJUMP

{0 61 J=J5,J¢
T(J,1)=TEX

0ZAN2053
OZAN2054
CZAN2055
DZAN2056
0ZAN2057
OZAN2058
0ZAN2059
CZAN2060
CZAN20¢€1
O0ZAN2062
CZAN2063
OZANZ20€4
OZAN20¢&S
0ZAN2066
OZAN20€7
0ZAN2068
CZAN2QES
GzaNZ2070
CZAN2071

" OZAN2072

0ZAN2073
CZAN2074
0ZAN20Q75
0ZAN2076
OZANZQT7
0zZAN2078
CZAN2079
OZAN2QEOQ
07ZAN2081
0ZAN2082

-0ZAN2083

CZAN2084
0ZAN2085
O0ZAN2086
CZAN2087

OZANZ2088 .

o
~J



= 0
e g OO

CO 82 I=2,IMAX
Ty T)=T(Jy I=1)2T( Jy 1)
CO 62 K=1,NBET
CC 12 I=1,1MAX
ClJyKy I)=0s
X=FANVLAMIK)#T(J41)
IF(ABS(X)=1a) 2,41,1
FX=1lo/FANLAM(K)
WRITE(6,450)
. PRINT 500,TCNME

GO TC 139
ClJsKy1)=(1e-EXP(=X))2RX
BO 7 JJ=2,1NMAX
XI=JJ
COJp Ky JI) =TIy JI=1 )= (XI=1, 0300 JyKyJJ=1) )#RX
Gd TC 62
SUM=A0( IMAX 3T (J, IMAX)
APS=SUMi ] ,E-20
ACQEF=NC OEF
FJ2=ACOEF+3,
TERM=SUM
- TERM == XETERM/FJ2
IFCABS(TERM)-APS) 54 5,4
SUM=SUM+TERWV '
FJ2=FJ2+1.,
GO TC 3 :
QU Ky IMAX)=SUM
LC 38 JJ=2,IMAX
I2=TVAX+1-JJ
XI=12

CUIs Ky I2)=(T (I I2)=FANLAMIK ) #Q(J 4K, 1241 ) )HA0(12)

CONTINUE
TEX=o5%TEX
TSTEF=T(J3,1)
J4=J3

0ZAN2089
0ZAN20S50
O0ZANZ20S1
OZAN2092
CZAN2093
0ZAN20%4
GZAN2095
CZAN20GS6
OZAN2097
CZAN2098
O0ZANZ20S9
0ZAN2100

0ZAN2101

OZANZ2102
0ZAN2103
OZAN2104
OZAN2105
CZAN2106

. OZANZ21Q7
O0zANZ2108 .

0ZAN2109
0ZAN2110
0ZAN2111
0ZAN2112
0ZAN2113
0ZAN2114
NZAN2115
OZAN2116
0ZAN2117
OZANZ118

-O0ZAN2119

OZAN2120
0ZAN2121
C0ZAN2122
JZANZ123
O0ZANZ2124

80¥



104

10

50

105

107

1054

112

CO 40 J1=1,NCGEF
J2=J3-1+J1

CQ 1C4 IM=1,NMODES

SUMCICIM)=0,

CO 10 I11=1,NCCEF

CJ 10 IN=1, NNODES

CC 10 IM=1,NMICES
SUMRC(IM.IN,II)=AO(II)$T(J2,Ill*RDJ(IM,Ih)+AO(Il+ll*T(J2,Il+1i*(RU
1 62{IM,IN!+2awRﬁC3lIN.IN)*TIME)+A0(II+2!$T(J2,11+2)*RCC3(IM,INI
SUMB(IM, IN,I1)=0,

CO £5C I=1,NRET

Cd 50 IM=1,MNCDES

CRURNEIM,!)=FANCLM(IP,I)$G(J2,!.1)
SUMCT(IM)=SUNCTI(IM)+CEURNI(IM,I)

CC 20 IN=1,NMICES

BO 2C Il=1,NCCEF
EINT(IM,IN,11}=BATA(Iw,IN,I!¢Q1J2,1,11)+tBECZ(IM,Ih,I)+2.€EECB(IN,
1 IN,I)*TIHE)*Q{JZ,I,]1+1}+8EC3(IN,IN,I)*C(JZ,I,II*Zl
suwa(IM,IN,11)=SUHa(IN,IN,11}+BIhT{IN.IA,11)

CINT INUE

0O 105 11=1,MCCEF

CO 10% IN=1,ANMODES

N3 105 IM=1,AMCCES

SUMREBCIMy IN IL)=SUMRC(IMyIN,I1)=SUMB{IM, IN,I1)

0O 106 IM=1,NMODES

SUINIT(IM)=0,

£ 1C7 1P=1,NMODES .

TEINIT=SUNMRB(IM, IP, L I4FIJLIP)
SUINITUINM)=SULINIT(IM)4TEINIT

COMP(J L1y IM)=SUINIT(INM)+SLMCI(IM)

CC 106 IN=1,AM{CES

CD 1Ch T11=2,NCCEF
CUFE(IM.IN,Il)=GENTME(IM,INl*T(J2,Il—li-SUMRB{IM;IN.III
C2 113 IM=1,AMCDES

JK=2

JL=JK-1

CZAN2125
OZAN2126
Q0ZAN2127
0ZAN2128
GZANZ12S
OZAN2130
0ZAN2131
0ZAN2132
CZANZ2133
OZANZ2134
DZANZ135
ODZAN2136

DZAN2137

O0ZAN2138
0ZAN2139%
0ZAN2140
UZAN2141
OZANZ2142

- OZANZ2143

CZAN2144
OZANZ145
0ZAN2146
OZAN2147
OZAN2148
0ZAN2149
CZANZ2150
0ZAN2151
0ZAN2152
OZANZ2153
0ZAN2154

"OZAN2155

0ZAN2156
UZAN2157
OZAN2158
JZAN2159
CZAN2160

00w



OO0

O

114
110

113
60

119

117

115

121

SIMQ IS A GENERAL MATRIX INVERSION SUBROUTINE ACCGMPANIED BY THE SOLUTION OF
THE LINEAR SYSTEM OOF EQUATIONS

CO 114 IN=1,MMCCES
LNMODS=(JL~1)*NMODES
IY=LNMOIDS+IN

ACJL TV TY)=COFE(IV,y ID,yJK)
IF(IYsEQaNDIN) GO TC 113
JK=JK+1

GO TC 112

CONT INUE

CONTIMUE

CO 121 Iy=1,NDIM

dl=1

MAMUEDS=(J1-1 )NMTDES

CG 118 IM=1,NMCDES
IX=MNMODS+IM
IF(Jle EQe NCOEF) G TC 117
PFULLOIX, 1Y )=A0J14IM,1IY)
BFULLEIX)=COMP(JL,IM)
I1Z=] X=-NMCDE €

IF(IZ2.CGTo0) €GO TO 115

G2 TC 118
PHALF(IZ 1Y )=A(J1,IM,1Y)
BHALF(IZ)=CCMP(J1,IM)
CONTINUE

IF(IX.ENNPPT) G TO 121
Ji=J1+1

G T3 122

CONT INUE

CALL SIMCIPFLLL+BFULL JNDIMyKS)
CALL SIMC(PHILF,BFALF,NC IMyKS)

IF (KSeEQsQ) G2 T RCLO
WRITE(S6,1600)

- OZANZ161

OZAN2162
0ZAN2163
OZAN21 &4
0ZAN2165

CZAN2166 -

0ZANZ2167
CZAN2168
QZANZ1ES

OZANZ2170°

CZAN2171
0ZAN2172
0ZAN2173
UZAN2174
DZAN2175

"0ZAN2176

CZANZ2177
O0ZAN2178

 QIAN2179

0ZANZ2180
0ZAN2181
0ZAN2182
OZAN2183
CZAN2184
CZANZ2185
QZAN21E6
CZAN2187
OZANZ21EB
0ZAN2189
OZAN2190

"0ZAN216%1

0ZAN2192
CZANZ1G3
UZAN2194
CZAN2195
0ZANZ2166

-3
—
(=)



2000

124

126

125

123

127

Te

RETURN

CINT INUE

J1=1

MNMODS=(J1-1)ENMODES

C2 123 IVM=1,NMCCES
[X=MAMIDS+I M
ENFULL(JL1,IMI=BFULL (1))
CNHALF(JL1,IV)=BHALF(IX)
IF(IX=NDIM) 12£,12%, 125
Jl=J1+1

GO T2 124

CONT INUE

0O 123 INM=1,MMCDES
SENFULIINMI=FIJ(IM)
SENHAF(INM)I=F1J(IM)

Ci} 122 Jl=1,MCM1
TERFUL=ENFULLIJ L, IM)4ISTEPH#J]
TERHAF=ENFALF(JL,yIN)ATSTEP*sJ]
SENFULCIM)=SENFLLIIM)+TERFUL
SENFAF(IM)=SENFAF( IM)+TERHAF

SE PS =0q

SSQN=0.

.82 127 INM=1,NMDCES

EPSUIM)=(SENFAF(IM)=SENFUL(IM) )I®%2
SON(IM)=(SENFAF(IM) )54
SEPS=SEPS4EPSI(IN)
SSON=SSQN+SQN(IM)
EPSCIM)=EPS( IM)/SONCIN)
CONTINUE
EPSLON=SQRT(SEPS/SSCQN)
EPSILN=EFSLON
IF(CPSILNGGTWLEPS2) GC TO 72
IF(EPSILNLLTEPSL) GC TO &3
G TC A4

J2=J72+1

FRINT 1000,J3

0ZAN21S7
CZAN2198
OZANZ169
0ZAN2200
0ZAN2201

0zAN2202 -

OZAN2203
0ZAN2204
GZAN2205
CZAN22cCs
OZAN2207
C7AN2208
DZAN220S
0ZAN2210
0zZAN2211
0ZAN2212
0ZAN2213
QZAN2214

. DZAN2215

CZAN2216

0ZAN2217
DZAN2218
GZAN2219
0ZAN2220
0ZAN2221
CZAN2222
0ZAN2223
CZAN2224
0ZAN2225
DZAN2226

"OZAN2227

0ZAN2228
0ZAN2229
CZANZ2230
0ZAN2231
0ZAN2232

117



71

é3

64

180

21

TF(J3.LENPR]1) GO TO 111
IF (J3.GT-22) GO T 71
Jo3=J6+1

Je=J48

NPR1=J3

G T2 30

CONTINUE

FRINT 1000,J2

RETURN

CONTINUE

CIF (J3eFQel) GO TU &4

Ji=J3~1

FRINT 10CCyJ2
TOME=TGME+TSTEP
J2=J4

C 133 IM=1,MMCDES
FIFCIM)=SENFUL (IM)
FIFNM=FIF (IM)
ITIME=ISTEP

TF{UABS(FIFM)oGEelaE25) o IR {ABSIFIFM)oLELleE=25)) GO T2 140

DG €5 T=14NBET
SUMNB(TIM 1=0,

"TERMAB(INMI=0. .
CRURNCUIM, I)=FANCLM(IN 1)#Q(J2,1,41)

CJ 91 IN=1,NNODES
CC 180 T1=1,NCCEF

BINTOIMy) INgI1)=RATA(IMyIN,IDHQ(I2y 15 T )+ (BEC2(IMy INy I )42,#BEC3(IM,
L INgIVATIMEN#QUI2y Ty T 1+ 1I4BECI(INGINSI )HC(U2,1,1142) '
BIFIJUIM)=RINT (IMy INy 1)#FIJ(IN)

SUMNBOIM)=SUMNB(IM)+EIFIJLIM)

Lo 21 JM=2,NCOCF

ENBINT (IM)=RINT(IMy INJMISENFULL (UJM=14IN)
TERMANB(IM)=TERMNB(IM)4ENBINT (IM)
SUMNPUIM)=SUMNB(IM)+TERMNB(IM)

FAMPRE(TM I )=FAMPFE( 1Ny I)=DBURNI IMy I )+SUMNB( IM)
65 FAMCLM(INMyI )=FAMPRELINM,I)¥FANLAM(T)

- 0ZAN2233

OZAN223%
CZAN2235
0ZAN2236
CZAN2237
0ZAN2238
0ZAN2239
GZAN2240
0ZAN2241

0ZAN2242

DIAN2243
07AN2244
0ZAN2245
GZAN2246
OZAN2247
02AN2248
0ZAN2249
0ZAN2250

. 0ZAN2251

O0ZAN2252
OZAN2253
0ZAN2254
GZAN2255
DZAN2256
0ZAN2257
0ZAN2258
DZANZ2259
QZAN2260
UZAN2261
OZANZ22¢€2

"OZAN2263

UZAN22¢&%
0ZAN22€5
CZAN2266
UZAN22€7
CZAN22¢€8

Ty



133

135

137
1346

1
134

139

FIJUIMI=FIF( IM)
IJUT=1JUNE=TCUT
IF(ISTEPLFQe IJOT) GO 10 135
CU T 1384

PRINT 504,ISTEP

I7UT=120UT+1

FRINT S500,TLWME

FRINT S01,EPSILN

FRINT 502

CZ 137 IWM=1,NMUCES

PRINT SQZ,IMFIF(IN) LEFS(IM)
CONT INUFE

ISTEF=1STP+1
TIME=TIME+TSTIEP
TENI=TIFE-TMIN.

O 134 IN=1,MMCRDES

CC 124 IN=1,AMTDES

RHJ(IM;IhI=PCCI!IN9IhI+TEMI*(HDCZ(IM;INi4TEMIﬂRGCE(IM'IN))

LT 124 I=),NBET

EATA(IM,IN.I)=BEC1(IMvIN11]+TEMI#(BEC2(IM:IN,II+TEFI*BEC3(IM'IN'II

)
CONT INUE

TPCWRIJ3)=2¥4(J3=1)
IPOWR( J4 ) =274 (J4=1)

INP=NN/ TPOWK (J3)
INC=INC=KN/ IFSWR (&)
IF(TOMEs GEe TMAX) G TC 138
€3 TS 68

ITIME=]STEP=-1
PRINT 504,1 TIME

FRINT 500,TCME
PRINT 501,&PSILN
PRINT 502 | |
CO 139 IM=1,NMOCES
PRINT 5024IM,FIF(IF) 4EFS(IM)
CONT INUE

CZAN2269
0ZAN2270
JZANZ2271
CZAN2272
OZANZ273
OZAN2274
CZAN2275
0ZAN2276
CZAN2277

CZAN2278

0ZAN2279
0ZAN2280
OZAN2281
UZAN2282
0ZAN2233
DZAN2284
GZAN2285
OZAN2286

. 0IAN2287

UZAN2283
OZANZ2289
QZAN2230
0ZAN2291
0ZAN2292
CZAN2293
CZANZ254
0ZAN2295
CZAN2296
0ZAN22¢S7
0ZAN2238

"OZAN229%9

0ZAN2300
CZAN2301
CzAN23CQ2
UZAN2303
CZAN2304

£ETy



RETURN CZAN2305

€8 CONTINUE 0ZAN23Q6
IFCINDSLESINC) GO TN 73 0ZAN230T7
INC=TND/2 : OZANZ3C8
J3=J2+1 - ' QZAN2309
FRINT 1001,4J2 0ZAN2310
CC TC 48 CZAN2311
END 0ZAaNZ2312
SURRGUTINE HASAT(BATA,,GENTME ,RGJ) 07ANZ313
C CZANZ2314
c THIS SUBROUTINE GIVES THE FINAL TIME DEPENDENT FLUX AT THE END OF THE 0ZAN2315
C TRANSIENT AS WELL AS SIME OF THE CUNVENTICUNEL PARAMETERS WHICH ALLOW A CZANZ2316
C COMPARISCUN DF CUR RESLLTS WITH THISE DBTAINEC TROUGH A PCINT KINETICS QZAN2317
C TYPE APPRCACE 0ZAN2318
C CZAN2319
G v9 HASAT 449 MEANS FAFRNEST IN TURKISH 0ZAN2320
C ‘ CZAN2321
COMMON/CZO/SICAJUNSF4SCECSySCAT,PSI, W . ' - JLZAN2322
COMMION/DZYL /CoDNC 9K SFCTZySKOZNyNDFST gNOWFU4HV,R " ' - UZANZ2323
COMMON/OZ2/NNDDES, 11 4KK ' : 0ZAN2324
COMMOIN/C 24/ NEETAL L NBETL2,NBETA,NEET] OZANZ2325
COMMON/FZ4HT /BE : NZAN2326
CCOMMIN/OIGOHT/FAMCLM UZAN2327
CCMMON/GCZHT/FIF , ' 0ZANZ2328
COMMON/CZHST/ATTL AT TZ4MLLI o MUUMVL,,MVY O0ZAN2329
L 0ZAaN2330
DIMENSION PSI(3,5484+4C),W(3,48,40),HU(39) yHV{4T),R(40),SICA(3,47, ' 0ZAN2331
L39)sUNSF(3947433),SCAT(244T743G)yATTLI10) 4ATT2(10), ' CZAN2332
2FIF12) 4 BATA(292915) 3 CENTME(2,42), PATAL(2) yROJ(242),BATAT( 2), 0zZANZ23323
APHLUX( 3,48, 4C) g NDW(2) yNDPSI(2) 9SCCS(29344743S)4FANCLN(2,15), 0ZAN2334
4S5BET2(2) g " 0ZAN2335
G 0ZAN2336
1000 FOPMAT(7ELL.E) L CZAN2337
5000 FURMIT{1P5E1446) . CZANZ338
€49 FORMAT (1H14///7/21 X4 'TINE DEPENDENT FRUITS') 0ZAN2339
H301 FORMAT(////1Xy "AMPLITUDE FUNCTIUN'y24X'=9,F13,6///" REACTIVITY',3 CZAN2340
=

=S



621
E52
&53

172

179

180

12X, ' =" yE1346/" CMECA' 37X, '=",E12,6//' GENERATIOUN

TIME?®

17Xy t=,E1

23, 6/' TOTAL CELAYED NELTRCN FRACTION',12X,'=",E13,6/' TOTAL PRECLR

2SUR ACTIVITY ', 138X,y = 1,E13,6/)

FORMAT (1HL 4 'TINE CEFENDENT FLUX GROUP *,117)
FORMAT (&Xy1299(9X%,12)) '
FURMAT (/1Xy 12+3Xy 10(ESe392X))
CiL=Co

IF (KKoNEWl) GO TGO 17¢

FEAC(10,5000) PSI

REWIND 1C

LT 178 MV=1,48

CO 178 MU=1,40

£ 178 MG=1,2

FHLUX (MG 3 MV MU)=PSTINMCyMV,MUIXFIF(1)
G TC 12

CU 1E0 MV=1,48

CO 180 MU=1,40

0 1E8Q MG=1'E

PHLUX(MG MV 4y MU )=0,

CONTINUE

KKK=C

C7 150 K=1,KK

KKK=K+1—=KKK

 AN=NEPST (KKK )

150
152

(%4
o

FEAC(NN,5000) PSI
ReWIND NN

{7 130 MV=1,48

CJ 180 MU=1,40

L3 10 MG=1, 3

FELUXIMG oMV 9 MUI=PST(NCyMVyMU)IRFIF(KKK)+PFLUX (NG, MV 4MU)

CONTINUE , ;
L2 40 K=1,KK

SUML=0, ,

DO 5C J=1,NBETAL
SUMI=SUML+BATA(LyKyJ)
CINTINUE

GZAN2341
DZAN2342
0ZAN2343
OZAN2344
DZAN2345

JZAN2346

0ZAN2347
OZAN2348
GZAN2349
QZAN2350
0ZAN2351
0ZAN2352
0ZAN2353
0ZAN2354
DZANZ2355
0ZAN2356
GZAN2357

OZAN 2358 7

0ZAN2359
0ZAN2360
0ZAN2361
07AN2362
0ZAN2363
CZAN2364
CIZAN23€5
UZAN23€6
OZAN2367
0ZAN2368
0ZAN2369
OZAN2370

- 0ZAN2371

0ZAN2372
CZANZ373
OZAN2374
GZAN2375
OZANZ237¢

=Y

ST



&0

65

70

230

10

SBETA(K)=SUM]

EATAL(K)=SUM1/BE

CONTINUE .

L 7€ K=1,KK

SUM2=SRET2(K)

LD &% J=NRETL,NBETA

SUM2=SUMZ+RATA( 14Ky J )

CONTINUE

PATAT(K)=SUMZ

CUNT INUE
AMP=FIF(1)+GENTME(LyZ2)/GENTME(L, L)FIF(2)
CEN=BATAL{L)4FIF(1)+EATALI2Y~FIF(2)
CENN=AMPHCENTME (L, 1) /LEN
RHO=(ROJU(L, LI FIFIL)+FOJ(L,2)%FIF(2))/DEN
FETAT=(RATATI(L)SFIF(11+BATAT(2)«FIF(2)) /CEN
CT 230 J=1,NEETA

CEL=FANMCLM(1,J)+DEL

CONT INUE

ALFA=((RHC=RETAT)ZAME4CEL)/ (GENN#*AMP)
WRITE(69€501) AMP,RHC JALFA,GENN,RETAT,LDEL
M= (MJU=MUL+1)/10

MY=(MVV=NVL+1) /25

MX1=MX+1

FY1=NMY#1

NEX=MUL=MLL1+ 1-MX*#1Q

NEY=NMYV=MVL +]1-MY425

D3 30 MG=1,3

MUF =M 1= 1

MIT=MU1-10

D3 3C MXX=1,MX1

IF ((MXoEQsD)eDRo(MXXoEQeMX1)) GC TO 10
MUT=MUT+10

MUF=MUF+1(C

o T 15

MUF=NMUF+NEX

PUT =NUF=NEX+1

O0ZAN2377
CZAN2378
0ZANZ37S
CZAN2380
0ZAN2381
OZAN2382
0ZAN2383
UZAN23E4
CZANZ385
0ZAN23 86

OZAN23E7

QZANZ2388
0ZAN2389
O0ZAN23S0
CZANZ2351
CZAN2362
OZAN2393
CZAN2394
OZANZ23G5
0ZAN2396
0ZAN23G7
CZAN23S8
CZAN2399
CZAN24CO
0ZAN2401
CZAN2402
0ZANZ2403
0ZAN2404
UZAN2405
O0ZAN2406

" CZAN2407

CIANZ2408
(3ZAN 2409
CZAN2410
OZANZ411
0ZAN2412

9TV



15

20

25

MVF=MY ]=1
MVI=NV1=25
LG 30 MYY=1,V

TE ((MYaEGeO)aORW(MYYLEQaMYL)) GO TO 20

MVI=NVI+25
MVE=MYF+25

ch T¢C 28
MVF=MVF+NEY
MVI=MVF=NFY+1
WRITE(S,651)
PRITE(64,€52)

Y1

MG
(MUyMU=NMLT yMUF)

CC 30 MV=MVI,MVF

WRITE(A,€53) MVe (PHLUX(MGyMV 4MU) yMU=MUT, MUF)
30 CONTINUE

RETURN
tND
y &
//GeET10F 001

//CeFT11F001
1/ GeFT12F001
/7 CeFT13E00L
/7 G FT14F001
/1 CFT15F00L

S/CeFT16FCCHL.

/7 CaFT17F001
//GeFT18F 001
//CeFT19FQ01
//CsTT22F001
//CeFTZ3F0CL
/7 CaFT24F001
//Ce FT26F00L
//CsFTO1FQ01
//C.FTO2F001
//CaFTC3FQQL
//Ce "TCHFOQL
//Ce FT28FQ01

DD
DO
DC
oC
DL
CC
DD
DC

r
i/

DO
ne
Do
DD
DO
DD
or
DO
DC
DC

DSNAME=USERFILESM3696,9441 4£QP 4SI, LISP=GLD
DShAME=USERFILE.M8696.SééI.FQA.DJvDISP=GLD
DSNAME=USERFILEaMB6T6454414TRP &SI 0ISP=CLD
DShAME=USEPFILEoM3695.§44l.TRA.DJ,EISP=GLD
DSNAME=USERFILEoMBEGbe S441FQDeIF, DISP=CLD
DSMAME=USERFILE.MBE964S%41oFST oGAy DISP=CLD
DSNAME=USERFILEaMB656, S441eFUNoSF, CISP=0LLD
DSNAME=USERFILESMBEQ64S4414FISeGF,DISP=0LD
CSMME=UST FFILEeM36965 5441 4TRO 4 IFy CISP=CLD
DSNAME=USERFILEoMB3€964 S441eTS1eGAyDISP=CLD
DSNAME=USERFILEsMY69645%4414FSCoAT, DISP=0LD
DSNAME=LSF RFILEaM36964 5441 4TSCeAT, CISP=GLE
DSNAME=USERFILEGMB6E56e S441eF SGoCSyCISP=CLD
DSMANME=USEFFILEeMB696e S441 oFSP ¢NRy CISP=0LD
DSNAME=USEFRFILEaMBESEe S4414ECQLeIFyDISP=CLD
DSNAME=USERFILEaMBETLe 44 1ESToGA,DISP=CLD
DSMAVE=USEFFILEAMB69645441 dEUNSSF, CISP=CLE
DSNAME=USERFILEoMBEY6e S441eESCoAT,CISP=CLE
DSNAME=USERFILEsMBET6s54414HED e IF, CISP=0LD

CZAN2413
UZAN2414
OZAN2415
0ZAN2416
0ZAN2417
CZAN2418
CZANZ2419
J0ZAN2420
C7AN2421
UZANZ422
07AN2423
GZAN2424
OZAN2425

- GZAN2426

0ZAN2427
0ZAN2428
CZAN2429
0ZAN2430

0ZAN2431

0ZAN2432

0ZAN2433

0ZAN2434
CZAN2435
UZAN24136
CZAN2437
OZANZ438
OZAN 2439
Q0ZAN2440
DZAN2441
CZAN2442

- 0ZAN2443

OZAN2444
O0ZAN2445
O0ZAN2446
CZAN2447
CZAN2448

LTV



//CoFT29F0CL DD DSMNAME=USERFILELMBESGe $441eHST o«GAy CISP=CLD
//CeFT31FO0L OC DSNAME=USERFILFoMBéES€e $4410HSCLAT,DISP=0LD

//Ce SYSIN CD

ETANM NMQDES=2,NGEKIN=1,KSFEX=1,KSRGZ=1;CGEFIC=10-fLFIhAL=1,IhPC=1'LPSN=1,

LEYD=1 :
EEND

6EINVI V1=0e 1SSC30E-890s221703E~690e454545E=5,CMEG=170262131

EEND
£ INHU
HU= 3,7792997
Ce 31699527
1. £135354
Co. 7700000
C.35400CC0O
0. 15£9¢€958
Co 686549258
404(SG558
4.,40969985
150 240000
EEND.
£ INHYV .
H\= 10, 1€0000
'5,07¢9959
25400000 1
26 540CCCO ’
225400000 ’
le 2699965 . ’
0. 634992¢9 '
?
1 ]
?
?
?

- Y W 9 Y e e w s

0.634%592¢9
Co 63496553
0095699568
Ce 95666392
1£,24C000
EEND
EINYL
YIEL= 023999655

y 1le 8635594
Ce31639957

le €13G66¢4
Ce97700GCC
t.®5400CCC
Ce&t159¢CGCE
0 634595¢¢

4e H0GGCSSE
3.000000C
15.24000C0

L R I

v+ 10,1€C000
5¢07G665¢¢ '
2,.540000C ?
20 54000CC ’
2454000CC ’
' la 2699358 (]
16 1£€3S5¢¢€ ’
Ce€34965¢¢ ?
Ce S519955¢ ’
Ce GGEGFSSE '
1,262943G% ]
15.24CCCC )

r+ 067£$59999

r le36335654

1,613599%4

097700000

165659957

0.1589269¢8
0, 68¢€99968

404099928
4e¢4(099958
e £599G98
154240000

+ 10.,160000

Te 61359966
2,5400000
25400000
2. 5400000
12699965
1. 1639966

063499359
099699998
0, 99€39538

12699965
156 2400C0

. W e g e e g e

v 163633994

16125964

0.57700000
C.$540C000
Ce6346595SS
Ce £8£6S568

4.406¢5¢68
44096998
Ce £566698

r 540799965

2+.54CC000
2454C0C000
205400000
1:2666965
1.2659965
141639994

0,€34569¢9
0.59695958
0,65655568

142656965

- @ % e % W 9w e

- W % W A P g W W oW

0ZAN2449
CZAN2450
OZANZ2451
QZAN2452
OZAN2453

0ZAN2454

D0ZAN2455
OZAN2456
OZAN2457
UZAN2458
O0ZAN2459
CZAN2460
0ZAN24%61

OZAN246€2

UZAN2463
DZAN2464
0ZAN24¢65
CZAN2466

O0ZAN2467

UZAN2468 -

0ZAN2469
CZAN2470
0ZAN24T71
CZAN2472
RZANZ2473
0ZAN2474
OZAN2475
OZAN24T6
0ZAN24T7
0ZAN2478
0ZAN2479
CZAN2480
OZAN2481
CZAN2482
0ZAN2483
0ZAN2484
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YIEJ= 0.64£356556

y 020249999

Qe 666 99S43E~-01,

0:20495997E-01y, 04221000CCE-Ql, 0e31£99SSBE-C2,

.0
EENG
& INRA

RETA= 0e3C059GCS4F=-02,

Ca3S729335€-03,

£5ND
& INF

¢ N2IRC= 0.5

FIJ= 0e41439955E~C8, 0.0

Co12C965¢4
0e27£993965

?
’

Ce£2600000E-03,

Co9SCIGCTEE~13yFAMPRE= CW 1C100000E-1Cy 0.0

0,0
.0
Qe O
Ce 0
C,0
Co 0
- SLND

EINATTL ATT1=O.4E-4,240o24E—4,2$0.IE-4;0.27E-4y2*Co18-4;2*0.0BE

EEND

?

?
?
’
¥
?
?

Ca3010C00CC )
Ce 1£8555¢¢E~-C1,
O.llﬁ”qgggE“OB'

Cs 20039736 16- 10,
0e25999356E=11,
Coe STSY9GSLE-12,
0 77355565 55~12,
Ce13293G5TE-11,
€ 2689G65G3E=11,
236,00000 y

0o 17C(S0000E-02,
Ce3279S354E~(03,NBETA 1=

+FAMLAM= 0,1239¢SS8E-01,
113939994

0.15289698E~-C2,

?

0.4BC999B0E~C2,
0,43€999SBE~C4,

C.0
0.0
000
0.0
0.0
0.0
0.0

EINMYU MV1= 9,MVV=15,MULl=17,MLU=24

£END

EINUT MRUI=1ySy1916923,25 28,1431 ,1

& END

6 INUF MRUF=8415,15422,27,427,30,30, 33, 23

EEND

EINVI MRVI=314932935926923,797,40, 7445

GEND

SINVE MPVF=34,4344929939,35,22935,44,44 447

£ END

w» W % g W -

6yNBETA2=

2,0096953 ’
Ce 145565G68E~C2,
0e36295G58E~(5,

y 0+383469995E~10,

0.23896993:-10,
0.420859%9E-12,
0.1089G995E-11,
0.53596984E~12,
0+7319S2G96E~11,
0+ 102CCOC0OE-10,

033339599E-01,
C. 1008C0C0E-C2,

0.30820000E-02,

0304SGSSEE-01,

-4

CZAN2%485
OZAN24E6
OZAN2487
0ZAN2438
OZAN2489
OZAN2490
CZAN2451
OZAN2462
CZAN2493
OZAN 2464
07AN2495
GZAN24SS
OZAN24S7
CZAN24958
0ZAN24SS
QIAN2500
0ZAN2501
GZAN25C2
O0ZAN2503
UZAN2504
OZAN2505

CZAN2506

CZANZ25Q7
O0ZAN2508
CZAN2509
0ZANZ2510
0ZANZ2511
OZAN2512
OZAN2513
CZAN2514

" COZANZ2515

DZANZ2516
0ZAN2517
0ZANZS518
0ZAN2519
CZAN2520

A=
—t
O



SINGLK MGLK=6%*3,2%2

- BEND

EINDV MOVIC=1441541691792224422926,18+1992092152%25723427928,25+3093%5,31,5,

112)%923%E544,5

& END

2,0000000

& INT :
TMIN= Qe 0 s TJUMF = 15+TUF= 1,0000000 1
3,0000000 13659377 2=0e 72270051E T€4-Ce7237CO51E 76,
=Ce 72370051 T64=0o72370051E 769~0.72370051E 76,4-0472370051%
5¢NCNM1= 29EPS2= 1oE-01
EEND
6IN1

X1= 146351161
0.82282759
Ce252€45¢<7

1, 8078394
Ce 34117557
0.78¢6716656

242360087

4e 0164167

37409055

1. 7501698

0o 841507¢7
0.245859G9

1. G124 298
0,4%275265
Co 136228655

le 24222%¢5
0, 49528497
Ce 13706459 ’
0.15144500E~03,
Ce18E16337E-01,
001 €346456 ?
Coe54C033G3E~03,
Ce320924G95E~08,
Col5ELS5SS9E~C2y

M W g P g W W o P M B g W wog

y CaN9QTE25€
0.249383¢¢
l.,75385¢¢
CoB420246CE
0. 257024¢€5S

le 720¢6¢32
2e25782%2
36016768

2y 115 BB G
0.80236756

(s 310027CC

1. 28453¢¢
le845816¢
C.128444¢T

le 244761
Co4544603¢€C
0o 142045¢7 ’
0.9858331382:-03,
Ce 106321C(E-02,
QelC6628¢S ’
Ce GBS22HEEE~03,
Ce1788£€30(E~Cl,
0e371515S2E=04%,
(o 443884 CSCE-01,

P R P I T I I

y 062670245%
1.6004200
0.80182099
0. 30796636
'1,4325455
0.90£59957
0. 15632857E-C1
246661196
460147561
0,29260058
1o4184855
0,50E37856
1,2728996
le 3E57058
0.453575658
Oe 12 £44497
0.935083%9 "
0617555499E=01,
0 1651639SE=01,
0. 11386098E=C2,
0017698400E~0L,
0e 17672100 '
00102283008~ C3,
0, 10759300 '

- W g W W W W g P g g B e W

s le761079%¢
C.£00617%8
029360098

1.642C163
. 162150467
0, 908%2595

2e654E661

460172798

3e4€050658

1s508G61¢5
0,806721895
Ce €E4762354

13544663
0. 4788755
0, 12844457

13167686
Ca 44 B8ECHST
0,18742259
0.103292G69E-02,
Ce 185256557~ C1,
0,15745365 ’
Co£2721087E=C4,
0028404780E~-C23,

14,910100 '

4 B W W e W oy W W 9 M d e W 9 wew

TEWNINT=

*

CZAN2521
OZAN2522
GZAN2523
OZAN2524
CZAN2525

CZANZ526 -

DZAN2527
CZAN2528
OZANZ529
0ZAN2530
CZAN2531
GZAN2532
OZAN2533
CZAN2524
0ZAN2535
CZAN2536
O0ZANZ527
CZAN2538
OZAN2539
0ZAN2540
CZAN2541
CZAN2542
OZAN2543
CZAN2544
DZAN2545
CZAN2546
OZAN2547
0ZAN2548
CZAN2549
DZAN2EEQ

- DZAN2551

UZAN2552
OZAN2553
0ZAN2554
CZAN25E5
O0ZAN255¢
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04

€s17204099C~C3,y
Ca77738730F=03,
Col27482¢T7E~C1,
C.%9201780E~C3,
Co 122283555 -02,
Ce24G2H85G5E~03,
0. 11576£400F-02,
Crg 1 35"“41 GHE" 621
0,204€6157E~C1,
Ca13528193E=-03,
ColSTT7€46C0E=-C2,
0.340602%5 M
Co1820%492E-C2,
Ca " 7164 ES3E=C1,
Ue2819E52¢3
(s 0

)

£08763

-
»
L]

o
?
-

CDC‘)C)C‘JHO
o:;c:wc:c;o::

0.0
Ce 0
Co 0
0.0
Ce10751169E-01
0.0
0¢10‘43108t-0?,
0o 10E7446T7E-C],

?

'
4
]
?
*
’
?
]
]
?
?
?
?

*

0.13G47€G9 '
C.O ?
CnO 7
01;0 : 7

Co 743227 5¢E~C3,
0.127438267E-01,
Cel10397G¢EE~-C2,
Cel7791%SEE~C1,
0. £5863£6512=-02,
Co 1493 E5C(E~-C3,
Cs1411C7¢S<E-02,
C.198965675-01,
Co116715CCE=-C3,
Col41302G5F=-02,
Ce 311677CEE~CQL,
C.0
0,?;n1?=€Eg-01,
Co 2GE0ETCE ’
Ca 1721 £26¢CE~C2,
COO ?
G.O ?
0.0 ?
CQO ?
Co O ?
O 173523CEE-02,
C-O ?
GIO ?
4
?
?
?
’
?

C.0

 Ce0

C.0

C.0

Co 0

0e1394726¢

Ce 735421¢(E~(C3,
C.111030%7E~-C1,

CollSan9¢E y
C.0 ’
0.0 A
C.O ?
C.0 ’

0. 952054¢3E~-(C2,
0.17€0939%E~-C3,
0.,185284CS9E~C1,
0. 152334¢7 ’
0.0 T
0.43¢€120%2E-C3,
0,204661GTE~C1,
0,12166999E-03,
Qe 12S932CEE~-(2,
0.197054005-C1,
0. 17256699E~C2,
0.0 ?
025820794 ’
00 17302500E-C2,
0.26127V159E-C1,

0.0 : ’
0&0 r
0.0 ]
C.0 *
0.18266158E-(2,
0.25692598E-Cl,
0.0 ’
0.0 ’
0,0 ?
Ce O !
0.0 "
0.0 ?
0.0 r
0.0 ’
0.11275869E~C1,
0012124795 ’
0.,69418992E-03,
Cs O ?
000 L
0.0 )
000 r

Csa172C58G9E~C3,
CeE228€151E~-C3,
0016346496 ’
0.1315C199%-C3,
0,65815200E~C5,
0, 46200979E-C2,
Qe 1€682CS287E~(4,
0. 13455600E-C2,
Cs2046€157E-Cl,
Ce2?181564iE-C3,
0,253329S7TE-C1,
CeC ?
0.21660593£-C2,
Ce 2590016G6E-01,
0. 34060865 y
0.0 ?
CsC *
Ca.C ’
Ue0 - ’
C.27Q01S1S9E-Cl,
028154089 ’
GCO . ?
0.0 ?
090 ?
G.G ?
G.C ?
OOG 4
Q0. €9583580E~C3,
000 1
0, 14668566 '
Oe €GTE48CS0E~C3,
O¢ 106GE57G6E~-C1,

0-0 ?
0eC ?
0.0 )
G.C b

CZAN2557
O0ZANZ2558
OZAN2559
0ZAN2560
0ZANZ561
CZANZ2562
0ZAN2563
O0ZAN25¢€4
GZAN2565
CZANZ566
OZAN25&7
GZAN2568
OZANZ25€9
GZAN2570
CZAN2571
0ZAN2EB72
CZAN2573
CZAN2574

- OZAN2575

QZAN25T6
DZAN2577
OZAN2578
CZAN2579
OZAN2580
CZAN2581
CZANZ5E2
UZAN2583
CZAN2584
GZAN25ES
0ZAN2586

"OZAN2587

0ZAN2588
CzAN2589
CZANZ258C
DZANZ2591
CZAN2592

L=
N
=



C.O 1
Cel1103C857E~C1,
0,11E26100 ]
CoD
0.0
Ce 0
C.0
Ca0
C.O ?
ColE2E8G6GCSF-0Z,
0:15922000E~ Q3
Co25642000E~01,
0. 1682899%9F~(3,
Ce24.020953E-02,
C, 15C21l35G%%— (4,
0e 854529S1E~C2,
Ce31861640E-03,
Co4525203G3E-C2,y
Cn LEYCGI25E=03,
Ce 24020958E~02,
0, 226349G9E=C2,y
CeTETLIHN20E-0%,
C-0. ?
Co 22E4L9CCIE=-(3,
0.3567T1183E-04%,
Ce31E4ET£1E~ 04,
00645292862FE~02,
Co2hE55988E~0%,
Coe 6H3TELT=E~ 02,
0o 708409552=~01,
C.37063515E-C3,
0. 64£79G8CS5E~06,
Goo ?
Go51737245E= (4
0.24091931E-03,
Ce342708645-02,

- . e 0w o

Ca0
0s121247¢¢
€50

030

Ca 0

0.0

.0

C-0

0.0 ?
C.240205¢€E-02,
Caddt3438G85=02y
Ce 189945965 E=03,
Co2402CCCEF—-C2,y
0,2486233¢¢E-(01,
Ca®17302CE5=05,
Co 20R36:CCEE—~C1,
0a4:5232385E=-02,
CobB845GGCEE—=Cay
Co250795CEE~Q2y
0o24$2?;§95*019
Ca4E356E32(5~C3y
Co 165451 EEE~C3,
CDVO 14
Ca356T711E2E~C4h,
0.0

e L

’
Ce4527TC3ECE=-Q3,,

Ce 370635 1¢E~03,
0.1203225Ci:~-03,
Co 7084 CSEEE=-C1,
C.370£251%F-C3,
Cob233452EE~C2,
CoC21T75¢CE~CH,
Co 10345467 7E=-01,
(- 240G1G€15=03,
03427 CLELE-(Q2,
Co3558218CFE~-03,

0.0 : §
0. 65527284E-C3,
0;0 ’
Ne0
C.0
0.0
0.0
.0
0..0 ?
024 ¢29969E~01,
O0s 1359295SE=(3)
0.,2507399G8E=02,
0024 €29959E~C1,
0.82433258E~C4,
0,14428800E-0C%,

20 2€4372¢6S ’
068459995k~ C4,
0e31E61640E-C3,
0, 25€450C0E~C1,
0051859991 E~04,
Co £4307578E-G5,
0:23476621E~02,
0.36S90969E~C5,
G.‘O r
0.0 ?
0,68453400E-04,
062234538E-C2,
0el17126899E~C2,
0.38682180E-C3,
0.623234538E-C2,
C.567583025E-C1,
G.O ’
00,231977C0E-C1,
Ce 34270854E-(2,
0o 51737545E- (4,
0.65278174E~C2,

L R

Oe7413E5E85E-(3,
0.,10612298E-C1,
C-C L
000 ?
Qe 0 ’
G.G r
000 ?
CaC '
CoC ’

0.5188G9991L:~04,
Ce25075998E-02
0,2564€0005-~C1,
0.183589999E~C3,
Ca17221962E-CE,
0,803579623L-C4,
Coe €545¢365E~C4
0.218€1640c~-C2,
0045262353E~-02,
Csa1B83EG63295-(C3,
0,15922000%~-C3,
0. 136EG1S5E-03,
Ce25671183E~-C4,
0.159234€0E-C4,
Ce C ’
0.,268828S52E-C4,
0.318¢€1593€6~-03,
Co £€7583025c-C1,
0,28682180E~C3,
0.€537€174E~C2,
C.£75832025cE~(C1,
Ce 139169G8E~Ct,
G.C ?

2eH4TES43E '
0 21737545E~04%,
(- 240515861E-C3,
0.7084C0955£-C1,

0ZAN2593
QZAN2594
CZAN2595
O0ZANZS5S6
0ZAN2597
QZAN2598
OZAN256S
0ZAN2600
0ZANZ6Cl
OZANZ602
CZAN2603
QZAN2604
CZAN2605
OZAN2606
0ZAN2607
0ZAN2608
CZAN2609
GZAN2Z2610

 GZAN2611

0ZANZ2612
CZAN2613
OZAN2614
0ZAN2615
CZAN2616
CZANZ2617
UZAN2618
UZAN2619S
O0ZAN2620
UZANZ2621
CZAN2522

- GZAN2623
0ZAN2624

CZAN2625
OZAN2626
CZAN2627
DZAN26238

cey



LCa37CE3516E-C3,
00120392390E~03,
Co&2225065E-C4,
Co LETECCTIE~T0y
C.l?O’??TOc“OQf
C.0
005?113164F—C=
(.24C91531E-03,
EEND

& 1N2

X2= (0,32723300E~
Ce35C42400E~01,
C.3316759?E-01:
C.f EQSZQQE-CI?
Ce2£F92£C20-C3,
Ce35E81282E-03,
Qe 3£67S6CEE~-CI,
0.10335898 ,
Ce 72655087 E-02,
Ca 77E860351F-C1,
0, 20584097E-01,
CaT717223163E -Cl,

-EENC-

B IN3 X3=

Co 6233453EE-C2,
Col712€ECCE-02,
Ce2680078€E~C4,y
¢ 0

Ga1713c211?—03:
Cad€75CST3E=T0,
Co2407G8CEE~Cshy
Ce342708€4E~-02

Oly 00,6255
Ce €57807E€E=C1,
Co£94412¢CEE-Cl,
C.205186CCSE~Cl,
Co427487°°E~C3,
0.80241971¢E-C3,
Ce 612355¢<€E=~C1,

0.108232¢¢ ’
00950?64?1E-02y
ColalG€nCH ’
Co14Z03E¢E ’

C.131105CC

52540-01,

0.675830255-01:

0.0

0.12479989E~ 031

0.0
0.46759973E~- 70,

0.0

Ce 34253765E~ C31

0e35764658E~01,
0e32%431358E-C1,
0.47¢386856E=-03,
0o 37100369E~C3,
Oo43287T9E9E~(C3,
033€40567E=-C1,
0e940073€65E-C2,
0081225395E-Cl’
0,32724979E-Cl
0e912045E4E-C1,

0 25855988E-0%,
Ca2l40E077E-C3,
0.,17752769:~C2,
0,26312991E~-C5,
C.C ’
0.0

Ce51737545€E~ C4v

0+406560S7E-01y 0672466957E~01,

0. €272G6299E-01,
0.€151C96%E~C1,
» 2842€300E~C3,
Csa£7322090E-C3,
Coe€7T7CTE4E-C3,
C-,£0008398:~01,
Co 103E574S3E~-Cl,

0615196958 ’
0. 15338266 '
0. 1542C857 ?

12'05915032E~5470501E=5,16%00 170 b69E~5 434 76E-5,12%0.

-fFMP
EINCS NCS=14142,
EEND

3404140

& INNCS ND=1,MNSIGA=1,NUNSF=2,NSCAT=1

EEND

EINNEKT MRK1=1,NRUI1=20,NRLF1=20,NRVI1=114NRVF1=11,NRCC1l=1,
XTL=1s242239405451E-1y128445E~01

FEND

S INNFK2 NRK2=1;NFUf2=2OyNRLF2=201NRVI2=11'NRVF2=llyNRCC2=1y

XT2=1a 167
EEND -

163“4’1

0 25933E-3,2,046652E-02

O0ZAN2629
CZAN2630
0ZANZ2631
0ZAN2632
OZAN2633
O0ZANZ2624
0ZAN25635
CZANZ636
0ZANZ2637

- GZAN2£38

0ZANZ639
OZAN2640
0ZAN2641
0ZAN2642
UZAN2643
OZAN2644
O0ZAN2645
CZAN26%6

- DZANZ264T7

0ZAN2648
UZAN2549
OZANZ2650
0ZAN2651
CZANZ2652
OZAN2653
CZAN2654%
OZAN26£55
OZAN2656
OZAN2657
OZAN2658

‘OZAN2659

CZANZ26EOQ
O0ZAN26€1
CZAN2662
OZAN2663
0ZAN2664

Lo
N
w



& INNFKY NQKT 1,NRUI7=20,NRLF7= 20;NRVI7 11,NRVFT7=114NRCCT=1,

XT7=2405841E-241045C356E~01

EEND

EINSKEF SKEF=1.017374G9%,0428372498

EEND .

& INSKC2 SKuZN‘l.Ol?G“é?‘

FEND

& INCENC

£ END

HINDCNC DC=1,SIGAC=1,UNSF(C=2,5SIGFC=2,SGCSC=2, SCATC=1,SPNRC=2

EEND

£ INMRKL MRK1=1,MRUI1=20,MRLF1=20,MRVI1=11,MRVF1=11,MRCC1=1,
XKl=le 242224445461 E-1,1428445E-01

CSC=2%144%241,2

£ END
LINMEK2 MRK2=1,MRUI2=20,MRUF2=20,MRVIZ=11,MRVF2=11,MRCC2=1,
XKZ=1e 16T1€E=4 g 1o 2SS33E=3424064£62E-02
& END
£ INMPKT MRK7=1,MRUIT7=20,MRLFT=20,MRVI7=11,MRVF7=11,MRCCT=1,
XK7=96 0584 1E=241,4 5 (34E=01
EEND
(EINSPC ISTPC=E¥2
. BEND
- EINSTP ISC=2,1SSA=2,ISUF=2,ISSF=2,1S5C=2, IS5T= 29 1SSP=2, ISATT=2
" £END
& INT
TNIN= 3,77 yTJUMF= 15,TUP=  5,0000000 y 740000000
=00 7237C051E 7€y-Cs 72370051E 764~0e 72370051E 76 y=0e 71237C051E 764N INT=
_ 4 yNCM1= 2,EPS2= 1.E-01
&END

0ZAN2565
0ZANZ2666
OZAN2667
COZAN2668

OZAN26€9 .

QZAN2670
CZAN2671
OZAN2672
0ZAN2673

OZAN2674

OZAN2675
NZAN2676
DZAN2677
GZAN2678
GZANZ6TS
CZAN26E0
UZAN2681

. OZAN2€82
_0ZAN2683

UZAN2684
OZAN2685
O0ZAN2686
CZAN2687
OZAN25E8
CZAN2689
0ZAN26SO
OZANZ2691
GZAN26S2
OZAN266G3

CZAN2694
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DELT Set Up

(Like Delete)



DELETE THE SPACE ALLJCATED FOR VARICUS CRCSS SECTIONS IF IT IS NOT INTENDED TO

MAKE ANY FURTHER USE OF THEM

// YTULGA YARMAN® yRELICN=128K,CLASS=A
/¥MITID USER=(Md8096,9441)

/%SR1 LUW

/*MALIN LINES=20sLARDS=00,TIME=3

//STEPL EXEL PuM=1tFBR14

//001 DD USNAME=USEKFILE.MB690.9441.EQD.IF,
// DISP={ULUsyueLETE)

/7002 DD DosNAME=USERFILEMB8695.9441.E51.GA,
/7 DISP=(ULUyLDELETE) '

//UD3 DD USNAME=USERFILE.M8696.9441.EUNLSF,
// DISP=(ULLyUELETE)

//0D4 DD DSNAME=USLRFILE.MB8696.9441.ESC.AT,
// DISP={ULU,DELETE)

/70014 LD DSNAME=USERFILE «MB6909441.FCD.IF,
// DISP=(ULVyucleTE)

/70015 DD USNAME=USERFILE.MB696.9441.FST.GA,
/7 UISP={ULDyuELETE)

//DD16 DD USNAME=USERFILE.MB696.9441.FUNSF,

44 LISP=(ULU,VELETE)

//UD1T DD USNAME=USERFILE«MB8096.5441.FIS.GF,
// ULISP={ULD,LELETE) '

//0D18 DD USNAME=USLRFILE.MB636.9441.TRD.IF,
/7 DISP=(ULD,VELETE)

//D0D19 DU USNAME=USERFILE.MB8690.9441.TSI.CA, .

// UISP=(LLD,VELETE)

//70D22 DU LSNAME=USERFILE.MB8090.9441.FSC.AT,
// UISP=(uLuybeleTk)

//0D23 DD USNAME=USERFILE.MB8696.9441.TSC.AT,
// DISP=(ULU,ULELETE) ‘
/70024 LU USNAME=USERFILE«MB09049441.FS5GLCSy
// DISP={uLU,UELETE)

/70026 DD USNAME=USERFILE «M8369049441.FSP.NRy

. DELTO001

DELTO0002
DELTO0003
DELTO0004
DELTO005
DELT0006
DELTO007
DELTOQO003
DELTO009

DELTO0010

DELTOOL1
DELTOO12
DELTOQO013
DELTOO14
DELTOO15
DELTO0016
DELTOO017
DELTOO018
DELTOO019

* DELT0020

DELTO0021
DELTO0022
DELTO0023
DELT0024
DELTQ0025
DELTO0026
DELTO0027
DELT 0028
DELTO029
DELTQ030

DELT0031

DELTO0032
DELTO0033
DELTO034
DELTO0035
DELTO0036

9Zv



// DISP={ULUsUELETE)

//uD28 DD USNAME=USERFILE cM8696.9441.HED.IF,
// DISP=(ULDLyUELETE)

//0D29 DU USNAME=USERFILE.M80676.9441.HSI.GA,
£/ ulsk={ULUsbtLLTE)

/70031 DD USNAME=USEKFILE.MB096.9441.HSC.AT,
// DISP={ULDyUELLTE)

/%

DELT0037
DELT0038
DELT0039
DELT0040
DELTOO041
DELTQ042
DELT0043
DELTO044

LTV



PROGRAM RHO1

(The Ramp Chanage Slope of the Reactivity
Matrix Computed Through a Perturkation Type of
Approach) ‘



// *TOLGA YARMAN' ,REGION=200K,CLASS=A

/%MITID USER=(M8696,9441)

/%SRI LOW _

/EMAIN LINES=20,CARDS=00,TIME=5

/7STLP1 EXEC FURCGO

//C.SYSIN DD *

C PROGRAM RHO1

c

C CALCULATIUN JF THE RAMP CHANGE SLOPE OF THE REACTIVITY MATRIX BY A

C PERTURBATIJN TYPE UF APPRUACH (IN ORDER TO CROSS CHECK 45 OZAN 44)

c
COMMON/FCFA/CUEF y MCOF

c ,

' DIMENSTUN PSI(3948+40),W(3,48440),SIGA{3,47,39),

LSCAT(2,4T7+39)yHU(39) yHV(47) yR(40) JALFAL(2,2) ,NDW(2),NDPSI(2),
2C0EF(39474539),01(3),02(3),AB0(242)400(2,2)

DATA NDW/1l,13/
DATA NDPS1/10412/
DATA DELT9)isD2/327792.23681,2.25753,1.66829E-2,1.24223,
14.54610t=1y 1. 28445E-1/

C

1000 FORMAT (1P5tEl4.6)

2000 FORMAT (7E11l.5)

C
NAMEL IST/ INHU/HU
NAMELIST/Z INRV/HYV
NAMtleT/UUT/ALFA:ABGvDD
C

READ {5, INAY)

READ (5, INHV)

R(1)=0.

DO 1030 MU=2,40

RUMU)=R(MU=-1) +HU(MU-1)
11030 CUNTINUE

SIGA(Ls1lLy20)==4.4271784E-2

RHO10001
RHO10002
RHO10003
RHO10004
RHO10005
RHO10006
RHOL10007
RHO10008
RHO10009
RHOL10010
RHO10011
RHO10012
RHO10013
RHO10014
RHO10015
RHO10016
RHC10017
RHO10018
RHO10019

" RHO10020

RHO10021
RHOL10022
RHO10023
RHOL0024%
RH{110025
RHO10026
RHG10027
RH0O100238
RHO10029
RHO10030

- RHO10031

RH0O10032
RHO10033
RHO10034%
RHOL10035
RHOL10035

6C¥



640

650

660

670

160

SIGA(Z2,11,20)0=-1.062936TE-1
SIGA{3,14,20)=~-1.48896333E+01
DO 050 MG=1l,3

DU 640 MV=10,1¢
SIGA(MGsMV,19)=0.
COEF(MGaMV,19)=0.

STGA(MLIMV,21)=0.

COEF(MGaMV,21)=0.
SIGA({MG,10,420)=0.
COEF{ML1l0y VIR0,
SIGAIMOsLs20)=0.
CUEF(MGy12:20)=0.
SCAT{14114200=9.0215163E~2
SCAT(2,11420)=1.44608512E-1
LU 670 Mub=1,2

DO 660 MV=10,1¢
SCAT{MGsMV,19)=0.
SCAT{MGyMVs21)=0.
SCAT(Muojplus20)=0.
SCATiMGeL2y20)=0.
MCOF=0

MCFZ=1

CO 140 I=1,.2¢
NN=NDW{1)
READ(NN, LOJ0) W
REWLIND NN

DO 100 K=142
MM=nNDPSI (K)
REAU(MM,1000) PSI
REWIND MM

CALL AdSP(WePSI,SIGA,SCAT,HU4HV,,R,MCF2,SUM22)

ABU(L 4K )=-5UM22%1.5708/DELT
CONTINUE
MCUF=1

RHO10037
RHO10038
RHO10039
RHO10040
RHOL10041
RHO10042
RHOL0043
RHO10044
RHO10045
RHO100456

RHO10047

RHO10048
RHO10049
RHO10050
RHOL0051
RHO10052
RHCO10053
RHO1005%

. RHO10055

RHO10056
RHO10057
RHC10058
RHO10059
RHO10060
RHO10061
RHOL0062
RHO10063
RHC10064
RHOL0065
RHOL10066

"RHO10067

RHO10068
RHO10069
RHC10070
RHO10071
RHG10072

1=
w
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500

750

©. 550

850

200

00 200 I=1,2
NN=NDwW( 1)
READ(NN,1000) W
REWLIND NN :

DU 200 K=1,2
MM=NDPS1 (K)
READ(MM,1000) PSI
REWIND MM

IF {(Ke.tWel) GU TO 750
READ(Z29,2000) SIGA

'REWIND 29

READ(31,2000) SCAT
REWIND 31

DO 50U MsG=1:3

CUEF (MG 211,20)=(D2(MG)=DL(MG))/D2(MG)
CONTINUE

GL TO 850

CONT ENUE
READ(2,2000) SIGA
REWIND 2
READ(4,2000) SCAT
REWIND 4 1

DU 550 MG=1,3

COEFIMG11,20)=(D2(MG)-DLIMG))/D1(MG)
CONTINUE '

CALL ABSP{ANsPSI SIGA,SCAT,HU;HVsRy;MCF2,5UM22)

DD(I,K)=SUM22%1.57T08/DELT

ALFA(LsK)=(ABO( I4K)+DD([4K))

CONTINUE

WRITE{6,0UT)

STOP

END

SUBRUJTINE ABSP{W,PSI,SIGA, SCAT,HU,HV,R,MCF2,SUM22)

RHO10073
RHO10074
RHC10075
RHO10076
RHC10077
RHO10078
RHCL0079
RH10080
RHG10081
RHC10082
RHC10083
RHO10084
RHO10085
RHO10086
RHO10087
RHC10088
RHO10089
RHO10090

" RHO10091

RHO10092
RHC10093
RHO10094
RHO10095
RHO10096
RHO10097
RHO10098
RHOL0099
RHO10100
RHC10101
RHO10102

‘RHC10103

RHO10104
RHO10105
RHO10106
RHCO10107
RHC10108

Tev



C ABSP LIKE ABSORPTIUN(AND ALSO SCATTERING)INTEGRATED OVER THFE
C REACTOUR VOLUME AFTER BEING WEIGHTED

C

C

L6

COMMUN/FCFA/CUEF,MCOF

DIMENSION W(39484+40),PSI(3948,40),SIGA(3447939),SCAT(2447439),
1HU(39) o HV (4 7) yR(40) COEF (34 47,39)

SUM22=0.
IF (({MUF2eEQel) «AND.(MCOF.EQ.Ll)) GO TO 16
CFll=l.

"CFlé=1.

Crli3=1l.

CFl‘l':l-

CF2l=1.

CF22=1.

CF23=1a

CFZ‘lea

CF3l=1e.

CF32=1.

CF33=1.

CF34=1l.

DO 6 MV=11l,12
HVI=HV{MV-1)
HV2=HV{MV}

DO 6 MU=20.21
Wl=wW(lsMVsMU)
WZ2=Wl2s MV, MU)
W3=W({osMVMJ)
PIL=PSL(1lsMV,sMU)
PIZ2=PSI(2¢MV,yMU)
PI3=PSI{(3,MV,sMU)
SAL3=51GA(L1,MV-1,MU)
SAL4=31GA(LsMV,MU)
SA23=510GA(2sMV-1,MU)
SA24=510GA(2,MV,MU)

RHO10109
RHO10110
RHO10111
RHO10112
RHO10113
RHO10114
RHO10115
RHO10116
RHO10117
RHO10118
RHO10119
RHOL0120
RHO10121
RHC10122
RHO10123
RHO10124
RHO10125
RHO10126

' RHO10127

RHC10123
RHO10129
RHO10130
RHO10131
RHO10132
RHO10133
RHO10134
RHO10135
RHO10136
RHO10137
RHO101338

‘RHO1013%

RHO10140
RHO10141
RHO10142
RHCO10143
RHC10144%

=)
w
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SA33=S5106A(3,MV-1,MU)

SA34=51GA(3 MV, MU)

ST13=SCAT{LlMV-1,MU)

ST14=5CAT (LyMV,yMU)

STZ..:“:SCAI_(ZjMV"l’MU)

ST24=SCAT(2,MV, MU)
HRZ2=(RIMUI+HUIMU) /4 ) *HU(MU)
SALL=51GA(LyMV-1yMU=-1)
SAL2=51GA(Ll,MV,MU-1)
SA2i=S1GA(2yMV-1,MU~-1)
SAZ22=510GA(2,MV,MU-1)
SA31=S5106A{5,MV-1,MU~-1)
SA32=S51CA(3 MV, MU-1)
ST11=SCAT{1l,MV-1,MU-1)
STLZ=SCAT (1l eMV,y, MU-1)
ST21=5CAT{2yMV-1yMU-1)
ST24=SCAT(24MV,yMU~1)
HRL={R{MU)=HU{MU=1)/4)oHUlMU~1)

IF ((MiFZ2eEQs0) +UR{MCOFLEQ.D)) GO TO 20
CFL13=CIJEF(1yMV=-1,MU)

CFl4=CULEF({1l,MV, MU)

CF23=CUEF(2sMV-1,MU)

CF24=CUEF{2,MV, MU)

CF33=CUEF (3 sMV=-1,MU)

CF34=CUEF(3,MV, MU)
CFL1=CUEF(1,MV-1,MU-1)

CF12=C0cF (1,MVyMU-1)
CF21=COEF{ZyMV-1yMU-1)
CF22=CUOLF({2yMVyMU-1)
CF31=COEF(34MV-1,MU~1)

CF32=CUEF(3,MV, MU-1) . :

20 ASB=nl*(((SALL+ST11)*CFL1%HV1+(SA12+S5T12)*CF12%HV2)*HR1+((SA13+ST1

13)*CFL3%HVLI+{SAL14+STL4)*CF14%HV2)*HR2) *PI 1+W2% (- ((ST11%CF21%HV1+ST

212%CF22%AVL ) ¥HR L+ (STL3%CF23*HV1+ST14*CF24%HV2 ) ¥HR2)*PI1+({(SA21+ST:

321)*CF21%HV 1+(S5SA22+5T22) #CF22%HV2) #HR1+( (SA23+ST23)*CF23*HVL1¥(SA24
3+ST24)%CF24%HV2 ) ¥HR2)*P T 2)+W3* (- {{ST21*CF31*HV1+ST22*CF32%HV2 ) *HR1

RHC10145
RHO10146
RHC10147
RHO10148
RHO10149

RHO10150 .

RHO10151
RHCO10152
RHO10153
RHO10154
RHO10155
RHO10156
RHO10157
RHO10158
RHO10159
RHO10160
RHO10161
RHO10162

RHO10163 -

RHO10164

RHO10165

RHOL10166
RHO10167
RHO10168
RHO10169
RHO10170
RHOL10171
RHO10172
RHC10173
RHC10174
RHO10175
RHGOLO176
RHO10177
RHOL10173
RHO10179
RHO10180

EEV



4+ (ST23%CF33&4HVLI+ST24%CF34%HV2)*HR2) #PT1 2+ ( (SA31%CF31%HV14SA32%CF32% RHD10181
SHV2)*HR 1+ (SA33%CF33%HV1+SA34%CF34%HV2) *HR2) *P] 3) RHO10182
SUM22=SUM22+ASBH RHC10183

6 CUNTINUE - ‘ | RHOL0184
RETURN RHC10185

END ' RHO10186

/* _ RHC10187
//G.FTLOFO01 DD DSNAME=USERFILE.M8696.9441.EQP.SI,DISP=0LD - RHO10188
//G.FT11FOOL DD DSNAME=USERFILE.M8696.9441.FQA.DJ,DISP=0LD RHO10189
//G.FT12F00L DD USNAME=USERFILE.M8656.5441.TRP.SI,DISP=0LD RHO10190
//GeFT13FU01 DD DSNAME=USERFILE .MB696.5441.TRA.DJ,DISP=0LD RHO10191
//GeFTOLFOOL D) USNAME=USERFILE.MB6S6.5441.ECD.IF,DISP=0LD RHO10192
//G.FTO2FQ0L UD OSNAME=USERFILE.M86S6.5441.ESI1.GA,DISP=0LD : RHO10193
//G.FTO4FUOLl LD OSNAME=USERFILE.MB8696.5441.ESC.AT,DISP=0LD 3 RHC10194
//GeFT28FU0L DD DSNAME=USERFILE.MB696.9441.HED.IF,DISP=0LD RHC10195
//GeFTZ9FO0L DD DSNAME=USERFILEM8696.9441.HSI.GA,DISP=0LD : RHO10196
//GeFT31F00L DU DSNAME=USERFILE.MB696.9441.HSC.AT,DISP=0LD ' ‘ RHO10197
//G.SYSIN DD * - RHO10198
EINHU . : . RHO10199
HU=3.7871.86492%1.36492%0431794%1061494%0.977,1.596,3%0.954,0.159,0.635, RHO10200
VUel5950.47693%0.68790403557%4441 434 +92%9.664 3%15.24 RHC10201

&END ‘ RHC10202
& INHY , RHC10203
HV=3%10e16+3%5.08097.62912%2.5495%1.2740.635,3%1.164,5%0.635,0.952, RHO10204
71#0.997,3%1.2743%15.24 , s . RHO10205

. GEND K RHO10206
/% : ' RHO10207

A% 7%



