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ABSTRACT

SQUIRREL is a few group one-dimensional lifetime program written in
FORTRAN 1V for the IBM-360/65.

— The diffusion equations are solved by the three point finite difference
method. The mesh interval can be assigned an arbitrary length provided
the interfaces between different material regions at the beginning of the
lifetime lie on mesh points.

— Slab, cylindrical and spherical geometry problems can be dealt with.

— The burnup calculations are carried out by mesh interval.

— Six types of criticality searches can be carried out.

— At each time-step a fuel shuffling may be carried out.

— The effect of the water density on the same cross-section is accounted for.

— Finally the program calculates the water number density at each mesh-
interval as a function of the local power through the enthalpy.
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INTRODUCTION AND SUMMARY *)

SQUIRREL is a few group one-dimensional lifetime program written in
FORTRAN IV for the IBM-360/65.

Let us begin with a brief account of the main physical features of the
program:

-~ the diffusion equations are solved by the three point finite difference
method, that is the point fluxes are calculated numerically only in a fin-
ite number of mesh points properly arranged on the segment that represents
the reactor. The space included between any two consecutive points, that we
shall call a "mesh interval", can be assigned an arbitrary length provided
the interfaces between different material regions at the beginning of the
lifetime lie on mesh points.

- Slab, cylindrical and spherical geometry problems can be dealt with

- the burnup calculations are carried out by mesh interval, that is the num-
ber densities of the burnable isotopes are calculated by means of average
group fluxes at each mesh interval;

-~ g8ix types of criticality searches can be carried out, namely straight k-eff
calculation, diluted poison search, rodded poison absorption cross-section
search, rodded poison boundary search, water dependent poison search, buckl
ing search;

- a few input data, namely the bucklings, the control data, the microscopic
data, the self-shielding data can be read at each time-step;

- at each time-step a fuel shuffling may be carried out. ilso fresh fuel can
be fed into the reactor;

- the effect of the local power on the U238 absorption cross-section
in the resonance group is accounted for. This effect will be referred to as
"Doppler effect";

- also the effect of the water density on the same cross—-section is
accounted for. This effect will be named briefly "water effect";

- moreover the effect of the water density on its own removal cross-section
in the resonance group is included;

- finally the program calculates the water number density at each mesh-inter-
val as a function of the local power through the enthalpy. This interaction
power-water density will be named "enthalpy effect".

It is easy to realize that, after the first time-step has elapsed, each
mesh interval has a different composition. Nevertheless more mesh-intervals
may be arranged into the same region. A region is defined as a collection of
one or more mesh-intervals, even disjoint, which have the same initial compo-
sition, the same self-shielding data and the same data for calculating the

*) Manuscript received on 8 April 1970




Doppler and water effects. The idea of region is introduced especially for in-
put purposes in order to make easier the specification of the input data but
it may be even physically meaningful, with reference to the initial regionms,
since the program calculates and prints integrated quantities and flux weight-
ed macroscopic cross-jections showing up in this way the total effect of the
burn-up at each region.

Moreover it is useful to define what is meant exactly as "time step". A
time step begins with the calculation of the new number densities (burnup cal-
culation) and ends with the calculation and the normalization of the group
fluxes (diffusion calculation). Exception is made for the time-step O, where
the burn-up calculation is replaced by the mere specification of the input num
ber densities.

If required, the reading of new input data and the shuffling at any time-~
step are carried out after the relevant burn-up calculation and before the dif-
fusion calculation (see fig. 1).

OB TG GO
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|hme step O | Fime step 1 | \'nme ,sl'e.F2 | | fime sfep k |
Fig. 1
B.C. = burnup calculation
N.D. = new (input) data

SH. = shuffling
D.C. diffusion calculation




I - THE DIFFUSION EQUATIONS

J.1 - Statement of the problem

At any time-step, the group diffusion differemntial equations,solved
by the program, are (the time step index having been dropped):

diy[ﬁiQX)grad @i(X):]+ [ 5(x) + Zp(x) :L?(X) = i (x)

.G (1.1)
. 1 ' s . . .
1 = X ‘> J J i=40,.y i-1
v(x) = — 4~}vzr(x)@ x) + 3 (x)g (x)
J=1
i = 1, 2oooG

The physical meaning of these symbols is:

x represents the spatial variable, either x (in slab geometry) or r
(in cylindrical or spherical geometry)

i = group index G = number of groups
O =
Zﬁ(x) = 0

z% = 2; + zé + pipt

i _ i i i
%)—‘%d%m'+tr%m +me%®
Zi = the macroscopic absorption cross-section

= the macroscopic removal cross-section

W o F o
|

i
Bf + Bo = the transverse square buckling

D = the diffusion coefficient
2 ap - the macroscopic absorption cross section of a diluted poison (dp)
t; = fraction of Z%P acting in the group i
4 = dilution factor. It may be either an eigenvalue of the problem or
an input datum
er = the macroscopic cross-section of a rodded poison (rp). It may be

a problem eigenvalue or a given datum




ti = fraction of 2 in the group i
r rp
2 o the macroscopio cross-section of a water-dependent poison (wp)
i ) .
t = fraction of in group i
w wp
c = "djlution factor" (broadly speaking) of the water dependent poison.
Also C may be either an eigenvalue oxr an input datum
B; = the fixed square buckling (group and space dependent)
Bc = the control square buckling (only space dependent). It may be
either an eigenvalue or an input datum
i
vZf = the macroscopic cross—section for fission neutron production
@i = the neutron flux
xd = the fission spectrum integral over the group i
A = multiplication factor. It is the eigenvalue of the problem when a

straight diffusion calculation is carried out. Otherwise ) 1is a
given parameter and the eigenvalue of the problem is either ¢ or
Cor3B or 2 T the rodded poison boundary (this last does

not appear algebraically in egs.(1.1), but it is contained in the
functional form of th)L

Any equation of the system (1.1) must be solved in each point inte-
rior to the segment LO,L ! which represents the reactor.

The functions @i(x) fulfill boundary conditions of the type:
i i v
{#(u)@ (V) = £(0)§(0) = 0

L) (L) + E(L)E(n) = o (1.2)

Moreover the functions @i(x) and Di(x) &}(x) are to be continuous
in any point of the segment |O,L].

I.2 - Finite difference equations

Let us divide the segment | 0,L Jinto a finite number of mesh intervals
the lengths of which are not necessarily the same.

Xn
. AXi y Oxp
xX=0 '

I,




—
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Let us suppose the coefficients in Bgs.(1.1) be constant in each mesh-
interval. (It is understood they can vary from an interval to another).

If we integrate the Bgs.(1.1) from X, ~ AgL/2 to X, ¥ AXR/2
(except for the boundary where the integration is carried out over only one
half interval and the oconditions (1.2) are used), we obtain:

. . . i - I 1.3)
.11 11 _ .11 N J J i=1 i~ (
8, G—q T 8cW T Cr%Mq T TZaF% Tay
J=1 i =1’2 ooo'G
where:
N = mesh point index (dropped in writing the coefficients)
i, Df - 5)P
aL — (Xn AXL/Z)
&xp,
. i (1.4)
i_ D 5P
ap = R (xp + &x./2)
AXR
P (x_-mx /2)P"
i i i <i i)an e i
8, T 8, tap T\ &+ 2 v a2 )y
(xn+ &xp /2 )P+ LR+ . . PHi_(y - Db+
/z) S al =<VZ;‘>L K= (x -t /2) .
b+1 D+i
A 3 r + . +1 . . P +1
(ad), Cartos/e)ertggrt () B -Gy
D+ ’ s R =
b+1
i (x. + Ax /2)PHio 4P*1
c = 0 in slab geometry +<ZR R 1 £, ) 1
pi = 1 4in cylindrical geometry P+
L = 2 in spherical geometry

width of the mesh-interval to the left of the point n

AXL
&x

R

width of the mesh-interval to the right of the point n

The subscript L refers to the left side of the mesh point n, where
a8 the subscript R refers to the right side.

If in (1.2) (0) = 0, a zero flux condition is applied at the boun~
dary point 1 (the mesh points are numbered from 1 to N). In this case no
difference equation is required for the mesh point 1.
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it i(0) ¢ 0, the coefficients in the equation (1.3), as applied %o
the mesh poi%t 1, are as follows:

ai = O.
DR (g2
R = - \BXp
iy
ag = ay + <Z; + %)R (axp/2)P™ ”z(O)x]f? (1.6)
p+1 £ (0)
. . D+
o = (v L
D+
. . ~YP+1
G L
P

if g(L) = 0, no equation is required at the mesh point N (1ast mesh
point).

If g(n) # 0, the equation (1.3) is still holding for the mesh point
K provided the coefficients be calculated as follows:

ay Pi——("N"A"L/z)p

il

%
&z
i
an = 0
. . . . P+l_(y - p+1 i,
az = ai + <2% + Z;>L *N (XN’AXL/Z) _+_1 (z) <2
+ i N .

. . D+ _ ~\D+1
en = <VZ%'>L xy (- 8% /2)

D+

D+1
at (Zfi)r_ *N "'("N’"A""L/Q)pM

p+1
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I.3 - Solution of the system (1.3) with a known source term

Let us suppose that the source term in Eqs. (1.3)s

J i i-1  i=-
3 ape, T 8
F—

=1
is a known vector. The Eqs. (1.3) can be written in the form:

i xi

[N

ii ii ii i
AL T B H T A% T U (1.8)

For each value of the group index i, (1.8) is a system of N linear
equations in the N unknowns @ n s with a tridiagonal and symmetric coef-
ficient matrix.

It can be shown (e.g. by mathematical induction) that the recursive

formulae:
. i i i
ai =Yy T8 oy
i ii
= 8By
| (1.9)
. i
i _ai i
“c L@n—1

reduce the tridiagonal matrix system (1.8) to a bidiagonal matrix system
of the formz
i

Qn@n+1 = 0

The backward process for calculating the unknown fluxes is therefore:

G = o+ 5i@;+1 (1.10)

,,,,,

a) If g (0) = 0 (zero flux condition), it is:
g whence:
(1.10)




-l2 =~

. i i
i ¥ a, 1
= + )
o, __’:JL. __2.; P whences
e %
i _ q;l Bi - a;
-— [ —_— .
& T — 1 -1 (1.11)
a, a,

The starting values (1.11) can be obtained from the general recursive
formulae (1.9) by settings
. N i
al = B = 0
o) o
c) It gi (L) = O (zero flux condition), the starting value for the backward
substitution (1.10) iss

oy = ©
d) 1f gl (L) # O, the difference equation in the mesh point N iss
i3 ii 0 _ i
Gafy T BLW-¢ TWN
i1l i 1 i iy _ 4
8oy = oLl by * By o) = Wy
A ii

i_ T OOy whence
P I O

c L A=
. i i :
i Wy Y 80Ny By = O
N 3 i

¢ L By-1

that is o, and 3; are caloulated by the general formula (1.9) if one

bears in mind that aR'\H = 0. In the backward substitution:
i i
oy T N

and again the general formula (1.9) can be used by setting:
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Briefly, the procedure for solving the one-dimensional equation (1.1)
with a known neutron source, can be divided into three steps:
i 4 g1 g4

i) Calculation of the coefficients aL’ 2 %0 o

(1.4), (1.6),(1.7).
ii) Forward calculation by the general recursion formulae (1.9) after settings

a;, by the formulae

al = Bl =0 and
?_ 1 ,
(x1 = B1 = Q0 if gl(o) - o

iii) Backward substitution by the general formula (1.10) after setting:
g =9 and

qiqzo if gi(L)=o
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II - CRITICALITY SEARCHES

The diffusion equations (1.1) can be solved in six different ways
depending on what parameter is considered as the eigenvalue of the -system

(1.1).

a) Straight Kgee calculation

This is the calculation of the A greatest in modulus in Eqs. (1.3)
by an extrapolated power method. The system (1.3) can be writien in matrix

forms i3 Xl 1=1
’ - Rk -+ R i.,_;
o= 54 ¢
G . i=1, 2...G (2.1)

where Ai is a KxN tridiagonal symmetric matrix and Ri, Fi are NxN dia
gonal matrices whose entries are respectively the coefficients a.g and a.li,.

The iterative procedure for solving the eigenvalue problem (2.1) can
be written in the form:

i s
i = X + RE
AR Ty b %)
% | M 2 1
Ye) < }:Faﬁet)
3=
, _ (),
Yoy T ¥y [1 - ol ]ﬁ”(w)
l=1,C5000G t=19Zees
DEAI)
| t
(1) () o
(n) (n)
T Y(t) ¥(t-1)
@ (e v
=t e q
ANy ngx "T(r% (2.2)
V(t=1)
NSNS B T
YV (t-1)

o}
4]

mesh point index

iteration index

t
1"
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&)
Of course initial approximations x( ) and o(,) for the eigenvalue

and for the fission source term must be supplied. The iterations (2.2) are
interrupted when the following pointwise convergence criterion is fulfilled
for two consecutive times:

2t ()

£ 6 (203)

At each iteration t the fluxes Q%t) in the first of (2.2) are cal
culated by the method described in I.3.

The coefficients w(t) for linear extrapolation in (2.2) are calcu
lated by a well-known method, based on the Chebysher polinomials, which re-
quires an estimate of the dominance ratio ¢ 4, i.d. the ratio between the
second and the first eigenvalue of the system (2.1), if the eigenvalues are
ordered by decreasing modulus [1,7] o If the flux residues are defined ass

o = O [ o - il | @8

a rough estimate of § is given by 2 3

G

i
6=_4_ Vv & ‘1) (2.5)
G ' 1
fo M)

b) Diluted poison search

This is the search of a prefixed multiplication factor A\ o by means
of a uniform variation of a control poison absorption cross-sections. The
absorption cross-section of the control poison is specified in input by
mesh interval, except for a multiplicative factor ¢, called dilution factor,
unique for the whole reactor, which is calculated by the program.

Besides minimum and maximum values of § (9 pax and g pin)s & first
approximation ¥ (1) is available, which is either an input datum or the
critical value in the last search carried out.

The program first determin?s the eigenvalue A.(1) correspondent to
o (1)(3)The second estimate o 2) ig either, B,  or Uy depending
on A = A; is negative or positive. If x( ! )ny\c and 7?6*)—;\

have different signs, the successive approximations are calculated é} linear

interpolation:

\(}(i) =e(i”1)+(s(i“‘)=g(i“2))7‘c - (i) (2.6)

K(i=~1)_=7\(i-*2)




(¢)

until a factor g is found such as:

y N <. (2.7)
Then 80 is set equal to S(q) and the search is accomplished.
k(i), correspondent to each dilution factor estimate

.l}:e eigenvalue
3(1 s calculated by the power method described in a). The only differ—
ence‘f; that also an eigenvalue convergence criterion must be satisfied two
consecutive times for stopping the iteratioms (2.2).

() _ (t-1) (2.8)

(t)
(1) If the rgactivity b SN =N, does not change sign going from
9 to 8(2 s the oritical search is interrupted and the problem ends
with the final edits of a normal pro?lgm (average and point fluxes, region
integrals ecc.), correspondent to N 2) (which is either 3 min °T ¢ max)
in the ocurrent time-step.

-1
A < 10 €

c) Rodded poison absorption cross-section search

A rodded poison region is defined with left boundary N4 and right
boundary N,. Maximum and minimum values 3 ?;x y 3WiD and a first ap
proximation 2(1) of the poison cross section, which?pare constant in

all points interggr to the region, are available at the beginning of the
search. Then for determining the critical value 3 \°/ of the poison cross-
section, the same method, based on linear interpolations, is used as for
the critical dilution factor g, in b).

d) Rodded poison boundary search

In this case the poison cross-section Srp is fixed. Instead the
critical position N, of a boundary between the poisoned and unpoisoned
side of the control region (N1, Nz), is searched for
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Fig. 3

First t frogram calculates the eigenvalue x(1) correspondent to a
first guess‘Nc1 (N1<Nc < N, ) , which is either an input datum or the
cfi ical boundary achieved in the last search carried out. The second guess

N c is either N, or N1 depending on k(1)" xc is positive or negative.

If )61)..1(: and x(2)~ Ae have different signs, the succes-—
sive positions Ngi) of the parting boundary are chosen by a dichotomy
method rather than by linear interpolations.

It is to be pointed out that not always the convergence criterion
(2.7) con be satisfied, due to the discontinuous displacements of the part-—
ing boundary.

case the critical boundary is set at the mesh point for

In 'this last
’ is a minimum.

which | A - Ao

1

If the reactivity ) = Xflc does not change sign going from

H£1) to N(z), the boundary search is interrupted and the(gioblem ends with

c
the final edits of a normal problem, correspondent to X (which is. either

o
N4 or Np) in the current time-step.

e) Water density dependent poison search

The program considers a poison whose absorption oross-—section is de-
pendent on the water number density at each mesh—-interval in the following
manners:

- - 2.9
zv:pzc(%wn+°‘o+°‘a1wn1+a_gwn2) (2.9)




where the a's are coefficients given in input, W, is the water number
density in Sgilard = 1024 muclei.om’ and C will be called, broadly speak
ing, "dilution factor".

The factor C can be adjusted in order to achieve criticality with
the Kgpe settled to an input value , .. If this option is selected, max-
imum and minimum values Cp ., and Cpj, are to be input.

First the progr galculatoa the eigenvalue 7\(1)cor:cee:pc:um:lent to a
first approximation C\! (cmin <el1) < cmax)’ which is an input datum or
the previous critical value. Then the control is passed to OCOpyy, or
cnax and the iterative procedure is continued by successive linear inter—-
polations as in b). It is to be pointed out that the water number density
can be caloulated by the program as a function of the local enthalpy. (See
Section VI). Moreover the element "water" should occupy the first place
after the burnable isotopes in the isotope list and its number density can.

be mesh-interval dependent.(See Sections VI-VII).

£) Buckling search

Also the control square buckling can be adjusted in order to bring the
Kepe to an input value A oo The whole reactor or only some specified re~
gions are involved in this search. As for the procedure, given a maximum apd
& minimum value of the control buckling, the search is accomplished by suo-
cessive linear interpolations as im b).

It is to be pointed out that each of the aforementioned parameters 9
2 ypy C and B, when it is not involved in the correspondent criticality
search, can be given a fixed value (input datum). Moreover, although physic-
ally the water dependent cross-section is still a diluted or a rodded poison,
the widest freedom is left as to what poison type is to be adjusted in the
criticality searches and what poison type is to be held fixed even when the
water dependence is accounted for (See Sections VI).

Of course the poison data can be specified in such a way that one or

- 2 2 .
more of the cross—sections dp’ rp’ 2 wp or Bc be zexro. (See Section

XII - CONTROL DATA).
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III - XENON ITERATIONS

At each time-step, if required, the program will solve the mutual de-
pendence Xenon-reactivity by iterating between the Kgpp (or the relevant con
trol parameter in the criticality pearches) and the Xe-135 number density.
Input values (in time-step 0) or the number densities calculated by means
of the previous time-step fluxes will be taken as initial approximations to
start the iteration gear. Then the I-135 and Xe-135 number densitiea are
calculated at each mesh interval by the asimptotic (or saturation) formulaes

2 -
NIszf IﬁFf
Al
£ = Xe yEfof I
Ne . £Y wFfs xw (3.1)
AXe

f= fuel isotope index

The symbols used in formulae (3.1) are explained in Section VII-DEPLE
TION EQUATIONS to which explicit reference is made. The coefficiente Ff and
Alin (7.3) are calculated by the fluxes of the current Xenon iteration (the
iteration index, as well as the mesh interval index, are omitted in (3.1) ).

The Xenon iterations are continued until the following pointwise con
vergence criterion is fulfilled.

Xe,t

Xe, t+1_ N
n n

~
®

| et ‘ (3.2)

where
t+ = Xenon iteration index
n = mesh interval index

€y = input convergence criterion




IV - DOPPLER AND WATER EFFECTS

At each Keff iteration the program takes into account the effect of the
local power on the U-238 absorption cross-section in the resonance group (Dop-
pler effect), that is, using the fluxes calculated in the current iteration
(2.2) and normalized to the actual reactor power (see Section X.5),the program
calculates the average power density pn (watt.cm'3) at each mesh interval n
and then improves the aforementioned cross-section according to the formula.

ok 1 2
r,U28 . Dy jo P \2
cy’ "OO(Nn)‘:BO"LB1(5%)‘+62""’£ t By (,__D_l'.l;) ] (4.1)

Wher. p* is the full (or reference) power density, given in input, and the func
tion - (th) accounts for the dependence of the U238 absorption cross-sec-
tion t. m the water number density (1024 nuclei.cm™). This "water effect" can
be represented by another polynomial formula:

5/ 2
wrd /2 it x;;j/ (4-2)
oo(ﬂn) YO + Y1 vln + qun -+ ann

It is to be pointed out that the water number densities can be calculated at
each time-step. Moreover the program looks at the dependence of the removal
cross-section of the water in the resonance group from its own number density
according to the formula:

yH,0 _ = =2 W3 (4.3)
n

r
OI‘ = po + p1 Wn + p2 an + pj

The input coefficients Biy‘{iapi either are the same for the whole reactor
or are region dependent.
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V - SELF-SHIELDING FACTORS

The isotopes can be assigned either constant self-shielding factors or
self-shielding factors dependent on their own concentration with a polyno-

mial law:

i,3,n gp i = group index
(Gery 77T LT ahisl (e

h isotope index

<.
[}

h=0 .
1l = region index

mesh interval index

=
H

Ng = number density in
mesh-interval n
(1024 nuclei.cm"3)

The constant self-shielding factors and (or) the polynomial coefficients
i,§,1
a th' may be specified by isotope, group and region




VI - POWER EFFECT ON WATER DENSITY

The water number density may be held constant throughout the reactor life
time or may be calculated at each time-~step as a function of local enthalpy.
In this latter case the program automatically assumes as "water" the first non
burnable isotope, which hag the special facture that its number density may be
different at each mesh interval, like the other burnable isotopes.

In order to calculate the average enthalpy h, in each mesh interval two
options are availabl 5“:

a) - the radial enthalpy formulation should be followed when actually the
coolant flows normally to the axis of the problem:

h=h +%k?P%n (6.1)

b) - the axial enthalpy formulation should be chosen when the coulant flows
in a direction parallel with the axis of the problem:

n-1
X
h(x_) =h +k’ n p(x) dx=h +k’ V. 138 (6.2)
n o) o — o) i pw
p* L
1=+

and the point values h(Xn) are used to yield, by numerical integration, an
average enthalpy hp in each mesh interval n (See Section X.5).

The meaning of the symbols in (6.1) and (6.2) is as follows:

ho = inlet enthalpy

p* = full power density (input quantity)

Pn = average power density at each mesh interval n, calculated by the power
normalized fluxes corresponding to the critical control parameter found
in the set up criticality search.

Vn = volume of the mesh interval n

K(or k') = conversion factor from power %o enthalpy (this quantity can be in-
put per mesh-interval)

h 2o+ = saturation enthalpy

Xn = spatial coordinate of the mesh point n
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The average number density of the water at each mesh-interval n, where
the input value is not zero, is then calculated as a function of enthalpy by
the following formulae:

— Y - - 2
= b0+b1(nSat hn) +b,(hg hn) for h < hy .
oo (6.3)
= P = 2
= ao(.+a1hn+a2hn) for h >h .

The program does not provide for an automatic iterative procedure to con-
verge the water number density, but it can be brought to a practical convergence
simply by specifying a few successive time-steps of lengthAt = O,

Of course, if the option here described is not chosen but the water num-
ber density is held constant throughout the reactor lifetime, it does not mat-
ter what isotope is actually representing water but the first non burnable
isotope may still be used freely to input number densities per mesh interval
rather than per region, if necessary.
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VII ~ DEPLETION EQUATIONS

The program can ireat only a standard chain of burnable isotope. More

exactly there are:

a) - six fuel isotopes, namely:

ot
-

[ N
]

1 - U235 4 - Pu239
2 - U236 5 - Pu240
3 - U238 6 - Pu241

The equation governing the time behavior of anyone of these isotopes is
of the form:

ant (G F s AT anf 1ot £ = 1,20006 (1.9
dt )
where:
G = number of groups
0 = o if £=1,3 that is the last term in (7.1) is missing for f = 1,3;
otherwise & = 1
Kj = i;cay constant of isotope j
AY = \:’ 0;:3 1,9 1
i=1
G
= T gl gt

@i =;E§gup i average flux at the relevant mesh interval ( the mesh-
interval index is omitted in equation (7.1) )

-
o
LR
L]

self-shielding factor of isotope j, group i

-

-

<
#

microscopic absorption cross-section of isotope j

microscopic fission cross-section

i,J i, i, . . X
1’ = an = qug = microscopic capture cross-—section.
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The equation (7.1) is solved by a second order finite difference method:

£, o Py o e £- £-
N (tent) = N () 2=(n+a”) atfes[ T (grat)«en™ (1) ] T (7.2)

2=(aT+al) ot
b) ~ Two pairs of single fission products, namely:

T - Pp 149 9~ I135
8 - Sm 149 10 - Xe 135

whose number densities are governed by the following equations:

6
d_._l\’m = =3P (7\:('))'+Ap1 )+\\ quPA‘IGfFf p1 =17,9
at e
(7.3)
6
QP = PE(RPEDE) LT IR TEE (P p2 = 8,10
dt i
where: =1
) G
3 A T i, i,
FJ:A_J“CJ - ,\‘\ Of’J (i 9«]({)
i=1
Yl“@) = yield of the fission product p produced by fission of isotope i.
The equations (7.3) are solved by a semianalytic method of the form:
6
N -
; YfﬂijfFf
~ (P14 P! s ~ (D1, ,P1
Wl (teat) = mPT(1)e~ (N +a71)0t | f..11 1 P‘e (A" +A )At_}
R AP P N
6
) T Yf—)pi EfFf
f r b ‘,‘/ I
NP2 (trat) = wP2(e)em (N HATT) O ’— \ P2 [TRt Pt = D2 . o2 ]

fq

i ~OF a1y - (W2%422) at
o PP (1)- T2 e -
L oD P2 P2 _ PP

-

(74)

L 4 [Nf(t+m;) + Nf(t)}




¢) - A lumped fission product, whose number density is governed by the

equations
] 6
gt = N R T (7.5)
at L
=1
with solution:
o}

L LIt T BT T e O (706)
\‘iL ‘(t+At) = N J‘;)(t) + At\ YJ»"’LF_L I‘{LFL

=4
d) -~ Two burnable poisons which have to satisfy an equation of the forms:

dI\'.—b = -NbAb P=1dyi s (7.7)
a
The analytic solution of (7.7) is simply:
o] b —fbAt
Ko (t+At)=N" (t)e™™ (7.8)

As already mentioned, the depletion equations (7.1), (7.3), (7.5),
(7.7) are solved in each mesh-interval. Moreover each time-step can be
subdivided at will in a number of equal substeps, in each of which the
time~dependent number densities, as well as the concentration dependent
self-shielding factors, are recalculated but no flux renormalization takes
place. If the option described in Col.13-15 of XII.23 is checked, the num-
ber densities of the imotope 14 (first non burnable isotope), which should
be water in this case, are calculated by the method explained in Section

VI.

It should be possible to make the program SQUIRREL accept any iso—
topic chain specified in input as it happens in (3, 4, 6).




In order to make the uptodating of the report as easiest as possible in
view of this possible future extension, from now forth we shall denote para-—
metrically the number of burnable isotope by NUCL, the number of fuel isotopes
by NIF, the number of single fission products by NIP and the number of lumped
fission products by NAG, understanding that the remaining isotopes, if any is
included between NIF + NIP + NAC + 1 and NUCL, are burnable poison.

Of course in the present version of the program SQUIRREL it is:
NUCL = 13, NIF = 6, NIP = 4, NAG = 1
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VIII - FUEL SHUFFLING

At any prefixed time-step, the number densities of the burnable isotopes
in a block of consecutive mesh-intervals may be shifted into another block with
the same number of mesh-intervals. These displacements, which are not necessa-
rily biunivocal, may be accomplished either by a straight translation or by a
180° rotation followed by a translation, as it can be seen in fig. 4.

Franslakion
block To be replaced T block fo be shifted
9 15 15 9
/\\ Franslation
SL - - = = 16 180 I'OI-GI.I'OI’L 1'0 = A A = 5' 2k0 L 4 . 4 is

‘ Also fresh fuel (that is a mixture made up of isotopes present at the be-
ginning of life) can be fed into any mesh interval.




...
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IX — GROUP CONSTANT

The macroscopic cross-sections are calculated at each mesh-interval by the
usual formlae:

NI
I REECHN AN B D e . -
= le; N opp’ | diffusion coefficient (cm)
=1
: NI
B G i,d,n 4 J ; ;
za = Bﬁlg i a’ macroscopic absorption cross
a - section (cm~1)
J=1
NI
i,n
R ) Z = \—\_‘ Ni 0;',’ J macroscopic removal cross-section
Je e :];;1 (cm"1)
NIF
10 Jd i,j,n i
v ja :icﬂl\ 1 qf’J macroscopic cross-section for fig-
f 3*; sion neutron production (em~1)
=7
. NIF
l 9n Pt s i . n i s
$ = \ K Jg 9ds cf.’a macroscopic fission cross-section
Tle LB (cm=1)
J=1
Nip
- L1
mte? o X Nggl’a’ll Z2d g1y macroscopic cross-section for en—
L7 ergy production (joule.cm1)
J=1
where:

NI = total number of isotopes

J = isotope index

[N
]

group index
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n = mesh interval index

1,4
Oty = microscopic transport cross-section
op = microscopic removal cross—section

vV = average number of neutrons produced per fission

6198

energy produced per fission

i,n __d,n ; i,n
< D> +pYrPpto s z >
1f the total macroscopic cross-section a T D

happens to be negative in some group and mesh—interval, the program stops.
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X - OTHER FEATURES OF THE PROGRAM

X.2 Unit system

~ The microscopic cross-sections are to be specified in (barn).

- The number densities in (Szilard) (1 Szilard = 1024 nuclei.cm™3),
- The macroscopic cross—-section are in (cm’1),

- The time in (hour).

- The energy in (joule).

- The power in (watt).

~ The power density in (watt.om™3),

~ The volume in (om 3).

~ The length in (cm).

- The flux in (neutrons.em‘z.sec—1).

- The weight in (gram)

X.2 Time step data

Each time-step can be assigned an arbitrary length and an arbitrary power.

Moreover it can be subdivided in a number of smaller substeps in each of which,
as already noted, the time-dependent number densities as well as the concentra

tion dependent self-shielding factors are recalculated but no flux renormaliza
tion occurs. On the contrary only one diffusion calculation with final flux
normalization is carried out at each time-step.

X.3 Cross-section library

The cross—-section library is divided into 3 main blocks:

block A : library of macroscopic cross-sections Oty (transport), O, (ab-

sorption), O, (removal to next group) for any isotope;
block B : library of microscopic cross-section ¢ (fission), vop (nu-
fission), € (energy per fission) for any fissionable isotope;

block C : fission yields for any fissionable isotope.

At any time-step the program can read in any or all of the blocks A,B,C.
A block may be read only partially for a restricted number of elements.

The possibility of reading the library at any time-step permits to ‘take
into account changes of the spectrum during the lifetime.
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X.4 Tape writing and card punching

At each time-step (including the time-step O) the program writes on the
logical unit 2 a record containing the intervalwise number densities of all
burnable isotopes. These records are assigned progressive identification num-
bers starting from a specified value. This unit (normally a tape should be
mounted) can be used to specify intervalwise number densities in other SQUIR-
REL problems provided the same isotopic chains and the same number of mesh
points are dealt with (See XII.18 PARAMETERS FOR NUMBER DENSITY SPECIFICATION).

Moreover, if desired, the same number densities are punched on cards.
These cards (except for the first) are available to input intervalwise number
densities in other problems.

Also the group point fluxes may he punched on cards at each time-step.

Nevertheless these cards cannot be used for input purposes but only for off-
line calculations.

X.5 Output of the program

The output of the program is self-explaining as far as it is possible.
Nevertheless some general remarks are suitable, When a function f (x) (e.g.
the group fluxes @i (x), the power, the enthalpy) has to be integrated or
averaged over a mesh interval of length Ax, the integration is carried out
by a numerical formula which requires only the values f41 and f2 of the fung
tion at the boundary points of the interval:

X=X, +AX

< . T e
Jer FOParer| p xf (e o ) e antpad T (o8 )0 ) (2 472,) | (100
X‘ __,;’. < O 1 o 40 [] s
1 0 slab geometry
F ={:21T P = (1 cylindrical geometry
4 X "2 spherical geometry

At each time-step K the group fluxes are normalized in such a way that:

G .
Lo
i o vor f
‘j\F/. o (x) B (x) xPax = W(k) (10.2)
. Jo

i=
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where Bl (x) is the macroscopic cross-section for energy production (See

(9.1) ) and W (K) is the total power produced by the reactor part under inves-
tigation.

Briefly we shall list the main items which are printed by the program at
each time-step after the input data specified only once in the whole lifetime:

- the new input data which are to be specified in fhe current time-step (buehl
ings, control data, cross-section library, self-shielding factors)

~ the atomic densities per mesh-interval of the burnable isotopes
~ the Kepr iterations for each value of the control parameter

- the macroscopic crosas-section per mesh-interval

- the point fluxes and power densities

- the average fluxes and power densities per mesh interval

- the flux weighted macroscopic cross-section both in each reactor region and
in the poisoned and unpoisoned side of the rod poison region, if any

- the fegion integrals and the neutron balance.
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XI - DESCRIPTION OF THE PROGRAM

We shall list the FORTRAN decks which constitute the program SQUIRREL:

MAIN
ALOAD
MAPPIO
DELTAX

e

BLOAD
DOPCOF

CLOAD

DLOAD

MACRAL
SELFAC
INTERP

e/

BEAM
AVFLU

ADINT

BURCAL ]
DBURN |

o

WATCOR

The data which cannot be specified for each time-astep are read
and printed.

The control data (including the data for the Doppler and water
effects) are read and printed.

The cross-section library and the self-shielding data are read
and printed.

The atomic number densities of the burnable isotopes are print-
ed, punched on cards and written on the logical unit 2. More-
over the fuel shuffling, if any, is carried out.

The macroscopic cross-section are calculated and the flow of
the criticality search iterations is controlled.

At each criticality search iteration the Kgpr and the point
fluxes are calculated also accounting for the Doppler effect.

The point fluxes are normalized and printed. Moreover the av-
erage fluxes per mesh interval (used in the depletion calcula-
tions) are calculated and printed.

The flux weighted macroscopic cross-section per region are cal
culated and printed. A detailed neutron balance is drawm.

The new number densities per mesh-interval of the burnable
isotopes are calculated (burnup calculation).

The water number densities are caiculated taking into account
the effect of the power through the enthalpy

If the available core storage requires it, the program SQUIRREL can be
arranged as an "overlay program" whose links can be shaped in many different

ways.
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XII - INPUT DATA PREPARATION

It is to be said first that the limitations of SQUIRREL (iodo the
maximum number of compositions, of mesh-points and 3° on) are not specified
in this section, where they are indicated only parametrically.

The numerical values of these parameters, for the present version of
SQUIRREL now running at Ispra, are given in Appendix A, so that future
changes of the program restrictions will only imply the up-to-dating of
Appendix A.

1: TITLE CARD (18A4)

Col. 1-72 Title of the problem (any alphanumeric character)

2; GENERAL PARAMETERS (2413)

Col. 1-3 NGEZM = O slab geometry
= {1 cylindrical geometry
= 2 spherical geometry

Col. 4-6 NG ( < KNG) = number of groups. It must be NG > 2
Col. 7-9 NR ( < KNR) = number of regions

Col.10-12 NPX ( <KPX) = last mesh-point (the mesh-points are numbered
rightwards starting from 1)

Col.13-15 NGRINT ( < KRINT) = last time-step
The time-stepsare numbered starting from O

Col.16-18 NIS (< KIS) = highest isotope index.

3: OPTIONS (24I3)

L]
o

Col. 1-3 ICEND the boundary conditions are the same for all groups

= 1 the boundary conditions are group dependent

Col. 4-6 IGBCX = O group independent buckling
= 1 group dependent buckling
Col. 7-9 ISBCK = O spatially independent buckling
= 1 the buckling is to be specified per mesh-interval

in self-expanding form




Col. 10-12

Col. 13-15

Col. 16-18

1  straight burnup (only a K-effective calculation at
each time-step). See Section Il.a

2 search of the critical dilution factor 3 of a
diluted poison. See Section II.b

3 search of the critical absorption cross-section
2 p of a rodded poison. See Section II.c

4 search of the critical boundary of a rodded poison.
See Section II.d

5 search of the critical "dilution factor" of a water
dependent poison. See Section IIl.e

6 search of the critical transverse buckling.
See Section II.f

0 enthalpy axial formulation (See Section VI)
1 enthalpy radial formulation

1 isotopic self-shielding factors and macroscopic
crogs—sections are printed for each mesh~interval
0 only macroscopic cross-sections are printed

=1 neither self-=shielding factors nor oross—sections
are printed

43 MISCELLANEA (7E10.5)

Col. 1-10 AUTCRI

Col.11-20

Col.21-30

minimum allowable eigenvalue M ., if IC=1 (straight
burmup). If at any time-step - the K-effective
becomes lower than }\“min , the program stops before the
burnup calculation

eigenvalue 1 to be searched for in criticality
c
seaxches (I¢ > 1)

pointwise convergence criterion for an eigenvalue cal-
culation: Shax “min
2 h

<Ol

A value between 10'3 and 10"4

is advised. (See 2.3).
convergence criterion for a criticality search (IC > 1).
The search is interrupted when:

e s P
J‘ 7\ f,‘ oy 4 Loda LS
A
i

i |
If IC=1, leave blank or zero. See (2.7).
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Col.31-40 XENC@N = convergence criterion for the Xenon iterations, which
are interrupted when:

xe,t XE L=
; P NTFPY = NpTT U | ¢ XBNCUR
nax ' jo) : < AlaiN (J (WA

D .‘ See (3.2
et | (:2)

t = iteration index
p = mesh-point index

Col.41-50 FULPD = reference full power density (in Watt/cm3)° See Sections
IV and VI.

53 BOUNDARY CONDITIONS

SQUIRREL applies on each external side of the reactor conditions of the
type:

N ore do =0 (i =1, 2.. NG) (12.1)
an-
where _d is the derivative along the outward normal and.‘nlzt,glzog
cn

i 4 c4s : : i i
“+£7 >0 o The zero flux condition is obtained by »~ # Oand £:=0, the zero

= -

current (symmetry) condition by nl:(j and ;;“‘ P

If &+ = 0.5 and ﬁl = 1, condition (12.1) represents a vanishing
in ward current J. (in the diffusion theory).

This last condition should be employed, instead of the usual one of
vanishing flux.

The set for the boundary condition specification consist of one card
(7E10.3) if ICPND = O or NG cards if ICYND = 1 (See Col.1~3 of CARD No.3):

i
ol 1::;8 ﬂ{? for the left boundary (mesh point 1)
£
. 21- i
Col i: ig ﬂi} for the right boundary (mesh point NPX)
o

If ICOND = O, only one card is necessary and the specified values ap—
ply to all groups.

If ICOND = 1, NG cards must be supplied, one for each group.




i i
If 1 *& =0 | the program will stop, except if this condition happens
on the left side of a cy;gndrical Of spherical reactor. In this case the pro-
gram sets automaticallyn =0 , & =1  (symmetry condition).

6: TIME-STEPS FOR XENON ITERATION

This set of one or more cards (2413) is to specify the vector NXE (X),
X = 0, NGRINT. |

The first card contains:

Col. 1-3 NXE (0) £ O at the time-step O, the iterations Xenon-reactivity
(or Xenon-control parameter in the criticality search-
es) are carried out until convergence of the Xenon
number densities. (See Section III).

= 0 Throughout the time-step O diffﬁsion calculation,
the Xenon number densities are unchanged, that is
they are left as given in input.

Col. 4-6 NXE (1) # O in the time-step 1 diffusion calculation, the Xenon
iterations are carried out.

= 0 Throughout the time-step 1 diffusion calculation,the
Xenon number densities are as calculated in the burn-
up calculation.

® 000 PO PCBLOSOSNONISIOLNSDS

And so forth until NXE (NGRINT), using as many cards as necessary.

T: POWER SPECIFICATION

This set contains one or more cards (7E10.5). The first card is:

Col. 1-10 W(O) = power for the flux normalization at the time-step O
Col. 11-20 W(1) = power for the time-step 1
and so forth, up to W (NGRINT).

It is understood that the power for unit transverse height (Wﬁtt/cm)

in cylindrical geometry or the power for unit cross—sectional area (Watt/
om 2) in slab geometry is to be given.

Moreover, if a slab reactor is symmetric about one axis (except for
a cell problem), only # of the actual power must be supplied.
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At any time-step X, the fluxes are normalized in such a way that:

L ., .
F/. Elml(x)xpdx = Ww(k) See (10.2)
o

/J@

e
llf'/
-t

8: LIST OF TIME-STEPS WITH NEW BUCKLINGS

One or more cards (24I3), present only if NGRINT > O, for the speci-
fication of the vector NBK(L), L = 1, NGRINT, where:

NBK (I) = 1 +the program reads new square bucklings after the depletion
calculation and before the next diffusion calculation of the
time-step I (See card set no.22: BUCKLINGS).

= 0O new bucklings are not required at time-step I.

9: LIST OF TIME-STEPS WITH NEW CONTROL DATA

One or more cards (24I3), present only if NGRINT > O, for the speci-
fication of the vector NCT (I), I = 1, NGRINT, where:

NCT (I) = 1 the program reads new control data, new Doppler and water
effect data c..0tCoccoe+(B00 card sets no.23s CONTROL DATA
PARAMETERS) immediately after the depletion calculation of
the time step I.

= 0 new values of the just mentioned data are not read.

10s LIST OF TIME-STEPS WITH A NEW LIBRARY

One or more cards (24I3), present only if NGRINT > O, for the speci-
fication of the vector NTL (K), K = 1, NGRINT, where:

NTL (I) = 1 the program reads new library data before the time-step I
diffusion calculation.

= 0O no library data are read. A1l the library data are the last
ones read by the program.

113 _LIST OF TIME-STEPS WITH NEW SELF-SHIELDING DATA

One or more cards (24I3), present only if NGRINT > O, for the speci-
fication of the vector NTS (XK), XK = 1, NGRINT, where:

NTS(I) = 1 the program reads new self-shielding data before the time-
step I diffusion calculation.

= 0 no self-shielding data are read.




N.B. - The data mentioned about the card ;ets 8, 9, 10, 11 are automatically

requested by the program at the time-step O, that is at the beginning
of the problem.

12: LIST OF TIME STEPS WITH SHUFFLING

One or more cards (24I3), present only if NGRINT > O, for the speci-
fication of the vector NFU (K), K =1, NGRINT.

NFU (I) = 1 the program carries out a fuel shuffling before the time-
step I diffusion calculation.

= 0 no shuffling is carried out.

13: SUBSTEP DIVISION

This set of one or more cards (24I3), present only if NGRINT > O,
specifies the subdivision of each time-step I into NSA(I) small time-steps.

The first card contains:

Col. 1-3 NSA (1) = number of small time-steps into which the time-step 1
is divided.

CO].. 4"6 NSA (2) E oc0000000

and 5C on up to NSA (NGRINT).

14: TIME-STEP LENGTHS

This set, present only if NGRINT > O, contains one or more cards
(7810.3). On the first card.

Col. 1-10 DELTAT (1) = length (hours) of the time-step 1
C0l.11-20 DELTAT (2) = same, for time-step 2

and so forth, up to DELTAT (NGRINT), using as many cards as necessary.

15: 1~ SPECIFICATION

One card (7E1005) containing the fission spectrum integrals xl
(i = 1,2...NG) for all groups...

i ' i
It must be X 2 © and v x >0

1=
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163 MESH INTERVAL SPECIFICATION
Each card is divided in 6 parts(( 6 (E9.3), I3 ) of 12 columns each.

Bach part is constituted by a 9 column field (E9.3) and a 3 column
field (I3) and specifies a couple ( Ax ,p) where /X is a mesh interval
length (in em) and p is the mesh-point up to which this value is extended.
All the p must be given in an increasing order and the last one must be
NPX.

17: REGION DESCRIPTION

The lay-out of the regions is specified in a self-expanding form by
couples of two integers:

Col. 1-3 i, = region index ( i<l < W
Col. 4-6 p = mesh point up to which this region index extends
Col. 7-9 these columns are ignored by the program.

The specification is continued by triplets of 3 Column fields, the
last of which is always ignored by the program.

The integers p must be input in an increasing order and the last
one must equal NPX.

A region (e.g.a reflector) can be constituted by disjoint segments

of the reactor domain, that is the integers i_ need not be different
even if they do not belong to consecutive couples (ir’ p)

18: PARAMETERS FOR NUMBER DENSITY SPECIFICATION

There must be one card (24I3) containings

Col. 1-3 NEC = number of isotopes whose number densities are given
per region (0 < NEC < NIS)

Col. 4-6 IREC = identification number, on the logical unit 2, of the
recoxrd containing the intervalwise number densities to
be read by the program. If this field is blank or zero,
no number density is read from unit 2

Col. 7-9 HNREC = identification number of the last number density record
to be saved on the logical unit 2. Next to record NREC,
the program will write the number density records relat
ing to the time-steps of the present problem, starting
with time~step O and identification number NREC+1




Col. 10-12 KNEMIR = number of isotopes, whose number densities are given per
mesh interval (O NEMIR  NUCL+1)

Col. 13-15 IHN

0 no punched cards

= 1 the number densities of the first NUCL+1 isotopes are
punched on cards (1P7B10.4) at each time-step, before
the shuffling.
These punched cards can be used to input number dens-.
ities per mesh-interval in other prodblem (See col.10-120).
Anyway we remind the 'same number densities are always
written on the logical unit 2.

= 2 only the power normalized point fluxes are punched on
cards (1P7E10.4)

= 3 both the aforementioned number densities and the point
fluxes are punched on cards.

The number densities of the first NUCL+1 isotopes (that is the time-
dependent isotopes plus the immediately next one) can be specified either per
region or per mesh interval or both.

The number densities of the time~independent isotopes, except for the
first (of index NUCI+1) can be specified only per region.

Also we recall that, if the option described in Section VI is checked
(see c01.13-15 of 23: CONTROL DATA PARAMETERS), the isotope NUCL+1 is auto-
matically assumed to represent "water" and its number densities are calculat-
ed only in those mesh intervals where the input values are different from
Z6To.

All number densities (per region and per mesh-interval) are initialized
to zero. The number densities per region, if any, are then read from cards
and expanded per mesh-interval.(See sets No.19,20).

Next, if required (see col.4-6), the program reads the number densities
of the first NUCL+1 isotopes recorded on logical unit 2. Finally number dens-
ities per mesh-interval, if any, are read from cards (see set No.21).

In each of the aforementioned reading steps, the last specified number
densities, if overlapping occurs, override the preceding ones.

19: LIST OF ISOTOPES WITH NUMBER DENSITIES GIVEN PER REGION

One or more cards (24I3), present only if NEC > O, specifying the
identification numbers of the NEC jsotopes with numbexr densities given per
region.
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20s NUMBER DENSITIES PER REGIQN

This set is present only if NEC . O.

For each of the NEC isotopes specified in 19, one or more cards
(7E10.5), containing NR number densities, one for each region. Start a new
card for a new isotope.

21: NUMBER DENSITIES PER MESH-INTERVAL

This set is present only if NEMIR > O. For each isotope, whose number
densities are to be given per mesh-interval, there must be the following
cards 3

a) One card (24I3) withs
Col. 1-3 IN = jdentification number of the isotope (1 <IN <NUCL+1)

Col. 4-6 IS(IN)= number of segments, each constituted by consecutive
mesh~-intervals, on which the number densities of the
isotope IN are to be specified.

b) One or more cards (8 (2I3,3X) ) describing the aforementioned IS segments.
On the first card :

Col. 1=3 l1 = mesh point representing the left boundary of the first
segment
Col. 4-6 r, = mesh point representing the right boundary
{ <N
(1<, <x, <NPX)
Col. 7-9 These columns are ignored by the program
ceesenas and so on, using the other 7 triplets of 3 column fields

and as many cards as necessary.

c) For each segment, described in b , one or more cards (7E10.5) contain-
ing T 1i number densitieu (ri - 1i = number of mesh intervals belong

ing to the segment). Start a new card when passing to a new segment.
Where two or more segment overlap, the last specified number densities
override the preceding ones.

The card sets a), b), ¢) must be repeated NEMIR times (See col. 10-
12 of 18).

223 BUCKLING

The axial (in cylindrical geometry) or the cross-sectional (in slab
geometry) square bucklings are read by the program at the beginning of a
problem (time-step no.0) and at any time I such as NBK(I) = 1.




(See 83 LIST OF TIME STEPS WITH NEW BUCKLINGS)

a) If ISBCK = O (Col.7-9 of card no.3), supply one card (7E10.5) with a spa-
tially independent buckling in the first field.

b) If ISBK = 1, there must be one or more cards ( 6 (E9.3,I3) ) with each 9
column field (E9.3) devoted to a buckling value and the following 3 column
field (I3) specifying the mesh point up to which this value extends.

If IGBCK=1 (group dependent buckling. See col.4~6 of card no.3), the
card a or the card set b must be repented NG times.

In spherical geometry, although not compulsory, the best policy is to
put IGBCX = ISBCK = O and supply one blank card as card set 22.

We point out that the buckling referred to here is the fixed buckling

not to be confused with the control buckling we shall consider later. (See
Section I.1 and card set no.27).

CONTROL DATA

The data, included in the card sets no.23, 24, 25, 26, 27, 28, 29, 30,
31 are read by the program at the beginning of a problem (time-step no.0) and
at any time-step I such as NCT(I)=1, unless otherwise specified on card 23
(See 9: LIST OF TIME STEPS WITH NEW CONTROL DATA).

23: CONTROL DATA PARAMETERS (24I3)

Col. 1-3 NCON = 1 The control poison and control buckling data, namely the
card sets no.23, 24, 25, 26, 27 are read

= 0 are not read but they hold the last specified values. In
time-gtep no.0 this option is possible only in étraight
burnup calculations (no search): in this case all control
poison absorption cross—-sections and the control buckling
are automatically set to O.

Col. 4-6 KDOP number of sets of coefficients for calculating the power
effect on U-238 absorption cross section in resonance
group (NG-1). If NDOP=O, the Doppler coefficients hold
the last specified values. Of course, this option is not
possible in time-step O. See (4.1).

Col. 7T-9 XWE number of sets of coefficients for calculating the water
effect on the just mentioned U-238 cross-section. The
option NWE=O has the same meaning as for NDOP. See (4.2).




Col., 10-12 NWR

Col. 13-15 IWTR = 1
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number of sets of coefficients for representing the re-
moval cross~section, from the resonance group, of the
isotope no.NUCL+1 (generally, but not necessarily,water)
as a function of its own number density.

The option NWR=0O has the same meaning as for NDOP and
MWE. See (4.3).

the data for fitting the number density of the isotope
NUCL+1 (which should be water) versus enthalpy are read.
See Section VI.

are not read but they hold the last specified values.
IWTR=0 in time-step O means that the isotope NUCL+1 num-
ber densities are held fixed, as given in input,throughmdt
the lifetime, unless otherwise specified in a following
time—-step.

This option is usefull when the power effect on the water
number density does not matter.

24s DILUTED POISON DATA

In this set, present only if NCON=1, there must be the following cards:

a) One card (7E10.5) containing:

c)

Col. 1-10 g =

The following two

Col.11-20 4% =
min

001 021—30 \(} =

One card (7B10.5)

1
. - 0 =
Col 1-1 td

01.11-20 t2 =
Col.11 2

One or more cards
cross-sections 2

dilution factor first approximation if IC=2 (diluted
poison search. See Col.10-12 of card no.3)

actual dilution factor in all other cases (IC#2).

parameters are to be given only if IC=2.
dilution factor minimum value

dilution factor maximum value.(ﬁmirfgsgamax)

for the diluted poison fractions
diluted poison fraction acting in group 1

diluted poison fraction acting in group 2.

( 6 (E9.3,13) ) where the diluted poison absorption
are specified in a self-expanding form with each

dp
3 column field occupied by a mesh point number.




25: RODDED POISON DATA

In this set, present only if NCON=1, there must be the following cards:

a) One card (24I3) containing:
Col. 1-3 P,,.= left boundary of the rodded poison region

Col. 4-6 0,," right boundary of the rodded poison region.
< It must be P, .<P. . unless P, =P, =0

or r
(no rodded poison region)

Col. 7-9 p__= firet approximation of the boundary between the poisoned
and unpoisoned side if a boundary search is dealt with
(IC = 4. See Section II.d). It must be P, <D, <D,

In all other cases (ICF4) leave blank. vr

b) One card (7B10.5) withs

Col. 1-10 2 = first approximation of the rodded poison absorption
P cross-section if IC=3 (rodded poison cross-section
search. See Section II.C)

= actual rodded poison cross-section in all other cases

(ICA3).

The following two parameters are to be given only if IC=3.

Col.11-20232;n = minimum value of the rodded poison cross—section.

Col.21—302;::I = maximum value of the rodded poison cross-section

(£10 fe | gilngg o gex

¢) One card (7E10.5) for the rodded poison fractionss -

1
Col. 1-10 fp = rodded poison fraction acting in group 1

Col.11-20 'ti = rodded poison fraction in group 2.

e8s 0600000080000

263 WATER DEPENDENT POISON DATA

In this set, present only if NCON=1, there must be the following cards:

a) One card (7E10.5) containings

Col. 1-10 Cw = first approximation of the water dependent poison "di-
P lution factor" if IC= 5 (water dependent poison search.
See section II.e)

= actual water dependent poison "dilution factor" in all
other cases (ICA5).




o)

27s
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The following two parameters are to be given only if IC=5.

Col.11-20 c:;“ = minimum value of the "dilution factor"

Col.21-30 c:“ - maximum value of the "dilution factor"
("™ <« ™6 ; "™ <cwp <cUB®)
One card (7E10.5) for the water dependent poison fractions:

1
Col. 1-10 tw = water dependent poison fraction acting in group 1

One card (7E10.5) with the coefficients for representing the poison
cross—-section as a function of the water number density:
Col. 1-10 a1

Col.11-20 “0 }

See (2.9)
C01.21-30 @

Col.31-40 o

CONTROL BUCKLING DATA

a)

In this set, present only if NCON=1, there must be the following cards:

One card (3E10.5, 2A4) containings
Col. 1-10 B2 = first approximation of the control buckling, if a
¢ buckling search is dealt with (IC=6. See Section II.f)

= actual value of the control buckling in all other
cases (IC§6).

The following two parameters are to be given only if IC=6:

Col.11-20 Bz(min)

= minimum value of the control buckling
Col.21-30 Bi(max), maximum value of the control buckling
i 2( 2

(Bi(mln)< Bc(max) ; Bi(min)g 82 <3 (max))

~

c C

Col.31-38 1If this field in blank, the aforementioned buckling value (or
the buckling search) extends over the whole reactor.
If this field is not blank, the control buckling concerns only
the reactor regions that will be specified in b.




b) One or more cards (24I3), present only if the above field 31-38 is not
blank, for specifying the vector IB(L), L = 1, NR, where:

IB(L) = 1 the control buckling or the buckling search include the re-
gion L

= O the control buckling is set automatically to zero in the re
gion L, which is not concerned with the buckling search,if

any .

28: DOPPLER EFFECT DATA (=)

In this set, present only if FDOP , O, there must be the following
cards:

a) NDOP cards (7B10.5), one for each of the NDOP coefficient sets:

Col. 1-10 Bo
Col.11-20 8, } See (4.1)
Col.21-30 Bz J

001031-40 63

b) One or more cards (24I3), present only if NDOP> 1, for assigning to each
region one of the above defined coefficient sets, which are numbered in
the same order they are input in a . ’

On the first cards
Col. 1-3 ID(1) = coefficient set assigned to the region 1

eoeevese s s O

and so on up to ID(NR). It must be 1 ¢ ID(L) < NDOP for any region L.

If NDOP = 1, the card(s) b is not present but the single set is auto-
matically extended over all regions.

293 WATER EFFECT DATA (x)

This set, present only if NWE > O, has the same structure as the set
28:
a) MWE cards (7E10.5), each containing:
Col. 1-10 Yo
Col.11-20 Y1 7
Col.21-30 Y
Col.31-40 4

See (4.2)

(%) See footnote of the following page.




b) One or more cards (24I3), present only if NWE >1,specifying the vector
w(L) (L = 1,NR), which assigns to each region L one of the coefficient
sets defined in a .

It must be 1 < IW(L) < NWE,

30: DATA FOR THE RESONANCE GROUP WATER REMOVAL (=)

This set, present only if NWR > O, is built as the sets 28, 29.
a) NWR cards (7B10.5), each containing:
Col. 1-10 P

0

CoL11-20 o,
Col.21=30 See (4.3)

P2

Col.31-40 oy

b) One or more cards (24I3), present only if NWR 1, specifying the vector
IR(L) (L=1,NR) with the same meaning as in 28b. It must be
1 < IR(L) < NWR.

31: POWER EFFECT DATA

In this set, present only if IWTRfO, there must be the following cardss
a) One card (7TE10.5)s

Col. 1-10 ho = inlet coolant enthalpy
Col.11-20 hsat = saturation enthalpy
b) One card (7210.5) containings
Col. 1-10 a0 water number density versus enthalpy coefficients
Col.11-20 a, (b > hsat), See (6.3).
Col.21-30 a,

¢) One card (7E10.5) containings
Col. 1-10 bO
Col.11-20 b1 ?

C01.21=30 b~

water number density versus enthalpy coefficients

(b ¢ h__J. See (6.3).

-1
It must be b hs + a hiat) , owing to continuity.

® a'O (1+a at 2

2
0 1

(%) We warn that the values of both the U-238 absorption cross-section uad
of the water removal cross-section in the resonance group, specified
among the library data (see card set 34), are ignored by the program.
As a consequence, the aforementioned values should always be specified
by a proper use of the card sets 28,29,30, even if the isotope NUCL+#1
is not really representing the water.
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d) One or more cards ( 6 (E9.3,I3) ) specifying the conversion factor
K (or X') in a self-expanding form with each 3 column field devoted to
a mesh-point number. See (6.1) and (6.2).

LIBRARY DATA

The data concerning the library, included in the card sets no. 32, 33,
34, 35, 36, 37, 38 are read by the program at the beginning of a problem (time-
step no.0) and at any time-step X such as NTL(X) = 1. (See 10: LIST OF TIME-
STEPS WITH A NEW LIBRARY).

At the time-step O, all the library data are initialized to zero,whereas
at the successive time-steps, they are initialized to the values of the pre—
vious time-step.

Thus the reading of new library data provides a modification, partial or
total, of the library data of the preceding time-step.

32: LIBRARY PARAMETERS (24I3)

Col. 1-3 NLL = number of isotopes for which the cross-sections oi, 4 Oy ,
c, are given.

Col. 4~-6 NFL = number of isotopes for which the cross—-sections © e

are given.

, VO

4 £’

Col. 7-9 NYL = number of isotopes for which the fission yields are given.

33: LIST OF ISOTOPES WITH O 4y, O g, OR

This set, present only if NLL > O, is made of one or more cards (24I3)
containing the indexes of the NLL isotopes for which gipyg g9 or must be
specified.

34: VALUES OF Ogps OgsO p

For each isotope declared in the list 33, there must te the following
three cards:

a) card for the transport cross sectionsg 4y

Col. 1-8 Isotope name (it is suggested to start from column 1).
This name is used for the printout of the non~burnable
isotopes.
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Col. 9-10 Are ignored by the program

1
Col.11-20 o tp = group 1 microscopic transport cross-section

Col.21-30 = group 2 microscopic¢ transport cross-section

2
O tr

card for the absorption cross sectionsc,

Col. 1-10 Any alphdmeric characters
Col.11-20

G = group 1 microscopic absorption cross-section
Col.21-30 o©

PP -

= group 2 microscopic absorption cross-section

card for the removal cross sections O 1

Col. 1-10 Any alphameric characters

Col.11-20 ¢ ; = group 1 microscopic removal cross-section

Col.21-30 4 i = group 2 microscopic removal cross-section

o 0008 o006 0000

35: LIST OF ISOTOPES WITHs ry vOpy ©

This set, present only if NFL > O, is made of one or more cards (24I3)

containing the indexes of the NFL isotopes for which 5¢,,5 py © must be
specified.

36= VALUES or (o) f’ \)Gf’ e

For each isotope declared in the list 35, there must be the following

three cardss

a) card for the fission cross sections ,

Col. 1-10 Any alphameric characters
Col.11-20 o] } = group 1 microscopic fission cross-section
Col.21-30 5 g = group 2 microscopic fission cross-section

9929000000000




b) card for the nu-fission cross-section vog

Col. 1-10 Any alphameric characters

Col.11-20 , o ; = group 1 microscopic fission cross—section times
average number of neutrons per fission

2
Co0l1.21-30 v O £ = group 2 " ] "

600 e0Oe s O OO

¢) card for the energies per fission e

Col. 1-10 Any alphameric characters

Col.11-20 e1 = energy (Joule) released by one fission in group 1
2

Col.21-30 e = energy (Joule) released by one fission in group 2

0 000809 sQ0086

37: LIST OF ISOTOPES WITH FISSION YIELDS

This set of one or more cards (24I3), present only if NYL> O, speci-
fies the isotopes for which the fission yields must be input.

38: FISSION YIELDS

For each isotope i declared in the list 37 there must be one or
more cards (7E10.5) containing the fission yields Yi ~ J of the isotope
i under consideration to all fission products Jj, j going from NIF + 1 to
NIF + NIP + NAG. See Section VII.

SELF SHIELDING FACTORS

The data concerning the self-shielding factoxs, included in the card
sets no. 39,.0, 1,,2, 3, 44+5,i6,i7 are read by the program at the begin-
ning of a problem (time-step O) and at any time-step K such as NTS(K) = 1
(C£.11s LIST OF TIVME STEPS WITH NEW SELF-SHIELDING DATA).

The self-shielding factors can be directly input or calculated by the

formula, -
,,lw;, N l«g - &
Y A S (12.2)
i = group index oy
J = isotope index
g = polynomial degree

=
[ ¥N
0

number density of the isotope Jj in a given mesh~interval.




It is understood that the self-shielding factors of the isotopes and
the groups for which no data are supplied, are all equal to 1.

39s SELF-SHIELDING PARAMETERS

One card (3I3, 11X, 4I3)

Col. 1=-3 NBS = number of self-shielding blocks.
If NBS = O at the time-step O, all self-shielding factors
are initialized to 1.
If NBS = O at any other time-step, the self-shielding factors
are initialized to the values of the previous time-step.

Col. 4-6 NGS = number of groups for which the self-shielding factors are
specified.

Col. 7-9 NSS = number of isotopes for which the self-shielding factors are
specified.

It must be NBS ° NGS ° NSS (total number of self-shielding factors)
< KSELF.

Co0l.10-20 any alphameric characters.
Col.21-23 NBL = number of blocks of polynomial coefficients aiﬁ

If NBL = O at the time-step O, the polynomial formula (12.2) is
not used. On the contrary, if NBL = O at any other time

step, the polynomial coefficients are initialized to the values
of the previous time-step.

C01.24-26 NGL = number of groups for which the polynomial coefficients are
specified (NGL-. XNG).

Col.27-29 NLP = number of isotopes for which the polynomial coefficients
are specified (NLP - NIS).

C01.30-32 NGP = g, * 1 = polynomial degree plus one (NGP< 7).

It must be: NBL ° NGL * NLP ° NGP (total number of polynomial coeffi-
cients) < KPfL.

403 ASSIGNMENT OF THE S.S.BLOCKS

One or more cards (24I3), present only if NBS ¢ O, for the assignment
of the self-shielding blocks to the regions.

Col. 1-3 M (1) = block assigned to the region 1
Col. 4-6 M (2) = block assigned to the region 2

®® 0€©0000000CO0

and so on up to M (NR).




shielding factors = 1.

41: LIST OF GROUPS WITH SELF-SHIELDING FACTORS

One card (24I3), present only if MBS # 0, specifying the NGS groups for
which the self-shielding factors are input.

42: LIST OF ISOTOPES WITH SELF-SHIELDING FACTORS

One or more cards (24I3), present only if KBS # O, specifying the in-
dexes of the NSS isotopes for which the s.s. factors are given.

43s SELF-SHIELDING FACTORS

This set of cards (7E10.5), present only if NBS # 0, must be repeated
as many times as the number of blocks NBS.

For each bloek, NGS sets of cards must be supplied, following the oxrder
given in 41.

Each of the NGS sets contains NS5 self-shielding factors, following
the order given in 42. Start with a new card when changing group.

44: ASSIGNMENT OF THE BLOCKS OF POLYNOMIAL COEFFICIENTS

One or more cards (24I3), present only if KBL # O, for the assignment
of the self-shielding polynomial coefficients to the regioms.

Col. 1-3 N (1) = block assigned to the region 1
Col. 4-6 N (2) = block assigned to the region 2

92200000000 O0CGCOC

and so on, up to N (NR).

If a region is given the block O, its self-shielding factors are not
calculated by the formula (12.2), btut keep the explicitly input values.

45: LIST OF GROUPS WITH POLYNOMIAL COEFFICIENTS

One card (24I3), present only if NBL £ O, specifying the NGL groups
for which the polynomial coefficients are input.

The block of index O is an implicitly defined block having all the self-
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463 LIST OF ISOTOPES WITH POLYNOMIAL COEFFICIENTS

One or more cards (24I3), present only if NBL # O, specifying the in-
dexes of the NLP isotopes for which the polynomial coefficients are given.

47: POLYNOMIAL COEFFICIENTS

This set of cards (7E10.5), present only if NBL # O, must be repeated
as many times as the number of blocks NBL.

For each block, NGL setsof cards must be supplied, following the order
given in 45.

Each set is made up of NLP cards, one per each isotope, containing the
polynomial coefficients of the isotope.

N.B. = The specification of the polynomial coefficients for a given group

and a given isotope, overrides the specification of the self-shielding
factors previously made with the sets 40 through 43.

485 SHUFFLING LIST

The program reads this set of cards ( 4 (4I4,2X) ) at any time step K
such that NFU(K) = 1.(See card set no.12s LIST OF TIME STEPS WITH SHUFFLING).
On the first card:

Col. 1-4 P pq = left boundary of the segment whose number denmsities are to
be replaced.
. = i D <P °
Col. 5-8 P B2 right boundary of the same segment ( R4 R2)
Col.9-12 P T index of the region whose initial number densities are to be

transferred in the above specified segment, if the field
13-16 is blank (1<9T1 < NR).

= left boundary of the segment whose number densities are to
be translated mesh-interval by mesh~interval in the above
specified region. If this integer has a minus sign, the
segment undergoes a 180° rotation before being translated.

001013—1613T blank if the first option in Col.9-12 is checked.

2
= right boundary of the se%mentito be translated.

In this case it must{ be ’p T1l<9 )
D

P p -i;p '1'1!j “Ppo ~ Ppq

Pp2< PRy
or } no overlapping

Fp9” PR -




Col. 17-18 These columns are ignored.

@ 5 00000000 000

and so on, using as many fields and as many cards as necessary and each spec-
ification being divided from the successive one by a 2' column alphameric
field as in Col. 17-18.

We remind that only the number densities of the burnable isotopes are involv-
ed in a shuffling.

A blank card indicates the end of the shuffling list.

N.B. - It is to be pointed out that the minimum required by the program for
each of the card sets "CONTROL DATA", "LIBRARY DATA", "SELF-SHIELDING
FACTORS", "SHUFFLING LIST™ is a single blank card. In this last case
the above data are not changed or shuffling does not take place al-
though these possibilities were foreseen in the card sets from 9 to
12,

We resume here, for control's purpose, the format of an input deck for
a lifetime problems
1: TITLE CARD
2: GENERAL PARAMETERS
3: OPTIONS
43 MISCELLANEA
5: BOUNDARY CONDITIONS
6: TIME STEPS FOR XENON ITERATION
T: POWER SPECIFICATION
(*) 8: LIST OF TIME STEPS WITH NEW BUCKLINGS (ONLY IF NGRINT > O)
(*)9: LIST OF TIME STEPS WITH NEW CONTROL DATA (ONLY IF RGRINT > 0)
(*10s LIST OF TIME STEPS WITH A NEW LIBRARY (ONLY IF NGRINT> O)
(#01: LIST OF TIME STEPS WITH NEW S.S.DATA (ONLY IF NGRINT >O0)
(*¥12s LIST OF TIME STEPS WITH SHUFFLING (ONLY IF NGRINT > 0)
(#N13s SUBSTEP DIVISIOR (ONLY IF NGRINT > 0)
(*Y14s TIME STEP LENGTHS (ONLY IF NGRINT > 0)
15: x 1 SPECIFICATION
16: MESH INTERVAL SPECIFICATION




17:
183
(*)-19:

(%) 20:
(%) 21

223

23;
(*) 24
(*) 25:
(#) 263
(%) 27:
(%) 283
(*) 293
(*) 305
(#) 312

(*) 33:
(*) 34s
(*) 35:
(%) 36
(%) 37:
(%) 38:

(*) 40:
(*) 412
(*) 42
(%) 43:
(*) 445

57

REGION DESCRIPTION
PARAMETERS FOR NUMBER DENSITY SPECIFICATION

LIST OF ISOTOPES WITH NUMBER DENSITIES GIVEN PER REGION
(only if NEC >0)

NUMBER DENSITIES PER REGION (only if NEC, O)

NUMBER DENSITIES PER MESH INTERVAL (only if NEMIR > O)
BUCKLINGS

CONTROL DATA PARAMETERS

DILUTED POISON DATA (only if NCON = 1)

RODDED POISON DATA (only if NCON = 1)

WATER DEPENDENT POISON DATA (only if NCON = 1)

CONTROL BUCKLING DATA (only if NCON = 1)

DOPPLER EFFECT DATA (only if NDOP >0)

WATER EFFECT DATA (only if NWE > O)

DATA FOR THE RESONANCE GROUP WATER REMOVAL (only if NWR> O)
POWER EFFECT DATA (only if IWTR £ O)

LIBRARY PARAMETERS

LIST OF ISOTOPES WITH O, O, O_ (only if NLL >0)
VALUES OF Oy a9 Op (only if HNLL> 0)

LIST OF ISOTOPES WITH © £170 g @ (only if NFL ,O0)

VALUES OF Opr VOps © (only if NFL>O0)

LIST OF ISOTOPES WITH FISSION YIELDS (only if NYL> 0)
FISSION YIELDS (only if NYL. O)

SELF SHIELDING PARAMETERS

ASSIGNMENT OF THE S.S.BLOCKS (only if NBS > 0)

LIST OF GROUPS WITH SELF-SHIELDING FACTOBRS (only if NBS >0)
LIST OF ISOTOPES WITH SELF-SHIELDING FACTORS (only if XNBS >0)

SELF-SHIELDING FACTORS (only if KBS > 0)

ASSIGRKENT OF THE BLOCKS OF POLYNOMIAL COEFFICIENTS
(only if NBL > 0)
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1IST OF GROUPS WITH POLYNOMIAL COEFFICIENTS (only if NBL> 0)

LIST OF ISOTOPES WITH POLYNOMIAL COEFFICIENTS

POLYNOMIAL COEFFICIENTS (only if NBL> 0)

The sets with = may be omitted according to the correspondent

The card sets below 21 mist be present at the beginning of the

(*) 45s
(%) 46:
(only if NBL >O0)
(%) 473
48: SHUFFLING LIST
(*) =
option.
(+) -

problem and moreover can be given at each successive time-step
according to the correspondent option on card sets 9 through 12.
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APPENDIX A - PROGRAM RESTRICTIONS

The present version of SGUIRREL(October 1968) has the following restric-

tions:

Maximum number of fuel isotope KIF = 6
" " " fission products KIP = 5
" " " jgotopes KIS = 30
" " " burnable isotopes KIV = 13
" " "  groups KNG = 4
" " " mesh points KNP = 500
" " " regions KNR = 100
" " " polynomial coefficients KPOL = 1000
" " " time - steps KRINT = 100

" " " self-shielding factors KSELF = 1000




APPENDIX B -~ PERIPHERAL UNIT CONFIGURATION

Logical unit Physical unit Function
2 tape or disk to store the atomic dens~
ities per mesh interval
5 input
6 output
T card punching
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CASO CANDLE RICERCA VELENDO DIF_JDENTE DALL'ACQUA
CYLINDRICAL GEOMETRY
NUMBER OF GROUPS= 4 LAST TIME STEP= ¢
NUMBER OF REGIONS= 3 LAST MESH POINT= 39
NUMBER OF ISOTOPES= 20 NJMBER OF BURNABLE ISJTOPES= 13
NUMBER DOF FISSILE ISOTOPE= ¢ NUMBER OF SINGLE FISSION PRODUCTS= 4
NUMBER OF LUMPED FISSION PRODUCTS= 1
U-228 IDENTIFICATION NO.= 3 I-135 IDENTIFICATION ND.= 9
XE-135 IDENTIFICATION NO.= 1D MAX. NUMBER OF CRIT. SEARCH IT.=320

MAX. NUMBER OF FIGENVALUE IT.= 20

MINe. OR CONV. EISENVALUE= 1.00G0CE 30 PJINTWISE CONV. CRITERIGON= 1.00000E-04
SEARCH CONV. CRITERINN= 1.000C0RE-D4 XENON CONV. CRITERION= 1.00GD0OE-N?2
REFERENCE FULL POWER DENSITY= 7.38195E (1

BUCKLING GIVEN BY GROUP

ENTHALPY AXTIAL FORMULATION

INTERVALWISE MACROSCNPIC CROSS-SECTIONS ARE PRINTED
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CASO CANDLE RICERCA VFLIONO DIPENDENTE DALL'ACQUA

BOUNDARY CONDITIONS

GROUP LEFT BOJNDARY RIGHT BIOUNDAY
ALPHA BETA ALPHA

1 el 1.00CCG0OE €D 1.C0020E (U DD

2 Go 1.0000G0E 0O 1.02000€E OO Do

3 Cs0 1.00000E OO 1. 0CDOGE DO Je¢0

4 0.0 1.00000F G2 1.00000E (O Be0

T.STEP POWER (W) LENGTHUH) NJ.SUBSTEP NFW RUCK. NEW CON. DATA NEW LIBRARY NEW S.S. FACTORS FUEL SHUF.

0 7.31275E 05 - - - - - - -
1 T7.31275€ 05 1.C00Q0NE D2 ! NO YES NO N3 ND
2 7.3127SE 05  1.90CC0CE 03 1 YES NO NQ N3 NG
3 7.31275€ 05 2.00C00FE N3 1 NO NO YES ND ND
4 7.31275E 5 2.C00CGE 03 1 NO NO NO YES YES
5 7.31275E 05 2.0C000E 03 1 NO NO NO N3 NO
6 7.31275¢ 05 2.000600E 03 1 NO NO NQ NO ND
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CASO  CANDLE RICFRCA VELEND DIPEMNFENTE DALLYACQUA

MESH PNT MESH PNT MESH PNT
2. BUGTT 21 e 8467 24 2.246% 39
DISTANCE PNT  DISTANCE PNT DISTANCE PNT DISTANCE PNT DISTANCE PNT  DISTANZE eNT
28077 2 5. 6154 2 e 4221 4 11.2208 5 14,0385 6 16.8452 7
19,6539 8 22.4616 o 252693 10 280773 11 3L.B847 12 33.6924 13
36,5000 14 39.30077 15 42.1154 16 44,9231 17 47.730& 18 55385 19
532462 21 5641532 1 L1.0u06 22 57.8472 23 5R.6940 24 6009405 25
63.187¢0 26 65,4335 27 675799  2¢ (3.9264 29 72.1729 33 T4.4194 2}
Tée 6659 32 89124 22 81.1889 24 824354 35 85.6519 26 87.8984 237
9Ce 1449 28 92.2913 29
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CANRLE RICFERCA VELENO DIP-NDENTE DRALL'ACQUA
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00
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7

15
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17 18 1o 22
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PAGE 10
TIMFE STEP

CASD  CANDLE RICERCA VELEND DIP._NDENTE DALLYACOQUA

**x%xWATER DEPEMNDENT SEARCH

DILUTION FACTOR= 1.0000DE CO

MESH
INTERVAL POISON THERMAL X-SECTIDN {(EXCEPT FOR DIL. FACTOR)
1- 7 I.QGQQﬁE-OZ Je QRUUGE-G2  1JOCQCRE=(2 1 U0UDGUE-02 ‘pﬁE n2
8- 14 «OOCOCRE-G2 1.9“0?95 02 1 0O0DUDE-D2  1.00300E-(2 DE-22
15- 21 «DOONCE~D2 «OROOGE-02 1.0GRCCE-02 1.00000E-D2 UUE‘U?
22— 28 (.U O.z (40 2ol
29— 35 ;e 3 Nglk {ia ¥ NG
36~ 38 g} 0‘( (e}
RODDED POISCM REGIGN LEFT BOUNDARY= 1
RODDED POISON REGION RIGHT BOUNDARY= 21
RODDED POISON X-SECTION= 1,00000FE-02
MIN. VALUE OF THF WATER DEPENDENT POISON CONTROL PARAMETER C= G.0
FIRST APPROX. DBF THE WATER DEPENDENT POISON CONTROL PARAMITER C= 5.000CGDE-D1
MAX. VALUE OF THE WATER DFPENDENT POISON CONTROL PARAMETER C= 1.00000F 4O
COEFFICIENTS FOR rﬁlfUle!NG §A¥FQ DEP. ?”ISR X-SECTICON
1. 0G0GCE GO -2.1512E-02 Cal D2
GROUP DePs FRACTION RsP, FRACTIDN WeDoPs FRACTIDN FISSION FRACTIDN
1 .0 {1e0 (e «S1600E-01
2 04( el 0.0 2 484995 C1
3 252801F-01 2+ 52B01E~(1 2.52801E-(:1 L
4 1. 000008 00 1. 000008 G0 1. OCGCGE 00 Qe

TIME= 0O.0
1.O0Q00E~D2
«URO00E-D2
0.0
0.0

D.0
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CASO CANDLE RICERCA VELEND DIP.NDENTE DALLYACQUA TIME STEP D TIME= Q.0

REGION REGIONWISE EXPANDED CONTROL BUCKLING
1- 3 2.0CC0CE-04 2.00000E-04 2.00000E-04
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CASD CANDLE RICERCA VELEND DIPrLDENTE DALL®ACQUA TIME STEP € TIME= (.0
REGION COEFFICIENTS FOR CALCULATING DOPPLER EFFECT
1 2.28344F OG0 Q.0 0.0 0.0
2 2.28344E G0 0.2 0.0 Dl

3 2.28344E 00 0.0 0.0

A e




PAGE 13

CASO CANDLE RICERCA VELENO DIPL.«DENTE DALL'ACQUA TIME STEP o TIME= 040
REGION COEFFICIENTS FOR CALCULATING WATER DENSITY EFFECT
1 1.0000DE €O DL0 Oe Ge 0
2 1.00000F €0 C.l2 0.0 0.0
3 1.00000E 00 C.0 0.0 0.0
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CASO CANDLE RICERCA VELENO DIPENDENTE DALL'ACQUA TIME STEP- O TIME= (.0
REGIDN COEFFICIENTS FOR CALCULATING WATER REMOVAL X.SECTION
1 2.06871E 0O Q.0 0.0 0.0
2 2.068T71E 0O 0.0 0.0 0.0

3 2.06871E G0 C.0 0.0 0.0
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CONVERGENCE ATTAINED IN

0
m

ERATION

*k&WATER DEPENDENT SFEFARCH ITERATION
POISON CONSTANT C= 0.0

MESH
INTERVAL POISON THERMAL CROSS-SECTION

1~ <0 D0 N.0 e ld 060
8- (3.0 ‘,,‘n {3 {}Q 4 C 5 ’:).q
15- Co (- o0 A €] Cell (ta1d
22- (e ﬂ {3 e ] I
29~ 0.0 IR PRE DU 0.0 0.0
36~ GoC 0.0 (e 0

K-EFFECTIVE CALCULATION
ITERATION MIN. EIGENV. EIGENVALUE MAX. EIGFENV. POINT. CONMV. FIGEN. CONV. EXTR., FACTOR FLUX RESIDUE DOMIt

1 9.951838E-01 1.003199F 0N 1,003468E 00 4.128661F-N3  2.887732E-02 0.0 T« 600567 00
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ITERATION MIN. EIGENV. EIGENVALUE MAX. EIGENV. POINT. CONV. EIGEN. CONV., FEXT. FACTOR FLUX RESIDUE DOM
2 1.0002211E 00 1.003180F NQ +003273FE OD 5.295128E-04 1.811981E-05 0.0 4.960345E~-02
3 1.002894E 00 1.06G3181E CC l.ﬁ‘BZBOE 00 1.6731%45E-04 S.536743E-0T7 0.0 i +B61395E~02
4 1.C03060E 00 1.003182E 00 1.00321CE 00 7.462593E-05 1.907349E-06 3.298066E-01 9.352271FE-03 4,9
5 1.003142E 00 1.003184F 0D 1.003198E 00 2.7S6876E-05 1.907349E-06 0.0 7.0675109E~-03
CONVERGENCE ATTAINED IN K—-EFF ITERATININS
*%xWATER DEPENDENT SEARCH ITERATION 3
PCISCN CONSTANT C= 6.02062E-02
MESH
INTERVAL PDISCON THERMAL CROSS-SECTION
1- 7 6eU2062E-04 6.02062FE-04 6.02062E-04 6.02062E-04 £.)2062E~04 6.02062E-04 6.D2062E-04
8- 14 6.02062E—34 6.02062E-04 6.02062E-04 6.02362E-04 6.02062E-04 5.02062E-34 6.02062E-N4
15- 21 «0D2062E-04 6.02062E-064 6£.02062E-04 6.02062E-C4 6.32062E-04 6,02062E~04 0.0
22— 28 GeD Ds0 0e0 Ded 0.0 0.0
29" 35 C‘.ﬁ D.O G.O Q-G G.D ﬂ.{} D.O
36~ 38 U. 0 N0 Ce0
K=EFFECTIVE CALCULATICN
ITERATION MIN. EIGENV. EIGENVALUE MAX. EIGENV. POINT. CONV. EIGEN. CONV. FXTR. FACTOR FLUX RESIDUE DOM
1 9.99880C7E-01 9,999230F-01 1.CR0794E 00 4.569N%8FE-04 3,261566E-03 (.0 9.247191E-01
2 9.999143E-01 9.999260FE-01 1.000021FE Q00 5.33203CE~-D5 3.099442E-Ng N ﬁ 5.5578?0E -03
3 9.999208E-C]1 9.999253E-01 9.999484E-01 1.376970FE-05 0,0 @ 1.822112E-03
4 ©e999229E~-01 9.999255E-01 9.999348E-01 5,960908F-06 2.384186E-07 7%?1026 =11 1,0604601F-03 §,.4

CONVERGENCE ATTAINED IN K-FEFF ITERATIONS

*%kTHE REQUIRED CRITICALITY SEARCH HAS BEEN CARRIED OUT SUCCESSFULLY




58

PAGE
TIME STEP

1. 00000E 02

TIME=

1

RICERCA VELEND DIPcMDENTE DALL'ACQUA

CASC CANDLE

MESH GRDUP

INT,

HO_.DO
LI I B
L3O

0 00 O red
Cal3enes
[ |
[FRVETURI NS
D 0

e m
“« 00

IS gl oM ¥ [oN]

Caliwmdrd
Gﬁﬁ%
|
TR LRI TS
e
Qo
NN
ek ot 3
O\l gk F
LI I B )

e ot

OGN

o] g ot ped

......

NN

NN

Py e
[ |
i
Chomi ot
[aV] 7oY. ol o]
et
Ped AL A
e
LI I BN

(e e M o

O N et
twlwdle]
[ |
IRV R TN
LSO i CO
O O
O Cind
O
[TaY oV - 41T
LI )
O vt 04 €

NN
[ o R
[IRENEV
(o] g\ 14
[sal"aty]
[@Tetc]
[e ¥ g f o
* & ®

[T 41 o
Lours0

N (et
Cido e
P

OOt

oMneaenen

ot gt i et
[ A ]
[TRTFRI TN ER]
[l 2 K
[SVI Vot ol
e
0 O ot
Nelisl, g1
[
O i (NS

NN e
SO0
t 14
[TSES ST RINS
P-O-Co
o R
Ot
WO
["aTqV1e 61 al
LI I B
OO ol 14 01

OO

£ O

O T

L ECA

oS

s

LI )
SO e

oy (et
Cagads
111
[SEIVR]ERTTY]
e PN e1<¢]
~F oy eost

LNt

Leltel oi¥e]

ot gl P o
[ A
[SRIPE{ I TE]
b et
F OO
N
0 e
NoVely gl o
0o
Cr e (NN

OOt

OGN

e

oot ek oo pod
L |
(VORI P T8]
O ewd el
W\ b ot O
a2
o A
O O -
LI B BN ]

et O\

MO N et
QOO0
[ ]
LR
Nelyalselunl
OGN
D= CreNd
ooNG
[TaYo¥{-e]Tg}
LR I
CC poed et €

NN
[wTole]

L

O

[ of. o7 of. of

ol gl o et
(A
ML BRI
NN O
Lo
Menst~
Qe
OO i
. 0 &

O O

e N et
SO
Pt
LI
NGO
NIO N
fand- g ¥
PN
OO
* o o @
QL emrt et 00

NN
[udy Tae
Lt
[FRIRRERE]
M0
cunm
-y 0
O =00
(S Ll v
" e 00

OO

3
fol i
[
WL
[a3{aN
el
N
o
CHENC
LI

397E GO
270E-01
P TOBE-0]

768 0O

«21
«11
«14
o &

2
1
7
4

O

[eallepY eade

22G2E-04

[adur] ')
LI

G

52801E-03

o
0
o5

[T as Y oY




~N aQ [ | [ | t ot [N A [ | [N [N | [N [ !
(o] e W WL Wt Bl Wbl Wt W Wi WO Wil
Ak Q0 NEEM dmdn NGO TS SIS Fa0n oda Fobho  nlnind ~
L L e RO PO mdetF OO N DOE GO NN OO0 O OGO O
< GUE M~ 0. MmNy NN SN 0 FEO0TF FInom Finhm N o
< LY e A AR O DT e D OO AP et e AP et el
o Wi ™ Cemb SOEMN GO OGN OSSO Oonh COMMS  OOMM 00O O
o] ¥ e e e o0 e 00 0 s e S e, P ot e 0 e%as S s e esee @
© L & Pt OGOt OSSP O NG PO PN OmitE O
L]
-

. . NN M@ N (NNt DN e NON - Qe D0t NN OO AIe ™
n O C oo Cado OooC Codo Goo QoD OO0 GO0 GOas o
u. nunu__.__..__._....__...-.._.._.._._......
X e WL I Wy R s Wi Rhuotlel) Wi Wiy WU Ul
[ O m MONG INFON OOND OO S N DO DM O™ BT 3
b O @D FEmbe DDA OO0 OO OO Mt RENG G0 O

- Ul i D200t Qi GO Qe Cmt NG SN OO OIS -

O CCNG TN ONNG OO OO NN OND ONED o O
=W NS INNEID RN BAICIN NG NI NN IO SeCIn 1n
i ELVA . * o0 @ * 2 * 9 s 0 00 e g s [ I Y ® s 0 * o0 9 *® 4 % ® ¢ 00 L]
< N Wi et () it (N Lrdrd () Lot pl (0 Ot 4T Coomiomd () W pmired oy, Crdemi0 O
o Qo
oW NOJN NN NN NN [ ¥ TN NN NesN o NNy o~
o = [ ele faTe el CIEDEs Crends (o7 i) e Caen s QO Cal s <
v wd O 1t Fd [ it [ 11 I Ly P !
] - {TEEPNIVE: WL [ERTENIU) VHIRIE: TR INTY] Wity L [SEITRIEN] [FRTRRIITY {tH]
< w e ngrn M on O el o g~ TINDN e~ O [oREN o Vo ~F g e KNGO L
< X (W Ot St I [t Tyl —F Ll e Ll o i O ~txd 0 -l
[+ S U [l 4] Patel’ SO0 00 -y OO e i £ OO0 —ey X 00 —t
[ [VE17] 2P 00y O Lol oosl L1 O M O P 06 O-M -0 O -0 Le]
il O OO Odey OO Ot OGO S OO O o OO0 O
> ] [ S " e 00 [ I LR I Y LI Y * 90 0 o % o LI Y LN I B L]
T VWD Ve CONG  OOING OoinD OgiNG  OSNG GOoNG Oong o
~+ & & ot N o ~+ ot N & 3
oz O [ ew) (46 7o fw i ol feld] [ e [ ] Criss [e])
e | [ [ [ ] [} t 1| [} [} [
(TR I TE [FRITY} [FEITH il Wil [TSITH [SA]T® Witk ITHIT] I
Nk N ound ey 3oV [N 1Y el o ooy Ny [SNI,X.
[ ] G S0 jwlve] CinND T L Lo Co LSENS)
[+ Ve o N N NG oy N N N (&)
wevr N NN Ny NN NN NN tNON NN N O
Lo I o E 1 s Lw BT oPT T o T I e GGG Gond Solng Ol aoung o
<L X< . L PO A ] L Y LN N e p e LIS N o g9 0 [ I Y L Y * s 0 »
= M GRS S Sei D SOei DOm0 GO0 O Sorhd e O
2 o~ N N ey e N 0N mey ey O
OZ o Py us [&1e) fasTebl TS P S <o S
[ 1 [ [ ] [} 11 [ [ () ot
T 1Y (TH] oY} Wi Lt Likd Wl [FW TS Wil Wil [IEIVE
ik - < ot ollx 4 Pk g - gy ‘s
ot O oo L [ g s e [ L b L e CC [l
I W [ostur [seTe -l WL [« oot o [s T [ooF o] s
hos} [t~ NS NNy N N3 oY oG NG NG N
< Ol C© cointG Qoo eang Conag Colnd Saond Cond Qo cond ©
(&) ox [} " e * s v 0 " e 00 et LT I A ) e 90 s 0 00 LI N LI I 13
<L (=3 et OOt 300 e Ot SN e ey Ot SOt SNt 3N
-
-
e Z o~ [ty (321N Mmoo o (318 [saTgM] ey Mmoo Ny
La¥ CZ oo Lo ey fetw C3Ch [V wO o (W} ot LT ol
(e e | 1 1 t i [ (' 1l 1t [ 14
[oadi iR *¥) it W L (W] SR [ERT8} LU [ERIYE] wuy [SBIVH UL
Q- o ~ e - 3 -t - - - - -
s Q. < Cro T e T o0 folw SO e DS D
o W £ = ) [s¢¥ ] [setes] o = +F KT Oy el [eg e
b4 o N (3" w? N N N NG N NG o] 8
Lt w!l © o SOl GOng Sond Solo oonG CelG Sone oong o
() Poi [} " 000 "o 0o et [ e 00 e e * s s 0 "8 0 o » o0 e .
m o w0 SN e CHEON . G0N e QO N SO SN OOt OO0 O
[0
- ANt N e A OaOe anlNe Gientde et OO Nes OOQIes (0
o LE S Qoo oG Oodo SOk O Qoo Cooe QOO OOed o
e o T I I I O I I T T T T T Y T U NN N RO A S A T I R U T N R B N B R
o porbe LU LWL MWW LU Wl iy Wl Wgas WILDWI Wl w
Z b O DN DO s Ot N0 KOS e MOEN O e
J O 0 DM O O@Tiet TN MO Mt CSendt Sdam nom o
o U SN fleomar NI NN (O ANONE NOAIR NC N NCNNE N
W CVr o OGN DO e Ol OO et OSSO0 SO0 OGg LOE 6
-3 VBl N KKINEmnm K@ m  nino M s dcen DINEM noa Kindoal oty
I o 6 498 €40 e 4088 G0t v etE G a0 ences s ate te2e »
M <t VIR o SSTOV TSV €58 VT aVIRRS A NToNY SHRRN of NToNT ot IR o T A VIS o ST NTaVINER o N7 o VT VRS of SNT o NI VAR o VT oV QVAC
o
W b e QO DCrdrd D Ot et OOt OGOt Q@ OOt Q
o mm % OGQﬂ OOWG Lo OG%% OO OO%% GOG% GOﬂ% GGO% &
e : i | [ ] [ ! I
@ ettt ) WG Wl il Wit W Wikl WLl Wigbiid Wl Williue 1
Ve 0 PMemG OEE OO0 NNl 0 NG Mt NG Nd N e
e W SO OO OO oM OOMM VoY OO0 WOES O O
V] Mobie B My oo OGP ONG MG ot oM Ooiin ey
- Mot € el S et C e eided st el e st e Aot et e e
[ il N ONetrind Nedetd et Npmirdnd Cledeigd Nt Neirisd Nlemirdd - ONeteeind N
= oo [ [ R ) ® 0 0 0 PR * 900 « e o9 ® o0 ® [ B o e P o LI IS ) .
m @ N Nt NS NG i et N N It it
o 3
m m e N O eI AN NN e O N e e
[ (83
I
2] OO M- R OO O
W e riped  ptiedgn] e e pedpeiiet ()
=




TIME= 1.00000E D2

60
1

PAGE
TIME STEP

DALL*ACQUA

CASO CANDLE RICERCA VELEND DIPENDENTE

MESH GROUP

INT.

OO e

Mmoo
LK)

Chemdr
[T v

[T

Qe
e o1g}
NGO
i Gt
i 3
o0

-~

NN

(a6 o T ioy wp]
« " 0
[t @t wl

e
LR A
T

O

[l T
NN

Ueliall o et

TG
e e 0
o

OO
LI B I )
CHIt

NS

NN
NN

SOOC COO0
LI Y LI I I
[wlal el of alwiel

NN OO
o lwle] [ ele

[TV [ISIERITA]
WK omnmn
oo e
e jwl ooy
<0 o
PNt O
L N LR 2N I
O MO

CHECa ey DD
[ IR ] [ B B
CODO QOGS

Coao QoG
LI I TR B )
SOOOo GO

CLomens Qo
e e v e ®gaee
et T

e ot
i GOOs
1t [ |
[FSIPS VT VIR FE TR TR IR
K. o d VAT iy P
LeilitN R OC
SHUnenS MO0
It KOO0
Ot e OO 0D
[ 2 B 4 LI B

OF W et LN
COrirmt CCipded
004@ OG%%
|
Wi e
51 RS UIRS SV 1557 o 8
GO OO
OO N~
NSO oMo
Qe MO i N
* o & 0 4 00
e 00 N0 of

0N O

MMM
NN

(] oY wle

s & & 0

[T Y T o

CCoo
s 8 8 @
GTOo

ey
COCQD
[
Ldtl s
25 oo P v
O T
N0
gty sTop!
OO 00

[ X g2 T
s e

[Slaletle]

GO
* 8 0 @
OOt

Gl
T 9 % 9
[aTulele]

SO
ae e
OO

oot
CHEO

TRITS[TE
Sinem
D C
Q@

VIS o

- e

WICCEED
* o & @

DO

QT
"0 e

oL

[wlwTe e
[ I S
S




1.00000E D2

TIME=

X~-SECTION

1
NEUTR PROD.

61

PAGE
TIME STEP

RICERCA VELENDO DIPENDENTE DALLTACQUA

CASO CANDLE
MESH GROUP

INT.

oot
L I

oo

COO0
OO

oo
o0 @
COCo

Lo T Tl
20 00
foTwYwle

4254 QO
6366 QO
ngBE—Ql

2.1
1.1
642
4.0

L3V atie

cooo
* s a0
céeoo

Gl
0aD
0l
0

Cooo
L )

LQOCM

Laa VTt

oot o el e
e men

ﬁonn
“en
0000

AT O
-0 8
-

OGO
LI A

TG

[l led wl
LN B B J
[slolele]

oy

DO
e m

oooo
s e

Lond o2 o o0

QOGO
s 000

[ w i)

GO
[ 2 2 S )
[e{eTole

oMt

Lo
LI B
oTeo

oocc
OO

OO

OGO
PG

G0
0.0
a0
G.0

(el ot o] w]

e w e
SO0

NS

QoCo
LI B )
oooo

[eToletel
» ¢ 0

CooG
LR
o

F OO

il SV 1AL o

Falat/a]'y]
meneen

cOcCo
e b8
QQoC

0.0
6.0
0.0

COOG
» s 0w

(oTwlwele)

O

QCCO
"e e
COoOC

(wlelela
LR ]

QOO0

Qe
[elwlwle)

oy NG

e
meamm

cococc
LN BN BN )
Lol o o

[ e
N I N
LOOG

OO

OO

O
meEmo




62

TIME STEP

PAGE

1.00000F 32

TIME=

CANDLE RICERCA VELEND DIPFNDENTE DALL*ACQUA 1

CASD

GROJP1 FLUX GROUP2 FLUX GROUP3 FLUX GROUP4 Fl

DISTANCE

POINT

G R L R LA L0 L AU UL U U U L LU LU0 AL U S LU UL L UL L L L L L L L
NG i =GO O T i O (I CIDO N K N QO O i O (0 0O e TN N ST - e 0
F O ORNOONT LN NONMANNC MM CEDUND Ne-O M0 G
O i T T F XL et -G Pt N O TP SO X N A O e NN O L O N~
o o] N Ty ale BN o Y NI SV TVo TN RGN S\ R aul oY ou o XL FTo ofo o T oV I o X el 3T oY o¥ (T wn] o V1 LRV BTN )
GO RO CIN G O O NN O G R N CONNINC O O et~ C O
LI I I NN TN DN TN TN DY B BT BN Y RN R T O N S N B I B DN RN BN BN DN BN IR BN N DK I Y Y B R )
O\ O\ O] ol pod ord el g o e et o] o o i OO P SO A LS NO P B D oG 00 O i O N = \O N D

AEONEIRNMN O NN e 0 3333333333222221111110,0
111111]1111111111111111111111113111111

L 0 L5 80 L T 0 1 L L e A L A B i L A U L UL et
LS rt Dl D P D O AL A O D el O D OO DN O e F SN N T OO
o 00 g O P L ek €73 P i O s et O 520 50 Q0O OO O 3 M S OO O 00 e NI SN0 P (N e et
Pt d WP O O N QN CC O e S CO N T N CH O S O PN NSO SC N O D e T O ON N
O SF DO NN OO OGO OGS N D O P s 0 00 SF O DO N O PN
P P A 00 el 00 W0 i M Y C0 001 00 OV D 53 €0 00 QO NN (0 C et N 0O NN QO S NI ONCC O
® 0 9 6 0 % 9 8 o s P G 0P RO EE RSN ST PO EeEt se
C OO OO OO G 00 SO et el vt g eoed P o 00 (Nt T2 50 F Nt el (OO D

W oo s E 000 00 00 00 00N 0N 00 00 0000 O O OO OV O\ ol 1ol o gt et 3 65 €
ot el ] 1 e 0t g g 17 gt e gk el o £ e 1] 2 el g g ek e e o el e el e ] o] £ 1 e e ek ool ol

Al L L L L U U LA L 0 L L e L L G g s 1 s G L L 0 L R U L UL Y
PG e O 0 O CO U Q0 N O P P 25U OO 0N O 00 o G0 P 00 emd 003 OO P P 00 O O ek
CO 0 O P 00 O Q0 0 WD et WG N CO O ON S md P SO N D NS D T e CO 00N
N el N3 273 N e OO P U0 2 QO e QO e G G WD P et ST WG IO N NO N C OO N
0 00 L wd et I (710 00 pd Q0 ool O U0 O €0 P W N ND €U O rrd O 0 et o P emed A3 U0 €23 74 (0 ONND
OO N O et et DL O T O N et VN O DN OO O DN R NN O
LK I S I B S S T Y I T I A S IR N B I B I I B Y N B I B BN B B B Y B S I IS Y )
A 1ot gt e gt gt o el g gt O O O B N3 ND TG 001 O O el ot i GO LY 00 O gt et PN o3 ON] et g P i 1od (D

OO0 O 0O M e 0000 00 (O 000 0000 00 00 00 0O 00T OO O OO o wod g et eomd et 073473 €53 000
ol goeet el 1o o] o] poed oo el pare. g g #red roe] el £ el oo 4ol o el e g e gl gl o] ot gt 74 et o] gt gk g pored e premd

R L s L U L L U 1 L L L A U O L L AL LI L LU R A L G e
Wrd IO A OO NN NN N O G CHNG O 0 1N T MONO G SOOIV
DRI G O OO N 50000 M i e OO NN D NN e SN G O
OO OGNS RN ST G SN N e O SO P M N e IO NN G O D O M
OO pond O 1omed €0 073 GO O\ gt P 17 QLG G0 O O P L) gt O P S0 GO OO P 07 01 (P ON G ot €73 N €3 D e
O e L s et (PN N 0 N 00 O ND €0 GO0 LA 2™ 00 P D (N 00 N rid AL P e D0 00 o e 3
00’0000.o'ootaioo-.0.00-0....0.0.\.....
OGO O IO DN NN N 0O N et e SO LO OO O ON O nF DN e et 300 53 (Nt 2

COCCICHE D C T TIEH TS € rmd oot o ol ol g oo
(ﬂ(ﬁﬁ(@(ﬁ@@p\f[nﬂ{_\%mﬂm\_ﬂmu
i
B 0 B i L e L L U L L L L s M
GG 001 €0 M= o NG G0 O N g0y et 00N O o el - 000 £
D e e 0O P L O P e NG 0 et
TaYwitolsalurle NveturY T oale vlanl I PO @Yo aEN ol o ol
€500 %0 00 00 00 OO wrd OO P e P LN € 00 P Q0 a3 0
€000 P e P A0 5 VIO G 00 g eond £ P NG L 00 G i 0 G0 €00 € C I CH D DD O O DY
® 8 8 9 S % 2 00 3 P 0P O D @8t e NN e g e N e e
B e Lo L Lo T P P P P sa« o1 SRV  VaRC SN FOF o P T Lot wol Yo s T § 40 LT o LT o Tpl 0] 66

OO O OFOS OGO OL O O DN ek oot o groad ot o 104 9] 0o 1t
[ 67 T okl ealal ol 7 STl Wl st o] i) Ty o T har ek

b R £ A U L L 0 L UL U L L s R S L
GO QO M OO0 TN OJ OO 00 NG ON O S N PO N,
PN QAN QO I I 05 (O M3 0 O 0N et GO NN o i
OO Q0 ot P o) O O P OO QL SO P O OC 0O 0
[l TS kel o i oL I Tt ol o JRVoT o sl o o] o Sodfo of o
P O e OO O - IO NS OO OO oL OCS
[ S I I B B B AN N B A DL BN B R B I I Y R IR I I I I IR N NS IEIR R I Y
et red et pomd gl 4t pod g e goed ook O, QO P GO G OO DS L UCOOOLOOOESOL OGO

CIOIOI OO OGO OGS NON O et eed e g gt g poed ol i
(et lilal Slelitel el wivlislv oo leleldtele)

L b L L A L L b s S L e G L W L U L
C3% o OO0 P (O e N € et U QO SO OOND O G4 0D
15000 00 L0 g OO P o 005 O B 06 G0 P o OG0 nE 0O
ONE QO O N0 YO G GO P P O B
OO ot 3P s 090 il L2500 00N O 5 O - O
OO N el et I 0O O et L OV (D O D € C S O E R O QI CI I SO
L2 2 TR N BN N BN IR B BN B B N I K R B Y N I N Y R I BN T R N I S R N
Pl e goed 0 g gl goed o e i 0o £ CO P P O UAE NG OO GO O QOO S

OO OO OO O OO O pod 0 g 4 o od 174 g g
CLOCQoLOCOQTUOOmCOod

o 4 L L L U L L U i o L L U L U s g L
OO 0 et (€543 Q0 oF o NG N L OV G P e F U
385587436?6215293?21
C 0 et 0 O B NN S T2 i 0 CO P~ O G 000
AN O S G et D O O 0 TS P P 00

NN NN A SN A TN O N OO CLC QoGO OO
o % 0 00 9 9 0 0 0 2 g 0 3 PR N OO NP NN NN er e

Griet e e el e - O P O F OO CCOCCOTTOOUCOLC DO

Cﬂelllrlllllll.l11111111111111111,111111
[STelETEtel slwlwlalol ol eTolel el ululel el o1 wlalutwloTorulelul el alel ol wl @Yl &

i Ui Ll U e U i e e s i U R s U ks U U L e Rl i e L s B g W S L L L L
CLOCNNOOMCNFT O TGN OGO C OGO O m
Pt i GO M = O P F O M N SO QM F OGO NS TN QN e GO~ et
MO IO OO DT e UM MU o O o B NP NP o 5O et VSN O O
et O N 00O T OG22 00 NOALOC 0 8 P O e £230C O 0 1ot o3 w0 D 1t o NG O et o N0 60 1 (1)
GOt DO NN OO N - O O I 08 o0 CO NI N o it NN~ O N
S R 2 8 0 0% 2 % 2P P 28 0 0 8 PO A PN e s s s gt
CONIOLEC et et 4 el O O OO0 00, 00 T SE DO OISO OO O PP e g O O O O

et O OO 0 30 P 00 O Tt O 0N 3 U0 B €06 O £t OO N OO - 00 ON S et OO DD P 00 O
rd it e e o e e OO OO OO O OO OO0 00 00 (0 0000 o 00 o0




1. 00D00E 52

63
1 TIME

PAGE
TIME STEP

POWER DENS. AVERAGE NEU GROUPI FLUX GROUP2 FLUX GROUP3 FLL
ALU TRON SOURCE

- ENS
S. PEAK VALUE

DALL"ACQUA

CASO CANDLE RICERCA VELENO DIPENDENTE
VOLUME

ME SH
NTERVAL

L U L LR L B L L LT L U b L U 1L L R L L L L L L L Lt
OO LD et o SO OO et 00 e SO N CE N O D O O O D o el N O U N 00 0 O
82648193635296390865134625983337091493
D0 P e O OGP et v QO LN O P D NP 00 DO O 000 S VNI O O i 0 s nt
oF OO 00 €0 00 30 w00 00 3 LU M u 40 i U0 O 10 3 0N QO D 00 o o P o I L ot
P CNF SOOI NSOV O 0N et U0 C D 0 o N0 €0 ed P £0 DN et (0 AL LA T
L I B R Y IS I R I I I I I B B SR R I I R B IR B B NN |
PO OG0 Q0 00 e P D NO Y B 3 001 00 N O\ o e 1 7t 00 500 i O] 1ol emd 0 40 00 O\ ol QO T ot

s F g od o o 0O 00000, 00 60 0 N0 00 0O 00 07 NN O N N ool e et 1l gt € (O
et ek et g ] et el ot 8] ol e gk oo P2 gt 1208, gt e 12 o] o g £ ] gt oo o] o ek 1o g god oed et g g gt €18

LU I LU U U U 0 U LU L WU L L L B L B L L L L L s W L L U e AL
N YO el O OO GO 17300 00 (0 00 (0 e O OGP LO O O U0 SO - 00 DI QRN O 0N
NS P 0 e 0O OO LN 0O e e DU P W el o a2 O G O RCO N 0 S N O o3 O et
OO O ot (NP NO 30O DN O od G0N0 O e (8 P €03 od 061,00 P 50 00 QO Q0 LD L2 T2 med QN OS I
GO NN S0 i O P M G N 3 T e OG- D 00D S e e U0
OO AU et oot s 00O P OO (P et 00 3 0 F et 013 0 i (N GO P P T U OO O pond P
" 0 0 o0 8 0 b gt g 2D g s 0 0 09 0P O 0N s N e RN
7 ot g ool o gt ot o ] O OC Q0 P M0 o 003 O et et et et e o PO ol CC L OO N i R OO CR

OO0 M0 0O (NN @7 0N 00 0000 00 00N N 00 0O 00 00N O NN ON O et 10w e e £ €5 2 O ON
gt el o e ol e el 774 o gt 1k o] 9 o 0l e oo 1] et o o] ek ol o e o o] 1 o el o e ot e o s

L0 L UL U L LR L L L L U L 0 L G UL ) LU L L B U L G WA L i U s g )
Pt N CC O P SO 3 O E CARON N T O G OO £ NSO O M B T N O NG e OO O
D P 4 DG mA N P N 0 et 23 00 P oy AN GO O S0 S 0N O L OV O oo S OV N
31852n?(5094973911618]9(66290985573185
SN O OO O N O N QO W O NS O P O O U N M 3 00 00 G e N E0 0D
OMAOF NS M G D et YO 0N P e W 0 00 it e OO 23 QN N 00 e OV G 0O P LN
P 9 ¢ 0 5 2 0 8 % 9 8 2t T g B e P E e Pt A et s
BOC OO O PO U 5T PN O i ged e O P G 00 b 0o OC LO 0N O et O LD OO i LY

MM IO U N N N
i el oo ool 1ol e e el 47 ped et gl proed 1ol gyt ped e poaef pd o

M B L b L U M B s W WS A L
€0 vl ot 50 U O gred O OO RN QO e ed O P NN
st F OO O N OOV NS O T N - O
TatuToaiN of s ST PEMT QT TSV LY ON] T G T el o FanT Voo TN T oV
NN LD O T IO P LG et O e ON O O
CHHI T Pt O T O G ANO O O O T OO G DTN e
2.0 6% 00 2 0% 0 0 0P g e g e NSNS e
b et gmod O 1 O G G5 GG e P A SO MO N 0O O N N T O SO O 0 T i i S e S L O s o b

€3 O G (I O €3 T pd 0t o ol et 1954
Q@GGCGGG&GGGO@C%W%%@
i
U L L s b L U L g i b e s L s
G ONF O N SOOI G NN OO O L O
[oR 7ol o V] BT oY S o o] V¥ Y. oF F BRI PR T N o ¥
el ON PO 00 N OGN COLOUNG UL 0 20 F NN
Ca P M F 0 O O et OO ON Nt C
O P P e A DN 00 O N e 5T (e 23 O O N CI S CH B I C3 0 O OO S CIEL I CH B €
U I I I TN I N K B BN BN B K B B B B TN T B IR I DT INY O BN N NN IR BER N N B W
et rel s e et e e e e e e GV O PN SO O GOOGE QOO RO OO

OOV OUON 04U O O O ON 0N 1 oot o 1704 gored 1ooed, 00md o o] g
O I I CiC. S

L R UL L U L b W W L g L e W
€ 001 P Qe 001N e P O C0AD 063 P T N el - 10
Pt OO0 0018 O Pl OO ot P OO S 00 N ed oot
?3981771916782662368
OO CANC N QU UM T N it G O CC N

333?2211(C6P35701361((((C((ﬁ@09@@ﬂ@ﬁ00
LI O T ISR T I N JNY TN N R N N SN DR I T T T IR R NN BN NI Y I R B S R
o i rd el g e 1eed ek e ot 0 O8O0 I OO N OO G OIS O OO O OO al
[ARToRE o R . S o gL gt s o . o S JBS R oK oL o
COUOCULDUGUOCOLnTOOTO
R b b U L L b s R L L G i U s L U
i OO e e P e P Py b Q0 S0
N O (O SN P Qi D L D
& el et S et (0 O OO WO N €D it N CEON C
C 0 NN emtnd O U ST N WD 0 0 0 0D
OOC G N OO 0 C0 UM 00 €% b ed 0 N O - 7 R S 2 O D O O O O S S o o L
ooot.-o.o-oo-ooao:ocoo.caooaonoccoo-co
MO I MG F IO G ST O GOOCOOoL O ool
leldteTal Lol elule vl wiwlala b tw W TeT uluwte e Latole fatelal il orlerllo Ll w i
[Tt G T ottt anl et 6T oSl Sl ORF il el s 4Y Wit attant ant il anl et s off il ol el kel T oot arl sl Ruirtand v
L U L L L U L L B R L G0 L L e W U G B L B A UG L WO R L A L
B A R A A R R IR IR R R g S USRI R P SRC S S CSC S Uy RC U X X
A RS BRSNS B S i e s B X e e e B - O s

N D GO MO OO 00N (O N 0O MO M 0O V0000000 OGN MO DO N M0 M
Q0 O 00 00 0 00 6 65 60 00 00 ¢C 00 €0 ¢ 60 OC 63 €0 €5 X €0 80 €0 60 O G € 00 40 Q0'00 00 O ¢C CO 0 0
NN IO N NN OO N NN OO OO N N OO OO GO IN NN N NN N N
L I A N I R N I N R N N N N N A LI I N
AN OO NN OO OO OGO OGN IO O N N OGO N O N SN N N NN NN

et OO AN N TN N I O NN NN NS N OGN I DN N OO (0 N ORI 00 0N (0 00
CLOCOLCGOLOOCUOULLULoLQULUiLULoOCCC

ke bl Lt U L Rt i b e B ot e 1 i B s s b e ) i Lt i s L i B e L s W U
P ol O St NGO ND P €0 et N o0y 080 - Q0 i OO P A0SO B0 (N et N OO P DWD
WO D O OO C0 et N P o ST P 3 0 8 O QO O NN (O 10 0 60 N O - 00N
VoYt 'oT o TooL o ¢ (RC L TT S Ras RV ST IV oT ST U oNT R o o ¥-'s TN o aY o atand SN PRRTONER NG T ol o (T T oa Tt ¥ ol o)
P OO G N el e e S T O G O CNG N O P D e S NS O OO NN
N3 s OUP O P O o O = O D D et NO o AD 1d N G 0 C T o 5 00 P (0 R et et et ONT O O
2 8 R 0 8 O 9 4 R 3 O 2O g ¥t RN et gt
O e O O 00 0N o WO ND a0 - P 00 €0 O8N O 000 005 GO QP G G vod 1ol gred et ot o o ek gond 7t

e 0 00 N 40 NG P OO O O 00T 1603 N0 P G0 D S0 et D o LDV 0 P €O OV el N OO IO SO IS CC
ot et oed ot et e e 2 el e N N O OO OV O O U OO G 0 D00 0N 0O 00 00

AVERAGE POWER DENSITY= 7.38195%E 01

9.9(:625E 03

CORE VOLUME




64

PAGE
TIME STEP

TIMEF= 1.00000F D2

1

RICERCA VELEND DIPENDENTE DALL'ACQUA

CASO CANDLE

CRISS-SECTIINS

FLUX WEIGHTED MACROSCOPIC

140E-14

Moo
LI N
i

84 5905F-03

e
LI I
[T o

lulale
L ]

(el o
Ciiatd

[YSTFISY]
NofVel ]
Neamn
(e sllal
Uit

* a0

L AY+]

oo

Lt
- QO
05 el
jostwr]lg]
[Fa¥ 3T

LI I J
(el T2

Qs

[FeTTEL IV
~ON N
ooy
Lel'ak o
NO
LN BN ]
Ot N

=~ OO

et ol ol

(oY w1
P
e Twte]

[0
LA I )

ety

2.5280E-03 1.5220E-04 |
G.0

Cell
(a0

1.0000C-02 1.300CDE-(G2

G
G

DE-03

#
A

28

G
® e @
o

vt
o
[N
il
MenQ@
N et
Fom
e O
LR BN
[T aR¥e;

i O\ 0O

menem

G5E~:1 4.%1615—12
A

9

oo

9.0
3.0
5.0

EL,OU208E-24

00

0
Ja Q)

03
g1 G,
02

oF-
3E-
0L -

NG

1
1
3

338 da]
¢ " e
[V ] gade?)

o] o] i
(] oY

T

FLUX WEIGHTED MACROSCOPIC CRNSS-SECTIONS

REGIOM INTEGRALS

NEUTRO!
PROD. R/

REMOVAL
RATE

AVER AGE
FLUX

INTEGRATED
FLUX

VOLUME

RP REG.

(] wle]
* g @
Sy

(aTwlw]
LA N
[Y o 15]

ot gt 4




65

PAGE
TIME STEP

1.00000E 02

TIME=

1

RICERCA VELENC DIPENDENTE DALL®'ACQUA

CASO CANDLE

REGION INTEGRALS

ABSORPTION DIL.

NEUTRON
PROD. R2

FLUX RATE ABS,

INTEGRATED AVERAGE
FLux

VOLUME

P REG.,

[&T & Terl
TR

[t len)
Sl

(sl

. 2063E U3
Je.1648E (2
1.5994F 04

1
2
3

Y
b

- 5

8.0720F 13

3

£
A

~
i

407E 15

O
. %8

e e

6.9143E 13

G
" e
Lonkindve

et ang o0 ]
LI ]

v o gaf

NGO
i nF O

T
NG
s 00

3
1
8

1.1484E 15 1.1484E 15

~
.\

¢

8.03938F 14 (.0

2.6587F 16
2.4453E 15

2
2
2

]
i
1

£
£
2

oo

59
20
34

-0
. ® 0
il

[aad 4RV
et gmd
[T TN EN]
it
8!“.44;.
TS -4
L
00N

[ TavE o
[t
[ITE v
O
LNg
@ el

LI A
[exRoay ]

N

o




PAGE 66

CASD CANDLE RICERCA VELEND DIPENDENTE DALLYACQUA TIME STEP 1} TIME= 1.00000E 02
FLUX WEIGHTED MACROSCOPIC CROSS-SECTIONS
{PDISONED SIDE t 1, 21)=REGICN 1
UNPNIISONED SIDE { .21, 21)=REGION 2)
P REG DIFFUSION TRANSPDORT ABSORPTION DIL. POIS. ROD. POIS. WATER DEP.  REMOVAL NFUTR PRDD ENERG PRNOD TRANSVER
COEFFICIENT X-SECTION X-SFECTION X-SECTION X-SECTION X-SECTI3N X-SECTION X-SECTION X-SECTION BUCKLIN
1 1 2.2177E €0 1.5031E-01 4.5626E-03 0.0 G0 DL 6£.9611E-012 8.,5905F~03 9.6140F-14 6.6972E-
l. 2 Te O EQG ('.G D0 C.C C.C’ QQO Pcﬂ G'\} f}.{}
2 1 1.1140FE CC 2.9923E-01 2.5688E-02 (.0 ol Cal . TTINBE-(2 1.2685E-03 1,6540F-14 H.69T0E-
2 2 ‘e O Co 3. 0 (.0 0ed D0 2.0 g.n 0.9 0.0
i 1 T7el427E-01 4.666TE-01 2.8731F-02 2.5280C-C3 2,5280FE-03 1.5220F-34 5.4385FE-02 1.8214E-02 2.32953F-13 6,6970E~
] 2 0.0 Nn. 0 DG Ce0 Gl 0.0 0.0 0,0 .0 0,0
+ 1 4.4098E-N1 7.5589E~01 2,.3150E-141 1.00000-02 1.0000E-02 6.0206E-034 0.0 3, 5906F-01 4,7161E-12 6.E69T0HE-
¥ 2 0.0 GaO t.0 CeD Ce O 0D 3.0 D0 D3 0.0
RODDED PRISOM REGION INTEGRALS
{PDISONED SIDE 1, 21)=REGION 1
UNPOISONED SIDE { 21, 21)=REGION 2)
P REG, VOLUME INTEGRATED AVERAGE ABSDRPTINN NIL. POIS. ROD. PRIS. WATER DEP. TRANSVERSE REMOVAL NEUTRON
FLUX FLUX RATE ABS. RATE ABS. RATE ABS. RATE LEAKAGE RATE PRON. RA
L 1 9.9063F 03 S5.3103F 17 5.3605F 13 2.4229E 15 (.0 0.0 0.0 T.B866F 14 3.6965F 16 4.2351¢E
1 2 600 Po{:‘ (hog (300 {Q-:’ 3.0 300 P-C’ Q-F) [ER
? 1 G.9063F (2 6.9991F 17 7.0654E 13 1.7979E 15 (.0 GeQ Jel 5.2215E 14 4,7387E 16 1.3997E
? 2 G0 L.Q Gl G0 (ta O G0 Je0 Gs0 DB 0.0
$ 1 9.90623F (3 5.3035F 17 5.2537F 13 1.5238F 16 1.3407E 15 1.3407F 15 B8.0720FE 13 2.536G9E 14 2.,8B43E 16 0.0
5 2 (.0 0.0 U.C G0 0.0 2.0 J.0 G0 3.2 0.0
t 1 9.0063F 03 1.1484F 17 1.1593F 13 2.,6587FE 16 1.1484E 15 1.1484F 15 6.9143F 13 23,3916E 13 0.0 0aD
¥ 2 0.0 Ue G C. C.0 "o 00 0.0 Ca0 0D 0.0
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CASO CANDLE RICFRCA VELENO DIPENDENTE DALLT'ACQUA TIME
? REG. VOLUME INTEGRATED AVERAGE ABSORPTION DIt. POIS. ROD. POIS. WATER DEP.
FLUX FLUX RATE ABS. RATE ABS. RATE ABS. RATE
TeRe 246817E 04 5.6028BE 17 2.0893E 13 2.4427E 15 0.0 0.0 0.0
TeRoe 2.6817FE D& T.444CE 17 2.7758E 13 1.7982E 15 C.D 0.0 0.0
TeRe 246B17E (04 5.8045E 17 2.1645E 13 1.5421E 16 1.3407E 15 1.3407€E 15 8,0720€E 13
TeRe 2+6817E D4 1.4988E 17 5.5889E 12 2.9836E 16 1.148B4F 15 1.1484F 15 6.9143E 13
NEUTRON BALANCE GROUP BY GROUP
GROUP LEFT LEAKAGE RIGHT LEAKAGE TOTAL LEAKAGE TOTAL LOSSES
1 CeC 6 114211F 12 6.114211E 12 4.235103E 16
2 0. € .BBZ?QOE 12 <832490E 12 +306975E 16
3 2.0 4.,537110E 12 4.537110FE 12 «O7T0962E 16
4 0.0 3.209508E 12 «209508E 12 3.224848E 16
REACTOR NEUTRON BALANCE
VOLUME LEFT LEAK. RIGHT LEAK. TOTAL LEAK. ABSOR. RATE TRANSY LEAK TOT,.

68171 04 G.0

LOSSES TOTAL PROD,

&7
STEP 1 TIME= 1.00D00E 02
NSVERSE REMOVAL NEUTRON
AKAGE RATE PROD. RA’
931E 14 3.9073E 16 4.2351F
616E 14 5.03710E 16 1.3997E
369E 14 23,2248E 16 0.0
473E 13 0.0 0«0
TOTAL PROD.
4.235103E 16
5306972E 16
5«070957E 16
2.224850F 16

TOTAL PDWER TOTAL FLI

1.96933E 13 1.95933F 13 S5.63282E 16 1.70263E 15 5.634T9F 16 5.63478E 16 7.31275E 05 2.03500F
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