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In-Core Fuel Management" of the International Atomic Energy
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Program, Name and Title:

LOLA System, a code block fcr Nodal PWR simulation.



The LOLA System is a part of the JEN-UPM code package
for PWR fuel management, scope or design calculations. It is a
code package for core buranup calculations usi '
based on a FLARE type code. The LOLA Systam includes
dules; ths first cne (MELON-3) generatss *he constants c¢f zhe
K_ and M correlations to be input into SIMULA-3. It needs the

[\S]

K_ and M~ fuel assembly values at different conditions of mo-
.derator temperature, RBRoron concentration, burnup, etc., which

are provided by MARIA fuel assembly calculations.

. The main module (SIMULA-3) is the core burnup calcula-
tions code in three dimensicns and one group ¢f energy, it
normally uses a geometrical representation of one node per
frel assembly or per quarter of fuel assembly. It has incluced
a thermal hydraulic feed-back on flow and voids and criticality
S

eazrches on Boron concentration and control rods insertion.

The CONCON code makses the calculation of the albedoes,
transport factors, K_ anc},M2 correction factors to be input
into SIMULA-3. The calZulation is made in the XY transversal
plane. The CONAXI code is similar to CONCOCN, but in the axial

direction.
3. Method of scolution:

2
MELON-3 makes a mean squares f£it of X_ and M" values

at different conditions in order tc determine the constants cf
the feedback correlations.

SIMULA-3 uses a modified 1-group nodal theory, with
a new transport kernel that provides the same node interface

lezkages than & fine mesh diffusion calculation.

CONCCON and CONAXI determine the transport and correction
factors, as well as the albedoes, to be input into SIMULA-3;
by a method | of leakages equivalence to the detailed diffusion

-~



calculation of CARMEN cor VENTURE, these factors include alsc

the heterogeneity effects inside the node.

No. of X,Y,Z ncdes < 15x15x17

No. of material types < 15

Mo. of fu=l assembly types < 15
5. Unusual featurss of the system:

_ SIMULA-23 uses as input data the intsrface units gene-
rated by the other modules, with the correlation constants,
) . - s . 2
the transport factors, the albsdoes and the K and M~ co-

rrection factors.
6. Relationship to other programs:

-

MARIA System generates the K_ ard M2 values at dif-

ferent conditions to be input into MELON-3.

CARMEN System provides the detailed fine-mesh fluxes
and the cross sections by zone to be input into CONCON and
CONAXI ccdes.

7. Other programming, restrictions or cperating information:

None.

8. Computer and language.

UNIVAC-1100 and CYBER-835.
FORTRAN - V.



9. Typical Running Time.

The module with a more relevant running time is the

SIMULA-3, with about 90 cpu seconds per burnup step in the
UNIVAC-1100/80 or in the CYBER-835.

10. Operating System.

UNIVAC-1100, EXEC 8; CYBER-835, NOS 2.1

11. Machine regquirements
18K works for the code source and about 38Kwords for
the data.
12. Availability.
Available through the OECD-NEA Data Bank, Saclay,
France.
13. Status.
Production.
1l4. References:
1.- J.M. Aragonés, C. Ahnert, J. G&Smez Santamaria and I. Rodri-

guez Olabarria, "LOLA System, a code block for nodal PWR
simulation". 12 parte JEN-568, 22 parte JEN-571 (1984).

J.M. Aragonés, C. Ahnert, "MARIA System, a code block for
PWR fuel assembly calculations". JEN-543 (1983).

C. Ahnert, J.M. Aragonés. "CARMEN System, a code block for
neutronic PWR calculation by diffusion theory with space
dependent feedback effects". JEN-515 (1982).
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1. INTRODUCTION.

The LOLA System 1is a part of the JEN-UPM code package,
for PWR fuel management, scope or design calculations. It is
also a code package for core burnup calculations using the no-
dal theory. The CARMEN [1] and MARIA [2] Systems complete the
whole JEN-UPM package.

The MARIA System is the fuel assembly calculations block,
and the CARMEN System is the core burnup calculations block
by diffusion theory. The LOLA System is based on a FLARE
type [3] nodal code, three dimensional and one energy group, this
is the SIMULA-3 code. The SIMULA-3 code may use the geometri-
cal representation of one node per fuel assembly or one node

per quarter of fuel assembly.

The LOLA System also includes the MELON-3, CONCON and
CONAXI codes (Figure 1).. MELON-3 makes the generation of the
constants of the k_ and M2 correlations to be input into
SIMULA-3. It needs as input data the k_ and M2 fuel assembly
values at different conditions of moderator temperature, Boron

concentration, burnup, etc.

The fuel assembly calculations for PWR are made by the
MARIA System.

The CONCON code makes the calculation of the albedoes,
transport factors, k, and M2 correction factors to be input
into SIMULA-3. These parameters are obtained in an explicit
way, by a method that preserves the same leakage values in the
nedal calculétion by SIMULA-3, than in the reference calcula-
tion by diffusion theory with CARMEN. The calculation is made
in the XY transversal plane.

CONAXI 1is quite similar to CONCON, but in the axial di-
rection. The four codes are connected. by interface units,
those comections jointly with the connections to MARIA and
CARMEN Systems can be seen in figure 1.
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1. SIMULA~-3 Code.

SIMULA~3 principally determines the region-dependsnt power
{nodal pcwer) distribuzion for 2 reactor cors with three dimen-
sional (XYZ) geometryv. The model is tasad cn a medification ®o
& one-group cdiffusion thecry in which only the average parame-
ters, infinite multiplication factor (k,) and migration area
(M%), of each region are invclved, The leakages from one region
are treated by the "transport kernel', ich is a function cf
the migraticn area and the ncde size. The lateral and axial re-
fiectors are replaced by the alkedc factor at the core surface,
so that only the regions within the active fuele€ region are

considered.

This code allows three dimensicnal core calculations
under reasonable computer times, and provides the spatial dis-
tributions of moderator density, neutron source and exposure
including the equilibrium Xenon influsnce, and by opticn, it
is able to determine the temporal evolution of I-135 and Xe-135,
the critical soluble pcison concentration or control rod posi-
tion, and permits the -refuveling and shuffling of the Zuel

elements at any time in core life.

-
!

The original code [4 has beem extended with many new
options and procedures, which have been developed specially

for PWR applications; accordingly the criterium adopted was to
eliminate the options of the o0ld wversion which were not of use

in the PWR procedures and applications. It is possible to use one
ncde per fuel assembly, or one node per quarter of fuel assembly;

but is recommended to use the seconé cne for PWR calculations.

The complete calculation, which is Ziterative in nature
consists of essentially four levels of iteration. The four

levels are as foilows:
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a) Scurce or powar iteration.

b) Vcid or moderzator density iteracion.
¢) Critical searches.

d) fuel burnup.

In the following paragraph the prccedures used at each
level cf iteration will be described.

1.1. Methcds and procedures.

1.1.1. Physical Modsl.

I.i1.1.1. Source or Power 1lteration.

S, tre rate of production of fission energy neutrons at

node 2, is given byv

>
wn
i
o
l—.l

whers

A, 1s the absorption rate at node 2.

A is the eigenvalue.

As defined by Equa*tion (1) k, 1s identical to the usua-
llv defined k, only when the spectrum at node 2 is identical
to that which would be present in an infinite array of nodes
identical to ¢. With nodal spacirg large compared to the ther-
mal diffusion lenght, L, and large compared tc the neutron age
from significant resonance capture energies tc thermal energies,
equation (1)is reasonably well satisfied with k_ egual to the
usuaily defined k_ calculated for an individual cell identical
to the volume associated with the node L. This approximation
is assumed in the Nodal calculation and is not unlike similar
assumptions made whenever discrete geometries are replaced by

homogenized cells in diffusion theory calculations.

The absorption rate at node £ is written in terms of



absorption probabilities as

Smwml * SZWZZ (2)

8~

where

L) is the probabilitv that a neutron born at node m 1is

il A

ultimately absorbed at node 2.
Combining the abeove two eguations one obtains

S, = ko] S W , + k_.S
m

Py

A ﬁsmwmi
i X (3)

1 - 22y,

A I

the assumption i1s made that sz is finite only Zor nearest
neighbor ncdes so that the summaticn in (2) and (3} is taken

cnly over the six adjacent nodes. To account for leakage from
nodes at the core boundary, the gquantity n, is introduced. -
n, is the number of missing neighbor nodes and is egqual to zerc )
£or interior nodes. In each direction in which the neighbor ncde is
missing, there will be leakage at a rate determined by the boun-
dary condition. The boundary condition at each node is expressed
by an albedo, o, for each direction in which there is a missing
neighbor. In each direction, ¢ may vary from 0 for no reflection
of neutrons to 1 for complete reflection. The nodal alkedo ¢y

1s taken as the sum of the albedoes in all directions in which
there is a missing neighbor, Thus for a given node o, may vary
from 0 up tec Dy . If there were no reflection of neutrons, o

would be 0 and the nodal leakage would be given by

= S W
Ly = 5,%a™s

A positive value for,ap can be considered equivalent to a reduc-

tion in n, SO that the - léakage in general is given by

L, = Slwgm(ng—az) (

0
X

NS



The leakage probability is then

[

g .
§Z B NZm(ni =

—
w
~

2
All neutrons which do not escage frcm their node of birth are
eventually absorbed there sc¢ that the ncdal self-zbsorption
probabiiity W,, is the nodal non leakage probapility which can

be written as one minus the probability for absorption at neighk-

bcring nodes minus the probability of leakage:

= 1 - - YW — -~y V =
Wop =1 7 (8 = 0%y = By )Wy
== - (= o~ 3T
l e wzllqzm (6)
Substituting equation (6) into equaticn (3) results in
k i
' —;ﬁf{Smez
Sl~= - k — (7)
1= =225 L (5ee,)w
AL 2 'Zml

where the prime indicates summaticn over six adjacent nodes.
A more general form of equation (7) has been coded for the
possibility cf Wy naving different values in the horizontal

and vertical directions in the form

k

mQ’ v v ) h ‘h -
IZ Smwml T z Smwmil
- {m ] J
S2 = = (8)
o) [ v, .,V 2 h Wh
1 'T”’tl (2= )Wy = (40 )W

where the superstripts refer to vertical and horizontal values.

In the steady stats the summation over the entire reactor of
the absorpticon at each node {(frcm ag. 1) and the leakage at

each node (from eg. 4) must equal the summation of the source
at each node (eg. 7 or 8):



S,a
S, =1l g—+1 S, W, (n,-a

) (9)
Keg

o~

2

whers n, and mzare:&ﬂn at all. internal ncdes so that the second

term on the right gives a contribution only at boundary ncdes.

Solving (3) fcxr i gives

S - 5 Y -
1Sg = [ Sgipq (ny=ay)
= z i~ (1
A S, (1C)
L %
2 =y
Equation (8) and (10) are solved iterativel; starting from

an initial guess for the source at each node and ..
The source interaticn locp is described in Figure 2.
Tn the following parragraph the transport kernel expressions

and the source iteration eguations will be described.

a) Transport kernels.

The transport kernel wim represents the probabkility that a
neutron bern at node & 1s absorbed at node m. Using ons dimen-
sional difZusion thecory in a uniform infinite medium one can
calculate the probability of a neutron bkorn uniformly in a
slab of thickness r to be absorbed in an adjacent slab of
thickness r.

l
¢‘?\& 4~ Fegidn j —»
; ;-~\f\\\\\ 2 2

o)
l




Designating the region with a source with subscript 1, and
without a source with subscript 2, the general soluticn for

the flux in the two regions is given by

X =
=
., = A eL + B.e ¥+ é_
o l l 4
a
£ X
N L L
», = A, + B,e
2 pi 2

The boundary condition that the flux is symmetric about x=0
{current = 0) requires that A =B, . The boundary condition

4
that $,+-0 as x+», reqguires tnat A =0. Equating the net currents

2
in the two regions at x=r/2 results in

»

=
BZ = -Alfe - 1

Equating the fluxes in the two regions at x=r/2 allows cne to

evaluate Al and BZ' The soluticn for @2 is

e
i

1!
N
!

3r/2

f L 0, (x)dx
absorptions in region j r/2

W, = o = — o = =
ij source in region 1 /2
| six)dx

r I :.-r/z

[ = ) X 3

Sie“ - 11, LT.r/Z

=l ——— -L) |2

| = i ‘r/2

L .20 /

= ~ &
Sr

{
L -f
= 3 .Ll ~ 2 + e » (11)



The wij value versus B=L/r exhibits a broad maximum near
8=0.8. For small values of 3, large r; Wi' is small because
the probability that a neutron escapes from its region of
pirth is small, For large values of 3, smz2ll r, Wij is small
because the prcbability of an escaping neutron being captursd
in an adjacent slab of the same thickness decreases as the
thickness decreases. In this case more neutrons are absorbed
further away from their point of origin and interactions
beyond the mearsst neighbors would be important. For small
values cf 8 (i.e., values of r>>L; the first term in equation

(11) prcvides a good approximation to W, ..

For ths case in which the mesh spacing is small compared with
the migration length M, ordinary diffusion theory would ke
expected to apply. Fox k_ and M2 constant, the differences

form of the one group, one dimensiornal diffusion equation is
2. + {kw B BT 5
Qie1 T 29 iz1 T !-£§_“ h™e;, = 0 (12)
\
Solving for @i yields
3 L ) + } (13)
o, = — NN
1 2_(nw_;\h2 i+ i-1
2
Assuming S, 1s proportional to @i, equation (13) with A=1
leads to the following form for @i:
o =i [a L Wl g v o W 1.1 (14)
i l—kwiwii i+l .. i+1,1 i-1"1i-1,2]

For the case in which k_ and u? are constant

y = . = W, =W, = W, .
“i+l,i Wi—l,l i,i+1 i,1i-1 ij
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arnd aquation (14) can be written

kW, ;
O, = zmmmmien (0. .+ O, ] (15
i =Xy W, s i1 i-1) (13)

For the one dimensiocnal situation Wii = l—ZW;j and ccmparison
of equations (13) and {13 results in the following form for

W- L ]
132

= (16)

This - Wij is no longer simply interpretable as an absorption
probability but should be looked upon as the form reguired for
Wij in order that the nodal equations (14, 3 oxr 10) reduce to
be equivalsnt to & one group diffusion thecry model. For mesh
spacing small compared with M, the one group diffusion theory
solution would be =xpected to be more accurate than a solution
pased on equation (11) negliecting interacticns beyocnd the
nearest neighbors. In the code a general form for Wi* has been
precvided to zllow the user to chose the model which Eest fits
nis situation. Thus sgquation (16) has been combined with the

first term of equation (11) using & "mixing” factor g and ce-

£ining
\/ u? ol
= - e nto— it 1 -
Wiy = (I=9) 57—+ 9 (17)
ij .
13
In this eguation the dependence of Wij oﬁ kmi (equation 16)

has been suppressed for the sake of arriving at a simpler ker-
nel. For §=O, equation (17) reduces to the first term of egua-
tion (11) wher=as for g=1 equation (17) reduces to equation (16)
with kwi=l' '

It can be seen that with Wij defined by eguation (17) there

is no assurance that

W, =21- %W.. % 0
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For egual Wi' at six adjacent nodes this would regquire

W.. < 00,1867
13

-

which can not ke cbtained for any wvalue ¢f g when 2 > 0.4.

From a physical standpoint there is no necessity for Wii to
be positive when using the second incerprestation of the kernel
(egq, 16) i.e., with g=1 in eq. (17;. In any case a negative
value for Wii will not lead to unphysical results (i.s., nega-
tive values of Sz) as can be seen from equation (3) . However
with g=0 and interpreting Wij as an abscrption probarility,
negative values are unrealistizc and therefore an alternate
form £or the kernel (Second *vpme) has been derived which for-
ces Wii to be 0. In this alternate kernel it is assumed
that W.., has the form

ii
e—vz(az/Mz)

W.., = 1 - {18)
ii
where vy 1is an'arbitrary constant, and a is the radius of a

sphere with equivalent mean chord length.

This lsads to the rasult

) (AzZ)
+ 4 (Az)

a =

S(Ax
2 (Ax)

If it is further assumed that

(W..). = — s Y = 9y (19)



1
[o
39

I

(W,

Ax) -
i)v = (:—“-) W}, . C, n=g (20)

input guantities provided by the user

C and 9,

w! 9n

Xpraessions of the first
vaiilakble in the SIMULA-3

o

Equations 17, 19 anda 20 provide the
and second type of transport ksrnel

o

code.

The third type of transport kXernel is tae following:

. gh P.') A
. 2 . Ax
AW..), = W, . = (W..)o « — 21
( ii’h ; ¢ 11)v gV' l])n Az (21)
442 QEI g l
bz} v
where Py is the escape propapility.
it has been develcped

The fourth type is recommended, and
for this version, following an equivalence principle to the

leakages in diffusion theory calculations for particular va-

lues of the transport factors.

The expressions are the following

R L2
(W, )y = : !
2
i’k . MZ kK . . x°
PP S 4 o
T 3
- A.-] (22)
v MZ
i)y = — —
148, L =i 7
ij

+
¥

N

fi and fj are the "transport factors”" and are input data to

the code.

Note, that on the vertical direction the ratio f’.vj = fi/ij
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is directly used, kecause the experience shown that it is
practically constant fcor all the nodes interfaces in this
direction.

Por the peripherical nodes the transport kernel is
2
M7
i

W, =
i

2
k . %
S

and the neutron balance in the ncde L is

v - | ] - i = -
L(ng . Sl sz Sm) + nz(l al)wl . SZ + = — . S
m @ eff

Nots, that fdr this transport kernel type, the eigenvalue
(LAMBDA in the code) is the effective multiglicaticn facto
(scurce/abscrption + leakage), while for the previcus trans-—
port kernel tyves 1 to 3 the sigenvalue A is: (scurce-leakage)/
absorptions, which is egqu to the effective multiplication

factecr 1if, and only 1if A =,k°_ = 1,
eff

1

B) Source iteraticn egquations,.

The equations (8) and (10) are solved iteratively to get the
source and eigenvalue convergence, using the following ex-

pressions.

For a given void loop where the moderator relative density
is kept constant, the source iteration continues until %he
source or elgenvalue converges within a criteria or the num-

her of iterations exce=ds the limit.



b.1. Eqgquations.
Node~by~node calculation for transport kernels types 1,
2 or 3 (old versions).
h fh ! Pyl AV v
T D I U I B TE R U S W b U S o B Mt VE P !
ijk . 1 - v .- LY 7V h I
MRS g = (7 2Waa T W) T %ge Ti9x T %igk Wik
(24
{ = Y
Biax = Sigx Migx
X YR, .
z _ Pi4qx 0 re3ss
ijk X+ Dijk
Y8.-. , = numerator in Equation /24)
1,3,k
S, = v, Z.. TOTAL SOURCE
S ‘fVlj ijk
=3V, . .
SL ‘%Vij iik "ijk
-0 /x )
S, = j|V.. 2, k J
K ¢ 1j Tijk xljk
1: normal node
v.. = relative nodal area = 1/2 nodes on symmetry axis
1] 1/4 central node on two
symmetry axes
St T 5
A= 3
X

Line by line axial calculation for transport kernel type

4

(SIMULA-3) .

The succesive
the -
a factor B =

ower. .

tion.

3

For a source convergence of 10 7,

2xial lines, with source overrelation

line elimination-substituticon method is used

(SLOR), for

1,7, and about 8 source iterations per void itera-

this method requires only about



1/10 of the number of iteraticns needed with the point- Jacobi
method,; and less than 1/2 of those needed with the Gauss-Seidel
or Chebyshev source acceleration.

b.2) Scturce acceleration

There are different types of source acceleration.

PNS = Source acceleration factor at Nth iteration.

(1) Point Jacobi (IACCEL=Q)

STix = Zisx
ik = Siik
i \
S =5 + (1 + 7T )ﬁi- s*., -5, .| (25)
ijk ijk "NS |ST ijk leJ N
= S. .
SN ij Tijk
=‘£i...’7~
new 5;4. = 37 Si4x
L
where N = K )v..
1]
n N n N n N n-1
s = e 70 .. 4+ T = 2. ., = = 5.
Q -~ ~
ijk So ijk NS S ijk Sy 13k‘
s = F.- 2 (T - s
w
(2) Source over relaxation (IACCEL= -1}
Sijx = Sisx
Stk = Bigx T Ty %ijx T Sijx (26)



new S.

4
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1.1.1

.2, Void or moderator density iteration.

The averzge steam volume fracticn in the moderator is calcula-

ted on the basis of a fit of steam voiume fraction versus gua-

lity.

way,

where

1

The guality at each node is calculated in the following

P

k |
oy 7 p . - idk| -0 -
Qijk (KF_.;_j) |:2,g:}_ Ti4g 2 | (Qex QO) QO
K = total number of axial nodes in the problem
F!, = ratio of flow in channel ij to average channel
3 flow
Q = inlet quality, =-4h _/h. (th_ = subcooling of
inlet cooclant) t9 =
= exit lity - = 3.413%20%:p_ /w.
Qex exit quality, (Qex Q4 3 3%x10 -tn/w Qfg)
Pth = thermal power, MWt
W = coclant fiow, 1lb/hr
hfg = enthalpy <2f evaporation, Btu/lb = C,
= b : A P Ale= ; .
13k relative power at node 1ijk (Sijk).(multlpller)

Void fraction calculaticn

Once the quality of the steam is obtained from Eguation

(ZSL_void fraction (¥ ) is estimated from the following

_ ijk
equation which rerresents the experimentally observed co=-

rrelation between voids and quality (Qijk):



=C, + G +C oN C, = ;Eifﬁjﬁ} > C 29
Kige TG T Ry TS T T ) T S (29)
Y = . < 0
X1k 0 : Qi]k <CjorC. g0

This expression permits sub-ccoled veids by proper choice
of the parameter C5 and gives reasonably good agreement

with experimental datz throughout the range of interest.

The relative moderator density has been approximated by

I J s
| gt
U,.p =1 = % .. 11 = =2 (30)
~ idk ijk 3 2 2)
where Ui'k = moderator density relative to saturated
J condition at node 1(i,3j,k)
Qg = density of steam = Cls(input data)
Pe = density of saturated moderator = Cia (input

- data)

Several assumptions have been made in the void iteration and

they are:

(1)

The flow rates and gualities are based on within-channel
values, and therefore the nuclear parameters should be

fit to in-channel moderator density.

The total neat output is assumed to go into the in-channel

coolant.

The average void fraction at a node has been assumed to bhe
eaqual to the void fraction of the average quality at that

node.

The nuclear and thermal-hydraulic parameters are closely re-

lated, and the final soluticn of SIMULA represents the dynamic

coupling of these parameters. Eguations showing the interdepen-

dence of nuclear and thermal-hydraulic parameters and methods



used to calculates varicus parameters ars sacwn in the next
section.

Nodal Power calculaticn.

The relationship between nodal power and source is

E + B_ET) (31)
Equation (31) is used to account for the difference betwesn
relative nodal source (number of =neutrcns produced) and re-
lative nodal power (heat generated) due to change in th
relative ratios of fissile nuclides zs a fuanction of fuel
burnup. Sijk is normalized to core average of unity prior
to caiculation of P, and P,., is also normalized to core

i3k, 19k
average of unity after the calculation by Equation (31).

Budle Relative Flow Rate versus Relative Power.

S— i

Pl = Fy } FFR, B - 1 g, (32)
where h Fi; ‘= gundle~relative fow
Fij = relative channel flow (input data card tyvpe 6A)
Fp,. = power dependent Zlow factor (input data card
- type 6B)
K
Py =>% kzl Pijk
Z8 = normalization factor

The normzlization factozr, ZB’ is calculated internally by the

code to maintain the average relative flow at unity.



1.1.1.3. Critical Searches.

Other loop of external iteration to the source-moderator den-

sity iteration, is a critical search, the possibilities available

Q

i
are for the moment:the control rod position or soluble poison

concentration searches.

The corresponding ilteration iloop is in the Figure 2

a) Critical Control Rod Pcsition S=arch

Individual control rod pesiticn which are initially given

as Input data ars moved uniformly by a fixed distance, first
by the initial guess (RINC) and then by the amount obtained
byv linear interpolation or extrapclation of the last two ra-
sults, until the eigenvalue (}) converges to the desired va-
lue (AO) within a criterion specified by DXLC, The intera-
tion will be terminated if the prcoblem does not converge
within the maximum allowable number of iterations given

by NCMAX.

The control rods, which are initially "fully in" or "fully
out"™, are not moved during the search iteration, and when
any or some of the rods which were partly in the core ini-
tially become fully inserted or fully withdrawn during the
search iteration, the case cannot be completed and will be
terminated. At present, the rod position search option is
designed for the full lenght control rods, and therefecre,
the usefulness for the partlength control rods can not be

guaranteed.

b) Critical Scluble Poison Sezrch

The option searches for a uniform soluble poison in the
moderator, which provides a desired ccre reactivity (AO).
It works ordinarily for the pressurized water reactor (PWR)

types, but since the effect of soluble poison on kOo is a
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function of the mcderator rziative density also, it can be
used for any reactors with axially varving moderator den-

sity.

th

It must be noted, that the f£inal value cf critical poison

is expressed in ppm (parts per million <f moderator) in the

In the search, SIMULA first computes the core A with the initial
gusss of poison and then ccmputes the core i with the initial va-
iue plus 20 ppm which is an input. Trom these two values of X,

the code cbtains tha third guess c¢f soluble poison by either li-
near interpolation or extrapolation of two A's. And the new guess
of poisdﬁ is used to calculate a naw ccre A. For each successive
iteration, a new value of poison is cobtained by linear interpcla-
tion cr extrapclation of the last two resulcs. This process con-
tinues until the convergence criterion (DXLC) is satisfied between
AO and the last A, or the maximum number of iteration (NCMAX) is
axceeded.

1.1.1.4, Fuel Burnup

The ccde proceeds automatically in the cycie burnup calcula-
tion, going from one burnup step to the next one, determining
at the begiming <f each step the burnup by node. It provides
complete lifetime analysis cf the reactor, and permits refue-
ling and shuffling of the fuel elements at any time in core

life.

< 2 :
1.1,2, k_ and M" calculations.

In the neutron balance eguation are involved the infinite mul-
tiplication factor k_, and through the transport kernel the
migration area Mz, the ncdal values of these parameters should
be determined by the code, depending cif the local values of
the physical and neutronic variables that had any influence

on them,
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The migration area i1s determined versus the moderator density

value, bv an interrnal correlation in the code, whcse constants

are input data and shculd be determined previously by fuel

assembly calic

The same proc
in this

case;,

sity, scme cC
take account
influence in
power density
in reactivity
detarmined by

constants are

The local kw

ulations at different moderator densities.

edure is used for the k. determination, best

after the calculation versus the moderator den-
rrections or reactivity worthes are agplied to

the local value of the variables with reslevant

the f£inal wvalue; thosz zre, the exposurs, the

» the Xenon and Boron concentrations. The changes

associated to the mentioned variables are also

the code through special correlations, whose

also input data.

value 1s determined by the followin

g expression:

I Ak, sk, 7 T akg Ak
k =H 3 — S C— Lol + (— + (1
Ko H 1+ *1 )Xe kco )DO_,_ I ;J. (ka: )E (K'oo %.JI
d L
. {l + (1:—‘)8 (33)
¢ el
L A
I ,___"'1+ [f = - '1‘_,1_'~ 1
whare H Lk +“O'“)(Ct) - 0.5} (k k) XKij
k, kK = k versus moderator density, with control and
without control. See eguations (35).
c, = the fracticn of control. See input card type 1.
XKij = partial fuel factor (See input caxrds 8) the

To determine
de,

should be exe

a set of

for each isol

CONCON and CONAXI codes may be used to calcula-
ted these facters.

the constants of the correlations used by the co-
fuel assembly calculations at different conditions
cuted. As the change in reactivity is determined

ated variable, the procedure is to run a set of



cases for each variable, changing ornlv one of them, keeping

the others at the reference conditicn. Of ccurse,; the variables
should take values close to the reference conditions and in the
range of the expected local values for the wheole ccre calcula-
tion. The rscommended way is to adcpt the average conditions

in the ccrs zs the raference conditicns.

The correlations used by SIMULA-3 are tae fcllowing:

2 . . . .
a) M° as function of relative moderator density.

b) k., as function of relative modsrator <ansity
1

c) Doppler worth as function of relative pcwer density
and moderatcr densityv.

d) Equilibrium Xenon worth as functicn of relative power
density and moderator density.

e) Boron worth as function of Boron concentration and ex-
posure.

£) Expcsure worth as function of exposure.

g) Burnable poison.

The mcderator density and power density are relative values in
respect to the core average moderator densitv and pcower density
at nominal operating conditions.

On these correlations is possible to see the influence of some

1w - s

Srossing effects”, for instance the power density not only has

i
an influence in the Doppler worth, besides it has also an influen-

(9]

e in the Xenon worth. This is the way that has been found as
more suitable to represent the actual behaviour.

The correlations used presently by the code are anaiized in the
next parragraphs.

a) Migration area

2, = ( 2 ?
M~ (control) = Bl\l+B2U+B3U ) Xﬂij

2 e s 2,
M° (no contrel) = B4&-.BSU+B6D ) XMij

U = relative moderator density.

B, to B, are input data.

6



2 . - ) - iy
KMi. = M"~ correction factor (See input cards 8), they may
J be determined by CONCON and CONAXI codes.

2 - . <. . 5 o . .
M” for intermediate control rod positions ars linearly interpo-

lated bhetween two values.

b) k_ versus moderator density.

kx_ (control) = B.(i+B.U + B.U%) = g©
o 7 8 9 -
(35)
2 -
P r = (1+8..7 + 7)) = %
k, (no control) Blo\lLBllJ + Bl2 ) 4
B, to B are input data.

12

For other rod positicns, k_ 1s determined by linear interpola-

tion of two values.

h
o
]
w
v}
—~
'_.-\
+
o

(36)

1 + B.

;7(1-0) . {1+B

1]
W}

(o1

]

430)

g
i

relative power density.

(o]
i

relative moderator density.

input dat
167 Bl7’ B42 and 843 are input data.

d) Eguilibrium Xenon worth.

£ (p) = 13 (37




- _ pA 3 4 .
gX(L) = l+BlSE+B44E +B45E +B46E (38)
P = relative pcocwer density.

E = exposure, in 103 Mwd/T units
813, Bla' BlS’ 344, 345 and B46 are input data.

[\

w
(93]
(Xo]
~—

w
i

boron concentration in ppm.

x]
]

. 3 . .
exposure, in 10~ Mwd/T units.

B and B

59 337 Bag are input data.

41

f) Exposure worth.

]
W o
sl o

8

2 3 4
= ! i E
)E B13+320E+321E +B22H +B23

1=
(a9
~—

-

. .23 .
E = exposure, in 10~ Mwd/T units.

B18 and B to B are input data.

20 23

The exposure E, is computed as follows:

E, = E +B.. . AE . P

4
t t-1 28 (41

&3
i

]

where t time step number

LE = exposure increment, lO3 Mwd/T.
ZE = normalization factor

B28 = 1s to account for non-uniform fuel loading.



[te}

The normalizacion factor, ZE’ is computed intesrnally by the code
to maintain the core avarage value at AE. B is used to acccount

28
for non-uniform fuel loading.

Burnable poison.

Ak
“(g—)p = Byg expP (=B 4E) (

© Py

>
[\
~

this can be used to include other burnup dependent =2ifects.

1.1.3. Ceometry.

The rectangular parallelepiped reactor represanted by the XYZ
coordinates is stkdivided into small regions which are caliled
"nodes" or "nodal regions”. A node,whose volume is given by
(AX)z(AZ),is the fundamental region in all SIMULA calculations,
and input and output data are given by nodes. The node numbering
used is shown in Figure 3, where Node (1,1,1) is in the far left
corner at the bottom. Where it is necessary to specify a parti-
cular edge or corner of a node, the following convention is
used: the far left-hand corner at the top of each node is given
the same index as the node itself. “

Six different types of ccre boundaries- due to symmetry conditicns
in the radial (XY) direction are availakle in SIMULA. These are

shown in Figures 4 through 13 and are as follows:
1) 1/4 core, reflected at node centerline
2) 1/2 core, mirror symmetry, reflected at node centerline

3) 1/2 core, mirror symmetry, reiflected at node boundary

4) 1/2 core, 180° rotational symmetry, reflected at node
centerline.
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Figureg 3

Schematic of Nodal Directions

Figure 5

4Core, Mirrcr Symmetry,
Node Centerline (ISYM=3)
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5) 1/2 core, 180° rctational symmetry, refiected at node boundary.
6} Full core.

7y 1/4 core, mirrOr SYnmetIry, reflected at node tcoundary.

8) 1/4 core, 90° rotational symmetry abcut node boundaries.

9y 1/8 core, mirrer symmetry, reflected at node centerlines.

10) 1/3 core, mirror Symmetry, ~eflectad at node boundaries.

Calculation of Fuel Border Types.

NBTij is a becrder type indicator as shown below:

NBT.. = 0, if inner elements. (has 4 neighbors)

1]
= +, if border elements (neighbor(s) missing:

;-

= -, 1f no Zuel element

and is calculated from:
T.. =06 . S + 48, . + 86, . ; ) 4
NB S -1 + 28 S, _ 861_ j(l + 638_) (43)
where Sij = 0, 1f fuel element in i, j

= 1, otherwise

8 = 1, 1f mirror symmetry

= 0, 1f 180° symetry

1.1.4, Transient Xenon Calculation..

The following are some of the tvpes of transient Xe calculations
which can be performed using SIMULA

1) I-135 and Xe-135 buildup and decay starting from the
beginning of life at any power level (fuel burnup cannot
be performed parallel to the Xe calculation but the existing
spatially non-uniform fuel exposure can be maintained
throughout the Xe calculatioﬁ).

2) I-135 and Xe-135 buildup and decay from a given set of I-135
and Xe-135 concentrations and a nodal power distribution

-



i
(93]
)

i

at any power level.

3) Change power level (including zerc gower) Ircm an equili-

brium core condition at anv power level and exposurs dis-
tribution, and follow the buiidup and decay of I-135 znd

Xe-135 and the change iIn gcwer distribution with time.
Trhe power level and control rods can be chanced 2t any time
step, and the core transients can ke folilowed without ter-

minating the current job.

1) Follow the complete operating history of an operating reac-
tor with fuel burnup and then o the I-135 and Xe-135
transient calculations at any power level.

The I-135 and Xe~-135 decay and buildup eguations are rigurously
solved under the assumption of constant neutron flilux for a given

time step.

. . e
o Xe n = X8 exp( Axe at)

; (S.P*®T
(YI+er) (S.-P+® f) i

e “

XIIt - YI'S'P.QE

+ l—exp(-AXe-At)]

+ = [ exp(-A;-4Y) - exp(«fkie-At)] (44)
AXe kI ‘
y.-S'P-®T
= - ; r - <X ‘A= 4
Lyap = Lexpl=h -4y + x 01 - exp(-x;"A1)] (45)
{ Yy (5.P. )
o Ke .| = Wy Vg BF-9T) (46)
| equil.. _, AXe ,
(Pr:) (6.2422 x 10*8)
where @Zf = = (47
(k) (TN) (A7 (42)
P = rated core power in MW
™ = total number of nodes with fuel

-



AX = radial dimension c¢f node, cm.
AZ = axizl dimension of node, cm.
SP = relative power density
(caw)Xe = 334 + BBS& e8)
"f = Mev/fision = B?G
(default is 200.) ~
~¥, = yield of I-135/fission{fraction) =
(default is 0.062)
= B3y
YXe = yield of Xe-135/fission(fraction) =
(default is 0.002)
= B3g
-5 -1
kI = decay constant for I-135, 2.88x10 sec
(T 1/2 = 6.7 hr)
5 -1

AXe = decay constant for Xe-135, 2.11x10 ° sec
(T 1/2 = 9.13 hr)
A = S.P.(ca¢)xe +'AXe

At = time increment in sec

(oa$)Xe = effective value of ¢_ times ¢ for Xe-135, which

includes bcth fast and thermal group effects.

ja}]

3

The effect of time - dependent Xenon on k_ 1is

Ak Ak Xe

o -] +

— = e {
(k ) (km )equil.Xe ‘X ) . (50)

X2 eequil.“

S t



1.2. Input Data.

All data input czrds have e same format except the DIMENSION
and TITLE  cards, and when ID cards ars used as in card 10A.
Any characters may be punched in cclumns 1-10 for user identi-
fication. Three 2-colimn: descripitcrs ars punched in columns
11-16. The first descriptcr is the card type punched in columns
1i-12. The other two descriptors are used for further identifi-

cation and for running options.

-

The general data supplied on =zch data card is punched in
£reze form in columns 17 thro

ugh 8C. The general format is:

ot

{245,312, Free forma ge form rescguires that each number be
separated/by one Or more spaces COr & comma frem its neighbors.
Thus,., no spaces may occur between the characters of a single value.
Decimal points are not reguired unless the value i1s non-integex.
Exponential scaling i1s copticnal with or without an E and followed
bv a signed integer scaling factor. In order to simplify the

input, the

H

s
g are tTwo options toc avoid the input cf unnecessary

at

(o7

o

Sp : Space or skip n input values.
Rn : repeat the last given input value n more times.

Maximum number of values per card: 70 (including the

kipped znd repeated values).

n

If the resquired data do not fit on a single card, the conti-

nuation card should have columns 11 to 16 as the previous card.

In a change case, only the input data that are changed
from the previous case should be suplied.

1.2.1. Input data format and description.

The summary of SIMULA-3 input data which are described in
this secticn is given in Table 1 at the end of this section.
Arrangement of SIMULA-3 input data cards is shown in Taktle 2,

aiso at the =2nd of this section.



DIMENSION CARD (3I4) (always required]

column Content Description
3-4 iD Numbers of nodes used iz the I(X), J(Y),

7-3 D and K(Z) directions by all the cases in
’ ~ this jok. Any case in the job must have
11-12 kD this set of ID, 5D, and KD; otherwise, it
must be run in ancther job with al::e*ent
ID, SD, and KD. Maximum KD is 24.

This card must be placed before the case
data which ares described below. The zurpcse
of this card is to specify the number oI
ﬁoces used by all cases in *his job and to chack

ther the current version is big encuch tc nandle
.ne mmmper of nodes. See Section 1.3.4. for the r=l
wion between the size of code and the maumber of axks.

TITLE CARD (X1, A4, 13A3%) (always reguired)

[

Case initizlization p

a
= reference (indspenden
in

" = 1t) case, input data
initiazliized before put read

"D" = change (dependent} case, input, data not
initialized

Restart case with & restart £ile (TAPE 1)
must te a derendent case and the first case
of a job. The restart tape must contain a
case which has the same ncdal meshes as the
currsnt case. See Section 1.53.1.

2-5 If this space is left blank, no action is
taken
"SAVE" The ccde creates a restart file (TAPE 2) at

the end of the case containing the case data.
See Section 1.353.1. for tape contents.

~

6=-80 ITITLE Alphanumeric description of the case'

CARD TYPE 1 - Case Contrcl Parameters (1)

11-12 a1
13-14



ia)

Zolumn Content

.5=-16 IBURN
(integer)

17-80
(1) Ea
(2) Emax
(3) AE
(4) AX
{(5) AZ
(6) Py
(7) Pr
(8) W,
(9) W2

Descrigtion

In this value is 0, the program will calcu-
late a source for the exposure distribution
up to (but not exceeding) E=E_ ., and go the
next cass. If IBURN=1 an extra expcsure dis-
tribution is calilculated (but no additiomal
source) bc::re geing to the next case.

For fuel sxposure calculation: initial ave-
. K
age core exposure in 10° MWD/T.

H

For transient Xe calculation: initial time
in hr.

rosure calculation: £inal average
core exposure in 10° MWD/T for which a source
c

Tcr fuel =2xposure calculat :
exposure ilncrement per step in 19
or

trarnsient Xe calculation: time increment

For a change case, if not given, the last
value of exposure array from the preceding
case 1s used. However, the cycie "0" expc-
sure printed in the heading is Eg.Hence the
average valus of the three dimensicnal expo-
sure array used in the calculation may nct
be the same as Eg. The case 1s. terminated’

wher Znp + n . AE>Egzy . Z0, Emazyxs and 4AE
are independent cf P_ or P_, below.

Radial (AX=AY) dimension ©of node in cm;
one value represents 4X and AY fcr all
nodes.

Axial dimension of node in cm; one value
represents AZ for all nodes.

Actual thermal power of that part of the
reactor included in the proklem, Mw.

Rated thermal pcwer of that part of the
reactor included in the problem, Mw.
P.y and P, must be the values corresponding

tc the actual geometry given by ISYM in card
tvpe 2.

These two values determine the total reac-
tor coolant flow in lb/hr. Flow = W-ﬁq(R&/P,).

One might define W1+W2 as the total live
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Column Content Dascription
17-80 water flow (throught the channels) at rated
(Cont'qd) power and W, &s the change in flow per Zfrac-
tional change in r=sactor power.

These two values ars similar to the Two
apove in that they zre used to determine

(1 s
10) By

(1) hsz the subcooling of the inlet coolant in Btu/lb.
Hote that ahg is peositive, and corrssponds
£ (g = Dynigee), where
h., = snthalpy of saturation
N, ._. = subcociing cf inlet cocclant
l;;‘.éz..
A = h + h (P z
s sl s2 Pep/?y)

n = =h n
--s ] R 1- - P ! ...Lb 2
(12) CRNR CRNR 1is

defined as +the number of corne
rods which must be inser+ed around a 1ode
to give Zull control. Suppose that four
corner rods are inserted zbcout & node at the
sfx*H level (k=6) to 5.4, 5.1, 3.8, and 6.8,
espectively, and that the- number of cornszr
rods reguirad i CRNR = 3.0). Then the
fracticnal contr 2 ] i
(0.4 + 0.1 = 0.0 + _.O\/CRNP = (0.5 and that
node is half controllied. See card type 5
fcr description of ccntrol rod positions.
A contrcl rcd inserted past & ncde has unity
(1.0) effect. If the node is at level k, a
control rod inserted to positions between
{k-1) and X has fracticnal e_-eﬂt A control
rod inserted to less than k has no effect.

a
£
o)

-

1 W
w

Od

CRNR = 0 defines a control rod in the center
of each fuel bundle which directly affects
only that bundle and providces full control
when inserted, that is the case of PWR appli-

cations.
Yidk = fraction of a given node centrollad
- zt ijk.

if +v«0 e = 0

O<y<l e = Y

igy e = 1

2 , . .

C <+ -~

= o (&, .. + &, _ -V
£ = Tods/node ijk © Si,3+1,k T Ti+l,d.k

= e, R - - 1
®i+1,5+1,% " L lseg t



Colunn Content where rods/node = CRNR and, if CRNR is zerc,
- o, = 2e.., =1

17 SQ’_ £ iik

(Cont Q) - - . n 3
The case for c_=-1 and ¢,_.=+1 represent "no z2nd
full cecatrel", respectively for the standax:
convention adopted for SIMULA-3. That is, i
ls assumed that :the control rods are imserted
from the bhotitom of z rsactor as in BWR.

-
[¥%)
2
0
O

: NO erxrzsct

li
}_.l

Use a flat source guess instead of input
values from cards or preceding case, or
the restart taps (TAPE 2)

(14) IMAREWR Option for thermohydraulic correlations:

= 1.0, for PWR zpplications.

(15) IBUGL ©Debugging output option (Don't use for a nor-
mal run)

= 0: No effect

= 1: Additional output at ths beginning of
each cass in the amcunt specified by
IBUG2

= 2: Additional output for each void iteration
in the amount specifled by IBUG2 except

NBT.

(16) IBUG2 Debugging output control.

0: Prints NBT and YY arrays

: Prints NBT, ¥YY and CT arravs

-

]
{—

= 2: Prints above plus WV, WH, D, G, H, S,
SRC, and U arrsays .

= -1: Overrides IBUGLl and prints the content
of the restart tape including E, F, FP,
R, RH, XX, EID, &and XEN.

itical control rod position search parameter:
= 0: no rod position search.
0

: upper limit of control rod pesition. This
is the axial posi*‘on of control rod at
"fxlly-in" condition {for rods entering
from the bottom).

(18) RMIN Valid only when RMAX#0. The lower limit of
control rocd position. It is the axial position *
cf control rod at "fully cut" condition (for
rods entering from the bottom as in BWR appli-
cations).



Cclumn Content
17-80

(Conti4) (18) RINC

{20) NOPT

PPM

Descriptibn

Relevant only when RMAX>O0. Fl*st increment
guess for cortrcl rod position search. & po-
sitive number means "upward" and a negative
numter means "downward". If not given, the

code assumes +0.5.

RMAY and RMIN must be given in nodes and
fractions of node as 1 card type 5. For con-
trel rod pesition search (RMAX#0), additional
data (XIMBDA, DXLC, ancd NCMAX) or card type 2
must be provided.

Special option parameters:

= 0: no special opticn

= 1: transient Xe.calculation starting from
zero concentrations o I-135 and Xe-135,
or from the existing concentrations ca-~
rried over from the praceding case. -

= 2: transient Xe calcul :lor starting from
sgquilibrium concerntrations of I-135 and
Ke*l3a.

The transient ¥e calculation is perfor-
med by each node with Eguations {44)
through (50) and material constants B34
through B3g on card type 3 are reguired
for this calculation.

= 3: critical soluble poison search. This op-
tion is primarily intended Zor the PWR
zypes. This option reguires PPM as the
initial guess and it also reguires material

censtants 3,4 through B3y, B,y, and By,
Equation (39) gives the effect of soluble
pcison on nodal k.- Additional data (XLMBDA,
DXLC, NCMAX) on card type 2 are required
for thlS option.

oo

If NOPT=3, this value becomes the initial guess
for the soluble poison search in ppm of uniform
sciluble poison. For this purpose PPM must be
non-zero. The second guess of the aoxunle poi~-
son is the abovp va!ue plus 20 ppm. . -

If NOPT=0, this value becomes the uniform so-
luble ﬁoiscp and i1ts effect on k= is given
also by uation {42) or (31).



Column Conteant Cescripticn
17-80 For change cases, if nct given, the code sets
{Cont'd) it to the value of PPM £inally used in-the:

preceding case.

CARD 7TYPE 2 - Lzse Control rFaramater (2)

11-12 a2

<

13-14 XP (integer)

, the abcve nodal parameters are

fter every N exposure (or time)

IPCH=1l. (See 1.4.2.)

If no burnup or Xenon calculation is performed
,. il

only 3 arrays will e punched as zbove; howevear,
becth 8§ and E arravs are punched at the end of
the Haling (reload ooglon) calculztions 1iZ
XP=0 and IPCH=1 regardless of IHAZL. -

15-16 IPCH {integer]} 1l: Punching of nodal data performed as above.
2: Punching of nodal power only as abcve.
0: No punching cZ data.

17-80 (1) ISsYM FREE FORM DATA:

This i1s a boundary condition indicator. Ficu-
res 4 throughl1l3 illustrate the foilowing table.
= 4: 1/4 core, node centerline (Figure 4)

= 3: 1/2 core, node centerline, mirror symmet
(Figure 5)

= 1: 1/2 core, node boundarv, mirror symmetry
(Figure 6).

= 2: 1/2 core, node centerline, 180° rotational
symmetry (Figure 7).

= 0: 1/2 core, node boundary, 180° rotational
symmetry (Figure 8).

= =1l: Full core {(Figure 9).

= 5: 1/4 core, node boundary, mirror symmetry
(Figure 10).

= 6: 1/4 core, node boundary, 90° rotaticnal
symmetry (Figure 11).

= -4:1/8 core,mcde centerline, mirror symmetry
(Figure 12}.

= =-5: 1/8 core boundary, mirror symmetry (Fig. 13).

Each figure is an X-Y plane, the tvpe of boundary
condition is the same fcr all 2.



Cclumn Content
(2) KMAX
(3) DELSX
(4) NsSMAX
{5) BXLS
(6) NUMAX
(7) DXTU
(8) NOMAX.
(9) DXIC

Description

Number of axial nodes for this case. Maximum
allowable XMAX is XKD. Minimum KMAX = 2.

The following 7 parameters are used for termi-
nation of various iteration lcops. See Figure 2
for the flow cf iteration and the location of
each convergence tesz.

Convergence criterion for nodal source conver-
gence.

Maximum number of source iterations per modera-
tor density calculaticns <Uijk)' Two iterations
will be run even if NSMAX<2. Use about 8, fewer
1f void dependence is severe, and more if void
dependence slight.

Eigenvalue convergence criterion within a void
locg.

Maximum number of void loops (U:;sx calculation)
per exposures or time stsp. If NUMAX=0, only
Uisx and Keojjk @re recalculated,put Sj4x Is
not so, that input source (or from previous
case) will be used in burnup calculation.

£ A from the last source iteration of the
revious void loop is less than DXLU from
ne A of the last source iteration ©f this

t'g

void loop,. then the void loop is terminated
(converged) .

- « TYTI
!lu Ru—l < DXLU

Maximum number of search (control rod or
poison) iterations. It must be greater than 2
if nct zero.

Eigenvalue comvergence critericn for search calcu-
lations. The search is terminated when

}\c R < DXLC

Where ¢ is the search loop count, and i, is
the &ritical i (XLMBDA). The magnitude

of this value depends upcn the accuracy of hc
desired by the user.



Column Content

17-80 (10)
{cont'd)

(11)

(12)
(13)
(14)
(13}

(16)

(173

(18)

(19)

XLMBDA

DL?

AVl

AV evnx
not used

XXRNL

not used

Description

Initial guess on core eigenvalue (AO)>O.

This is also the value of critical eigen-
value (A,) to converge on, for a) power
search, Y b5} fuel rzload option, ¢} con-
Zrol rod pesiticn search, and d) uniform
ocison search.

Power search opticn

= 0: Normal eigenvalue calculation.

> Q: Searches for the reactor cocre power
level for an eigenvalue A, and resturn
to the void loop; it will™ do this
until.

|A.= Ay| < DLP or a maximum of
five times.

The estimate of core power is a straight
line appreoximation using an assumed slope
fcr estimating the second value of power
and the input value for the first.

Vertical alkedo for bettom (k=1)

Vertical albedo for top (k=KMAX)

= 4: Use the fourth type transport kernel
given by Equations (22). This is re-
commended.

Transport kernel maxing parameter fcr ver-
tical (v} and herizontal (h) directions,
respectively. See Equations (17), (19),
(20), (21) ané (22). Set both to 1.0 for
XXRNL=4.

Constant for the second tvpe transport
kernel. See Eguaticn (20). The code sets
this to 1.0, if not provided or entered
zero. For XKRNL=4, the horizontal albedces
are multiplied by C_, it can be used as
densityv factor.



Column Content Description
17-30
(cent'd) (z0) IERT = 1: prints the input B's.

deletes the printing.

s

(21) IPRT3 = 1: deletes the 3D printout cf E, Xe and

I arrays.

£ 0: prints all 3D arrays.

= 2: deletes also the 3D printout of U and
H arrays.

> 3: deletes also the 3D printout of SRC
(power) .

3 5: deletes the printing of iteration mo-
nitor.

(22) ICOMP < =2: prints the assembly average relative powers B
(22 nodes) . Useful for 1/4 assembly./node
calculations.

> 2: makes the carparison with powers of reference.

it
|

: calculates the peak power by node, multi-
plyng by a power distribution of reiferen-
ce,. suplied as input.

= -1: the same, and then makes the colapsing
by assembly (2x2 nodes).

= 0: not used.

C2ZPD TYPE 3 - Fuel Material Constants.

11-12 03
13-14
15-16 T The fuel material type (integer).
17-80 FREE ©ORM DATA:
B.m Material constants of material type T.
* — - Z
J ~ T cannot exceed 30. There are 58 constants

for each material type and the definitions

are given in Section 1.1.2. and below. Subs-

crip T is omitted .for convenience. These da-

ta may be obtained tv MELCN code executions
. tSee § 2 of [7])

31'86 Used or calculation ¢f neutron migration
- area See Equations (34).

7—812 Used for calculation of nodal ke a&s a function
of relative moderator density (U) and control
position. See Eguaticns (35).



Column Content

17-80 213785

(Cont.'d)

Pescraiption

or caiculation cf eguilikbrium Xe
X=. See Eguations (37)

ralactive nodal source
See Equation (31).

rsion from
nodal powexr.

Used for calculatio
See Egua=icn (41).

3
O
o]

fuel depletion.

Used for calcu

1 soluble poison effect
on nodal k.. Se |

o
Equations (39)..
Used to calculars

Mev released per
assumes a2 value o

I-135 yield per fission, ¥
value of 0.062.

Xe=135 direct yield per fission, YX ;
. o e

assumes & value of 0.002,

F—4

£i5 = fi/fj in Cvij)h expression for XXKRNL~4.

(See Equations (22}). It is the horizental transport
factor, average value by fuel tvoe.

if 0, the ccde

Used for calculation cof soluble poison effect on ncdal
k. See Equation (39} .

Used far calculation of Doppler effect on ncdal k .
See Equations {36! .

Used for calculation of equilibrium Xe effect on ncdal
k_ . See Equation (38).

fi i k, corrsction factor, (RK) average value by fuel
type in the XY plane. See Equations (33).

Coefficients for linear variation of fk
and Roron. o

with density

sz; M? correction factor, average value by fuel type
in the XY plane.

Coefficients for linear variations of sz with density
and Boron.

Coefficients for linear variations of fi' with density

and Boren. J



Cclumn Content Descrivtion

CARD TYPE 4A - Radial Fuel Assembly Type Array

153-16 I Row designaticn ({(integer)
17-380 FREE FCRM DATA:
3 . th Cs . .ch
NFT, _ fuel assembly tvpe in j position of i
= row (Absence orf fuel should ze indicated by Q).

2
d LF, but it need not be in
z

If ISYM= ~4, -5 the 1/4 core should be descri-
. bed,.

"CARD TYPE 4B - Axial Fuel Material Type Array

Column. Content. Description
11-12 04
13-14 1
15-16 NET Fuel Assembly type (integer)
-17-80 FREE FROM DATA:
Tk Axially varying fuel material tvpe (non-zero)
’ from ¥=1 tp KMAX for a given NrT. Start with
a new card fcr each NFT, and enter data for
all the NFT's which are specifiad on card

- “ype 4A

If no Tvpe 4B cards appezar in a case, the
axial fuel material type for a given I, J
location will be set %o NFTij on card type 4A.

Tyvpe 4A cards are needed 1f type 4B cards
are given.

CARD TYPE 5A - Control Position.

11-12 es

15-16 I Row designation (integer).



Column

Content

17-80

Description

Axial position of control rod tip in ncdes
and fracticns of ncds; m=asurad from the
bottom of corse. In this manual it has besen
assumed that the control rods entered frcm
the bottom as in BWR; because of that in PWR,

the B,, B,, By, 35, Bg and B4 should be asso-
ciated with control and B3,, Bgr Bgs Bygr By

=z e —
and B.,, with nc contrel.

8

Zf CRNR on card type 01 is non-zerc and posi-
tive, care should be taken that the proper
values of 1, j are used.

Ri' is also used as the inicial guess for the

critical control rod position search, that is,
RMAX # 0 on card type 1. RMAX ané RMIN on carxd
tyve 1 must be consistent with the definition

of R.. hera'
i3 er

58 - Control Length.

Description

Row designation (integer).
FREE FCRM DATA:

Length of control rod when the control rods
are part-length types. Length of control rod
in jth position of the ith row is given. It
is not in cm , but in nodes and £fractions oI
node. If RH, . =0, the code assumes a full-

" lenght contrdl rod. Type 5A cards are needed

if Type 5B cards are given.

CARD TYPE €A - Fractional Flow.

06

[}

Relative flow up each channel (i,Jj), norma-
lized to 1.0. For a Reference Case, this is
set to 1.0 by the code before input read.



CARD TYPE 6B - Power Dependcdent Flow Factor.

l1-z:2 0€
13-14 01
15-%% I Rcw Designation (integer).
17-80 FREE FCORM DATA:
FPij Power @ependen? :low correct;qn factor Zor
each channel (i,3j). See Equation (32) . For

a Refersnce Case, this is set to 0.0 by the
code before input read. Type 6A cards are
needed 1f type 2B cards are given.

CARD TYPE 7 --Horizontal Albedo.

Column Content Description
11-12 07
13-14
.15-16 I Row designation (integsr)
ig-75 _ TREE FORM DATA:
AH, HEorizontal albedo of e node at the ij

+3J ; j locations

;
.0, of those with

one edge cn a boundary of symmetry is 1.C,
and cf those i, 3 locations with two edges
om svmmetry boundaries would be 2.0; all
four horizcntal sides of a node are summed
sO that there is n¢ distinction between si-
des. Albedcs Zor sides other than the above
should be chosen so that the results agree
with experiment or more sophisticated calcu-
lations; this may take some iteration.

th
location. The zlbedo of
)

Do not set AH..=1.0 at symmetrv Boundaries
specified by ‘g ures 5 through ¢ and 11.
Instead it should be set to 0.0. The ccde
automaticallily accounts for the horizontal
albedo at the above specified symmetry boun-
daries.

T}

CARD TYPE 8 - Partial Fuel Factor.

11-12 08



Column Content Description
13-14 M Input Data Tvpe.
= 0, X¥ distribution of the ko correction
factors, tc be applied tc the Bg; value.

N -

ripution O reierance

= 2, axial power distribution of reference

(Z distribution;.
tion
value.

Q
ot

= 3, XY distiribucicn of the M? corr
factors, to be appliad to the

o G
W o

in
128

= 4, XY distrikuticn of the horizontal trans-—
port <factcr, to be applied to be 339
valuae.

= 5, Z distribution of the vertical transport
correction factors.

All of these distributions may be determi-
ned by the CONCON ané CCONAXI codes.
(See § 3 and § 4) of [7].

15-16 I - Tor M=0, 1, 3 and 4: Row designatiorn.
- For M=2: always I=0.
- Fox M=5:
I=1: option fcr Z distribution of the
ks correction factor.
I=2: option for Z distribution of the M?
correcticn factor.
I=3: option for Z distribution of the
transpor: corraction factors.
17-380 XX.,. or Distribution of the previously selectad
= parameter. Increasing the 3 index cr the k
XKk index, for XY or Z distributions, respec-

tively. Default values are 1.C.

CARD TYPE 8 =~ Source Guess.

1i-12 o
13-14 I ' Row designatioen (integer)

15-16 J Column designation (integer)



Column Content Description
-17-80 FREE FORM DATA:
S.. Scurce guess: k=1 to KMAX for this 1, j.
iik

Increment J py 1 £or the next set of sour-
ces and so on until J=JMAX, then increment
I by 1 and do the next set of J's {and their
associated k's) until I=IMAX. The values of
the source guess are normalized to an avera-

-

ge value of 1.0 by the program.
For a Reference Case, it is set to the
value 1.0 prior to input read.

CARD TYPE 10A - Fuel Labels. '

11-12 - 10
13-14 I Row designation (integer)
15-1%6 .
A4 FCORMAT DATA
27=20 ID, 1 Fcur alpha-numeric characters. NCTE: This
=T 1s not frese Iorm data. LD; i is the iden-
e o L. - N . -/
tification of each pundle (3, j locaticn)
21-2¢ D in the problem; use blanks where there is
no fuel. If the S..., Z.. V.. EID, .
* idk7 Tiik’ Tidk’ ;8k’
etc. and XEN, 1<k 2F¥e punched (see card type 02).
: 13
zhis ID will appear in columns 3-6 of esach
card.
77-80 1T, 15 The purpose of the fuel ID is to facilitate
-

fuel switching and o maintain reccrds cf
the rearrangement. Normallv, Exposurs cards
(tvpe 10B) will be read in originally for
each 1,3 position with non-zsero exXposure,
zollowed bv the ID cards (tvpe 10a; to la-
el =ach fue: bundle. In Change Cases there=-
aiter, 1D carcs Zor each row in which there
is to be a bundle replaced will be ordered
to precede the Exposure cards Ior the new
bundles. An ID card for sach such row, only,
1s reguired, but the label for all bundles
in the row must be given.

(b H

After one cor more ID cards have been read

in, all follcwing exposure cards in each

case will be assigned to the i, j position
whose label in the ID array is equal tc that
punched in columns 3-6 cf each Exposure card.
Thus, an ID card not only changes the labels
in the ID array but also forces all succeeding
Expcsure cards read in this or any following
Change Case to be stcred by the label in co-
lumns 3-€ rather than by the i, j carried in
columns 13-14, 15-16 of Exposure cards. If
Card 10A's are supplied. Card types 18 and
19 must have labels (ID._.) om columns 3
through 6. ]



ZARD TYPE 10B - ExXposure.

Ccliumn Content : Description
1-2 Run Number (Punched cutput contains IPCH from the
preceding case).
-5 iDp
° I,J
7-8 T Fuel Type {(overlays type 04 when arranged
by IDI Ry and tvpe 1l0A cards are read in
l. Iy - n
ii-12 10 before type 1(0B; not needed if there are
no label cards). ({(integer).

=
(V8]
|
§-»
a3
-

Row designation (integerx).

15-16 J Column Desicgnation (integer).
17-80 FREE FORM LATA:
Eijk Exposure in 1000 MWD/T in the same manner

as the source guess.

Zxposure cards read in befcre any Label card (type 102&) since the
last Reference Case Title Card will be stored according to the 1,3
iocation punched in columns 13-14, 15-16 of each Exposur

However, once a Lakel card has been r

ses, all succeeding Exposure cards (in whatever Change case) will
be stored in the first i,j position whcse label in the ID array
equals the label punched in columns 3-6 of that card. Under these
circunstances, Exposure cards with a blank label in columns 3-9%
will be stored in the first i,j without fuel (

& full-core problem). Exposure cards with a label which is not
found in the ID arrzy will be icnored. This permits Exposure carxds
which correspcnd zo fuel no longer in the core to remain in the

irput deck without effect cn the calculatiorn.

CARD TYPE 12 - Convergence Acceleration.

Column Content Jescription
11-12 12
13-14

15-1¢ IACCEL Type cf source acceleration



Column Content Description
15-16 = -1: Source over-relaxation, Eguaticn (26).
{Cont'd) It is recommended.

0: Point Jacobi, Egquaticn (25).

= +1: Gauss ~ Seidel, Equaticn (27:.

17-80 FREE FCRM DATA:

i

Acceleration factors, n=1 to 70. n is the

source iteration number for a given void

loop. After the 70th iteration T_ is set
= . - -z S ..n -

to 0.0 bv the code. I uncertain on toe

celeration factors, use IACCEL=(Q

CARD TYPE 13 - Moderator Density Ccefficients.

11-12 13
13-14
15-1¢6 KED Source iterztion debugging print option

0: No effect.

i
-
..

Print 3-dimensicnal source array after
each source calculation.

il
i
(=)

Print 2-dimensional (radial) source
array after each scurce calculation.

17-80 : ~ FREE FORM DATA:



Colunn

17-80
Cont'd)

12

Description

C, through C, are used to calculate the

1
void fraction ) according to Egquation

Aijk
(29) these vazlues are determined tc £it U
vs. enthalpy tables, to get U=1.0 at cors
average temperature, using the same zore
average temperature here, than in the ke
ané M“correlations.

For PWR applicaticns normally use: .

.

2
54 = 0.0 1 U = l—x=l—C1~C2Q*C3Q L=
m - J—
C5 = -L0. = 1-c -C,fan ) =C, (-an_)
C = 1. . - )
1 5 = and
C6 - 1. =t > USING Lgo:1%8:nlet
7 : ‘£g ng,= (card type 1)
Cq = l..‘.‘.ﬁ:
e : ~ -An_=h and
\.15 = O-=Og - g 2
- U = 1-C,-C,h-C.h

this is the thermohvdratlic corrslation, to be

fitted using the U vs. h. tables, being

= 22l (i) the ratio bezween the moderatar density
p ()

corresponding to h and the value correspon-

ding to the core average enthalpy cr tempe-

rature.

h

(o}

At het zero power, C2=C3=O.O.

Enthalpy of evaporaticn (hgg) in Btu/lb.
L

this i1s used for calculation of Qex which 1is
used in Eguation (28).

Set 0.0
Set 0.0

= 1l: An edit of Si' is given after each void
iteration. ]

# 1l: No effect.

= 1: An edit of Si'k is given after each void
iteration. ]

# 1: No effect.

is given after

it
-
.o

An edit of U,.. and U,.
ij ijk
each void iteraticn.

No effect.

N
}-l



53

Description

Column Content -
17-80 Cis = 1: An =dit of Hi‘k (Keo)
(cont'd) - racion. 3
# 1: No effect.
C = p_.: Density of
14 X Yy 9
C. . = ¢ _: Densit
15 Cq sity of

is given after sach ite~-

saturated moderator ligquid.

saturated moderatcr vapor.

The units of C,4 and C,. must be the same.
-~ '

These ars
tion (30)

used to calculate Ui‘

ik by Egua-

ransienc

n

1

nitial value

-

Q g
calculation with NOPT=1
£ 2

+he concen-

CARPD TYPE 18 - I-135 Concentration.
i-1i0 Same as type 10B
11-12 i3
13-14 I Row designation (integer)
15-16 J Colun;vdesignation (integer)
17-80 FREZ FORM DATA:
SIDijk I-135 concentration in the same arrangement

as S,.jk on card type S. The unit of concen-
- -

tration is in 1013 atoms/cc, equivalent to

1072 atoms/(barn.cm). These cards are allo-
cated to i,j positions exactly the same as

Exposure cards (type 10B) in regaxd to the

Label cards (type 10A) and corresponding
ID array.

CARD TYPE 19 - Xe-135 Concentration.

1-10 Same as type 10B.

li-12 15



Content

I

CARD TYPE 33 (2A5.12
11-12 33
CARD TYPE 99 (2A5,I2)
11-12 9¢
TERMINAL CARD (Al,A4)
l NI"
2-5 . "zAST"

Description

Rew designation (integer)

Column designation (integer)
EF

Xe~135 concentration in the same arrangement
as EID, .. on Card type 18. All the rules for

5
o
apply to this card.

Used onlv to precede additional data which
ara out of order and not convenisnt to com-
bine into basic deck. Inserted befcrs eVEIy

czrd whose tyvpe is lower than the precedind

card.

- END CARD - always reguired.

The last card of each case. Th
signals the end of input data
case.

S card

i
for each

- Job Termination-Card,

This card signals the end of a given case.

"LAST" is not a variable name, but it must
be punched on column 2-5.

Input data decks following this card will
be processed as the first case, it is as
reference (I) or restart (D) cases. This

is useful for processing several restarts
from the same restart tape 1.
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Dimension
Title

IPCH

Card
Card

IBURN

KPCH

TABLE 1
SUMMARY OF SIMULA-3 CASE INPUT DATA

I, Jb, Kb
Alphanumeric Description of Case

)
al’

AE, X, AZ, P, P, W h ,, CRNR, ITAPE, IMABWR, IBUGI,

E , E

o' “max’ W2’ |

ll
IBUG?2, RMAX, RMIN, RING, NOPT, PPM,

ISYM, KMAX, DELSX, NSMAX, DXLS, NUMAX, DXLU, NCMAX, DXLC, XLMBDA, DLP,

Ay WV e CHL XKRNL, 9 g, G THAL, TPRT, IPRT3, ICOMP.
Constants for Ft{el Type t BJt . J = 1,54 or 60
Radtal Fuel Assembly Type by |,} NFT“ ., J = 1,]MAX
Axial Fuel Type by k , 'l'k , k = 1,KMAX
Control Posltion by 1,]) . R“ , } = 1,JMAX
Length of Conltiol Rod by 1,]} , Rll“ , 1 = 1,IMAX
Fractional Flow by 1,]} F” , J = 1,]MAX
Power Dependent Flow Faclor by |, | I’l’“ s J = 1,JMAX
Horlzontal Albedo by 1,} AH” ., } = 1,]JMAX
Partlal Fuel Factor by {,} or k XK“ or XKk , J = 1,JMAX or K =
Source Guess by I,},k Sljk . kK = 1,KMAX
Fuel Labels by -l,] [D“ , | = 1,JMAX (A4 Format)

Exposure by 1, J, k Eljk , k = 1,KMAX

_SS—

1, KMAX



TABLE 1 (Cont'd)

SUMMARY OF SIMULA-3 CASE [NPUT DATA

Card
Type
12 IACCEL - Acceleration Factors l} . ) = 1,16
13 KED Density Coefficlents Cj ., § =1,150r ]7.-
18 1 J 1-135 Concentration | EID . ko= 1, KMAX
19 J Xe-135 Concentration XEN 0 ko= 1, KMAX
33 Overlay card for basic data. Used only to precede addltlonnal (or overlay) data which

is oul of order and not convenleit to combine (by type) Into baslc deck.

99 Precedes TITLE CARD or LAST CARD. Stgnals end of data for this case.

_99_
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NOTE:

TABLE 2

SIMULA-3 INPUT DATA DECX SETUT

CIMENSION CARD (Only one card)

SARD of lst case (It must be a2 Reference Case; but if a
restar: tare is available, it can be made a2 Change cass)

x|
H
ks
Q

H -~

Card types 1 through 23 for lst cass (Required cards only)

"

IND CARD of lst case ("93" puach cn column 11-12)
TITLZ CARD of 2nd case (Refersnce or Change Case)

Card types i through 32 fcr 2nd case (Regquired cards only)
IND CARD of 2nd case (99" punch on columns 11-12)
Rereat 5 throuch.7 for additicnal cases

TEZEMINAL CARD ("IZAST" on cclumns 1-3)

All the cases in 2 job must have same nodal meshes
(l.e., same I, same ], and same X)




1.2. SAMPLE PROBLEM.

In the listing 1 are the input data for a threze dimensional cal-
culation of a guarter core cf a PWR burnup cycle. The constants
of the correlations (Section (3) were generataeéd by MELON-2 exe-
cutions, the transport and ccrrecticn factors (Section 08) and
horizontal albedoes (Section 07) by CONCON executions and the
vertical albedoes (Card 02) and axial correction factors (Sec-
tions 08-2 and -5) by CON&XI calculations.

i.4.  SIMULA-2 OUTPUT.

i.4.1. Printed Output.

Listing 1 is the printed output of the SIMULA execution with
the previous sample problem input data.

For each page of the SIMULA output, the first line contains the
title of a case and a page number. The page number is reset -to
"1" whenever a new case. (Reference cr Change) is read in. A
summary of items in the ocutput of a case is given in Table 3.
All the input data for a given job are printed at the beginning
as they appear on input cards. Each case input data are again
printed before the computed results. The fusl identification
and the type c¢f neutron transport kXernel and source iteration
scheme are also printed next. If the SIMULA special option para-
meters (NOPT on card type 1) were chacked, the type of option
is described inmmediately after the fuel type arrangement. The
initisl vglues of source (Sijk)’ fuel exposure (Eijk)' and con-
centrations of I-135 and Xe-135 (EIDijk and XENijk) are printed
by channel and by bank (node) only when these are provided by
the inpﬁt data cards.

The printing of 3D distributions and iteration can be deleted
through input variable IPRT3 on card 02



The control rod positions (Rii) and control rod lenght {RHii)

are always printed prior to the first void (moderatcr density)
iteration.

Results of each iteration are printed in a summary form.

The symbols used for the descripticn cf iteration results in
the SIMULA output are described in Table 4. Core average,
channel, and nodal distributions of source, power, modera-
tor density, and kX_ in items 6, 7 and 8 in Table 3 are
always printed r=gardless of the type of a problem. Note

that the moderator densitv 1is not the absolute but reliative

density and the source and power are normalized to core ave-
rages of 1.0. The values cf K are k_'s given by Equations

(33)' to (42).

The nodal concentrations of I-135 {(EID) and XE-135 (XEN) are

printed only for a transient Xe calculations, and they ar

e ex-
pressed in 10_9 atoms/ (barn-cm) which is equivalent to 1015
atoms/cc. The distributicn of fuel exposure (E)} is printed only
for fuel burnup, refueling, and transient ZXe calculation options.
The unit cf fuel exposure is the same as the unit given for EO’

Emax’ and AE on card type 1 (=1,0C00 MWD/T).

During the control rod positicn or soluble poison search calcu-
iaticens, the results given by items, 6, 7, and 8 in Takle 3 are
not printed until the search is completed. That is, only the
iteration data and estimated control rod vositicns or estimated
poison are printed during the search iteration.

Additional debugging output edits of two or three-dimensional
arrays are given at various stages of iteration according to
input specifications for IBUGl and IBUG2 on type 1 card, and
KED and Clo through C13 on type 13 card. Use of these options

for debugging edits is not reccmmended for normal production
runs.
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TABLE 2

SUMMARY QOF SIMULA~3 CASE OUTPUT

Input card data.

Fuel identificaticn 2nd arrangsment of fuel matsrial types (NFTID, T, NTT)

—
(U}
ol

8]

Input source, sxposurs, [-133, and Xe-135 (5, ID, XEN) (if provided).
Control rod positions and rod langths (R, RH).
Source and void (density) itaration data.

Axial distributicns of core average power and moderator density; core
peak power, and inlet znd outlet steam quality.

Distribution by channel and by node <f gower and mederater density
(SRC).

Distribution of k; by node (X).

Distributicns of fuel exposurs by channel ané bty ncde () (for fuel

v

burnup or transient Xe calculiation only).

Distribution of I-135 and X2~-133 by node (EID, XEN) (for ransient Xe
calculation only).

* For control rod pogition and solukie poison search problems the various
nodal distributions are given only for the final, converged rssults.
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TABLE 4

DESCRIPTION OF SYMBOLS

IN NORMAL SIMULA-3 ITERATION RESULTS (See Fig. 2)

Symbols in

NUSIM-2 Qutput

Lescription

NC
NU
N3
DELTA LT

DELTA LU
DELTALC

ACCEL S TOT

MAX REL CEG
IN SOURCE

SOURCE TOT
LAMBDA

CONVERGENCE

SHANK

Search calculation itsraticn count ()

Void (moderator dansity) itsration count (u)

Seurce iteraticn count (n)

A=A
n n

|
>

A
c c-1

—t

Sum of normalized old sources (3., in Section

3
-

13.18.0)

Z

Maximum value of IAS] /S and its location ijk
Sum of unnormalized new sourca (ST in Section IIB.18.3a)

Current value of sigeavalue (A _, A\, orl

A ]

u =X
Convergence indicator: - 1 for | A - SEANK| < DXLU

0 for |SEANX-SZANQ| < DXLU

ku—z +Xu-2,\.u

-1

SEANK HANX - SHAN Kz
u-2 18] U~

SHANK __ + SHANK -~ 2-SHANK
U=~-a d u

1

-]

-

I - sEaNK|
53

SHANK - SHANQ|



1.4.2. Tapes Output.

When the punch card option is specified by tape 2 card, the

-

three dimensional arrays are written in File "7 (TRPE 7)
according to the input formats for these arrays. Columns

-

1 through 16 of punch cards contain the following information:

Column Content
1-2 IpCH
3-45 NFTID (I,J) = Fuel label for E, EID and XEN
INAME - "SIJR" - for S, "POWR" - for SRC
7-8 ~ NFT (I,J) - Fuel material type for E, EID and XEN

M - Card sequence no. - for S and SRC.

9-190 N - Card sequence nc. - for E, EID, and XEN
N - Card sequence no. - for § and SRC
11-12 L - Card type no. "o©", "i10", "18", "i9", etc.

- 0 fcr SRC {power)

13-14 I - value of I (row)

15-1s6 J =~ value of J (column)

Columns 18 through 80 ccntain values of S{I,J,X), SRC(I,J,K),

E(I,J,K), EID{(I,J,K), or XEN(I,J,X) in a 9r7.3 format starting
from K=1. Thus there will be nine values per card, and the re-
quired additional cards will contain the same data on columns 1

through 16 except the card sequence number.



1.5. PROGRAM CHAFRACTERISTICS.

The SIMULA~-3 program is written in standard FORTRAN V for
UNIVAC 1100 and CYBER=-835 and it can be segmented into three
overlays. Segment G provides the control and flow of the code,
segment 1  processes input data and secment 2 computes and
edits the computed output. It has about 3.500 sentences.

1.5.1. I/0 Unit requirements.

The SIMULA-2 code requires the following £iles (disk) for its

operation:

File No. Use

Tape 1 Previously written restart tape containing
the variables in all the common blocks.

Tape 2 MNewly written restart tape after the exe-
cution of the current case

Tape 3 Scratch file for tempcrary data storage
used in subroutine PARTE only in transient
Xenon calculations.

Tape 5 Input data file.

Tape 6 Standard output file.

Tape 7 BCD card punch file.

1.5.2. Restrictions on the complexity of the problem.

All arrays in SIMULA-3 are dimensioned through four parameter
variables, which can be easily changed for recompilatiocn.

These are:



Paramet

ar variables and given values

CASE

PRNTHD

EDT3

XEROCR

= No. ©f nodes in the X direction <15

= No. of nodes in the Y directicn <15

= No. 0f axial nodes <17

= No. of material or fuel assembly types <15

Program Structure.

BRIEF DESCRIPTION OF SIMULA-3 SUBRCUTINES.

DESCRIPTION

Mzin program of SIMULA-3,

Reads the TITLE card and prints information

ther=0f.

Prints the case title and page number on the output
sheet.

Prints output data including iteration results.
Prints the gross or averace core data after the ter-
mination of iteration and before proceeding to array
editing.

Prints two and three dimensional arrays.

Prints error messages for programmed error stops.



NAME
CLEAR
ICLEAR

PARTA

RDV1

NIPS

TAPEIN
TAPOUT

PARTE

PCH1

REFUEL

= DESCRIPTION

Initializes a floating point data array.
Initializes a integer data array.

Calls RDV1 Checks input data and processes them
for computational setup. Edits the processed input

~

arrays.

Reads and checks input data cards, and stores the
data in appropriate locations. "As read" informatiocn
is listed card by card. Call NIPS, TAPEIN and TAPOCUT.

Reads reference power distributions.

Converts the free form input data on columns 17
through 80 of a card, from the alphanumeric form
to floating point numbers.

Reads an old (previously created) restart tape

(TAPE 1) and prints the identifying information.

Writes a new restart tape (TAPE 2) and prints the

identifying information.

Initiates detailed setup for computation. Calls

"CTCALC, POWER, UCALC and XCALC to calculate nodal

arrays, and NODAL4 and CNVI to calculate source
terms and to control source and void iterations.
Calls RSRCH and POSCH for search of control rods

and poison calculations. Calls PCH1 and EDTO,

EDT1, EDT3 to punch and print intermediate and fi-

nal computed results.

Punches three dimensional arrays of source, exposure,
and concentrations of I-135 and Xe-135.

Calculates new exposure arrays and zone average ex-
posures during the reload (Haling) calculation. Tests
for convergence of the reload calculation and prints

convergence data.



NAME

CTCALC

POWER
UCALC

KCALC

COFCAL

SOITR

CNV1
CALSRC

CHEBY

" RSRCH

EX
NODAL4

FR

POSCH

-Applies the Chebyshev polyn

DESCRIPTION

Converts the input control rod position to contreol

\

. , = 2 :
array (c_; for use in calculation of nodal M~ and k_.

Converts nodal relative source to nodal relative power.

Computes nodal moderator relative density.

Compdtas nodal k_.

Computes nodal neutron transport kernels and three

dimensional source coefficients D and G.

Calculate nodal source terms, eigenvalue, and other
source itaration data for a given source loop.

Forward - Brekward Solution on axial lines.

el = o~} 1
calculates additional void convergence data and checks

for convergence of void loop.

Similar +to SOITR except that this is used Ior toe

Chebyshev polynomial source acceleration option.

1

he acceleration

r

mial to
of sources during source iteration.
Determines new control rod positions during the control
rod position search and checks the convergence of A

to AO.~Edits the new control rod positions at each
search loop.

Computes exp (X).
Source calculation for the transport kernel type 4.

Is a function for interpolation ans extrapolation cal-
culations.

Determines new poison during the soluble poison search
iteration and checks the convergence of Ac to AO.

Edits the new poison concentration at each search loop.
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- MAIN
SCASE
PRNTHD
EDTT
EDT3, EDTO
B XEROR
" CLEAR., ICLEAR
'
SEGMENT 1 -  SEGMENT 2
PARTA PéETE --ggiA:Q,c
RDV 1 REFlL A U El |
ne UE - UcALc
. SOITR KCALC
TAPOUT , TAPEIN CNV1 COFCAL
RSRCH CALSRC
POSCH CHEBY
EX NCDAL4
" FR

SIMULA-3 Program Linkage




1.5.4. Machine time requirements and ccres storzge.

The running time cf a case varies widely depending upon the number
of nodes, the type of problem and the convergence criteria for
each type of iteration. Generalizaticrn of the running time is

difficult.

As_ an example the running time on a CYRER=-835 of a 15xi5x1l7
ncdes case, 1 burnup step, pciscn search, NSMAX=8, NUMAX=20,
IACCEL=-1, €=5.E-5, and 5.E-7 is about $0 seconds of central

processor time.

The required memcry for the main commen of SIMULA-3 is:

i

Length o<f -COMMON 9.LI.LJ.IK + 17.LI.LJ (=38250).

where Li, LJ, LK are the number of nodes in I, J, X directions.

The additional central memory for ccde and data is 17.2 k-words
in the CYBER-835 without segmentation.

1.5.5. Error Stops.

When the nodal meshes specified by the DIMENSION card are out
of the range of the maximum allowable nodes by the current ver-

sion, the SIMULA-3 code will nct execute any of the cases in a job.

There are twc types of error stops in the code: programmed and
unprogrammed. The programmed stops are those resulting from ‘spe-
cific input data checks by the code. When a programmed error stop
occurs, an error message is printed with the input card type num-
ber or an error type number, and the code skips the current case

to read the next case. Following prcgrammed error stops are avail-
lable in SIMULA-3.

Error Message Cause
"ERROR STOP OQOF TYPE 7 Fuel berder type error.
ERROR STOP OF TYPE 8 Fuel border type error.

ERROR STOP OF TYPE 9 Non-positive fuel material numbers.



ERROR STOP OF TYPE 10 IMAX<21

ERROR STOP OF TYPE 181 XLMBLDAS0 (Card type 2)
FOLLOWING CARDS QYT CF

CRDER Ncen-seguantial card number.
FORMAT OF VALUE ON CARD

NOT ACCEPTABLE Input datz format error.

There are additional programmed stops in the control rod position
search or scluble poison sSearch calculations. The reason for this
type of errcr is usually printed in the output; however, thess

steps are different from the above such th

{—

t all the computed

]

13

resultg 4P to the stop are printed when

t

(7

Error occurs.

o

1.5.6. Restart Options

There are two ways to save the resulis ¢f the current case for
futurs use. One is to punch in unit 7 (TAPE 7) three dimensional
arrays of S, E, EID, XEN in formats identical to their input
data formats according to the specifications for XP,

IPCH and IHAL cn card type 2. These cards c¢an ke writen,
from any burnup (or Xe transisnt) step of a case or from

any c¢r mcre than one case of a given job. This unit is com-
bined with other input data and used for restart cases vith the
same number of nodes. The first case in these restart cards must

be an indevendent case.

The other is to store the current case data on a restart Zile
(TAPE 2) for future use by specifying "SAVE" on columns 2
through 5 of the title card of the current case. The data can

be saved from any case of a job on consecutive files of the

unit TAPE 2. The saved data include not only the twc and three
dimensional arrays in the blank main COMMON, but alsc the re-
maining data cn the labelled COMMONS; hence, the restart £file
contains much more complete data than the punch cards, requiring

not additional input data for the restart case.

The restazrt file becomes "TAPE 1" in a restart case; and if



specified, & new restart file is created on TZPE 2 instead of
TAPE 1. The restart case must be similar tc the case on the
restart file with raspect to the number ¢f nodes and it must
be made the first dependent case 0of a job. Aithouch a new res-
tart file (TAPE 2) can be created from any case of the job as
stated earlier, the o0ld (previously gerneratad) restart file
can be reached only £from the first and dependent case in the

input deck or after a "ILAST" card.
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LISTING 1

SIMULA-3 -~ Input Data and Printed OQutput

for a Sample Problem.
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LISTING 1 SIHULA-3 INPUT DATA AND PRINTED OUTPUT FOR SAMPLE PROBLEM
PROGRAM SEMULA-3  VERSION IAEA-CRP (JEN-367) JeMe ARAGONES  SEPT 84
I=13 4 =15 K= 17 HEMORY USED = 38250 COMHOV WORDS + 17120 CODE WORDS -
1 SIMULA-3  INPUT DATA  BOL-ARD-HFP-EQ.XENON  ALB-V OF CONAXE

THIS IS AN INDEPENDENY CASE
THE CORRECT VIME IS 16.33.11.
THE CPU TIME USED THUS FAR IS5 27.349 SECONDS

55370 TOTAL WORDS

€L
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SERULA-3
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0

K

o d o s od v o el o o e wy w) e e D LR I I S G A Y

CCOoOOCOoOCOOOOOODD

COO0DOOOOOEOOOLCOO OO OO

Wwwwwwenwe

o b
W DD w0 X >N

| ol o
o~

—
OO OODD NGRS P R b s b

| ol ad
Lo

-
NN

SIMULA-3 INPUY UAGA PUL=AKU—HF P~EWe ALNUN ALB-V UF LUNARY
INPUT CARDS
14 «918523E~04 » —+916409E-08 » +T41265E-12 »
* 0. » 0. ’ * ’ .
* 0, s O, » O. » «100000E+01
* 0, » O. » ~el13223E+400 »
L 0. ? 00 ’ 00 ’ 0.
¥ 0. » 0. » 0. » O
* «100000E+01 , O, » O ’
* +«100000E+01 , O, » O. »
¥ Oo ? 0.
RADIAL FUEL ASSEHMBLY ID FT{I»J) J=l1,JIMAX
+# 1 3 3 1 1 3 3 1 1 3 3 1 1 2 2
¢+ 3 1 1 3 3 1 1 3 3 1 1 3 3 2 2
* 3 1 1 3 3 11 3 3 1 1 3 3 2 2
#»# 1 3 3 1 1 3 3 1 1 3 3 2 2 0 o0
« 1 3 3 11 3 3 1 1 3 3 2 2 0 0
«# 3 1 1 3 3 1 1 3 3 2 2 2 2 0 o0
«# 3 1 1 3 3 1 1 3 3 2 2 2 2 o0 0
# 1 3 3 11 3 3 121 2 2 O o o0 0O
+« 1 3 3 1 1 3 3 1 1 2 2 0 0 0 0
¥ 3 1 1 3 3 2 2 2 2 0 0 o0 0 o0 o
* 3 1 1 3 3 2 2 2 2 0 0 0 o0 o o
+# 1 3 3 2 2 2 2 o0 0 0 0 O 0 0o o
+ 1 3 3 2 2 2 2 0 0 0 0 0 o0 o0 o
* 2 2 2 0 0 0 0 0 0 0 O O0 o0 0 o
« 2 2 2 0 0 0 0 0 0 0 0 0 0 0 O
HORTZONTAL ALBEDO AHUTI»d) J=1,sJHAX
* L0000 ,0000 .0000 .,0000 ,0000 ,0000 L0000 .0000
# L0000 .0000 .0000 .0000 .0000 L0000 .8000
+ .0000 ,0000 .0000 ,0000 .0000 ,0000 .0000 .00OO
# ,L,0000 L0000 .000C0 L0000 ,0000 L0000 .B000
* L0000 ,0000 ,0000 .000D ,0000 .0OOO .00OOO .000O
¢+ .0000 ,0000 .,0Q000 L0000 .0000 5500 1.5500
¥ .0000 .0000 .0000 .0000 .0000 .0000 .OOOO .OOOO
* .0000 .0000 40000 .0000 .6500 .0000 ,0000
*+ ,0000 .0000 .0000 L0000 .0000 ,0000 .0000 .0000
*+ ,0000 ,0000 .0000 .0000 ,8000 .0000 .0000
*+ L0000 .0000 .0000 .0000 .0000 .0000 .0000 .0O0OO
¢ .0000 ,0000 .0000 ,0000 ,.BO0OO ,0000 .0OOO
¥ .0000 .0000 .0000 .0000 .0000 .0000 40000 .000O
* ,0000 ,0000 .0000 ,6500 1.6000 .0000 .0OOO
¥ .0000 .0000 ,0000 ,0000 ,0000 .0000 .0000 .000O
* L,0000 .0000 .6500 L0000 L0000 .0GOO L0000
¢ ,.0000 .0000 .0000 .0000 .0000 .0000 LOOOO .000O
* L0000 L6500 1.6000 L0000 .0000 .0000 L0000
* .0000 .0000 .0000 ,0000 .0000 .0000 .0000 L0000
* .6500 .0000 .0000 ,0000 .0000 .0000 .0000
* L0000 .0000 .0000 .6000 ,0000 L0000 LO000 .6%00
# 1.6000 .0000 .0000 ,0000 L0000 ,0000 ,000O
*+ .0000 .0000 ,0000 ,0000 0000 L0000 .6500 .0000
* ,0000 .,0000 .0000 ,0000 ,0000 .0000 .0000

B 2K 20 K K I IR 3R B 4

- el FEEPEEEERE RS

LA 3R B 2R 2 BE B R B b I CBE S NECEE CEE S NE N R R N 3

FALL

¢

1829~
{832~
(836-
{840~
1843~
1847~
{B51-
(BS54~
(857~

P

P I S P N el Y

831
835
839
B42
B4b
B50
853
836
858

ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAO
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD
ALBRAD

- W " - ——

- S G S W N N e WS WP W W A W e S W e e
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SinuLa-3 ' 3INULA-3 INPUY UATA BUL~ARU~HFP—EU, KENDN ALB~V Ut CUssXl PAGE 3

INPUT CARDS

7 0 13 + ,0000 .0000 .0000 .6500 .8000 .8000 1.6000 ,0000 L4 { AiLBRAD
17 0 13 * .0000 .0000 .0000 ,0000 .0000 .0000 .0000 " { ALBRAD
7 0 14 + L0000 .0000 .5500 ,0000 .0000 .0000 .0000 .0000 ) t  ALBRAD
7 0 14 * ,0000 0000 .0000 ,0000 .0000 ,0000 .0000 " {  ALBRAD
7 0 13 + ,0000 .8000 1,5500 ,0000 .0000 ,0000 ,06066 ,0000 * {  ALBRAD
7 0 15 * L0000 .,0000 ,0000 .0000 0000 L0000 .00GO ¥ { ALBRAD

KD I PARTIAL FUEL FACTUR XKKCIod)  Jel,JHAX
8 5 1 % 1,009 0,9997 R14 1.0063 N XK=V
8 5 2 * 0.9627 1.0012 R13% 0.9750 " t XN-V
6 5 13 * 1,0258 1.0055 R13 0.9803 + { XF-V

KD  ICHEBY ACCELERAYION FACTORS .

12 0 -1 * 0.T:R69 0 {

KD K KED . CONSTANTS  CUJ)

13 0 0 * -0.41 0.T4-4 0.102-5 0.0 -10.0 1.0 * (

13 6 0 ¢ 1.0 1.0 0.0 0.0 0.0 0.0 * {

13 0 0 * 0.0 0.0 0.0 0.0 1.0 0.0 * {

99 0 0 * + {

FUEL  IDENTIFICATION
1 1 2 3 4 5 6 7 7 8 9 10 11 12 13 14 1% 6 17 8 19 20 21

-
DO BN SN

b bk pas pub b
(LI TN R g

- -

- -

9L



SINULA-3

-
COTNOUIrOWN-

- ot s
W W -

NFTY

2
3

. VARIABLES

ALl 1)
Al 3)e
AL{ Q)
Al(13}e
AL(17)=
AlL(21)«

" VARIABLES

+

A2t 1)»
A2t 3}
A2( 9=
A2(13)=
AZ(17)=
A2(21)-

¥¢4 4% SOLUBLE POISON SEARCH,

!

SIMULA-3 INPUT DATA
2 3 4 [ 7 7

1 3 3 1 1 3 3 1
3 1 1 3 3 1 1 3
3 1 1 3 3 1 1 3
1 3 3 1 1 3 3 1
1 3 3 1 1 3 3 1
3 1 1 3 3 1 1 3
3 1 1 3 3 1 1 3
1 3 3 1 1 3 3 1
1 3 3 1 1 3 3 1
3 1 1 3 3 2 2 2
3 1 1 3 3 2 2 2
1 3 3 2 2 2 2 0
1 3 3 2 2 2 2 0
F4 2 2 0 0 0 0 0
2 2 2 0 0 0 0 0
AXTAL FUEL HATERIAL TYPE
1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3
IN INPUT CARD 1

XPG ~ Oa Al 2)e XPOMAX
01 » 2.151530E+01 ALL 6)= PTH
FLONZ = 0. A1L{10)= SubCl
ITAPE = 0. All1l4)s

RHAX = 0. Al(18)« RMIN
PPH = 9,000000E+02 AL(22)»

IN INPUT CARD 2
ISYH

DXLS
0xLC

IPRT3

v-5.000000E+00
« 1.000000£~07
« 1,000000£-05
AVT » 1.213000E+00
6H = 1.000000£+00
« 3.000000E400

A2( Z)= KMAX

A2( &)= NUMAX
A2{10)= XLMNBODA

A2{14)~ CHI
A2{18)= Cy
A2(22)=

INITIAL GUESS=

1ICDHP

FUEL TYPE

9 10 11
1 3 3
3 1 1
3 1 1
1 3 3
1 3 3
3 2 2
3 2 2
1 2 2
1 2 2
2 4] 0
2 0 0
0 0 [
0 1] ]
0 o 0
0 0 0
1 1 1
2 2 2
3 3 3
= 0.

= 2.700000L+03
=~5.534000E402
= 1.000000€+00
= 0,
= 0.

« 1.700000E+01
= 2.000000E+01
= 1.000000E+00
= 0.

= 1.000000E+00
«a-2,000000E+00

BOL~ARO-HFP-EU+XENON

OCOCOOLOODONNNNWWM™

[P

900, 0000 PPH whi**

ALB-V UF CUNAXI

12 13

DOOOOCOLOONMNNN WM

[T N

Al( 3)-
AL(L )=
Al{ll)=
Al(15)=
AL{19)=
Al{23)e

A2( 3)e

A2¢ Ti=
A2{11)=
A2(15)~
A2(19])=
A

14

CCOCODOCOOOLOOONNN
CoboooLOOooOoOoOoNNN

(TR N
WD P

DE
PRATED
suac2
I8uGl
RINC

DELSX
oKLy
oLep

1%

16 17
A
1 1
2 2
3 3
0.
2.700000E+03
[
0.
0.
0.

5.000000E~006
1.000000E-07
0.
4.000000£+00
0.

"PALE

19

AL{ 4)s=
ALl 8)=
A1(12)=
AlilG)e
Al{20)=
A

AZL A)~
A2( 8=
AZL12)=
A2(16)=
A2(20)=

L]

20

DX
FLOW]
CRIJ
18UG2
NOPT

NIHAX
NCHAX
AVES
6V
1PRTH

22 23 24

1.0791680£+01
1.000000£+08
0.
0.
3.000000E+00

6.000000£+00
1.006000£+01
1.241000E+00
1.000000E¢00
1.000000E+00

LL



78

*0 ‘0 *009

‘0 ‘0 1.1

*0 *0 *004g

‘0 ‘0 ‘oLe

‘0 ‘0 *09¢

"0 *0 *0¢¢
1043000001* 1043000001* T0+3000001° &¢
‘0 *0 *0E¢G

‘0 ‘0 *02¢
1043000001 1043000001° Y0+3000001° Y¢
‘0 ‘o *00¢

‘0 *0 06y

‘0 ‘o ‘08¢

‘0 *0 oLy

‘0 ‘0 09y

‘0 ‘0 0Ly

‘0 ‘0 ‘Ovy

‘0 °0 ‘0EY
00+3EZZEIT*~10-3L69EL8°-~-10-31606L0°~2}
‘0 *0 ‘oty

‘Q .c .oc*
10+300000T° 1043000001’ T0+3000001* 6€
‘0 *0 *09¢

‘0 *0 *oLE

‘0 ‘0 ‘09€

*0 B ) 111

*0 *0 . 1*0VvE

‘0 ‘0 °0€e

‘0 ‘0 *0Z¢e

2T-36921%L°* 2T-3L291€6°* 11-396696T° 1E
80-360%916°~L0~-3LAY601*-L0-3962901°~0¢
$0~3E240T6° €0~3YSTT0Y® €0-IG0CEEY” 62
10+43000001° 10+43000001°* Y0+3000001° @2

*0 ‘0 012
*0 0 092
0 0 *0¢2
104300000T° T0+3000001* 1043000001 %2
*0 0 *0€2
*0 0 ‘022
‘0 0 012
*0 ‘0 *002
0 0 061
0 0 091
0 ‘0 ‘oLt
10-36000€T* T10-3¥02T2T° T0-3EGZE2T° 91
*0 0 13

10-368%%0€° 10-30%6662° 10-1606062° &1
00+436T29€9°* 00+3T689Z€° 0043210912° €1

‘0 0 .QN.N
‘0 ‘0 ‘01t
0 ‘0 .°°ﬂ

00+43696001°-0043ETO%ET"~00+3LGYEOT"~6
00+3L5T00%° 00+3E605TY* OO+JCEQIVE® @
00436Z€EY0* TO+IEHGEOT" 0043G207266° {

‘0 ‘0 ‘09
-0 *0 ‘06
*0 ‘0 ‘oy

00+3T1TZ2TL" 00¢3GH9LGCE® 00+3IBVELGE® €
T0+32€606ST°-T043LL220T1°-1043¥%2101°~2
€0+300150%° €043%£€C02° €0+399%L02° 1

€ 2 1 = J4AL

3dA1 7INd A8 SINVLISNOD 1ndNI



a

i SINULA-3 SINULA-3  INPUT DA

EXPOSURE 0.0000

1 2 3 4 5

{ 0)
0,000 0,000 0,000 0.000 0.000
0.000 0.000 0,000 0,006 0.000
0.00060 0.000 0.000 0.000 0.000
0.000 0.000 0,000 0.000 0,000
0.000 0.000 0.000 0.000 0,000
0.000 0.000 0,000 0.000 0.000
0.000 0.000 0,000 0.000 0.000
0,000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
‘10 0.000 0.000 0,000 0.000 0.000
11 0.000 0,000 0,000 0.000 0.0060
12 0.000 0,000 0.000 0,000 0.000
13 0.000 0.000 0.000 - .650 «800
" 14 0.000 0.000 «530 0.000 0.000
13 +600 «800 1.5350 0,000 0.000

O N RS WM

NORMALIZATVION FACTOR FOR BUNDLE

DELTA L U

+HC NU NS DELTA L §

1 1 1 ~.013428 ~.015428

[ 1 2 «012251 ~.003177

S § 3 002526 ~+000650

1 1 4 + 001303 «000853

1 1 5 «000860 «001713

1 1 b «000879 .002592

1 1 7 «000303 002895

1 1 8 -+000002 - «002893
NORMALIZATION FACTOR FOR BUNDLE

1 2 1 -+0020406 ~+002046

1 2 2 ~.000349 -.002595

1 2 3 ~.000321 -.00291¢6

1 2 4 ~+000210 -.003126

1 2 5 ~«000069 ~+003193

1 2 6 «000025 -+003170

1 2 7 000021 ~+003149

1 2 8 + 000004 ~.003145
ESTIMATED BOUWDS ON LANGDA up
NORMALIZATION FACTOR FOR BUNDLE

1 3 1 ~+000088 -.000088

13 2 .000014 -+000074

1 3 3 «000034 ~+000040

1 3 4 «000030 ~-.000009

1 3 5 « 000017 » 000008

1 3 6 ~+000002 «000006

1 3 7 -+000006 -.000001

TA POL-ARO-HFP-EQ.XENDN ALB-Y UF LUNAXI
AH(I,J) BY CHANNEL
10 11 12

] 7 8 9

0,000 0.000 0.000 0.000
0,000 0.000 0,000 0,000
0.000 0.000 0,000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0,000 0.000
0.000 0,000 0.000 0.000
0.000 0.000 0.0600 0.000
0.000 0.000 0.000 0.000
0,600 0.000 0.000 0.000
0.000 0.000 0.000 «650
0.000 0.000 «650 1.600
0.000 «650 0.000 0.000

«800 1.600 0.000 o0.000
0,000 0,000 0.000 0.000
0.000 0,000 0.000 0.000

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0,000 ©0.000 0.000
0.000 0,000 0.000
0,000 0.000 «650
0.000 «650 0.000

«650 1,600 0,000
0,000 0.000 0.000
0,000 0.000 0.000
0.000 0,000 0.000
0,000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

FLOW DISTRIBUYION = 1.000000

DELTA L C ACCEL S TOY MAX REL CHG IN SOURCE
~e«015428 26184523083 277062960 T 13 17
-+003177 2866.685737 «75321204 7 13 16
~«000650 2725.524083 26.,69241048 112 17

006853 2709.194334 2.10610534 115 1
+001713 2700.068473 T.344806495 1 14 17
«002592 2680.662832 1.59340129 1 13 17
«002895 2679.535044 55605373 112 17
2002893 2691.877233- «30242207 11117
FLOW DISTRIBUTION = 1.000000
000847 2655.,211445 «30568254% 3 15 17
«000299 2664.603675 «17883352 3 917
~+000023 2672.303592 «12372830 3 817
-.000233 2685.222741 «08290215 3 117
-+000302 2683.795169 «06339103 3 617
~«000277 2677.116140 «04793073 3 617
-+00025¢6 2676.471599 «04558418 1 617
-+.000251 26764461124 04162700 1 2 2

PER 1.024008583 LOWER «96960237
FLOW DISTRIBUTICH « 1.000000
-.000339 2669.231640 «04391279 1 1 3
-.000325 2665.690620 «03197372 L4 17
~-.000291 2656.618305 «04225708 1 116
-.000261 2662.310818 «03006129 1 117
~«000243 2659.039546 «03734186 1 117
~«000245 2661.3886809 «01559970 2 3 9
-.000252 «01522232 1 3 9

20662.179891

13

0.000
0.000
0.000

«650

800

.800
1.600
0,000
0,000
0.000
0,000
0.000
0.000
0.000
0.000

YAGE 2

14 ) 3]

0.000 800
0.000 « 800

«350 1.550
0.000 06.000
0.006 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

SOURCE TOT

2639.307696
2705.265739
2702.249460
R692.,643726
2687.275572
2675.860490
2675.197085
2682.457196

2660.,889005
26664413926
2670.943269
2678.542789
2676.879511
2673.715381
2673.395059
26T4.5653617

2669.136259
2667.0533006
2661.716650
2665.0651087
2663.140909
2664.5226829
2664.988171

16 i7

LAMBDA

- 906457204
299682344
99934988
1.00085331
1.00171305
1.00259174
1.00289512
1.00289328

1.00084720
1.00029858
«99997726
«99976704
499969845
+ 99972299
« 99974431
«999T48606

«29966063
99967467
299970895
299973939
«999756064
«99975450
« 99974814

6L



t

HAX REL CHG IN SOURCE

1

F4

DEL LHB

bt s P Pt ot it

SINULA~3 SIHULA~]I INPUT DATA BOL~ARD-HFP-EQ« XENON ALB-V OF CONAX]
NC HU NS DELTA L § DELTA L U DELTA L C ACCEL § YOV
1 3 8 -.000002 ~+000002 -«000254 2663.49G123 «01522532
CONVERGENCE 1 LANBDA «999746286 SHANK «999746 SHANK SQ 0.000000
ESTIMATYED BOUNDS ON LAMBDA UPPER 1.00378492 LOVER «99097229
NORHALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 4 1 «000018 «000018 ~.000235 2667.678002 «01639043
1 4 2 «000029 «000047 ~+000206 2669.627313 «01149405
1 4 3 ~+000003 «000044 ~+000210 2671.091094 00709176
1 4 4 ~.000002 «000042 -+000212 2671.182212 00610731
1 4 5 «000002 +000044% ~.000210 2671.582840 «00553724
1 4 6 «000008 « 000051 -+.000202 2671.7294655 00373938
1 4 7 «000009 «000060 =+000194 2671.430156 00366121
1 4 8 +000008 «000068 . ~.000186 2671.003397 00530265
CONVERGENCE 1 LAHBDA 99981411 SHANK «999749  SHANK 5Q 0. 000000
ESTIMATED BOUNDS ON LAMBDA UPPER 1.00275301 LOWER «99800796
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1,000000
) S 1 =.000005 ~«000005 ~+000191 2670.101595 +006588862
1 5 2 ~. 000007 -, 000012 =.000198 2669.971414 00676075
1 5 3 «000004 ~.000008 ~+000194 2669.630765 «00483141
1 > 4 «000002 =+ 0000006 -+000192 2669.237516 «00305257
1 3 3 «000000 -+000006 ~+000192 2668.992652 00202467
1 5 6 ~+000002 ~+000008 ~+«000194 26608.731690 «00196061
1 5 7 -+000003 ~+000011 ~«000197 2668.634109 «00162277
1 5 8 -.000003 ~.000014 -+000200 2668,4638355 «00141134
CONVERGENCE 1 LAMBOA - 099980041 SHANK «2998G3 SHARK 54 «999T 46
ESTIMATED BOUNDS ON LAHBOA UPPER 1.00006360 LUMWER «99894603
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION - 1,000000
1 6 1 -«000014 ~+000014 ~+000213 26608.,178342 200272614
1 6 2 ~+.000003 ~.000017 -.000217 2668.134953 «00314428
1 [ 3 =+000004 ~.000021 -.000221 26608.261727 00263617
1 ] 4 ~+000002 -.000023 ~.000¢23 2660.5216084 «00185085
1 b 5 -+.000001 -.000024 -+000224 2660.620074 - 200164952
1 6 6 «000000 -~ 000024 ~+«000223 2668.746125 «00113001
1 6 7 «000001 ~+000023 ~+000223 2668.048392 00072230
1 6 ] «000001 ~.000022 -+000222 2668,906002 «000647250
CONVERGENCE 1 LANBDA 99977827 SHANK «999836 SHANK SO « G99891
ESTIMATED BOUNDS ON LAHBOA UPPER « 99997759 LOWER 2499948264
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 7 1 +0006008 «030008 ~.000214 2669.309848 200135380
1 7 2 «000005 «000012 ~.000209 2669.39374¢6 «00097862
1 7 3 « 000002 000015 -.000207 2669.349878 «00092128
1 1 4 «000001 «000016 ~+000206 2669.250860 «00074352

N e L

9

0.000000 DEL SH SQ

SO OO0 O

OSSO O0

-

3
10
10
10
1t
11
12

1

10
11
11
11

+000002

.000058

PAGE

SUURCE TOTY

2065.758090

2668,340001
2669.369008
2670.230526
2670.283654
2670.519318
26710,605679
2670.429504
2670.178469

.000000 DEL SH 3a

2669.647997
26694571420
2669.375T44
2669.139713
2668.995670
2668.842171
2668,784770
26608.767248

2668.526672
2668.491149
2668.565722
2668.718638
26608.776963
2668.050662
2668.910819
2668.944707

2669.182264
2669.231615
2669.,202811
2669.147565

DEL SH Sa

DEL SH 54

LAHBDA

«999740628
0.000000

«99976460
«949979350
« 99979017
«99976819
99979013
«99979767
« 999000644
«99981411
0.000000

99900942
« 99980217
+999080573
«99980787
+» 99960835
«99980640
«999680338
«999680041
«000057

«S99TBELY
«99978314
99977310
«999771717
«99977641
«99977655
«999T7T4)
99977027
«000055

«999748585
99979061
+ 99979308
«99979431

08



o

'

11
11
11
11

e B D

10
10
10
10

16
17

O DD e s

16
11
11
1]
12
17
17
17

SINULA-3 SINULA-3 INPUT DATA BOL-ARU-HFP-EQ.XENON ALB-V OF COKNAXI
 NC NU NS DELTA L § DELTA L U DELTA L C ACCEL S Tov MAX REL CHG IN SOURCE
1 7 3 «000001 +000017 -«00020% 2669.231738 00074701 1 1
1 7 6 «000000 «000017 -.000205 2669.202137 00070393 1 1
1 7 7 +000000 +000017 ~»000205 2669.156709 «00052592 11
i 7 8 -+000000 « 000017 ~-.000205 2669.124810 .G0041216 1 1
CONVERGENCE 1 LANBDA « 99979511  SHANK «999788 SHANK SQ + 9998616 DEL LHB
ESTIHATED BOUNDS ON LAHBDA UPPER 1.00003669 LOWER 99966552 .

NORMALIZATION FACTOR FOR BUNDLE FLOW CISTRIBUTION = 1.000000
1 8 1 ~-.000003 -+.0006003 -.,0002086 2668.935132 000606175 3 15
1 8 2 -.000003 ~+000006 -+000211 2660.,0884814 «00033011} 2 15
1 8 3 -.000001 -+000007 ~.000212 2668.898321 00027515 115
1 ] 4 -2000001 -+000007 ~-+000212 2668,923154 «00023376 1 14
1 8 3 -+000000 ~+000007 ~e000212 2668.916136 «00022630 1 2
1 8 6 ~«000000 ~a.0000086 -.000213 2666,91119¢6 00024870 1 1
1 8 7 -,000000 ~-+000008 -.000213 2668.920590 «00021268 1 1
1 8 8 -.,000000 ~.000008 -.000213 26608.9280802 «00019401 2 2
CONVERGENCE 0 LANBDA 299978729 SHANK 2999790 SHANK Sa « 999790 DEL I HB
ESTIMATED 3BDUNDS OH LAMBDA UPPER «99986005% LOWER 999467812
HORHALIZATION FACTYOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 9 1 2000001 « 000001 -.000212 2668.991768 «00030107 3 15
1 9 2 « 000001 + 000002 -.000211 2669.007037 «000133887 2 15
1 9 3 +000000 © +000002 -.000210 2669.004465 00011953 115
1 9 4 +006000 «000003 ~.000210 2669.005024 «00010340 1 14
1 9 3 «000000 2000003 ~«000210 2669.013784 «00007682 113
1 9 6 +000000 000003 -.000210 2669.023979 +000060699 3 4
1 9 1 000000 .000003 ~-.000210 2669.027222 «00006643 1 4
1 9 8 2000000 «000003 ~+000210 2669.026497 «00006695 2 2
CONVERGENCE 0 LAMBDA «99979019 SHANK «999789 SHANK $4Q 999769 DEL LHB
ESTIMATED BOUNDS ON LAHBDA UPPER «999826137 LOMER «99975367
NORMALIZAVION FACTOR FOR BUNDLE FLOW OISYRIBUTION « 1,000000
1 10 1 ~+000000 ~+000000 -+000210 2669.,017057 00013219 315
1 1o 2 ~+000000 -+ 000001 ~.000211 26469.019280 «00009156 1 1
1 10 3 -+000000 ~+000001 -+000211 2669,018558 «00007105 1 1
1 10 4 ~+000000 ~+000001 -.000211 2669.013529 00005416 1 1
1 10 5 «000000 ~«000001 ~+000211 2669.008371 00004277 11
1 10 6 ~+000000 ~+000001 -+000211 2669.001509 «00002714 112
1 10 1 ~+000000 ~+«000001 ~.000211 2668.996723 «00002145 111
1 10 [} ~+000000 -.000001 ~.000211 2668.993707 «000010686 110
CONVERGENCE 0 LANBDA «99978923 SHANK «999789 SHANK SQ » 999789 DEL LHMB
ESTIMATED BOUNDS ON LAHBOA UPPER + 99980341 LOMER 99977997
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUVION =« 1,000000
11 1 « 000000 «000000 ~«000211 2668.9680065 «00004176 315

16

« 000007

«000001

«000000

" PAGE

SODURCE TOT

2669,136317
2669.118904
2669.092182
2669.073418

2668.9861842
2668.932243
26606.940189
26664954796

. 2668.950668

26b68.947762
2668.953268
2668,958166

+0000602 DEL SH sQ

2668.9951458
2669.004139
2669,002638
2669.602955
2669.0008108
2669.0141006
2669.0146013
2669.016763

2669.0100134
2669.011341
2669.010917
2669.007958
2669.004924
2669.000868
2668.996073
2660.996298

2660.992979

DEL SH SQ

DEL SH saQ

DEL SH 5@

7

LAMBDA

«99979490
« 99979515
«99979517
99979511
+000029

« 99979247
« 99378949
+ 999700842
«99976789
«999706765
«999768746
«99970737
«99978729
~000000

«999788607
«99978941
«999789179
«999706996
« 99979002
+99979008
«99979014%
499979019
« 000000

«99978985
«99978942
+99978932
«99978928
«29978920
«99978928
«99978927
« 99976925
«000000

«999789136

T8



‘STNULA-3 k SIAULA-3  INPUT DATA BOL~ARO-HFP-EQXENON  ALB-V OF COnAX] PAGE 8

NC NU NS DELTA L 5 DELTA L U DELYA L C ACCEL S YOV MAX REL CHG KN SDURCE SOURCE 10T LANBDA

1 11 2 000000 « 0006000 ~-.000211 2668.983060 00004170 1 1 9 2668.990035 99978942
1 11 3 «000000 «000000 -.000211 2668.984112 00003639 11 9 2668.9900634 « 99978944
1 1 4 «000000 +000000 -.000211 ° 26068.987663 «00002943 1 1 9 2668.992743 «99978944
i n 5 ~+000000 « 000000 -.000211 2668.9696858 00002762 1 1 9 20668,994034 99978943
1 11 ] ~«000000 «000000 ~.000211 2660.992991 00002240 1 110 2668.995877 99978942
1 11 ? ~+000000 «0G0000 ~,000211 ' 2668.996095 -00001476 1 110 2668.997703 «99978942
1 1 8 ~-+000000 «000000 -+000211 2668.998263 «00001007 1 1 9 2668,998978 99978941
CONVERGENCE ~1 LANBDA 99978941 SHANK «999789 SHANK SqQ « 999789 DEL LMB «000000 DEL SH SQ «000000

|
}
i
|
i
o
|
1
|
{
|
|
j ESTIMATED BOUNDS DN LAMBDA UPPER  .99979235 LOWER +99978302
i
., #ee4 INITIAL POISON GUESS»  880.0000 PPH  CRITICAL K-EFF « 1,00000 %++» .
f
I
| 4444 BORON =  900,0000 PPH K-EFFs  ,999789
#44% FOLLONING ARE NEW POISON AND CORRESPONDING RESULTS ###¥
$¢44P0ISON=  880.0000 PPH 44+

. NORMALIZIATION FACTOR FOR BUNDLE FLOW DISYRIBUYION = 1.000000

¢8



)]

e

ALB-V OF CONAXI

HAX REL CHG IN SOURCE

SIRULA-S sIMULA-3 INPUT DATA BOL-ARO-HFP~EQ. XENON
HC NU NS DELTA L § DELTA L U DELYA L C ACCEL S5 TO7
1 1 1 001383 +001583 «00)583 26924149678 «02402304
1 1 2 + 000027 + 001610 «001610 2672.939018 01514778
3 1 3 «000114 «001725 «001725 2672.3786086 «00462670
1 1 4 «000024 «001748 «001748 2670.6617380 .00298332
1 1 H «000007 +001755 «001755 2669,948509 00243364
1 1 6 ~+000000 2001753 «001755 2669.375998 «00202185
1 1 7 «+000003 «001758 001758 2669.382447 .00168040
1 1 8 +000000 001738 .001758 2669.531881 00161959
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTIONW = 1.000000
1 2 1 ~«000007 ~-+000007 «001731 2669.442312 00129720
1 2 2 -+.000001 -.000000 «001750 2669.308481 .00113179
1 2 3 .000002 ~-+000006 «001752 2669.322967 +00102990
1 2 4 «000001 -.000005 «001753 2669.398994 000984063
1 2 3 -«000001 ~.000006 001752 2069.343319 000906693
1 2 6 -+000000 -.000007 001751 26069.246773 «00084290
1 2 7 +000001 ~.000006 «001752 2669.239480 «00081205
1 2 8 «000000 -.000005 »001753 2669.254770 00087272
ESTINATED BOUNDS ON LAHBDA UPPER 1.00220853 LOWER 1.00151908
NORMALIZATION FACYOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 3 1 ~«000002 ~+0006002 «001751 2669.006191 00083139
1 3 2 ~+000003 -+«000004% «001748 2668.998025 00092252
1 3 3 -+000000 ~.000005 «001748 26684923591 «00041122
1 3 4 «000000 -+000005 «001748 2668.735839 0050015
1 3 3 +C00000 -+.000004 «001748 2668.8470606 «00030431
1 3 6 «000000 ~+000004 001748 2668.809697 «00033095
1 3 7 ~+000000 ~+000004 «001748 26684841759 00031729
1 3 8 ~«000000 ~«000004 001748 2668.060917 00031747
CONVERGENCE 1 LAMBDA 1.00174829 SHANK 1,001726 SHANK 3Q 0.000000
ESTINATED BOUNDS ON LAHBDA UPPER 1.,00184219 LOWER 1.00157760
NORMALYZATIGN FACTOR FOR BUNDLE FLOW OISTRIBUTION = 1.000000
1 4 1 «000002 «000002 «001750 2668.967793 - «00036372
1 4 2 +000001 «000003 001751 2668.971386 «00038450
1 4 3 +«000000 « 000003 +001752 26668.991850 206029542
1 4 4 -.000000 +000003 «001752 2669.016771 200016571
1 4 5 -+000000 «000003 001751 2669.025168 «00012842
1 4 6 ~+000000 «000003 001751 2669.043774 «00007614
1 4 7 ~+000000 «000003 001751 2669.046359 00007980
1 4 8 ~+«000000 « 000003 001751 2669.045548 00008166
CONVERGENCE 1 LAMBDA 1.00175140 SHANK 1.001750 SHANK $5Q 0. 000000
ESTIMAYED BOUNDS ON LAMBODA UPPER 1.00179156 LOWER 1.00170597
HORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 5 1 ~+000000 ~«000000 .001751 26693.040274 00015087
1 ) 2 ~«000000 -+000001 «001751 2669.0482517 .000106216
15 3 -+000000 -+000001 001751 2669.041262 «00016417

13
13
11
11
14
13

7

7

Loy R T N PO TOR R o] [ R ]

WwwinsHnmo O

P D s R e el e i
D W L WM A e e B

DEL

-
=z

LGNS Ul o

2
1
1
1
1
5
4
3
B

"DEL LM

1
1
1
17
17

1
1

[ O T

2
1
1
1
1
5
5
5
0

PAGE

SUURCE TOT

2682.017458
2671.317070
2670.9067442
2665.980812
2669.5579417
2669.221175
2669.224%69
2669.312871

2669.260104
2669.181459
,2669.189980
260L9.234702
2669,201952
2669.146237
2669.140871
2669.149845

2669.0030642
2668.999309
2668.955054
2668.044011
2668.910039
2660.888057
2668.9006917
2668.918187

.000000 OEL SH SQ

2660.981055
26668.983168
2668.995209
2669.0090065
2669.014805
2669.025749
2669.027270
2669.026793

000000 DEL SH Sa

2669:023690
2669.0263806
2669.024272

LANHBDA

1.00158326
1.00161042
1.,00172458
1.00174835
1.0017351¢4
1.,00175505
1.00175790
1.00175615%

1.00175066
1.00174992
1.00175196
1.00175306
1.00175165
1.00175144
1.00175232
1.00175276

1.,00175120
1.00174029
1.00174792
1.00174605
1.001T74829
1.001748632
1.00174830
1.00174829
0.000000

1.00174993
1.00175136
1.00175157
1.00175156
1.0017514¢6
1.00173141
1.00175140
1.00175140
0.660000

1.00175098
1.00175061
1.00175056

€8
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15
16
17
17
16
17
17
17

13
16
17
16
17
16
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SINULA-3 SINULA-3 INPUT DATA BUL~ARO-HEP-EUs XENUN  ALB~Y UF CUNAXE
NC NU NS DELTA L § DELTA L U DELTA L € ACCEL S TOT MAX REL CHG IN SOURCE
1 5 % «000000 ~,000001 +001751 2669,027526 «00012314 1 1
1 5 5 « 000000 -+ 000001 «001751 2669,019310 «00010785 11
1 5 & +000000 ~+000001 2001751 2669.008499 .00008408 11
1 5 7 «000000 ~+000001 .001751 2669.001163 «00005713 1 1
1 5 8 «000000 ~+ 000001 001731 2668.9956749 +00003862 1 1
CONVERGENCE 0  {AHBDA 1.001735063 SHANK  1.001731 SHANK 5Q  1.001751 DEL LHB
ESTIMATED BOUNDS ON LAHBDA UPPER  1.00177894 LOMER  1.00172623
NORMALIZATION FACTOR FOR BUNDLE FLOW DISYRIBUTION = 1,000000
1 6 1 ~+.000000 ~,000000 «001750 2668,973511 .00006421 z 2
1 6 2 ~000000 ~+000000 «001750 2668.967947 .00007321 11
1 6 3 -.000000 -~ 000000 «001750 2668.970925 400006610 T |
1 6 4 ~.06G0000 ~+000000 001750 2668.977988 400004809 1 1
1 6 5 ~+000000 ~+000000 001750 2668.981198 +00004300 1 1
1 6 6 -2000000 -.000000 «001750 26668,985378 «00004220 11
O | -+000000 ~+000000 .001750 2668,969962 .00003379 11
1 & 8 «000000 ~-.000000 «001750 2666.,993185 «00002603 11
CONVERGENCE 1 LAMBDA 1.00175028 SHAHK  1.001750 SHANK SQ  1,001750 DEL LHuB
ESTIMATED BOUNDS ON LANRDA UPPER  1.00175711 LOWER  1.00173621
NORMALIZATION FACTUR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
17 1 «000000 + 000000 «001751 2669,0090895 .00002820 713
1 7 2 « 000000 © 000000 .001731 2669,012778 «00003039 1 1
1 7 3 +000000 «000000 «001751 2669,0110892 «00002991 11
17 4 «000000 «000000 +001751 2669,009574 00002244 11
1 71 3 ~+000000 «000000 «001751 2669,009020 .00002210 1 1
1 7 6 ~+000000 + 000000 001751 2669.008253 +00002053 11
) B A | ~+000000 « 000000 001731 2669.006560 .00001558 11
1 7 8 -+000000 « 000000 2001731 2669.005197 +00001200 11
CONVERGENCE 1 LAHBDA 1.,00175066 SHANK  1,001750 SHANK SQ  1,001750 OEL LH8
ESTIMATED BOUNDS ON LAMBDA UPPER  1.00175712 LONER  1.00174712
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
1 8 1 -+000000 ~+000000 +001751 2668.990676 «00001349 3 15
1 8 2 ~+000000 -+000000 «001751 2668.997295 000060747 5 5
1 8 3 ~+000000 -+000000 .001750 2668.997399 +00000673 5 5
1 8 4 ~+000000 -.000000 «001750 2668.997653 +00000678 4 4
1 8 3 +000000 ~+000000 «001750 2668,997374 .00000638 3 4
1 8 & +000000 ~+000000 +001750 2668.997078 +00000684 1 1
1 6 7 +000000 ~+000000 «001750 2668.997351 «0000063%4 1 4
1 6 8 «000000 ~.000000 «001750 2668,997661 +00000614 2 2
CONVERGENCE ~1  LAMBDA 1.00175049 SHANK  1.001751 SHANK SQ@  1.001751 DEL LHB
ESTIMATED BOUNDS ON LAMBDA UPPER  1.00175210 LOWER  1.00174706

BORON WORTH = ~9.005 PCH/PPM

*¥¥¢ BORON = 880.0000 PPM K~EFF= 1.001750

*%¥% FOLLOWING ARE NEW PDISON AND CORRESPONDING RESULTS te%¥
¥ $*POISON» B97.8523 PPH #é¢4

NORMALIZATION FACTUR FOR BUNDLE FLOW DISTRIBUTION = 1,000000

INVERSE BORON NORTH = -~101.98 PPH/PER CENT

-000000

PALE

SOURCE YOy

2669.0106192
2669.012359
2669.005000
2669.0006084
26606.9908088

2666.9844148
2668.981145
2666,982897
2668.9670%52
2668.968940
2668.991399
2668.99409%
2668.995991

2669.003620
2669.007517
2669.006995
2669.005632
2669.0053006
2669.004855
2669.0036%9
2669.003057

2668,9992:21
2668.998409
2660.998470
2668.998619
2668.9908455
2668.996281
2660.998442
2668.998624

L0

«000000 DEL SH 54

.000000 OEL SH Sa

+000000 DEL SH SO

DEL SH 54

LANBDA

1.00175056
1.00175060
1.00175062
1.00175063
1.00175063
2000000

1.00175036
1.00175032
1.00175029
1.00175029
1.,00175028
1.00175028
1.00175028
1.00175028
«000000

1,00175051
1.00175063
1.00175066
1.00175067
1.00175066
1.00175066
1.00173066
1.00175066
000000

1.00175058
1.00175050
1.00175049
1.00175046
1.00175049
1.00175049
1.00175049
1.00175049
000000



BUL~ARU~HFP-EU « KENUN ALB=V Ul LUNAXIL CrAst 4l

SINULA-3 SINULA-3 INPUY DAIA
NC NU N§ DELTA L S DELTA L U DELYA L C ACCEL § 1OV MAX REL CHG IN SDURCE SOURCE TOT LANBDA
1 1 1 «000001 « 000001 +000001 2668.652918 00200819 7 13 17 2668.795034 1.00000109
1 1 2 ~.000007 -.0000006 ~.000006 2668.,774655 .00113069 3 9 1 2660.867444 « 99999440
1 1 3 «000000 ~+ 000005 -+000005 2668.063849 .00089603 4 8 1 2668.923441 «99999486
1 1 4 +000002 ~+000003 -.000003 26068.764157 .00097110 1 1 1 2668.0861269 «99999679
1 1 3 ~+000000 ~+000004 -.000004 2668,741359 +00079631 5 5 1 2608.847858 «99999650
1 1 ) ~«000002 ~+000005 ~«000005 2668.940420 »00063268 1 7 1 2668.964953 «99999499
1 1 7 ~+«000000 ~.000005 -.000005 2668.959807 00058613 2 2z 1 26668.976357 «99999440
1 1 8 «000000 -+ 000005 -.000005 2668.837555% 00069831 1 1 1 2668.904444 «99999517
NORMALIZATION FACTOR FOR BUNOLE FLOW DISTRIBUTION = 1.000000
1 2 1 «000004 «000004 -.000000 2668.974166 «00094250 7 13 16 2668.964804 «9999995%6
1 2 2 «000001 «000003 «000000 2669.050752 00037700 6 13 17 2669.029854 1.00000029
1 2 3 «000000 +«000003 000001 2669.0377462 .000299380 2 2 1 . 2669.022213 1.000000586
1 2 4 «000000 + 000006 «000001 26L68.954902 +00035635 11 1 12668.973472 1.00000072
1 2 ] « 000000 « 000006 «000001 2668.956938 «00034310 1 11 2668.974669 1.00000081
1 2 6 «000000 «000006 «000001 2669.006675 .00014703 T 8 17 2669.003926 1.00000065
1 2 ? ~+000000 «000006 000001 2669.015840 00013067 1 517 2669.009316 1.00030084
1 2 8 -+000000 «000006 +000001 2669.014161 «00012706 2 317 2669.008330 1.00000083
ESTIMATED BDUNDS ON LANMBDA UPPER 1.000086445 LOWER «99993077
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000
)} 3 1 -+000001 -+000001 «000000 2669.034872 «00013647 6 6 1 2669.020513 1.00000030
1 3 2 «000000 -«000001 «+000000 2669.045717 00012726 1 117 2669.026892 1.00000033
1 3 3 ~+000000 -+000001 «000000 2669.043506 00011972 1 117 2669.025592 1.00000027
1 3 4 -+000000 ~+000001 «000G00 2669.039098 «00010956 4 5 1 2669.022999 1.00000023
1 3 5 -+000000 ~+000001 +000000 2669.0359506 «00010785 1 7 1 2669.,021151 1.00000023
1 3 6 +000000 ~.000001 «000000 . 2669.026408 00010622 1 6 1 2669.015534 1.000000223
1 3 7 «000000 ~+.000001 000000 2669.0194513 «00010008 1 5 1 2669.011443 1.00000024
1 3 8 « 000000 -.000001 000000 2669.014815 «00009673 1 4 1 2669.008715 1.00000025
COMVERGENCE 1 LANBDA 1.00000025 SHANK 1.000000 SHANK S5Q 0. 000000 DEL tMB  0.000000 OEL SH SaQ 0.000000
ESTIMATED BOUNDS ON LAMBDA UPPER 1.00006240 LOWER 99993996
NORKALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION =~ 1.000000
1 L) 1 -+000001 ~»000001 -2000000 266849795606 - «00011304 2 217 2660.987980 «99999951
1 4 2 ~+000000 -»000001 ~.000001 26684979991 00012613 1 217 2668.980230 +999999133
1 ) 3 ~«000000 ~+.000001 ~«000001 '26608.980608 «00012661 1 117 2668.968711 « 99999926
1 4 4 -+«000000 -+000001 ~.000001 2668.9083901 00008535 1 117 2668.990330 «99999926
1 4 5 «000000 -«000001 -.000001 2668.984754 00007906 1 117 2668.991032 « 99999927
1 4 6 « 000000 -.000001 ~+000001 2668.903847 00006231 1 117 2668.991¢675 99999927
1 4 7 +000000 ~«.000001 -+.000001 2668.986386 «00004244 1 117 26684993168 «99999928
1 4 8 +000000 -+000001 ~.000001 2668.990500 «00002951 1 117 26608.994412 +99999928
CONYERGENCE 1 LAMBDA «99999926 SHANK 1.000002 SHANK SQ 0. 000000 DEL L#B 0.000000 ODEL SH 5Q 0.000000
ESTIMATED BOUNDS ON LAMBDA UPPER 1.00001391 LOWER «99998218
RORMALIZAYION FACTOR FOR BUNOLE FLOW OISTRIBUTION = 1.000000
1 5 1 «000000 «000000 ~+000000 2669.000343 «00003662 2 2 2 2669.000202 «99999950
1 5 2 000000 .000000 ~.000000 2669.000703 +00004454 1 1 2 2669.000413 «99999960
193 3 «000000 «000000 ~-.000000 2669.001181 «00004076 1 11 2669.000695 «99999963

S8
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2
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$InULA=3 SINULA-3 INPUY DAYA BOL-ARO-HFP-EQ. XENUN ALB=~V UF LUNAX]
HC HU NS DELTA L § DELTA L U DELTA L C ACCEL § TOT HAX REL CHG IN SOURCE
1 3 4 «000000 « 000000 ~+000000 2669.0014867 00002787 1
i 5 5 ~:000000 «000000 -.000000 2669.,002049 «00002749 1
1 5 6 ~+0060000 «000000 -+000000 2669.002750 «00002824 1l
1 3 1 ~+000000 + 000000 ~+000000 2669,002632 «00002431 1
1 5 8 -+000000 »000000 ~+000000 2669.002350 .00002083 1
CONVERGENCE 1 LANBDA «99999960 SHANK 1.000000 SHANK SQ 1.000001 DEL LM
ESTINATED BOUNOS ON LAHBDA UPPER 1.00001331 LOWVER 99999197
NORMALIZATION FACTOR FOR BUNDLE FLON DISTRIBUTION = 1.000000
1 6 1 + 000000 +000000 ~+000000 266%.,003869 00001811 1
1 6 2 ~+000000 +000000 =.000000 2669,002601 00001352 1
1 6 3 «000000 «000000 ~.000000 2669.002301 +00000903 1
1 6 4 «000000 «000000 -«000000 2669.001595 00000698 4
1 6 5 000000 000000 ~+000000 2669.001026 «00000684 3
1 6 6 «000000 + 000000 ~.000000 2669.000463 «00000729 1
1 6 1 «000000 + 000000 -+000000 2669,000124 00000694 4
1 6 8 +000000 «000000 =+000000 26608,999932 +00000683 2
CONVERGENCE -1 - LAHMBOA 99999967 SHARK 1.000000 SHANK SQ 1.000000 DEL L#
ESTIMATED BOUNDS ON LAMBDA UPPER 1.00000334 LOWER 95999492
$4¢¢ ABDVE IS5 CRIVICAL POISON ##t¢ 697.8523 PPH
NORMALIZATION FACTOR FOR BUNDLE FLOW DISTRIBUTION = 1.000000

«000000

.000C00 DOEL

PAGE

SOURCE Tat

2669.000875
2669.,001205
2669.001618
2669.001548
2669.,001383

2669,002268
2669,001530
2669.001353
2669.000938
2669.000605
2669.000272
2669.000073
2660.999960

)2

DEL SH s5Q

SH Sa

LAHBOA

99999963
+ 99999962
«99999961
«99999961
299999960
«000001

«99999969
«999999%66
« 99999966
«99999966
+99999967
«993899967
99999967
+99999967
+ 000000

98
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T SIMULA-3

THERMAL

2100,0000

EXPOSURE
1
60y
1 1289
2 1,117
3 | 1l.11:z
LI 7131
5 14243
4 1.081
7 1.061
8 14174
9 1,135
10 «956
1 +093
12 «930
13 o844
14 827
15 534

H

REL
1.0

0.0000
2

1.117
1.264
14260
1.104
1.094
1.229
1.203
1.037
1.003
1.064
1.013

«816

«707

o T4A

472

SINULA

ATIVE
0000

1.112
1.260
1.256
1.100
1.091
1.223
1.205
1.040
1.0086
1.092
1.023

.013

.655

+503

.336

ASSEHBLY AVERAGE RELATIVE P

B O RN

1
1.26933
1.11437
1.24813
1.07121
1.13448

«92330
+80702
+60059

2
1.11437
1.23993
1.09728
1.21445
1.02199
1.05353

«T4T55
«53373

3
1.24815
1.09728
1.23326
106628
1.17223

«967006
« 90448
0.00000

AVERAGE MODERATOR DENSITY IS

BOL-ARO-HF P~EQ, XENON

-3 INPUT DATA
POMER
PEAK I 4 K
1.,90753 6 10 7
« 99279
PLLsd
4 5 [ 7
1.254 1.243 1,001 1,061
1,104 1.094 1.225 1.205
1,100 1.091 1,223 1.205%
1,242 1.233 1.076 1.061
1,233 14225 1,070 1.058
1,076 1.070 1.203 1.1%90
1.061 1,058 1.190 1.172
1.162 1.184 1.039 1,013
1.155 1.169 1.040 1,003
«983 1,014 1.347 1.287
0923 «949 1.247 1.122
1.062 1.064 1.012 «782
2 175 « 717 «633 2442
0,000 0.G00 0,000 0.000
0.000 0.000 0,000 0,000
OKERS
4 6
1.07131 1.15448 .92530
1.21445% 1,02199 1.05353
1.06628 1.17223 .96706
1.18873 1.,02347 1.25075%
1.02247 1.02236 .80348 O
1.25075 .80348 0.00000 O

«71730 8.00000 0.,00000 O

0.00000

0.00000 0.00000 O

P

o2
3
o1
9
1.0
1.1
1.2
1.2
1.2
1.3
1.3
1.3
1.2
1.1
9
o7
o3

AV
l .000

) BY

1.174
1.037
1.040
1.182
1.184
1.039
1,013
1.098
1.045
1.098

825
0,000
0,000
0.000
0.000

1
.88702
« 74755
«90448
«71730
«00000
«00000
00000
«00000

ALB~V OF CONAXI

(K) LEVEL
8088 17
4610 16
6134 15
2613 14
5119 i3
4607 12
1793 11
7145 10
06088 9
3016 8
3273 7
1114 6
5632 5
53473 4
8794 3
3390 2
8312 1
6 S
0000
CHANNEL
9 10
1.133 956
1.003 1.084
1.008 1.092
1.155 983
1.169 1.014
1,040 1.347
1.003 1.2487
1,045 1.098
«902 187
« 787 0.000
«303 0.000
G.000 0.000
0.000 0.000
0.000 0.000
0.0600 0.000
8
68059
53372
0.00000
0.00000
0.00000
0.00000
G.00000
0.00000

U{K)

«93503
~93617
«94311
294944
«95681
96492
«37357
«90258
99101
1.00115
1.01045
1.019359
1.02835
1.034649
1.04364
1.04934
1.05301

AVG U
«9927906

11 12

<893 «930
1.015 «816
1.023 «813

«923 1.062

«949 1.0064
1.247 1.012
1.122 «782

.0625 0.000

«503 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

P
INLET

555,4000

A}

AVG K
1.0554768
13 14
J844  ,027
f707 L Th4
J655  .583
+775  0.000
«717  0.000
.633  0.000
442 0.000

0.000 0.000
0,000 0.000
0.000 0,000
0.600 0.000
0.00b6 0.000
0.000 0.000
0.000 0.000
0.000 0,000

AGE 13

QUALITY
EXIY
647.5502

K EFF
« 9999997

15 16 17

0334

472

«336
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.600
0,000
6.000
0.000
0.000

L8




" oSInuLA-3

EXPOSURE

{ 0)

b put bt

o pud
VI WNEOOONOT RSN

1

«976
«986
«986
977
«978
9886
969
«982
« 984
+996
1.000
«998
1.003
1.004
1,022

SIMRULA-3
0.,0000
2 3 4
«986 +980 « 917
2976 « 976 +907
976 2977 .« 987
«987 «987 «978
«987 «987 -978
«979 «979 «908
«980 «980 «909
+991 +991 «981
«993 +993 «983
«9886 « 987 «994
«992 «992 «998
1,005 1.005 «989
1.012 1.01% 1.007
1.009 1,019 0,000
1.026 1.034%4 0,000
TLASY

THIS RUN HAS BEEN COMPLETED
THE CORRECT TIME IS 16.35.32.

THE CPU TIHE USED THUS FAR IS

INPUT DATA BOL~ARD~HFP—~EQXENON ALB~V OF CUHAXI
»
Utlsd) BY CHANNEL
3 6 7 8 9 10 11 12
<970 «988 989 «982 « 904 «996  1.000 «998
~987 «979 980 «991 <993 9088 «992 1.005
+987 «979 « 900 «991 «993 +987 +992 1.005
«378 «988 «989 981 «983 <994 «998 «9089
«979 «989 «989 <981 <962 992 «996 «988
«9089 «280 961 +990 «990 «969 «976 «992
989 <981 «982 «992 <992 973 «9684 1,006
<981 «990 992 «986 «990 «986 1.004 0,000
«982 990 «992 «990 «999 1.006 1.024 0.000
«992 e 969 «213 «986 1,006 0.000 0.000 0.000
996 976 +964 1.004 1,024 0,000 0.000 0.000
«988 «992 1,006 0.,000 0.000 0,000 0.000 0.000
1.011 1.016 1.028 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000

118.644 SECOHDS

i3

1.003
1.012
1.015
1.007
1.011
i.016
1.028
0.000
0.000

0,000,

0.000
0.000
0,000
0.000
0.000

PAGE 14

14

1.004
1.009
1.019
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6,000
6.000
0.000
0.000
0.000

15

1.022
1.02¢
1,034
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.000

16

17

88
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568
Junta de Energia Nuclear. Divisidn de C&lculo y Modelos. Madrid.

A code block for nodal PWR
Simula-3 Code.

"LOLA SYSTEM :
Part. I --

ARRGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, I.(1985) 88 pp. 13 figs. 4 refs.
bescription of the theory and user's manual of the SIMULA-3 code, which
is part of the core calculation system by nodal theory in one group, called

' LOLA SYSTEM.

SIMULA-3 is the main module of the system, it uses a modified nodal
theory, with interface leakages equivalent to the diffusion theory.

INIS CLASSIFICATION AND DESCRIPTORS:
Three-Dimensional Calculations., Burnup.
PWR Type Reactors. Simulators.

E21., S Codes. Computer Calculations,
Reactivity Coefficients. Albedo.

568

Junta de Energia Nuclear. Divisién de CAlculo y Modelos. Madrid.

"LOLA SYSTEM: A code block for nodal PWR
Part. I -~ Simula-3 Code.

ARAGONES, J.M.; AHNERYT, C.; GOMEZ, J.; RODRIGUEZ, I1.{(1985) 88 pp. 13 figs. 4 refs.
Description of the theory and user's manual of the SIMULA-3 code, which
is part of the core calculation system by nodal thaory in one group, called
LOLA SYSTEM.
SIMULA~3 is the main module of the system, it uses a modified nodal
theory, with interface leakages equivalent to the diffusion theory.

E21. S Codes. cOmputef Calculations,
Reactivity Coefficients. Albedo.-

INIS CLASSIFICATION AND DESCRIPTORS:
Three~Dimensional Calculations. Burnup.
PWR Type Reactors. Simulators.
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J.E.N. 568

Junta de Energla Nuclear. Divisidn de Cilculo y Modelos. Madrid.

"LOLA SYSTEM : A code block for nodal PWR
simulation". Part. I — Simula-3 Code.

ARAGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, 1.(1985) B8 pp. 13 figs. 4 refs.

Description of the theory and user's manual of the SIMULA-~3 code, which
is part of the core calculation system by nodal theory in one group, called
LOLA SYSTEM.

SIMULA~3 is the main module of the system, It uses a modified nodal
theory, with interface leakages equivalent to the diffusion theory.

'

INIS CLASSIFICATION AND DESCRIPTORS: E21. S Cbdes. Computer Calculations,
Three-Dimensional Calculations. Burnup Reactivity Coefficients. Albedo.
PWR Type Reactors. Simulators.

J.E.N. 568

Junta de Energla Nuclear.

"LOLA SYSTEM: A code block for nodal PWR
simulation”. Part. I - Simula-3 Code.

Divisitn de Cilculo y Modelos. Madrid.

ARAGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, I.(1985}) 88 pp. 13 figs. 4 refs,
Description of the theory and user's mapual of the SIMULA-3 code, which
i part of the core caloulation system by nodal theory in one group, called
LOLA SYSTEM.
SIMULA-3 is the main module of the system, it uses a modified nodal
theory, with interface leakages equivalent to the diffuasion theory.

E21. .S Codes. Computer Calculations.
Reactivity Coefficlients. Albedo.

INIS CLASSIFICATION AND DESCRIPTORS:
Three-Dimensional Calculations. Burnup.
PWR Type Reactors. Simulators.
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J.E.N. 568

Junta de Energia Nuclear. Divisitbn de Cllculo y Modelos. Madrid.

Descripcidn de la teorla y mannal de usuario del c6digo SIMULA-3, que
forma parte del sistema de cdlculo del nlcleo por teoria nodal en un grupo
llamado LOILA SYSTEM.

SIMULA-3 es el modelo basico del sistema de cdlculo; y utiliza una teo-
rfa nodal modificada para conseguir unas fugas equivalentes a las de teo-
ria de la difusibn.

CLASIFICACION INIS Y DESCRIPTORES: E21. S Codes. Computer Calculations.
Three-Dimensional Calculations. Burnup. Reactivity Coefficients. Albedo,
PWR Type Reactors. Simulators.

J.E.N. 568

Junta de Energla Nuclear. Divisidn de C3lculo y Modelos. Madrid.

Descripcitn de la teorla y manual de usuario de)l cédigo SIMULA~3, qua
forma parte del sistema de cdlculo del nGcleo por teoria nodal en un grupo
llamado LOLA SYSTEM.

SIMULA-3 es el modelo bisico del sistema de cilculo; y utiliza una teo-
ria nodal modificada para conseguir unas fugas equivalentes a las de teo-
ria de la difusién. .

CLASIFICACION INIS Y DESCRIPTORES: E21. § Codes. Computer Calculations.
Three-~Dimensional Calculations. Burnup. Reactivity Coefficients. Albedo.
PWR Type Reactors. Simulators.
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"Sistema LOLA: Un sistema de cddigos para si-
mulacidn nodal de reactores PWR. C6digo SIMULA"

ARAGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, I.{1985) 88 pp. 13 figs. 4. refs.
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J E.N. 568

"Sistema LOLA: Un sistema de cddigos para si-
mulacidn nodal de reactores PWR. Cdbdigo SIMULA".

ARAGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, I.(1985) 88 pp. 13 figs. 4 refs.

A

J.E.N, 568

Junta de Energla Nuclear. Divisidn de Cllculo y Modelos. Madrid.

"Sistema LOLA: Un sistema de cbdigos para si-
mulacidn nodal de reactores PWR. Cdbdigo SIMULA™

ARAGONES, J.M.; AHNERT, C.,; GOMEZ, J.; RODRIGUEZ, I1.{1985) 88 pp. 13 figs. 4 refs.
Descripci6n de la teorla y manual de usuario del c6digo SIMULA-3, que
forma parte del sistema de c8lculo del nGeleo por teorfa nodal en un grupo
llamado LOLA SYSTEM.
SIMULA-3 es el modelo biAsico del sistema de cflculo; y utillza una teo—
ria nodal modificada para conseguir unas fugas equivalentes a las de teo-
ria de la difusitn.

CLASIFICACION INIS Y DESCRIPTORES: E21. S Codes. Computer Calculations.

Three~bDimensional Calculations. Burnup. Reactivity Coefficients. Albedo.
PWR Type Reactors. Simulators. .

N

Junta de Energla Nuclear. Divisitn de Cilculo y Modelos. Madrid.

"Sistema LOLA: Un sistema de cdbdigos pafa si-
mulacidn nodal de reactores PWR. Cddigo SIMULA".

ARAGONES, J.M.; AHNERT, C.; GOMEZ, J.; RODRIGUEZ, 1.(1985) 88 pp. 13 figs. 4 refs.

Duucripcibn de la teorla y manual de usuario del c6digo SIMULA-3, que
forma parte del sistema de cAlculo del ndcleo por teoria nodal en un grupo
llamado LOLA SYSTEM.

SIMULA-3 es el . modelo b&sico del sistema de cilculo; y utiliza una teo-~
rila nodal modificada para conseguir unas fugas equivalentes a las de teo-
ria de la difusién. .

CLASIFICACION INIS Y DESCRIPTORES: E21. S Codes. Computer Calculations.
Three-Dimensiconal Calculations. Burnup. Reactivity Coefficlents. Albedo.
PWR Type Reactors. Simulators.
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