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ABSTRACT 

The RAM l> code for calculation of parameters of the 
effective logarithmic boundary condition at the S 
asorbent rod surface in factor is suitably modified to 
work on IBM PC, the instructions for its usage are j 
presented and the capabilities of the personal computer | 
orierited RAMG-code are demonstrated I 

J 
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I. INTRODUCTION 

In Hungary the computer code system for reactor calculation was 
developed in the Central Research Institute for Physics of Budapest [1]. 
Several programmes of this system are available at the disposal of the 
Department of Theoretical and Computational Physics in the Vietnam Na
tional Atomic Energy Commission. 

For the solution of reactor lattice-cell problems the SOPHIE 
programme [2] is used. In this code the P1-approximation is applied. 

It is practically needed to calculate the reactor lattice cells in which 
there are some strongly absorbing regions. These regions can be con
sidered as control rod ones. For such regions the diffusion calculation 
does not give exact results. However, it is remarked that the diffusion 
thoory holds valid for this case if an effective logarithmic boundary con
dition, the parameters of which are defined by the the following relation
ships [1]: 

,will be introduced in calculations. Where: 
j - the energy group index; 
Jj and <J>j - the boundary current and flux; 
Qj - the integrated over volume slowing-down density, Qj-i is defined 

from the solution for the last energy group in P1 -approximation treatment. 
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The RAMI code [3] was established for calculating the derivative 

of the logarithmic flux at the many-layer control rod surface in plate and 

cylindrical geometries. This quantity is an integral characteristics. It con

tains all information of the transport process produced in the control rod. 

For the cylindrical geometry the effective boundary condition may 

be written as follows: 

4-* 
R - the radius of the cylindrical absorbing rod; 

df = at - the extrapolation length of the neutron flux into the rod; 

I- the free path length of a neutron scattered in the medium surrounding 

the control rod; 

a - the unknown coefficient. 

It should be noted that in the RAM 1 code only the one or two group 

transport models were treated. The RAM programme which we have 

been using is RAM6. It is an extended version of RAMI. The RAM6 code 

calculates parameters of the logarithmic boundary condition for the con

trol rod region containing heterogeneity. In this code parameters relat

ing the boundary fluxes and currents to slowing-down sources, as shown 

in [1], are calculated in many-group approximation and cylindrical 

geometry, at the same time they can be used later as a direct input for 

the SOPHIE code when there is some need to treat there strongly absorb

ing regions like the control rod ones. 

-Apart from providing parameters of the effective logarithmic 

boundary condition at the control rod surface which are the main results 

obtained from the output of the programme, the RAM6- programme also 
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g i v e s group f l u x e s and reaction rates with exter
nal Yemeni ... 

The block scheme of the RAM6-codc .,, described below and in- ' 

structions to work on IBM PC AT with it are presented. 

II. THE RAM6-PROGRAMME'S STRUCTURE 

The block scheme of the RAM6-code may be represented by 

figure 1. On this scheme some important subroutines are shown. 

+ SUBROUTINE INPUT is used for input data by the user of the 
programme. In this subroutine the data of the Scattering Matrix library 
are read in. 

+ SUBROUTINE LIBTRA is applied for estimation of thermal sub
group dependent macrocross-sections for each zone. In this subroutine 
the data of the THERMOS library are read in. 

+ SUBROUTINE FREEGAS calculates the thermal subgroup de

pendent microcross- sections on basis of the frcegas model. 

-i- SUBROUTINE EPITH treats data in energetic eplthormal range 

(including resonance and fast ones). In this subroutine the data of the 

GRACE and RIFRAFF libraries are read in. 

+ SUBROUTINE CYLIND is used for simulation of a neutron 
transport process produced in the control rod. In this subroutine the con
tribution of a simulated neutron at each collision is computed, the linear 
isotropical approximation is used to define the scattering angle by a 
neutron after the collision. In order to decrease the statistical error and 
increase the accuracy of calculations a neutron packet will be simulated 
at each point starting from the control rod surface according to the 



different initial directions, at the same time Monte-Carlo weighed method 

will be applied. 
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+ SUBROUTINE OUTPUT is used for printing out the calculated 

results of the main programme. 

• NGRP is the total number of energy groups taking into account the 

whole thermal range to be considered as a group. The thermal neutron 

transport simulation is performed in 15-group or 35-group approximation 

like the group approximation used in the THERMOS programme. It is in

teresting to note that one of data to be directly read in is the thermal 

spectrum at the control rod surface. This is usually taken from the results 

of the THERMOS programme, therefore it is clear that it exists an arbitrari

ness in the results of RAM6-code. Nevertheless, the detailed investiga

tion of this problem has shown that the output of the RAM6-programme 

is weakly susceptible to the choice of the thermal spectrum. 

Source of simulated neutrons is composed of neutrons starting 

from the control rod surface or of slowing-down density distributions. 

The number of energy group to be allowed in the RAM6-code 

probably assumes the maximal value 20. However, the computational 

experiments have proved this value to be sufficiently equal to 10. 

The number of space zones in the calculated control rod does not 

exceed 10. 

III. INSTRUCTIONS TO WORK WITH THE RAMG-CODE 

ON IBM PC AT 

The RAM6 programme is available to us was written in FORTRAN 

language and designed to work on large computers, therefore the realiza

tion of calculations by the RAM6-code on IBM PC requires to make spe

cial adaptations in correspondence to the PCs' language features and 
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faculty of computing. Such adaptations for the RAM6-code have been 

performed at our reactor theory section. 

To be convenient, the RAM6 programme is recorded on a dis-

kette available to all personal computer users in the form of four files 

(namely RA11, RA22, RA33 and RA44), at the same time the calculated 

results are written in a file to be named RESULT. In order to have the 

RAM6-code operating on IBM PC it is necessary to link all the above men

tioned files in the form of "OBJECT" files together and to enter the two 

kinds of data, one of which is directly input by users (these data are read 

r in and organized into a single file) and the other one is read in from the 

built-in data libraries (RTAPE1). The data of first type are read in each 

time depending on a concrete problem and organized into a single file to 

be named NGOC.DAT. The data of second type are read in under the 

UNFORMATED form from the established data libraries (see the part ii 

) recorded on RTAPE1 by Hungarian authors and organized into records 

file to be named SOUEU.DAT by us. The data of the calculated problem 

and optional parameters of the RAMG-code are contained on file 

NGOC.DAT. All these data are input in turn by commands READ asfol- • 

lows: 

1. READ (1,1000) VIZSG, (CZIM (I), I = 1,8) 1000 FORMAT (9A8) 

Here the textual writing line for information of the problem is read in. 

2. READ (1,1030) IM, M, N, NN, NREG, NGRP, NTH, NCOMP, EPS 1030 

FORMAT (5X.8I4.E12.4) 

where 
IM - a parameter of the programme 
IM = 1 means the declaration about the problem to be solved 
independently. 
IM = 2 means the declaration about the external elements to be 

considered and then their description will be given. 
M - a number of simulated neutron packets 
NN - a number of directions given for a simulated neutron 



N - a number of neutrons of each simulated neutron packet 
NREG - a number of inner zones of the control rod 
NGRP - a number of energy groups including the whole thermal range as 

a group (the structure of these groups is similar to that of the groups 
given in the GRACE code) 
NTH - a number of subgroups in the thermal range 
NCOMP - a number of material compositions of the control rod and it is 

not greater than 8 
ESP - a cut-off to be taken for realization of the Russian roulette techniques 

in the course of a neutron trajectory simulation. 

3. READ (1,1041) HR, BUCNT.NB 1041 FORMAT (5X.2E12.4,212) T 

where 
HR - the control rod's height; 
BUC - Buckling; 
NT, NB - the optional parameters of the programme. If NT < 0 the upper 

leakage is taken to be an absorption. If NB < 0 the bottom leakage is 
taken to be an absorption. 

4. READ (1,1042) ICOMP (I), D (I) 1042 FORMAT (5X, I1.E12.4) 

ICOMP (i) ,r the composition identificator for the i-th zone. This is in 
correspondence with the order number of the zone. However, if two 
different zones have the same composition their ICOMP (i) will assume the 
equal values. 

D (i) - the outer radius of the i-th zone (the zones are numerated in 
increasing order). 

This command is subsequently realized NREG times. 

5. READ (1,1040) (V (i), i = 1, NTH) 1040 FORMAT (5X, 15E12.4) 

where v (i) - the upper limits of the neutron velocity corresponding to 
the division of the thermal range in subgroups. 

6. READ (1,1030) NEL, UR, NEXT, NEK 1030 FORMAT (5X. 8W, E12.4) 

where NEL - the total of elements contained in ail compositions being 
present in the control rod material. 
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ITR = 0 - an optional parameter. 
NEXT - a number o« external elements (NEXT < 10). In the case where 

external elements are not considered NEXT will assume the value 0. 
NEK - a number of artificial external elements used to detect thermal 

spectra. If any element is encountered more than one time in this total, 
it will also be counted only once. 

7. READ (1,1031) (ID (l,6), 1 = 1, NEL) 1031 FORMAT (918) 

where ID (i,6) - the identtficator of an element needed to call for relevant 
data from the established library. 

8. READ (1,1032) IC, NC, T (I), MOD (I), MX (!) 1032 FORMAT (5X, 218, E12.4,218) 

where ic - the composition index taken to be the first numeration for 
the most inner zone's composition in the absorbent rod. 

T (i) - the element's temperature (in Kelvin degrees) 
MOD (i) - the optional parameter. If MOD (I) = 1, a slowing-down 

process ocurrs. If MOD (I) = 2, there is no slowing-down process to 
happen. 
MX (i) - the optional parameter. If MX (I) = 1, the scattering matrix is 

read from the data library, and MX (I) = 0 in the otherwise case. 

9. READ (1,1033) (ID (J,l), ED (J.l), J = 1.NC) 1033 FORMAT (5X, 4 (18, E12.4)) 

where ID (J,i) - the identtficator of an element. 
ED (j.l) - the element density. 

10. READ (1,100) (PHIO (I), I = 1.NTH) 100 FORMAT (5X.5E12.4) 

where PHIO (i) - the spectrum of thermal neutron to be taken at the 
absorbent rod surface from the results of the THERMOS code. 

Remark: commands READ NO. 8 and 9 are performed for each value 

of i varying from 1 to NCOMP respectively. 
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IV. APPLICATION 

I n order to get a representation of the practically reached accuracy 

of calculations made by ttie RAM6-code on IBM PC AT within a 

reasonable computer running time the RAM6 programme has been used 

to calculate energy group dependent parameters of the effective bound

ary condition at a model absorbent rod surface (BC4) on IBM PC AT and 

IBM 360. Geometry of the considered absorbent rod is shown as in 

Figure 2. The compositions, chemical element components and their 

densities (in unit of 10 24 nuclei / cm3) for the inner zones of the absorb

ent rod are demonstrated through Table 1 at temperature 315.12 oK. 

Figure 2 

Where a = 1.2500 cm; b = 1.3500 cm; c = 1.5000 cm; 

d = 17000 cm; e = 1.8300 cm. 
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Table 1. 

ZONE 
Isotope 

B 

C 

A) 

H 

0 

A 

P4C 

0.07660 

0.01915 

0 

0 

0 

5 

A) 

0 

0 

c 
H20 

0 

0 

0.006023 0 

0 

0 

0.006634 

0.003317 

D 

Al 

0 

0 

0.006023 

0 

0 

E 

H2O 

0 

0 

0 

0.006634 

0.003317 

Wentjficator 

5000 

6000 

13000 

1000 

8000 

Now we shall consider the above mentioned problem with the 

quantities and parameters to be chosen as follows : 

IM = 1 EPS = 0.1 HR = 108cm 

BUC = 0 NT = 0 NB = 0 

NEC = 0 NEK = -15 ITR =0 

(The meanings of quantities and parameters are the same as 
shown in the part III). 
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Velocity limits of neutrons are taken as follows : 

0.0040+2 0.0060+2 0.0084+2 0.0110+2 0.0140+2 0.0170+2 
0.0200+2 0.0230+2 0.0260 + 2 0.0290+2 0.0330+2 0.0370 + 2 
0.0410+2 0.0450+2 0.0498+2 

Number of simulated neutron packet is 10 
Number of starting directions ascribed to a simulated neutron is 10 
Number of neutrons of which a packet is composed is 10 
Number of subgroups in the thermal range is 15 

The thermal spectrum at the absorbent rod surface taken from the 

obtained results of calculations by THERMOS code is given as follows: 

6.6796-2 3.4799-2 5.7130-1 7.1875-1 6.9075-1 2.0532-1 
2.9933-1 1.6081-1 8.1848-2 5.0384-2 3.3105-2 2.2355-2 
1.8563-2 1.4976-2 7.3583-2 

On instructions from the part III the preparation of input data neces

sary for the RAM6-code to operate is made, and then the creation of the 

EXE file will be performed. The results of calculating of the coefficients 

-yij are illustrated by figures in Tables 2,3,4, 5. It turns out well that they 

are in a good agreement with each olher. In order to obtain the above-

mentioned results of similar calculations the required computer time to 

run on IBM PC AT with microsoft FORTRAN compiler optimizing version 

4.1 is aboufj5 minutes, while it is approximately 12 minutes on IliM 360. 

In both cases the statistical error is of the order of 5%. Such there is a 

possibility to use the RAM6-codo associated with the other ones of the 

Hungarian computer code system for reactor calculations on IBM PC. 

Our PC version of the RAMG-code is presently in a good state and 

made easily accessible to its operation. 

Here the symbol -a used in Tables 2,3,4,5 means 10 "*• 
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Table 2. Numerical values of energy group dependent parameters 0* • 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Results from IBM PC AT 

4.099-1 

4.035 -1 

4.024-1 

4.021 -1 

3.493 -1 

3.975 -1 

3.922 -1 

4.127-1 

3.700 -1 

1.739-1 

run 

Error 

8.364-3 

7.364-3 

7.555-3 

7.196-3 

5.144-3 

1.063-2 

8.750 -3 

4.099-3 

6.333 -3 

4.572 -3 

Results from IBM 360 

3.920 -1 

3.982 -1 

4.047 -1 

4.179-1 

3.366-1 

3.941 -1 

4.067 -1 

4.215 -1 

3.790 -1 

1.730-1 

run 

Error 

6.500-3 

7.751 -3 

9.588-3 

6.134-3 

4.986-3 

8.276 -3 

1.081 -3 

7.265-3 

6.706 -3 

4.305 -3 

Table 3. Numerical values of energy group dependent parameters 

Group 

1 

2 

3 

4 

5 

6 

7 

8, 
9 

10 

Results from IBM PC AT 

run 

-1.967-2 

-2.381-2 

-2.331-2 

-2.357-2 

- 3.024-2 

-2.734-2 

-3.353-2 

-2.160-2 

-3.975-2 

-7.549-2 

Error 

2.551-3 

1.519-3 

1.213-3 

1.980-3 

2.042-3 

2.352-3 

2.405-3 

1.327^1 

3.349-3 

2.939-3 

Results from IBM 360 

run 

-1.953-2 

- 2.154-2 

-2.405-2 

-2.331-2 

- 3.050-2 

- 2.948-2 

- 3.239-2 

- 2.285-2 

-4.015-2 

- 7226-2 

Error 

1.345-3 

1.834-3 

2.209-3 

1.701-3 

1.313-3 

1.876-3 

2.080-3 

1.566-3 

3.230-3 

2.900-3 
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Table 4. Numerical values of energy group dependent parameters v » . 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Results from IBM PC AT 

9 

2.534 

2.468 

2.389 

2.343 

2.911 

2.156 

2.104 

2.399 

1.788 

0 

run 

Error 

3.353-2 

3.714-2 

3.251 -2 

1.781 -3 

3.762 -2 

4.451 -2 

3.350-2 

2.493 -2 

2.686-2 

0 

Results from IBM 360 run 

2.460 

2.461 

2.425 

2.453 

2.820 

2.090 

2.158 

2.465 

1.814 

0 

Error 

1.995-2 

3.451 -2 

3.184-2 

2.434-2 

3.228 -2 

2.156-2 

3.107-2 

4.004-2 

1.813-2 

0 

Table 5. Numerical values of energy group dependent parameters 0. 

Group 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

Results from IBM PC AT 

run 

5.939 -1 

6.518-1 

6.701 -1 

6.734 -1 

6.241 -1 

4.568-1 

5.605 -1 

7.204 -1 

4.330-1 

0 

Error 

1.409-2 

2.378 -2 

1.376-2 

1.639-2 

1.761 -2 

1.540-2 

2.039 -2 

7.695-3 

1.581 -2 

0 

Results from IBM 360 run 

6.065-1 

6.579 -1 

6.606 -1 

6.508 -1 

6.367 -1 

4.779 -1 

5.699-1 

7.059 -1 

4.541 -1 

0 

Error 

1.445-2 

1.894-2 

2.307 -2 

1.776-2 

9.357 3 

1.865-2 

1.392-2 

1.392-2 

1.001 -2 

0 
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