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1.

Identification

Dynamic code for the study of reactor TrSI.

a. 60.5414. CEST

b. Vincenti - Monterosso - Agazzi - Febramary 1964

c. WURATOM, C.E.T.I.S5., Ispra

d. IBM 7090 Standard Fortran Monitor System, CALCOMP.

e, Fortran II vers. 3,

2. Purpose

The code studies the spatial dynamic of Reactor TrESI, in
the two groups approximation and one space dimension. Only
one group of delayed neuiron is considered. The reactor is
an infinite horizontal slab and consists, along the height
of three regions :

Ry = lower reflector, Ry = core, Rz = upper reflector. The
lower and upper reflectors are of the same material.

The code simulates the movement of the control rods along
the height, according to any given law of movement. The
rods are substituted by an equivalent poison uniformly
distributed in the rodded region. If some rods remain in
the reactor they can be simulated by an equivalent poison
Zpr uniformly distributed all over the reactor.

The core is not cooled and the temperature increases as the
integral of the flux.

The reflectors remain at the initial temperature.

The code calculates the evolution of the fluxes and temperature
and precursor concentration in space and time during the
power excursion.



3. Method (*)

The quasl linear system of the two-groups diffusion
equations is :

kK 82y _ ,k k x 1 8y
Df o7 2 A + Bo+ C = wk ot
k 32 K kK, _ 1 89
Dy 5% - Bo + Fry = 33

v

Supposing that the coefficients are constant during a

time step At, this is transformed, by the finite diffe-
rence method, into a system of linear equations.

This system can be solved optionally, either by the blok
Gauss-Seidel iterative method, or by a direct method.

The cross sections and the neutron velocities are calcula-
ted according to :

T
c : c BCYe]
g (z,t) = 200 Tz, t)

_ T
Zp(2 %) = 2po [ T(4,%

T{z,t
T(z,t)

where Ty is the uniform tegperature of the cold reactors

at the initial state and Zg,, Zpo, Wos Vo, are values
corresponding to the temperature Tge

The quantities kK, T, ¢ are obtained by linear interpolation
on tables given as input data.

(*) See report EUR 596.e.



L. Input Data

Column 1-10

11-20
21-30
31-40
L1=50
51-60
61-70

Column 1-10
11-20

21-30

31=40
L1=-50
51-60

61-70

Column 1=-10
11-20
21-3%0

31-40

L1-50

51-60

61-70

Comment - maximum 72 characters (Format 12A6)

Contains the 7 following guantities (Format

7E10.6)

AZy (DZ21) mesh increment in the region Ry

AZQ (DZQ) " 1 1 " Rg

AZG (DZB) 1 " [ " Ra

DE (DRF) Fast diffusion coefficient in the reflectors
D, (DCF) " " " " " core

D% (DRT) Thermal " " " " peflectors
D% (DCT) " " " " " eore

Contains the following 7 quantities (Format
7E10.6)

At (DT) Time Step
Eio (SARZ) Absorption cross section in the reflectors

zgo (SACZ) i " 1 n 1t core

wo (WZ) Neutron velocity of the fast group
vo (VZ) " " "M thermal "
zpo (SPZ) Control rod equivalent poison

To (1Z) Temperature of the cold reactor (in Kelvin)

Contains the 7 following quantities (Format
7E10.6)
B° (BU) mradial buckling
B (B) Fraction of fission neutrons which is delayed

A (DL) Decay constant of the delayed neutrons
precursors

(SPR) Poison equivalent to the control rods
which remain in the reactor.

e (PREC) Precision of the iterative method in
the inner iterations for every time
step (e = O for the direct method)

v (VNU) DNumber of fast neutrons released per
fission

FC (¥C) Energy released per fission in calories

Zpr



Column

1-10

11-20

21-30

31=-40

41-50

51-60
61-70

Contains the 7 following quantities (Format
7E10.6)

x_ (XZ) Position of the control rods
(Tg) Initial time (to=0 in a new calculation;

ty, # O when an interrupted calculation is
reinitiated at the same instant)

t

o

te (TF) Maximum physical time corresponding to
the calculation

Kp (VKP)

1% (TRP) Slope of the curves K_ (T), TR(T),

Tg (TCP) (1), c¢s(T) at the hlghest temperature
of the table. See card, group A.

csp (CSP)

Contains the two following quantities (Format
2E10.6)

TR (TMR) Initial reflector temperature at the
lower interface core-reflector

T (TNR) Initial reflector temperature at the
upper interface core- reflector

Contains the 7 following quantities (Format 7I10)

M Index of the point at the interface between
the lower interface and the core.

N 1Index of the point at the interface between
core and upper reflector

L 1Index of the point at the external boundary
of the upper reflector

INT Number of inner iterations for the Gauss-
Seidel method (INT = O for the direct method)

KL Number of entries in the tables of Kwo(T),

TR(T), 7°(T), cs(T) for AT constant. (See
next group of cards)

KI{ These are utilized only when Sense Switch 3
is Down for the Gauss- Seidel method -
KS“- ( KI KS = O for Sense Switch % ON)



Group A =~ KL Cards (KL - card 7 -(41 50))containing the

Group B

Group C

Example

Height of the reactor

the tables of Kw, 7 , ¢°, cs. Each card contains
with Format 5E10.6 :
Column 1-10 TK  (IT) Temperature in °k

11-20 Kw(T ) (VK) Infinite

21-30 % (T ) (TAUR) Fermi age in reflectors

31-40 c(Tk) (Trauc) v " " core
L41-50 cs(Tk) (CST) Specific heat calories
' em” °k

L Cards (L - Card 7 -(21 + 30)) containing the
initial distributions of T, C, ¥, ¢ of the time
to (to -~ Card 5 - (11 - 20)) with Format LE10.6 @
Column 1-10 T(a, to) (T1) Temperature in °K

11-20 C(ziL,to) (C1) Density of the delayed
neutrons precursors

21-30 V(2L ,to) (P81) Fast flux
3140 (2 ;,to) (PS2) Thermal flux

These cards control the rods movement and the
print . Each card contains :
Column 1-10 JI Format I10

11-20 JS " "

21-30 1IP " "

41-40 VB Format E10.6

This specified that, from the time step JI to the
time step J8, the control rods move with the

constant velocity VBE%E (VB positive = extraction;
VB negative = introduction) and the program prints

at every IP time steps.

At = 10_3860 3 tp = to = 1 sec,

(M=1) o+ AZ1 + (N-M) « AZ2 + (L-N).AZ3
300 cme.

"

- B
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JI Is IP VB (5o3
Card C1 1 100 10 10
Card C2 101 150 25 20
Card C3 151 250 50 10
Card C4 251 750 850 0
Card C5 751 1001 251 0
In each card it must be 1<IP<(JS - JI + 1) and dS-dl+1 _ integer.

In the last card

JSs

t

£~ b

At

+

1

IP

The program can process successively several cases,.
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5. Output

In the first page of the output the code prints all the data
contained in the cards 1 to 7, ana the table given in the
cards of Group A.

At every IP time step (card of the C-group) the program prints
a page with :

- the time T@

- the number of time step ITER

- the position of the control rods XZ

- 1/T = the reciProcal of the reactor period (REP)
- dp(t)/At = the thermal flux time derivative (DP)
- the thermal group neutron velocity VM.

In correspondence of every point z, of the lattice, the
program prints

TR = temperature of the reflector (Kelvin)

TC = u " " core ¢ " )

C = density of the atoms precursor of delayed neutrons(—gag)
PH1 = y(z) fast flux (n/cm®. sec)

PH2 = ¢(z) thermal flux (n/cm?®, sec)

N = Density of the thermal neutrons (n/cm®)

The number appearing below each column is the average value
in the eore,

In addition to the print made at every IP time steps, the
code makes automatically a print at the beginning “Condizioni
Iniziali", at all the maxima and minima of the function @(t)
"Massimo o Minimo" and at the end of the calculation.
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6. Sense Switches

If DOWN the program prints the coefficients of the
linear system (see 3) Method)

1f DOWN the program makes a print to check the
poisoning due to the control rod.

If DOWN : print of check of the convergence of the

inner iterations in the Gauss-Seidel Method.

At every time step between KI and KS (see Card 7 =-

(51 ¥+ 70)) it will be printed :

ITER Index of the time step

INT1 Index of the inner iteration

J4 = The fluxes y(z) and ¢(z) have their maximum
relative error at the point Zjh'

PH1(JL4) = Fast flux

PH2(JdY4) = Thermal flux

SM = Maximum relative error

Il

If DOWN the program prepares the tape for the
Calcomp Data Plotter. '

This tape contains the curves T(t), @(t), T(t) :
average fluxes and average temperature as function
of time., These curves are plotted in a semi- loga-

rithmic scale, except the third one.

- ST s S e 3 g e G o i 0 e $e e e

If DOWN the program prepares the tape for the
Calcomp Data Plotter. This tape contains the
gpatial distribution of fast and thermal fluxes
and of the temperature.

The curves will be plotted in correspondence of
every print.
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Switch 6 - Must be UP

- — - —— - > —

If DOWN the calculation will be interrupted at the
end of the time step and a print will be made.

The average flux will not be plotted even 1if requested
(Switch L DOWN)
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7« Program Composition

The code consists of the Main Program, 10 Subroutines and

one Function Subprogram.

1)

2) - Subc

3) - Sub.

L.,.) - Sub.

b) - Subo

6) - Sub.

7) - Sub.

8) - Sub.

Main Program - Reads the input data up to group B

included. Calculates the constant

parts of the coefficients, Choices,
according to the datum INT, the method
of calculation (Iterative INT# O; Direct
INT = 0). Storage used 958 words.

SOLU ~ Reads. data cards of group C. Coordinates the

subprograms.
161 words.

BARRE -~ Determines the control rods position and

calculates the parameters influenced by the
rod's position.
250 words.

COEFF - Calculates the coefficients at every time

FLUX 1 -

FLUX 2 -

TEMPER ~

step.
358 words.

Solution by the direct method of the
diffusion equations systems
846 words,

Solution of the diffusion equations system
by the iterative Gauss—~Seidel method. If
SWITCH 5 is DOWN prints informations on the
convergency of the inner iterations.

b4 words.

Calculates the evolution of tewmperature
in the core.
45 words.

INTEGR. - Calculates §, ¢ fast and thermal fluxes

averaged in the core. Call -the subroutine
STAMPA at the maxima and minima of §(t).
9L words.
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9) - Sub. STAMPA - This subroutine is called at the time
steps indicated in the data (Group C),
at the initial instant and at the
maxima and minima of §(t). It effectuates
the prints according to the switches 1
and 2 (see OUTPUT).
881 words.

10) - Sub. STPLOT - Plots the curves J(t), @(t) and T(t).
119 words.,

11) - Sub. SPAZPL - Plots the spatial distributions y(z),
o(z) and T(z).
186 words.

12) - Function FUNC - Makes the linear interpolations on
the tables of Kw, 7% amd specific heat.

The code uses 2900 words of the COMMON. In addition there are
the memory celle occupied by the input-output sub-programs

and by the subroutines for the use of the Calcomp Data Plotter.
The listing is in annex 1.

Limitation of the code
The maximum number of lattice-points is 100.
Stops are not expected.

Accuracy and computer time

To reach a good accuracy a At<10™7 sec is suggested.

The computer time is of about 0O.15 sec per time step.

The use of Calcomp (Switches L and 5) increases considerably
the computer time.

Exampic
Annex 2 Input data
" 5 Output
" ) Plot of F(t), $(t), T(t)
" 5 Plot of y(z), ¢(z), T(z) at the instant when #(t)

is maximum.
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Annex L

Plot of the average fluxes and
average temperature curves






L 4 5.00

-1 4,75

-t 4.50

-1 4,02
-1 375

-1 3%

TIME (X10°!)
.~'=

~ 1,00

( 201X} IHNLBY3dW3IL IDHHIAY
i 1 | 4

.00
17.00
16.00
16.00
14,00
13.00

o
11.00
10.20

3.9
9.00
7.02
£.00
6.00
4.00
3.00
2.00

1



XM14 39843

1

1018

3.00

10 17

3,00

1015

3.00 [

1018 |

3,00 |

10 14

3.00

1019

3.00

1012

3.00

i0n

3.00

1010 2

TIME (X10°!)

-1 5.00

~1 4.7

=1 4.50

~44.26

~14.00

t
e
a

|
~
.
o
=3

1
Q2
&

1,26

1.00

7

«50

»26

00

3.00

CODE COSTANZR 1 60.5414



Annex 5

Plot of the spatiel distribution
of fast and thermal fluxes and

of the temperature at the instiant
when 3(t) is maximum.
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