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Pag. 35 ISN 0129
Errata : FLIM2(M) = POWER(M)/(SFi(M)*FT.M1(M)+SF(M)xFLM2(M) )
Corrige : IF(POWER(M)oGTo0o0)FLIM2(M) = coetCeoo

Pag. 37 ISN 0192
Errata : POWER(MR)
Corrige : POWER(MR)

( SF1(MR)*FLM1(MR) + SF(MR)nFLM2(MR) )/FLIM2(MR)
( SF1(MR)%FLM1(MR) + SF (IR xFLIM? (MR) ) %FT.IM2 (MR)

1

Pag. 49 last line ISN 046
Errata : RR = 1./VLR(L1)
Corrilge 3 IF(VLR(L1).GT-0.0)RR = 1./VLR(L1)

Psg, 90 ISN 0042
Errata 3 RR = 1./VLR
Cerrige : IF(VLR.GT.0.0)RR = 1./VLR

The numerical values at page 70 are not correct. As they are-

given only as an example, we do not give here the correct values.,

The Decks deposed at Ispra are already corrected.
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SUMMARY

The two codes COSTANZA cylindrical and COSTANZA axial,
written in FORTRAN-H for IBM 360/65, solve the kinetics diffusion
equations in two groups and one dimension (plane geometry for
COSTANZA axial, radial geometry for COSTANZA cylindrical). The
neutronic calculation is coupled with the calculation of the heat
transmission from the fuel to the cladding and to the coolant, and
with the thermohydraulics of channels with forced circulation of
liquid coolant.

The geometry of fuel element and channel may be cylindrical or
slab. Up to ten groups of delayed neutrons are allowed.

Temperature feedback of fuel (Doppler) and coolant are considered
independently and affect the nuclear constants. Control rod movement
or diffused poison concentrations are simulated by externally imposed
variations of the thermal absorption cross section in the different
regions of the reactors.

Inlet temperatures and mass flow in the coolant channels may be
varied according to any externally given time table.
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THE CODES COSTANZA FOR THE DYNAMICS OF LIQUID-COOLED NUCLEAR REACTORS(+)

1) Purpose.

The codes COSTANZA, axial and cylindrical, treat
the dynamics of nuclear reactors. The nuclear time de-
pendent diffusion equations in two energy groups and
one spatial dimension are solved numerically in a fi-
nite difference scheme, toghether with the heat trans-—
mission equations in the channels. The channel consists
of a fuel region, in which the thermal power is propor-
tional to the fission density, of a gap and a clad sur-
rounded by a region of liquid coolant with forced cir-
culation. The coolant flow rate is externally imposed
as an input function of time, and there is no calcula-
tion of pressure drop. The nuclear constants are affect-
ed linearly by the temperaturesof the fuel and of the
coolant.

The codes are best suited to analyse transient of
short duration (uoc to some seconds) implying rather strong
local reactivity surges, such that cannot be treated by
conventional point kinetics, but not so severe to produce
vaporization of the coolant and strong damage to the fuel
elements. For stability studies, the codes are rather ex-
pensive in computer time, and should be employed only
when detailed spatial aspects of the phenomena are essen-—
tial, thereby excluding a point model kinetics treatment.

In conclusion these codes have been developed to
treat intermediate accidents in safety studies, in which
the reactor conditions may still be considered "normal"
even though the flux shape is considerably altered with
respect to the steady state. The codes in the version pre-
sented here are a development of the code COSTANZA cylin-
drical (EUR 3171 e) to which the reader is referred for
all physical information and for the essential points of

numerical methods.

+ Manuscript received on August 7, 1967.



The axial code follows the same pattern, and in
this report only the differences from the original co-
de will be considered in detail.

2) COSTANZA cylindrical.

For the two groups flux calculation a direct me-
thod is employed following what is exposed in EUR 596 e
by R. Monterosso and E. Vincenti. The flux calculation
routine has been coded in double precision, as this has
been found necessary because of the rounding off error
inherent to the 360-65 computer (one digit of precision
less than 7090). Considering the results given in the
report just mentioned, and from further experimentation
with the present code, it may be stated that a neutronic
time step of 1/15 of the minimum period during the tran-
sient gives accurate results.

A maximum of 100 mesh points is allowed. Mesh spac-
ing is arbitrary. Up to ten groups of delayed neutrons
are considered.

The reactor may be divided in up to 10 regions of
different composition. Each region may contain a typi-
cal cooling channel which is divided in up to 20 axial
segments of uniform length. The axial flux shape is ar-
bitrarily given by points in each channel, and is kept
constant in time. The total power of each channel is
also given arbitrarily in initial conditions and will
follow, during the transient, the evolution of the a-
verage fission density in the corresponding region. Ra-
dially, at each level in each channel, up to 10 mesh
points are considered for fuel temperature, plus one
for the' gap, one for the cladding and one for the cool-
ant. The average fuel temperature in each zone affects
linearly the resonance escape probability, while the
coolant temperature affects the thermal absorption cross



section.

In each region independently the thermel poison
tross section may be arbitrarily given as a function of
time to simulate control. Furthermore a free rcutine
TEST, is available for changing the control specifica-
tions or any other datum of the prcblem when any speci-
fied conditions are met during the transient. The user
must write his own program to meet his own specifica-
tions if he wants to utilize this option. The sole rule
is to respect the commens, which areincluded in the
dummy TEST routine included in the deck. As long as the
control data only are interfered with, no special cau-
tiorn is required, and it is not necessary to bother
with the rest of the programme. If on the contrary the
user wants to change other parameters, he must be will-
ing to study in detail the structure of the programme
to avoid computations catastrophes. Inlet temperature
and ccolant velocities in each channel are independent
arbitrary functions of time, given by time tables in

input.

It should be remembered that steps in inlet tem-—
peratures or velocities lead, because of the central
difference methcd of calculations, to numerical oscil-

lations in some cases (see EUR 3171 e).

In most cases the occasional occurring of these
oscillations will rot seriously impair the general be-

havicur of solutions in physical cases.

3) COSTANZA axial.

For the axial code, the same specifications and
methods as for radial code apply, unless explicitly
stated.



The mesh spacing is constant and the neutrocnic
lattice coincides with the temperature lattice in the
single coolant channel. Temperature feedback is eppli-
ed point by point and rnot region-wise. All neutronic
constants mey be affected linearly by the fuel temperature
(averaged throughout the radius of the rod) and by
coolant temperature independently. To avoid unphysical
oscillations in temperature of coolant, a backwards
difference method is adopted in cocleant calculztions
instead of central differences. This leads to a greater
error but the possibility of closer mesh spacing (up
to 100 points in channel) makes it tolerable.

This method has been preferred to aveid confu-
sions in temperature stability calculations, caused by

the introduction of spurious oscillations.

Control specification allows the choice between
two options: thermal poisoning of variable amcourit in each
region es in the cylindrical code, or movable boundary
of a fixed thermal poison to simulate more accurztely

rod insertion.

4) Structure of programmes and sequence of the calcu-

lations.

wWhat follows refers generzlly to both program-
mes. The calculations proceeds in the following steps:

a) Read-out of DATA and preliminary calculations (gec-

metry, etc..) — MAIN program.

A fixed number of time steps in neutronic calcu-
lations (given ir input) allows to obtain approxi-
mately the static distribution of fluxes in the i-
nitial (stationary) conditions normalized to any
wanted value of thermal flux, starting from a flat



flux guess. The normalization value may be conve-
niently choser as 1 as power normalizatiorn is given
independently of flux normalization. If a source is
Present, the problem is heterogeneous and only one
step for the calculations of fluxes 1s needed. Of
course in this case no normalization 1s possible.
When the requested number of steps 1s accompli-
shed, the concentration of the delayed neutrcn pre-
cursors are evaluated at equilibrium with the flux-

es.

This step in the programme is controlled by the
subroutine INIZ. The coefficients are evaluated from
the neutronic constants in the subroutine MAT and
actual calculation of fluxes by the subroutine FLUS-
SI. These same subroutines are employed for the who-

le programme.

Criticality search (optional).

A criticality seerch is perfcrmed by varying the ther-
mal poison concerntration in any wanted region until
the reciprocal of period of the average thermal flux
differs from zero by less than a fixed amount. The
first guess of poison is zero and the second guess
is given in input. The successive values are obtained

by linear interpolation on poisors.

To speed up the convergence, the time step for this
calculation is fixed at each iteration as 1/100 of
the last reciprocal period, with a maximum of 1 se-

cond.

The convergence is quite fast, and in most cases
does not require more than 50 iterations for a full
dimensioned problem to reach a reciprocal of period
smaller than 1074,



d)
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As the analysis of a transient will normally re-
quire a number of time steps of the order of 1000,
the machine time required for criticality is negli-
gible.

When the convergence is reached, the fluxes are
normalized to the desired value of averade thermal
flux and the concentrations of the delayed neutron
pPrecursors are adjusted to equilibrium with the qux-
es. In the axial programme the criticality sezrch may
be done optionally by varying the depth of insertion
of a fixed thermal poison.

This part of the programme is controlled by the
subroutine CRITIC.

Of course no criticality search is allowed in

source problems.

Thermal initialization.

The steady state temperature distribution in fuel,
cladding and coolant are then calculated for each
cheznnel (for the single channel in the axial code)
from the total power of the channels as given in in-
put. The ratio between thermal power and fission den-
sity is memorized to be used during the transient.

The coefficients for the thermal system are set 1n
the subroutine DCAN. The actual calculations of tempe-
ratures occurs in the subroutine CANCIL or CANSL ac-
cording to geometry specifications (cylindrical or
slab channel). The same subroutines are used in dyna-
mic calculations: in the initialization, the time de-
rivatives are set to zero. Inlet temperatures and ve-
locities of coolant are set in the subroutine VINIZ.

In the axial code the power distribution follows
the fission density distributicn previously calculat-
ed.
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Ir the cylindriczl code the a2xial power distri-
bution is given in input for each channel and set in
subroutine POT while the average temperatures in fuel,
cladding and coolant are evaluated for each charnel
in subroutine INTEGR and memorized to give the refe-
rerice initial temperature for calculating the feedback
ir the corresponding regions during transient.

The subroutines GAPIZ and HTC are optionally used
to introduce varizble GAP thermal resistance and sur-
face to coolant heat transfer coefficients. During the
transient the subroutine GAP 1is used for the same
purpose as GAPIZ. Two different routines are provid-
ed for this purpose, as some recycling of calculations
may be needed in initialization. The two routines gi-
ven in the deck are only an example and the user mey
build his own routines (see input key).

—————— ———————— —— S —— — —

At the end of initialization the control is trans-—
ferred to the MAIN programme. The dynamic calculations
begin, with a fixed time step given 1in 1input. At each
time step the neutrcrnic time dependent equations are
solved (subroutine FLUSSI) with the coefficients vari-
ed (subroutine MAT) according tc the externhally impos-
ed control variations of thermal poison cross section
and the currently determined temperature feedbacks.

The control specifications are introduced in the
subroutine BARRE (in the axial code the subroutine 1is
only used for movable boundary control, fixed bounda-
ry control is directly introduced in MAIN).

The temperzture feedback is determined by the chan-
nel dynamic calculations. These are made by the routines
CANCIL a2nd/or CANSL at every fixed number of neutronic
time steps. Very often the thermal calculation time step
may be fixed at 10 times the neutronic time step or more.
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At every time step the concentrations of the delay-
ed neutron precursors are varied according to the last
value of fission density.

Optionally at each time step a free routine TEST is
called and may be used to vary a parameter accordirng
to any wanted cordition.

The same subroutine TEST is called before beginning
the dynamic calculation. In the dummy routine ircluded
in the listing this first call sets the indicator
KTE = 0, thus preventing any further calling.

After a given number of time steps the calculation
stops and a final printing is done. A new problem may
then be started in the same run. The subroutine AZER
is employed at the beginning of each problem to reset
to zero the variables which require it.

The output editing during dynamic calculation 1is
controlled by the subroutine STAMPA which is called
by the MAIN programme according to a very flexible
pattern.

5) Computer specifications and programmes performance.

The version given in appendix of the programmes is
written in FORTRAN - 360 and has been assembled under the
IBM 360 - 0S inFORTRAN - H level 0. The total length of
the programmes resulted to be 117, 588 storage locations,
all included, for COSTANZA cylindrical and 112,080 for
COSTANZA axial.

The computer time required depends on the wanted
number of points, on the number of channels and the fre-
quency of thermal calculations, etc...

No thorough experimentation has been made separa-
tely on these items. In common application the main part
of the time consumed should however be attributed to flux
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calculation and is therefore proportional to thé number
of meshes times the number of steps.

For average problems of 50 points, one to two mi-
nutes will be required for every 1000 time steps.

As for the exactitude of calculations, the static
flux distributicn and criticality search have been check-
ed against analytical solutions for simple problems, and
well knows codes (WANDA 4) for more complicate éases, ob-
taining a nearly perfect agreement.

The dynamic calculation has also been tested for
very simple (homogereous, no feedback, no delayed neu-
trons) cases against analytical sclutions. When the time
step is conveniently chosen (1/15 of period as alrezady
mentioned) errors on periods are very small (0.1% or
less).

It is worth to note that when the time step is too
large, the codes tend tc give too fast excursions of
fluxes with positive reactivity. This property has been
consistently found by us in all cases tried and is tied
to the direct method for flux calculations.

The iterative method tends to behave in the oppo-
site way. The direct method, which is faster for the same
precision (see EUR 596 e. already mentioned) has thus the
further practical advantage of being biased on the safe

side for the commonest incident analysis.

The two codes are available at CETIS - EURATOM -
- C.C.R. ISPRA and have received the job numbers 60.5937
for COSTANZA cylindrical and 60.5936 for COSTANZA axial.

6) Output.

The output of each problem begins with the vector



-14 -

of all the data of the problem. The rest of the output,
which varies according to the choice of the user (see
input keys) is largely self-explanatory: we give here
the symbols used and the translations of Italian head-
ings in the order in which they appear in a typical

output.

TO Z time

IT = iteration

PER = period

PINT = time integral of average thermal flux
R = radii (cylindrical code only)

P1 = fast flux

P2 = thermal flux

PM1 = average fast flux - whole reactor
PM2 = average thermal flux - whole reactcr
FLM1 = average fast fluxes over regions
FLM2 = average thermal fluxes over regions

RICERCA CRITICITA =
= criticality search
REGIONI AVVELENATE =
= poisoned regions
BARRE A BANCO - SEZIONE DI VELENO =
2 banked rods - poison cross-section
SPRG & second guess of poison (or rod insertion)

DAPF convergence criterium for search

LF = maximum number of steps for search
REP & reciprocal of period

VELENO = poison

CANALE = channel

Under this heading a map of temperatures is given
each line give the temperatures at one level from center
of fuel to coolant



TIPO =
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type (1 = cylindrical; 2 = slab)

TEMPERATURE MEDIE =

M =
TU =
TG1 =
TG2 =
TR =
VELENI

VBAR

average temperatures (for cylindrical code)
regicn index

fuel average temperature

cladding 1 (gap) average temperature

cladding average temperature

coolant average temperature

BARRE =

control poison for transient (cylindrical code)

control poison or control rod insertion for
transient (axial code)
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7) Input form.

A title card is the first input card of each pro-
blem (see keys).

A vector of 3500 memory positions DATA (1) ...DA-
TA (3500) contains all the data. Since entire groups of
memory positions are zero, it is possible to read diffe-
rent sets of significant data; each set must be preced-
ed by a card containing the integers Kiqr Ko defining
the first and last datum of the set, K, and Ki2
given in integer form adjusted to the right at columns
12 and 24. The last set of a problem is indicated by
-1 in columns 1 and 2. The data of each set are all in
floating form (FORMAT E12.8). Any number of problems

may be run in sequence and only the data changed in

are

the preceding problem need to be given. A title card
must be presented for each problem.

TITLE 1

col.12| col.24|

Kq1q Kq2
DATA(K11) DATA(K11+1) DATA(K11+2)....DATA(K12) 1st set

K21 Koo
DATA(K21) DATA. ® 8 ® @ o o o * .etc ® & & & & 2 o 4 & ¢ b e 008N g 2nd Set
-1 Kn1 Kno
DATA(Kn1) ............... C et ee ettt e last set
TITLE 2
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APPENDIX A
COSTANZA cylindrical - input key

Title Card - A positive integer in columns 1-6 means that the problem

is the last of the run. Any alphanumerical information may appear in col.S$S
7-72 and will be printed in the output.

DATA N°

10

1

VARIABLE
NAME

DELT

DELT

SI

IMAX

NREG

NRIT

Bu

IDST

ITCR

NCAN

KPC

ALLOWABLE
VALUES

DESCRIPTION

At(sec) neutronic time step
for transient

At(sec) neutronic time step
for initialization (1020 if
source problem)

Average thermal flux initial
normalization value

Number of mesh points £ 100

Number of regions (for dif- < 10
ferent composition and/or ty-
pical coolant channel charac-

teristics)

Number of delayed neutrons £ 10

groups

B2 - Transverse buckling
(cm=2) (same for all region
and groups)

Number of steps for initia-
lization (50)

If 21 criticality poison search
is done

Number of typical coolant chan- <10

nels

Thermal calculation is done
every KPC neutronic step

NOTES

1/15 of minimum ex-
pected inverse pe-
riod generally gives
good results.,

If the problem is
not homogeneous
(source are present)
put O.

Point 1 is symmetri-
cal of point 2 with
reactor axis. Last
point corresponds to
the outer (extrapo-
lated) boundary of
the reactor.

If the problem is
not homogeneous
put O.
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DATA N°

12

13

21-30

31-40

41-50

61-71

81
82
83
84
85

86
87

88

VARIABLE
NAME

KTME1

KMA1

POWER

BETA
DLI

I1-12

D1
SR

SF1
w

SOR

D2

SA

-18 -

ALLOWABLE

DESCRIPTION VALUES NOTES

Average temperatures in chan-

nels are printed every KTME1

thermal step

Temperature maps in channels

are printed every KMA1 XTME1

thermal step

Total power in typical chan- These data shall be

nels for every region in ini- given for every re-

tial condition (any unit may gion in sequence.If

be used provided they are no channel is pre-

consistent throughout the in- sent in some region

put - no factor is built in) the corresponding
value myst anyways
be given or left
blank.

fi delayed neutrons yelds per

fission

Ai delayed neutrons precursors

decay constants

Region boundary mesh numbers 1 and IMAX must be
given as 1st and
last values.

NUCLEAR CONSTANTS
Region 1
Diffusion coefficient-fast group
T.=Ta.dd removal cross section
r 1 SP
P resonance escape probability
vZ
£,
%, (cm/sec) neutron velocity

for fast group
Neutron flux source density (fast)

Diffusion coefficient-thermal
group

Zaa thermal absorption cross
section
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DATA N°

89

90
91

92

93-104

2I1-300

301-330
331-360

361-390
391420

etc..

1301-1310

-19 -

VARIABLE
NAME DESCRIPTION
SP Z_ residual poison cross section

SF

ICAN

etc..

cgu

P

quZ

V (cm/sec) neutron velocity (ther-
mal group)

21 if channel is present in the
region
same for 2nd region

Distance of mesh points from axis

CONTROL ROD MOVEMENT
Times of successive poison values

Corresponding values of Zp(t) for
first region

Times for 2nd region

Z__ for 2nd region

P

TEMPERATURE COEFFICIENTS

Temperature coefficients of fuel
for every channel. They affect
the resonance escape probability_

according to P=po+Po*COU* (T, . =Tog,q1)

ALLOWABLE

NOTES

This is a datum
which is added
to Za2 and kept
constant during
transient and
search

They are arbi-
trary, except
X(1) = -X(2§

The first time
value must always
be 0.Any number
of successive
times(up to 30)
and corresponding
Zp values may be
given for each
region, the code
will linearly in-
terpolate between
the values to get
the current

for each time
step. After the
last time given,
Zp will be fixed
to its last value.

Give one value
for each ty pical
channel present
in succession.
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DATA N°

1311-1320

1601-1610

1611

1612

1613

1851+6n

1852+6n

1853+6n

1854+6n

1855+6n

1856+6n
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VARIABLE ALLOWABLE
NAME DESCRIPTION VALUES NOTES
COR Temperature coefficients of Note the minus sign. A

Kv(I)

SPRG

DAPF

LF

KTP

I1P

I1s

I2p

I2s

coolant for every channel.
They effect Z

ath
Zathiao-zao xCORx (T _-Tc )
I if poison is present in
region I
O if not

Second guess of Z, poison cross
section (same for all region
checked)

(10=4) convergence criterium for
search. Reciprocal of period
will be & DAPF

Maximum number of trials for
search (100)

PRINTING INSTRUCTIONS

Number of time steps for nth

Printing pattern

Number of time steps after
which the more frequent type
of printing is done

Type of more frequent output 1,2,3

1 only average fluxes and
period

2 complete map of fluxes
and delayed neutron pre-
cursors concentration

3 average fluxes in the
reactor and region by
region

Number of time steps for less
frequent type of output. Must
be multiple of I1P and divisor
of KTP

Same as I1S for less frequent
output

Not employed

1,2,3

positive coefficient will
bring positive sKeff'

No fast group poison is
allowed 1st guess is
zero.

n=0, 1, 2 etc..

As many cards as wanted
can be given, allowing
different successive
printing patterns. After
the last is completed
the calculation stops
ans a final print is
done. Then the control
is transferred to the
beginning of the pro-
gramme to start a new
Problem, unless the ti-
tle card is checked, in
which case the run is
stopped.
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VARIABLE
DATA N° NAME
2001-2020
20021-2040
etc..
2500 CPST
2501 N
2501 NSV
2503 -
2504 DR(NP1)
2505 DR(NP2)
2506 DR(NP3)
2507 RO(I)
2508 RO(NP1)
2509 RO(NP2)
2509 RO(NP3)
2511 sc(1)
2512 SC(NP1)
2513 SC(NP2)
2514 SC(NP3)

-2] -

ALLOWABLE
VALUES

DESCRIPTION

Axial Power Distribution

Axial power distribution for
18t channel. Relative values
are significant. Normalization
is performed by the code.

Same for 2nd channel

COOLANT CHANNELS DATA

Generally not employed. It is
transmitted as an argument to
GAP and GAPIZ free routines
and may be used to transmit
conversion factors, as in the
example given in the list
First channel
Number of mesh points in fuel
Number of axial zones

Diameter of fuel rod or thick-
ness of slab

Thickness of gap
Thickness of cladding
Thickness of coolant
Density of the fuel
Density of gas in the gap
Cladding density

Coolant density

Fuel specific heat

Gap specific heat
Cladding specific heat

Coolant specific heat

<7
<20

NOTES

The axial power dis-
tribution may be dif -
ferent for each chan-
nel and is kept cons-
tant during transient.
As many point as there
are axial zones in
thermal calculation
must be given for each
channel (see further).

If no gap is present,
do not putO, but cut
in halfthe cladding
DATA(2504)+DATA(2505)=
=Thickness of cladding

If no gap is present
put the value for
cladding (see follow-
ing).

If no gap
DATA(2512)= DATA(2513)
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DATA N°

2515
2516

2517

2518

2519

2520

2521

2524

2525

2526

2530

2531-2560

etc..

VARIABLE
NAME

ITIPO

- 22 .

ALLOWABLE
VALUES

DESCRIPTION

Thermal conductivity of fuel

Thermal conductivity of gap
(If zero the gap resistence
is variable and will be eva-
luated by the free routines
GAP and GAPIZ -for initial
stationary calculation-)

Thermal conductivity of clad-
ding

Heat transfer coefficient to
coolant (put zero if variable
-will be calculated by the
routine HTC)

Lenght of channel

Slab width

Inlet temperature of coolant
at equilibrium initial condi-
tions (put zero if inlet tem-
perature is tabulated as func-
tion of time)

Step of coolant inlet tempe-
rature

m
Value of %% for ramp in coo-
lant inlet temperature

Initial value of coolant velo-
city (put zero if tabulated)

Step of coolant velocity

Value of %E for ramp in coo-
lant velocity

1 cylindrical
Type of channel{; slab

Same data for 2nd channel

NOTES

If no gap
DATA(2516)=DATA(2517).

Orly in case of slab
geometry. Ignored
for cylinder.

Only if
DATA(2521)#0,

idem

Only if
DATA(2524)£0.

Only if
DATA(2524)#0.
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DATA N°

2801-2810

2901-2910
2811-2820

2911-2920

3001-3010

3101-3110

3201

3202

3203

3204

3205

3206

3207

3208

3209

3210

321

3212

3213-16

VARIAB
NAME

- 23 -

LE DESCRIPTION

VARIABLE INLET TEMPERATURE

Inlet temperature values for

1st channel

Corresponding times for 1st

channel

Same for 2nd channel

VARIABLE COOLANT VELOCITY

ALLOWABLE
VALUES

Velocity values for 1st chan-

nel

Corresponding times

VARIABLE HEAT TRANSFER COEFFICIENT

coefficients in formulae

4 for h=heat transfer coef-

ficient in 1st channel

not employed

NOTES

Only if DATA(2521)
and analogous are O.

First time must be O.

First must be 0.

The formulae are:

_ A, p219p,220
h= 5358 'FPT

Pr= q]_CB R= 2_2.

v
P} m

P = a1+a2ﬁ%+a3%2+a46§

Cp= a5+a6T

"1 =a7+a8%+a9%§+ iig

A = a11 + a12T
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A.8

VARIABLE ALLOWABLE
DATA N° NAME DESCRIPTION VALUES NOTES
3217 D=hydralic diameter of coo-

lant channel

3218 a18
3219 a19
3220 250
3221 Same for 2nd channel
3240

etc..
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B.1 APPENDIX B
COSTANZA axial - input key

Title Card - A positive integer in columns 1-6 means that
the problem is the last of the run. Any alphaznumericzl informa-
tion may appear in columns 7-72 and will be printed in the

output.
VARIABLE ALLOWABLE
o
DATA N NAME DESCRIPTION VALUES NOTES
1 DELT At(sec) neutronic time 1/15 of minimum
step for transient expected inverse
period generally
gives good
results.
2 DZ AZ(cm) axial mesh size
3 IMAX Number of mesh points ¢ 100 The boundaries
of the reactor
correspond to
point 1 and IMAX.
4 NREG Number of regions of dif- 10
ferentcomposition <
5 NRIT Number of delayed neu- 10
trons groups $
6 IDST Number of steps for ini- Put 1 if source
tialization (50) problem.
7 ITCR If 21 criticality poison
search is done
8 IDIR 0 diffused poison 0, 1, 2 For criticality
1 banked bars from top sezrghégy EQPS%S
(entry of coolant) mean e firs
mesh point which
2 banked bars from bot- corresponds to
tom entry coolant,
if a channel is
present.
9 S1 Average thermal flux ini- Put 0 if source
tial normalization value problem.
10 BU B2 - Transverse bucklin

(same for 2 groups
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DATA N°

11

12

12

14

15

16

31-40

41-50

6171

81

82

83

84

VARIABLE
NAME

DELT

IDIR

POWER

KPC

KMA1

ICAN

BETA
DLI

11,12

D1

SR

SF1

- 26 -

DESCRIPTION

At (sec)neutronic time step
for initialization and cri-
cality search (10-4)

Same as data (8) Ffor trans-—
ient impressed reactivity

Total channel power in ini-

tial conditions (omit if no
thermal calculation)

Number of neutrohic time
steps in a thermal time
step

Print of temperature map every
KMA1 thermal step

C no thermal calculation
1 cylirdrical coolant channel
2 slab coolant channel

Bi delayed neutrons yelds per
fission

Aj delayed neutrons precur-
sors decay constants

Region boundary mesh numbers

NUCLEAR CONSTANTS
Region 1

Diffusioén coefficient fast
groups

Z, =254 + Zg1 - Removal cross
section

P resonance escape probability

vig,

ALLOWABLE
VALUES

NOTES

Put 1020
problem.

if source

Any unit may be us-
ed, provided all
thermal and erergy
units are consistent
throughout. No factor
is built in the code.

Ignored if no thermal
calculation is re-
quired.

1 and IMAX must be
given as first and
last value

The constants for
every region are
included in two
cards



B.3
VARIABLE
DATA N° NAME
85 v
86 SOR
87 D2
88 SA
89 P1s
90 SF
91 v
92
93-104
etc..
301
ggé (2nd region)

etCacenwe

- 27 -

DESCRIPTION

V,(cm/sec) neutron veloci-
ty fast group

Neutron constant source den-
sity (fast)

Diffusion coefficient-ther-
mal group

Zap thermal absorption cross
section

Residual poison cross sec-
tion

nga
Thermal group velocity(cm/sec)

Not employed

Following regions

Same for region 2

TEMPERATURE COEFFICIENTS

af,qb,anﬁzaa)afccam (P)

f1 f2
D1 D2
V1 V2
z

r not employed

same for 2nd region

ALLOWABLE

NOTES

This is a datum
which is added to
ap and kept cons-
tant during
transient and
search.

In each card the
temperature coeffi-
cients are given
for two constants
for fuel, coolant
and moderator(the
moderator coeffi-
cients are dummy,
as no equation for
moderator tempera-
ture is included
in the code up to
now)
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DATA N°

1601
to
1610

1611

1612

1613

1614

1620

1621-1699

1700

1701-1779

1780+1I

1851+6n

VARIABLE
NAME

Xv(I)

SPRG

DAFF

LF

SPB

TBAR

VBAR

VBAR

KTP

- 28 -

DESCRIPTION

I if poison is present in
region I

0O if not

Second guess of Z5 poison
cross section or rod inser-
tion (cm)

Convergence criterium for
criticality search (10~%)
maximum value of reciprocal
of period at convergence

Maximum number of trials for
search (100)

Control rods equivalent Za2
for criticality search

POISON INSERTION

Control rods equivalent 2,
for transient

Successive times for poison
insertion values

Time zero depth of insertion
(em) (IDIR=1,2) or Zap (em=1)

Corresponding values of rod
insertion (cm) if IDIR=1,2 or
Zyp (em=1) if IDIR=0

Factors which multiply the value
VBAR(t) in each region I

PRINTING INSTRUCTIONS

Number of time steps for nth

printing pattern

ALLOWABLE
VALUES

NOTES

Only when diffused
search is done

IDIR = O

First guess is ze-
ro no fast group
is allowed.

Only if banked rod:
DATA(8)=1, 2.

Only if banked rods
DATA(12)=1, 2.

As many values as
are wanted may be
given. After the
last time given

the value of poison
will be kept cons-
tant the last point
value.

Considered only if

IDIR=O0.

n=0, 1, 2 etc...
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DATA N°

1852+6n

1853+6n

1854+6n

1855+n

1856+n

2500

2501

2502

VARIABLE
NAME

I1P

I18

I2P

I2s

CPST

-29 -

ALLOWABLE

DESCRIPTION VALUES

Number of time steps after
which the more frequent type
of printing is done

Type of more frequent output

1 only average fluxes and
period

2 complete map of fluxes and
delayed neutron precursors
concentrations

3 average fluxes in the reac-
tor and region by region

Number of time steps for 1less
frequent type of output must
be multiple of I1P and divi-
sor of XTP

Same as I1S for less frequent
output

Not used

COOLING CHANNEL DATA

Generally not employed.

It is transmitted as an argu-
ment to GAP and GAPIZ routines
when the latter are employed.
In the example given, it is
used to transmit thermal units
conversion factor

(1.0 Joule°C 4.18 Calories®C)

Not used

Number of mesh points in fuel €7

NOTES

As many cards as want-
ed can given, allowing
different successive
Printing patterns.
After the last is
completed the calcula-
tion stops and 2 final
Print is done. Then
the control is trans-
ferred to the begin-
nings of the programme
to start a new problem
unless the title card
cortains a positive
integer in columr 1-6
in which case the run
is stopped.
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DATA N°

2503

2504

2505

2506
2507

2508

2509
2510
2511

2512

2513
2514
2515

2516

2517

2518

2520

VARIABLE

NAME

DR(NP1)

DR(NP2)

DR(NP3)
RO(I)

RO(NP1)

RO(NP2)
RO(NP3)
Sc(I)

Sc(NP1)

Sc (NP2)

Sc(NP3)

- 30 -

DESCRIPTION

Diameter of fuel rcd or
thickness of slab

Thickness of gap (cr half
of cladding thickness)
Thickness of cladding (or
half of it)

Thickness of coolant

Fuel density

Gap density (or cladding
density)

Cladding density
Ccclant density
Fuel specific heat

Gap specific heat (or clad-
ding)

Cladding specific heat
Coolant specific heat

Thermal conductivity of
fuel

Thermal conductivity of gap
(or cladding). If zero the
gap resistance is variable
and calculated by special
routines GAP and GAPIZ

ALLOVABLE

VALUES

Thermal conductivity of clad-

ding.

Heat transfer coefficient to

coolant (put zero if variable-will

be calculated by the routine

HTC)

Slab width (only for slab case)

NOTES

If nc gap 1is present,
do not put O, but cut
in half the cladding.

The free routines
GAP and GAPIZ must
be built by the
user. In the deck an
example of both is
included.
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B07
VARIABLE ALLOWABLE
-]

DATA N NAME DESCRIPTION VALUES NOTES
2521 TPI 1Inlet temperature of coolant

at equilibrium (put zero if

inlet temperature is tabulat-

ed
2522 Step in inlet temperature
2523 Slope of inlet temperature for

ramp
2524 ws Velocity of coolant at equili-

brium (put 0 if inlet velocity

is tabulated)
2525 Step of velocity

2526 Slope for ramp of inlet velocity
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DATA N°

2801-2810

2901-2920

3001-3020
3101-3120

3481

3482

3483

3484

3485

3486

3487

3488

3489

3490

3491

3492

3497

3498

3499

3500

VARIABLE
NAME

TPI

WS

A1

DIAH

-32 .

DESCRIPTION
TABULATED INLET TEMPERATURE
Inlet temperature values
Corresponding times

TABULATED INLET VELOCITY
Velocity values

Corresponding times

VARIABLE HEAT TRANSFER-COEFFICIENT

a,

coefficients in formulae 2-7

P

Hidraulic diameter of coolant
channel Dh

218

219

coefficient in formula (1)
820

ALLOWABLE
VALUES

NOTES

The formulae are:

_A M8 . pp20
1) h= 55 218°R Pr
nc
2)Pr= —£
Py
va
3) R= h
a a a
2 3 4
4)p=a, + — + = + —
1 T 2 3
S)CP= a5 + a6T
6)n= a; + iﬁ + ig + %10
T 2 3

7)h= a + a, T
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30C.106
499.272
€94.170
880.514
1054,210
1211.443
1348.766
1463.196
1552.345
1614.780
1647.275
1644.510
1€04.674
1529.357
142C.724
1281.754
1116.226

928.634%

124.066

5C8.079

€.050

0.0
282.729
447.524
6CS.182
T64.150
909.020
1040.611
1156.035
12€2.781
1328.831
1382.944
1412.4068
1412.780
1382.5C4
1322.815
1235.434
1122.756

987.843

834.354

666.455

488.701

0.0
256.632
369.802
481.542
589.390
690.974
184.059
866,601
536.803
993.194

1034.825
1059.752
1064.850
1048.937
1012.721
957.253
884,049
795.099
692.811
579.961
459. 605

0.0
230.105
290.804
351.815
411.796
469.428
523.446
572.666
616.017
652.584
681,726
702,249
712.310
711.078
698.733
675,645
6424449
600,048
549.590
492.447
430.169

0.0
220.717
262.847
305.904
348,945
391.022
431.214
468.641
502.489
532.041
556.762
575.728
587.545
591.508
587.611
575.983
5564946
531.018
498,904
461.476
419.751

200,000
201.154%
204.592
210.236
217,962
227.600
238.938
251.729
265.690
280.520
295.900
311.479
3264849
341.584
355.281
367.568
378.110
386.621
392.869
396.684
397.963

dVH FINLVIGdWEL 40 INIAd
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PER 0.84911E-01
INT =

0.17112EF 0O
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= 0.42668D 01
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0
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