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COREBN is an auxiliary code of the SRAC system for multi-dimensional core burn-up
calculétioh based on the diffusion theofy and interpolation of macroscopic cross-sections tabulated
to local parameters such as burn-up degree, moderator temperature and so on. The fnacroscopic
cross-sections: are prepared by cell'burn-up calculations with the collision probability method of
SRAC. SRAC and COREBN have wide applicability for various types of cell and core geometries.
They have been used mainly for the purpose of core burn-up management of research reactors in Japan
Atomic Energy Agency. .

The report is é revision of the users manual for the latest version of COREBN served with the

SRAC released in 2006.

Keywords: Core Burn-up Calculation, Diffusion Theory, COREBN, SRAC, Bum-up
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1. COREBN and HIST; Core Burn-up Calculation and
Fuel Management Codes

1.1 History of COREBN and HIST

COREBN is an auxiliary code of the SRAC system”™ for multi-dimensional core burn-up
calculation based on the diffusion theory. HIST is a utility code to manage binary data of COREBN
I/O file which is called “history file”. Detailed burn-up information of the core and loaded fuels
obtalned from COREBN is recorded in the history file.

The first versions® of the COREBN and HIST codes were developed in the 1980s and
implemented into the SRAC system. After that, they have been mainly used for the purpose of core
burn-up management of research and test reactors such as JRR-2, JRR-3, JRR-4 and JMTR in Japan
Atomic Energy Agency. Furthermore, they were used for the study of the reduced enrichment
program™” for the research reactors and the program was successfully completed by 1999.

As the first versions had many restrictions in usage, several improvements have been made -
together with revision of SRAC. Details of the improvements are described in Sect2. Tt is
recommended to use the COREBN and HIST codes served with the latest SRAC20064) to avoid
inconsistency of interface data among SRAC COREBN and HIST. |

Hereafter, we assume that a user of COREBN has enough knowledge and experience at least for

the cell: burn-up calcula‘uon of SRAC.

1.2 Cell Burn-up Calculation and Macroscopic Cross-Section Table

The operation of a reactor is generally described by the spatial distribution of physical quantities
such as neutron flux, nuclide concentration and temperature. The burn-up calculation has to take into
account of time-behavior of these parameters. The usual neutronics calculation treats these changes as
those of few group cross-sections in which consequent change of neutron spectrurﬁ 1s included.

‘ ‘In the SRAC system, core burn-up calculation process is divided into two steps. First, a cell
burn-up calculation with SRAC yields few group homogenized macroscopic cross-sections at each
bufn-up step. The cross-sections are tabulated on the discrete values of fuel temperature, coolant
temperature, and degree of burn-up for the cell modeling an actual fuel assembly in the core. In the

next core burn-up calculation step with COREBN, necessary macroscopic cross-sections are prepared
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by interpolation of the macroscopic cross-section tables on the core parameters such as fuel and
moderator temperatures and burn-up degrees distributed in the core.

As the result of the cell burn-up calculation by SRAC, macroscopic cross-sections of every
burn-up step are stored in the MACRO file. The member is named following the rules of SRAC, as
' ‘caseAbx0’ by 8 characters, where case-tag is fo identify fuel type, b-tag (=0,1,2,...., 9,A,B,...) for
burn-up step and x-tag for homogenized region (cf. Secton 3.1.5 of SRAC manual® ). Degree of
burn-up, atorﬁic number densities of depleting nuclides, the data for Xe and Sm accumulation, efc. at
every bui’n—up step are stored on the member caseDNxT (x: X-Region number) for every X-Region. A

set of these members takes a role of tabulation of macroscopic cross-sections as shown in Fig.1.2-1.

Macroscopic Cross Section Table

Burn-up Step 0 1 2 | -] 10 1|

Member Name | caseAOxp | caseAlxp|caseA2xp| - [|caseAAxp|caseABxp| -

z:f,g

V2 /g

z

a,g8

Xeg
pX

tg -

Nuclide Density Table (Member Name: caseDNxXT)

Burn-up Step 0 1 2 | 10 | B B

Burn-up(MWd/t) 0 100 500 | e 30000 | 35000 | -

U-235 (n/cm®)

U-236

U-238

Pu-238 .

Fig.1.2-1 Interpolation tables for macroscopic cross-sections (upper) and

atomic number densities (lower), using the PDS file of SRAC
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The types of tabulated cross-sections are as follows: 1) the cross-sections for diffusion or

transport calculation (X, , L VE Fg2 Zags Xgs» Zsgogs Digs Dygs Z,5),2) Z(,0,, for (n,2n)

fert

(absorption cross-sections of fissile nuclides) and Zf) ph

correction, 3) T/

2 (capture cross-sections of

fertile nuclides) for conversion ratio calculation, 4) delayed neutron data ( Xag > BiVEfyg s
BVEs,/A;)and X, (constant on neutron velocity) for point kinetics parameters, and 5) effective .

Xe I Sm Pm Xe I Sm Pm
a,g’o-a,g’o-a,g’o-a,g’y Y LY LY ) to

microscopic cross-sections and effective fission yields (o
evaluate equilibrium Xe and Sm concentrations. While the COREBN does not calculate depletion of
constituent nuclides, it vobtains' N, (7,0): the atomic number density of depleting nuclide (k) at
burn-up time (Z) by interpolation of the tabulated compositions with burn-up as argument that are

stored in the member caseDNxT.

1.3 COREBN Code

(1) Interpolation of macroscopi_c cross-sections

The COREBN is a code for multi-dimensional core burn-up calculation based on macroscopic
cross-section interpolation and finite difference diffusion. As the CITATION code is incorporated for
the solution of diffusion calculation, the 12 geometries available in CITATION are also available in
COREBN.

Before executing core burn-up calculation by COREBN, it is necessary to prepare macroscopic
cross-section table for every type of fuel assembly by executing cell burn-up calculation with SRAC.
'By; executing cell burn-up éalculation, cross-sections homogenized over the cell are automatically
tabulated with respect to burn-up in the member on MACRO file under the prescribed format (See
Fig.1.2-1). When spatial distribution of fuel temperature and moderator tempera’uire is considered,
cross-section tables on severalrfuél temperature and/or moderator temperature are required.

| After preparing cross-section tabulation, the core burn-up calculation is achieved. At first, we

divide target burn-up exposure into N steps.

EG.t)  EGt,)  EGL)  EGty)
‘ P(7) ‘
th=0 Ly O 4 oIy

-t

During a core burn-up step #.;<¢<t,(i=1,2,...N), the total thermal power of the core Q; and power
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distribution P(7) are assumed unchanged. The initial Bufn—up distribution E(¥,7,) is given by the
input of HIST. At the burn-up time #=¢;;, COREBN forms the cross-sections of every spatial region by
linear interpolation with specified three parameters; burn-up E(7,¢,_) , fuel temperature. T, (7,¢, ;) and
moderator temperature T, (7,7,,) from the cross-sections tabulated three-dimensionally with respect

to burn-up, fuel temperature and moderator temperature.

%, (Ft.) =, TABLE {EG 1, ), T (1), T (7ot} | (1.3-1)
where,
x : reaction type,
% ,TABLE,, H tableélook-up of macroscopic cross-sections of reaction type x

of fuel type m located at region 7,

EF,t,) : burn-up (MWd/cc) at time ¢, ;,region 7,
Tp(Fstiy) : fuel temperature at time ¢, ;,region 7,
T, (7.t 1) : moderator temperature at time #,_;,region 7,

Fuel composition is evaluated by interpolation of atomic number density table.

Ny (1) =N, TABLE, {EG.1,, ) T ,(Foti), TolFti)] | | (13-2)
where,
N,TABLE,,  table-look-up of atomic number density table for the A-th depleting

. nuclide in the fuel type m located at region 7,
N, (7, ty) - atomic number density of nuclide & at time 7.1, region 7, (1024 fem?)

- After preparmg the cross-sections for every reglon relative neutron flux in the core ¢, (7,7,;) is
obtained by COREBN. The relative flux distribution is normalized to give the whole thermal power (Q;
(MW) into @, (F,t;) as Egs.(1.3-3) and (1.3-4).

@ (7’ tll) norm X¢g (Fﬁti-l) » : (13-3)

norm

| 0. ,
: , (1.3-4)
j‘dVZV (Foti)Z e (F:ti-l)(og (#.1:.0) . ’

In Eq.(1.3-4), yis the averaged release energy per fission. The powér distribution P(#,t, ;) [MW/cm’]
is expressed by Eq.(1.3-5). If we assume the power distribution is unchanged until =, multiplying
burn-up period Af;, =t, —t,, (days) gives burn-up 1ncrement (MWd/t) as Eq.(1.3-6). Updatlng
- burn-up distribution by Eq.(1.3- 7) then the process moves to the next burn-up step.
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PG, t0) = 7ot )L B g Foti )@, ot DIV E) (1.3-5)
- |

| AEG,t;)= Pttt )INVF) (1.3-6)
where, INV is the conversion factor for unit of burn-up degree from MWd/cm® to MWd/t,

that is the initial heavy metal inventory in the unit volume (ton/cm?).

E(F’ti)=E(?>ti.1)+AE(;’ti)i . (1.3-7) ‘

In the burn-up calculation in COREBN, the process expressed from Eq.(1.3-1) to Eq.(1.3é’7) is
repeated for i=1,2,..., N. However, at the final step: i=N+1, the process after Eq.(‘l .3-2) is not executed.
It means that at the final step, the burn-up distribution and fuel composition are calculated, but either
neutron flux or collapséd homogenized cross-sections are not obtained. \

The COREBN interpolates the cross-sections with respect to three parameters as described
above, two parameters except burn-up can be replaced by arbitrary measures by user’s selection. For
example, instead of fuel temperature and moderator temperature, boron concentration for chemical
shim, moderator void fraction or fraction of control rod insertion caﬁ be substituted. Hereafter,
description will be given by assuming that the two parameters are fuel and moderator temperatures.

As COREBN has no function of coupled neutronics and thermal hydfaulics calculation, spatial
distribution of fuel temperature and moderator temperature has to be specified by user. The way of
specifications are (1) to set constant value over the whole fuel assembly in the core, or (2) to give the
axial distribution (by axial node) for every fuel assembly. -

Cross-sections are interpolated with respect to burn-up, fuel température and moderator

temperéture by the method as follows;

(xla yz) (x2> y2)
F3 E F4
F(x, )
_____________________ I‘-----.--__--
Fl E 2
(xp y1) (x29 yl)

In the above figure, let x to be fuel temperature, y moderator temperature and F, though F the
temperature points on which cross-sections are tabulated by execution cell burn-up calculation with

SRAC. The interpolated value F(x, y) on the point (x, y) is obtained by the following relations;
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R, =21 R, =24 (1.3-8a)
Xy =X ' Y2=N : :

FX,=F,+(F,~-F)R_, Xy =F +(F, ~F,)R, (1.3-8b)

F=FX, +(FX, -FX|)R, : (1.3-8¢)

The above shows a scheme for two-dimensional interpolation. Finally, the value F(x,y,z) is
obtained by the liner intefpolation be’iween F (X, y,z;) and F(x,y,z,) where burn-up z lies between
z ahd 2,. When combination (x, ) coincides either of (x1, y1), (x2, ¥2), (x3, ¥3) or (x4, y4), interpolation
is not necesséry. But when x coincides either of x; or x,, or y coincides either of y; or y,, the
one-dimensional interpolation is executed. As the code does not extrapolate, cross-sections have to be
prepared so that the parameter range cover the value required in the core burn-up calculation.

When burn-up characteristics of irradiated sample inserted in the core of test reactor such as
JMTR at JAEA is required, if the sample is composed by non-fissionable material such as Gd,0s,
interpolation with respect to burn-up (MWd/t) is not achievable. The COREBN interpolates

cross-sections with respect to integrated absorption reaction rate defined by Eq.(1.3-9), instead of

burn-up.
¢ . ' )
E,= | 2 2.,0dt (139)
. |
E,(Ft) R E (F ity + 20 g (Pt )P (Foti ) — 1) | (1.3-10)
3 e

The COREBN does interpolate atomic number densities of depleting nuclides, average
release energy per ﬁséion, the constants necessary to evaluate conversion ratio and kinetics parameters,
(n,2n) reaction cross-sections and microscopic cross-sections and fission yields of I-135 and Xe-135

by the process described by Eq.(1.3-8) as well as macroscopic cross-sections.

(2) Treatment and drive of control rod

The ’_creatment of control rod by COREBN is different by the following two cases.

(a) Control rod region is spatially separated from fuel region, then cross-sections of control rod
region is separately prepared as occurs in research reactors or in FBRs.
(b) Control rod is homogenized in fuel assembly as in PWR clustered control rods.

In the former case (a), as shown in Fig.1.3-1(a), niaterial composition is allocated to the
nodes divided along the axial direétion of control rod, and the allocation can be axially shifted along
the core burn-up proceeds. The projection from the uppér surface of the core is neglected in the
diffusion calculation. Contrary, the region where the control rod is withdrawn is éutomatically

substituted by the material registered beforehand. However, the drive of control rod is not continuous

.._.6__



but discrete by the unit of axial node.

Control Rod

JAEA-Data/Code 2007-003

XY > X-Y
3
]
m v
iy 3
_____ I T 1
5 t
_____ 5 |l REN.. LR
E 5
_____ R e 1=+ R
_____ 2ol NEN.
=) o
..... § e BES
2 2
_____ B R N3]\ S s
,,,,, 20l NBN. 80
P
 Reflector
Fraction of Control Rod Insertion
Z Z
(a) Control rods separated from fuel region * (b) Control rods homogenized in fuel region

Fig.1.3-1 Two different treatments of control rods in COREBN

“When the control rods consists of strongly absorbing lump, the diffusion calculation can not
yield accurate worth. In such a case, use of the blackness option to the material corresponding to
control rod region is recommended. In the blackness option, not only perfect black absorber but also
logarithmic differential boundary condition (zero flux at extrapolated distance) for certain thermal
groups and usual cross-sections for fast groups can be accepted. The group dependent constants for
extrapolated distance may be specified by the user. These values are decided in comparison with the
results of transport calculation or the measured data. The control assembly including black absorber
can be driven axially. The blackness option is often used for JAEA core burn-up calculation of
research reactors.

In the latter case (b), as shoWn in Fig.1.3-1(b), the region where the control rods are inserted

and the region where the rods are withdrawn are discriminated by the replacement of cross-sections of

' fuel assembly. In this case, the continuous drive of control rod can be expressed by the fraction of -
control of insertion in an axial node by using the interpolation function for temperature interpolation.

For example, a cell burn-up calculation by SRAC makes cross-section table with the condition of

control rod withdrawal. These cross-sections correspond to the fraction of control rod insertion =0.

_7_
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Next, the branch-off calculation makes cross-section table with the condition of control rod insertion.
These correspond to the fraction of control rod insertion = 1. Replacing fuel temperature (x) by
fraction of control rod insertion (f;,) in Eq.(1.3-8) makes x,=0.0, x,=1.0. and R =x=f.,, then Eq.(1.3-8b)
is rewritten by Eq.(1.3-11).

FX, = F, +(Fy = ) == £, )F, + 1 B (13-11)

where, Fy: Cross-sections corresponding to control rod withdrawal

F,: Cross-sections corresponding to control rod insertion

That is, along the axial nodes, if £, =0.0 is specified, cross-section for control rod withdrawal is used
and if £, =1.0, those for control rod insertion is used. And if the intermediate value 0< f,<1.0 is
specified to a node, cross-sections averaged with volume weight by inserted and withdrawn
cross-sections are used. The continuous movement of control rods can be simulated if the fractions of
control rod insertion 0.0 and 1.0 are set in the place of fuel or moderator temperature points, and

fractions of control rod inserﬁons are specified by input on every axial node at the control rod position.
In this case, there is not such a restriction on control rod movement as posed in case ().

When an analysis of control rod worth is required, repeat the core burn-up calculation of
zero exposure period with driving the control rods step by step, then reactivity curve (S-curve) of
control rods will be obtained.

As the COREBN does not have any criticality search function, if burn-up calculation under
critical condition is required, depth of control rod insertion or soluble boron concentration has to be

beforehand estimated by some preliminary calculations.

3) Correction of equilibrium xenon concentration and its extension
The equilibrium xenon concentration depends generally on fhennal power (neutron flux
le\}el). When some local power greatly differs from the average thermal power which was assumed to
form cross-section table by SRAC, as the local equilibrium Xe-135 concentration differs from that
calculated by SRAC, it may\cause deviation of whole reactor characteristics. |
The time behavior of concentration of Xe-135 and its parent nuclide 1-135 is expressed by
Eq.(1.3-12) and (1.3-13). All the parameters except the decéy constants (1,4, ) are space dependent.

dNXe =—A¢X5NXe _NXeZ{O'Xg,g(Dg}+ yX;Z{Zf,gq)g}¥A’INI . (13_12) ‘
4 g ]
L N S @ b D0 (13-13)
4 g , .

As the absorption cross-section of I-135 is enough small (o7,,=0), with assumption that the
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concentration of I-135 reaches equilibrium (dN;/di=0), The equilibﬁum concentration of I-135 (N 1,40)
is written by Eq.(1.3-14).

Y1 Z{Zf,gq)g}

N, =—& 1.3-14
1,0 /’{,I ( )

Substituting it into N; in Eq.(1.3-12) with letting dNy, /dr=0, we obtain the equilibrium concentration
of Xe-135 by | |

(yXe +yI)Z{zf,g(Dg} .
Ny = g | 1.3-15
*e A +Z{O-Xe’g®g} ( . )

g

A The COREBN has an. option to correct absorption cross-sections upon assuming Xe-135
concentration is in equilibrium condition at each burn-up step. This correction is performed by
Eq.(1.3-16).

Oxe + v, ,0, )

Tae =20 # Ny ~NYor, =2% . +|— d -N%, oy, (1.3-16)
.8 a,g ( Xe, Xe >7X .8 e.g XXe + Z {O-Xe,gq)g} e e,g
4
Z,. :Absorption cross-section after correction

30 : Interpolated absorption cross-section before correction

Ny. . : Local Xe-135 concentration in equilibrium

Ny, :Interpolated Xe-135 concentration before correction

Oxeg : Interpolated microscopic absorption cross-section of Xe-135

: Interpolated fission cross-section

y, :Interpolated fission yield of Xe-135
y; :Interpolated fission yield of I-135
A : Decay constant of Xe-135 (2.1205E-5 s™)

®, :Local neutron flux at the previous step -



JAEA-Data/Code 2007-003

7 The local neutron flux @, should be that of the current step. However, it is substituted by
that of the previous step to avoid iterative process due to feed back. Therefore, at the first step, this
option is ineffective.

The xenon buildup occurs after reactor shutdown, but it diminishes after sufficient elapsed
time by decay. As the half-life of Xe-135 is aBout 9 hours, almost of Xe-135 does not exist at the
restart after refueling. Therefore, at the reactor start -up loaded with shuffled fuel, Xe-135 should be
zero. The COREBN ‘installs the option to set Xe-135 concentration zero at the initial step by using.
Eq.(1.3-17) instead of Eq.(1.3-16). On and after the second step, the correction of equilibrium xenon
concentration is performed by Eq.(1.3-16).

Zog =Zag - N0 ' (1.3-17)

The value of o, , in Eq.(1.3-17) is obtained by homogenization and collapsing by using the spectrum
evaluated in the cell including Xe-135. Therefore, this method is an approximation valid in the low
_xenon concentration. When more exact treatment is required for the core calculation at the start up,
cross-section table with zero xenon condition should be formed by the combination of the option to
feed number densities of specified nuclides (cf. option IBC9 in Sect.2.11 of SRAC manual® ) and the
branch-off calculation option (IBC3) in SRAC. By replacing the cross-section table for COREBN by
this table, the core calculation with zero xenon concentraﬁon is available.

In the evaluation of void coefficient, as the change of void fraction is instantaneous, the
 xenon concentration should not be that at the accidental void condition but that at the nominal
operation condition. The equilibrium xenon concentration at the'nominal operation condition is stored
in the history file described in the next section when the xenon concentration correction option is
applied. The COREBN has an option to correct cross-section with xenon concentration N it read
from the history file as described in Eq.(1.3-18) only at the first step. On and after the second'step, the

correction is performed by Eq.(1.3-16). By modifying the xenon concentration written in the history

file, the user can start burn-up calculation with xenon distribution specified by the user.
' is 0 ;
Zeg =Zag +‘(N§Ie’ —NXe)GXe,g ' (1.3-18)

Another option is available to change the xenon concentration from the history file by
multiplying an input value (Facf) as follows. ' '

za,g = zg,g + (Fact X Ngés, - N;)(e )OVXe,g (13-19)

This option is- convenient, for example, to get reactivity on xenon concentration. The value NP¥ . is

kept as constant during burn-up. The burn-up calculation with zero exposure period can yield the

above reactivity table by giving various Fact at each step.



JAEA-Data/Code 2007-003

(4) Treatment of (n,2n) reaction

The effect of (n,2n) reaction may be neglected in thermal reactors. However, it can not be
neglected in hard spectrum core and in the system including beryllium. The diffusion equation to |
include (n,2n) reaction is given by Eq.(1.3-20). As usual deterministic code such as transport and
diffusion codes does not treat explicitly (n,2n) reaction, the contribution of (n,2n) reaction is added to
scattering matrix as shown in Eq.(1.3-21). The Equation (1.3-20) is reduced to Eq.(1.3-22) for
CITATION code which does not treat in-group scattering. That is, the absorption term is corrected as
shown in Eq.(1.3-23). '

T VD Vo, + {Za,g + Zzs,g~>g' + ZzZn,g—>g'}¢g

g*g g'#g

(1.3-20)
Xe
= 7;—{2 VE f,g'¢g'} . Z LogsgPy T Z 22X s0g-55 Py
ef L& g'#g g'zg
gy T Lsgog + 22000 0g (1.3221)
' b X , . :
- VDgV(_Dg + {Z agt ZZ s,g—>g'}¢g = k—g{z sz,g‘¢g'} + ZZ s.g'->g Pg ' (1.3-22)
g'#g eff | g g'#g ‘
X e =Zag ~ 2 Zongog | (1.3-23)
-

(5) Conversion ratio and its extension
The COREBN does interpolation process to the cross-sections of pair nuclides required for

- the evaluation of instantaneous conversion ratio as well as macroscopic cross-sections for diffusion

AN

calculation. These are absorption cross-sections of fissile nuclides (T

,g) and capture ones of fertile

nuclides (ng,’ ), and they are used to evaluate reaction rate of each fuel element defined by Egs.

(1.3-24) and (1.3-25) and local conversion ratio defined by Eq.(1.3-26) at every step. The conversion
~ ratio of the whole core is evaluated by Eq.(1.3-27).

R (i) = IFWIEIWWZ = Fe, PV 1 , , (1.3-24)
P
REM@=[ 3 I (Fe, PV (1.3-25)
k4
| CR(@i) = R (i) / RF* (i) (1.3-26)
CR= Lz S (7, (F)AV | LZ =15 (), (F)dV (1.3-27)
14 g
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By using the option to redefine the conversion ratio (cf. IBC5 in Sect.2.11 of the SRAC

manual? ), the contents of /%, /7' can be replaced to obtain at every step the ratio of arbitrary

pair reaction ratio (macroscopic or microscopic) specified by the user.

(6) Inventory o
" The COREBN has a function to edit the inventory of the specified heavy nuclide (j) by fuel
element (i) and of the whole core at the final step, and also the total inventory of fissile nuclides by
~ fuel elerhent and of the whole core. For the fissile nuclides, the inventory ratio of the final and initial is

edited by element and for the whole core. They are defined as follows;

Inventory(j,i)=N;(Ex)M ;V;/ N : : (1.3-28)
Inventory(j) = z Inventory(j,i) o (1.3-29)
ieCore -
Fissile Inventory Ratio(i) = Z Inventory(j,i)/ E Initial Inventory(j,i) (1 .3-30)
je fissile jefissile -
Fissile Invehtory Ratio = z ' Zlnventory( J,i)/ Z ZIniﬁal Inventory(j,i) (1.3-31)
ieCore je fissile ieCore je fissile ]
where, ,
Jj - : Specified heavy nuclide (available for general depleting nuclide)

fissile  -: Fissile nuclide fixed by code (U-233, U-235, Pu-239, Pu-241)
N,-(EX) : Atomic number density of the nuclide j (n/cnr’) at the final exposure (E X)‘
M, : Atomic mass of the nuclide j o

Ny : Avogadro number

Initial Inventory : Inventory at the beginning of calculation

(7) One-point kinetics parameters
The macroscopic cross-sections defined by Egs.(1.3-32), (1.3-33), (1.3-34) are tabulated
with respect to burn-up, fuel temperature and moderator temperature as well as other macroscopic

cross-sections necessary for the diffusion calculation.

SPT =S B, 0 emN) o (13-32)

Ef? = Z(ﬂ;vg,mo-f,g,mNm //llm) ' (13-33)
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%, = /__1_ w5 COTSE: (1.3-34)
: Eg v, ) '

Space dependent values for the above cross sections are obtained by table-look-up method of

macroscopic cross-section tables. Thus, one-point kinetics paramnters Ber» A4 andlare calculated

by COREBN as follows:

e  Effective delayed neutron fraction

[ >t PaeHYEN Py (F)av
g g

Bog =2 Beyis =2 ————— — (13-35)
5 j D B xe @D NE () (F)AV ‘
g g
e  Effective decay constant for the i-th family of delayed neutron precursor.
N DX GYAIO) R TR G L —
= g £ . (1.3-36)
a1 [ g DY (v
g R S
e  Effective delayed neutron life time
» NS | -
[>4 @y P |
l - £ = =k zA (1.3-37)

1> (7)%&sz PRGN 4
g eff g X
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1.4 HIST Code

(1) Definition of terms

Material

This section starts with the definition of terms used in COREBN and HIST codes.

A material has its proper cross-section table supplied by SRAC. It may be depleting or
non-depleting. As for depleting materials, irrespective of parameters for interpolation such as
burn-up step, temperature etc., the first two and seventh characters of the member name for
the cross-sections identify the material '
For example, light water reflector or fuel elements of a fixed enrichment with the same

geometry consist of a material.

Fuel element

Node

It corrésponds to an individual fuel element of research reactor or a fuel assembly of LWR. It
has to contain depleting material and may partly include non-depleting material such as gas
plenum and nozzle components. The depleting material may be non-fissionable of which
cross-sections are interpolated by integrated absorption rate.

Depending on geometry or usage of the code, fuel element does not correspond to fuel
assembly. For example, as one- or two-dimensional calculation can not apply the concept of
node division the following, the axial division of an assembly may be assumed as a

composition of different fuel element (cf. Sect.7.1)"

It is ah axial region of fuel element or non-fuel element divided by a plane to which
cross-sections are allocated in three-dimensional calculation.

The node can be applied only in axial (z-direction) division in three-dimensional calculation
by CITATION routine. In one- or two-dimensional calculation, number of axial nodes is
treated as one, update of burn-up is made for a fuel element. Even in R-Z calculation, as
R-direction is treated as x-direction (column) and Z as y (row) in CITATION, division in

Z-direction is not taken as node but as fuel element.

Fuel element type

It is a group of fuel elements which can be assumed as identical at the fresh (zero burn-up)

condition. An individual fuel element belongs to any of fuel element type. The same

- cross-section table is allocated to the fuel elements that belong to the same fuel element type.
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Non-fuel element

It corresponds to an in-core structure composed by non-depleting material(s) such as
reflector, black absorber, control rods, etc. Non-fuel element does not share the space with
fuel elements. The cross-section interpolation is not performed to non-fuel element. In
three-dimensional calculation, a non-fuel element is divided into axial nodes, and some
non-depleting material is allocated to each node. The node boundary has to be identical with
region boundary by the “plane” of CITATION. ‘

Non-fuel element type

It is a group of elements that can be identical. As the characteristics of non-fuel element does
not depends on burn-up history, an individual non-fuel element is not classified into non-fuel
element type in the treatment of HIST code. In COREBN, only the control rod element is

classified.-

Control element

Among non-fuel elements, it is specially called as control element which is used as. control
rod. When several control elements of the same type are disposed in a core, this group is
registered as a non-fuel element type. Each individual element may be driven independently.
To drive a control element axially in a three-dimensional calculation, the node boundaries of’
the control element have to coincide with Region boundaries (Plane by the term of
CITATION) in the input specification.

‘A certain reSearch reactor adopts control element with follower fuel. When fuel follower and

absorber part are treated as an element, this belongs to fuel element.

Background material

Batch

To allocate cross-sections to regions in a core by use of OVERLAY function in CITATION
routine, a background material is once allocated throughout the core. Then, particular
elements are allocated in proper regions. In usual case, reflector or black absorber (with
vacuum outer boundary condition) is used as background material. When control rod is
withdrawn by control rod drive, the background material is allocated in the region withdrawn.
If undefined allocation occurs by miss-loading, the region there, is filled by the background

material.

The COREBN defines batch as a run beginning with the first core burn-up calculation until
completing the calculation. In the history file described later, operation record such as fuel

allocation etc. is written by batch.
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.In general, an operation starting with a fuel pattern until shutdown for the next reloading is
called as cycle. The operation cycle number conventionally used in irradiation reactors does
ﬁbt always correspond to the above definition. In COREBN input and on the history file,
cycle number has merely a role of comment. It is assumed that one cycle includes several

batches.

(2) Function of HIST code

such as thermal power, operation period, loading pattern of fuel elements and control elements etc.
" The information such as the geometry of the core and the fuel elements and non-fuel elements which
are loaded into the core are registered in the history file edited by HIST code. The COREBN reads

necessary information from the history file-and writes at the end of calculation the updated burn-up

The COREBN requires as input principally, the information related to operation condition

and composition by element into the history file.

The HIST code is the code mainly to control the history file. It has the following functions.

The concrete contents of the history file will be described in Sect.4.1.

(a) Creation and update of the history file

« Registration and update of reactor geométljy and materials

. Registraﬁon and update of fuel element type - ' '

+ Registration and update of non-fuel element type

* Registration, update and deletion of individual fuel element

* Deletion of operation record

- (b) Print output of the history file

- Print output of reactor geometry and registered depleting nuclides

+ Print output of operation record (operation condition)

. Prinf output of information on fuel element type

« Print output of information on non-fuel element type

« Print output of information on individual fuel element

« List of operation record '

+ List of fuel elements

* Print-output of number densities of depleting nuclides table versus burn-up
(content of member caseDNXT) '

« List of burn-up of fuel elements loaded in core

- list of axial structure of fuel element types and non-fuel element types

(c) Conversion of MACRO file (PDS) into PS file



JAEA-Data/Code 2007-003

» The COREBN reads in cross-sections not from MACRO file of PDS format but from
sequential (PS) file of which contents are converted from MACRO file. When MACRO
file is created or updated, the contents of MACRO file have to be converted into PS file.

(3) Rules of naming of members on MACRO file (PDS)

When the HIST code converts the contents of MACRO file into PS file, the naming of

members on MACRO file has to meet the rules defined by COREBN. It is because the member name

indicates burn-up point and temperature point.

member

The member name on MACRO file consists of eight characters. Among the members, the

related to burn-up has to follow the rules below, and that for non-depleting material may has

arbitrary character except fifth and eighth character.

Position Meaning

1,2 Material identification, arbitrary characters

3 One of eleven alphanumerical characters to denote fuel temperature (1,2,3,...... 9’,A,B) »
Each of these characters defaultedly correspond to fuel temperatures for interpolation as
shown below (user’s setting is available by input speciﬁcatioﬁ)

1 2 3 4 5 6 7 8 9 A B
300 325 350 400 450 500 550 600 - 900 1200 1600(K)

4 " One of eleven aiphanumeric characters to denote moderator temperature (1,2,3, ...... 9,A,B)
Each of these characters defaultedly correspond to moderator temperatures for interpolation
as same as fuel temperature. Uses’s setting is available by input specification.

5 Energy range indicator. ‘A’ (all) denotes whole energy range, ‘F’ fast. As COREBN always _
works on whole energy range, this indicator is not significant. Only when thermal energy
calculation is skipped (IC4=0: Sect.2.2 in the SRAC manual® ), ‘F’ appears in this indicator.

6 One of 62 alphanumeric characters to denote burn-up step number among (0, 1, 2,3,...,9 A,
B...Z, a, b, c,...... ,Z). 7 This indicator is written after cell burn-up calculation. The
corresponding measures of burn-up are stored in the member caseDNxT (cf. Sect.3.1.6 in
the SRAC manual? ).

One alphanumeric character to denote homogenized region number among (1 2,3,....9A,
B,.....,Z). That is to say, X-Region number in the SRAC calculation.
8 One of three alphanumeric characters to denote the kind of cross-sections: (0 / N / Z), 0’ for

cross-sections. used in diffusion calculation, ‘N’ for (n,2n) reaction cross-sections used (f

any) to correct absorption cross-sections, and Z for delayed neutron data.
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Note that the fifth to eighth characters are, as far as SRAC is used, automatically given. As
the first to fourth characters are input characters for SRAC, the user specifies the input considering the
above rules, it is not necessary to modify the member name on MACRO file. If necessary, a utility
code to modify member names of a group of members by one command is available.

There exist a lot of kinds of members on MACRO file to restart or to execute branch-off
calculation. These members are not directly used by HIST or COREBN code, but it is recommended

to preserve them for reactivity analysis and for extension of maximum burn-up.

1.5 Process for Core Burn-up Calculation

To execute core burn-up calculation, use of SRAC, HIST and COREBN codes is required.
The relation among these codes and I/O files is shown in Fig.1.5-1. ‘

The process for core burn-up calculation is explained by using an eiample to execute it from
the initial loading until the end of second cycle where it is assumed, for simplicity, that critical

adjustment by control absorber is not done.

(1) Cell burn-up calculation by SRAC

The cross-sections of fuel element type and of non-fuel element type are provided by SRAC.
The cell burn-up calculation is required specially for depleting material. If spatial distribution of fuel
and moderator temperature is considered, the cell burn-up calculations are necessary at the
temperatures tqb cover their variation. Here, the temperature (historical temperature) is assumed as
constant during burn-up period. Therefore, the tabulation on temperature is not to follow the

instantaneous change of temperature distribution.

(2) Creation of history file (HIST)

By using HIST code, the history file is created and registration work is made. The work
" necessary at least is as follows; _
« Geometry of core and registration of materials (initialization)
« Registration of fuel element type
. Registration of non-fuel element type

« Registration of fuel elements loaded in the initial core .

When the calculation of a partial core is done by using rotational symmetry or reflective
boundary condition, if necessary, the fuel elemeht which is not included in the partial core is registered.
It is because the reloading may not be realized by the fuel elements in the partial core in the multiple
batch refueling (cf. (6) of Sect. 3.3). /

As all the fuel elements in the initial core are fresh, give zero value of burn-up of nodes in
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. the registration.
[OUTPUT file : HISTIB.DATA]

(3) Conversion of MACRO file from PDS organization to PS organization (HIST)

MACRO file provided by SRAC is converted from PDS organization into PS organization
for COREBN. ‘

[READ IN file : MACRO PDS file]

[OUTPUT file  : MACRO PS file]

(4) Core burn-up calculation for the first cycle core (COREBN)

By using the history file created by HIST code for the initial core of the first cycle (BO1C),
the core burn-up calculation is executed by COREBN until the excess reactivity reaches the target
value (ex. =0). At the end of calculation (end of the first cycle: EO1C), the COREBN writes the
operation condition of the first cycle, burn-up and composition of depleting nuclides by individual fuel
clement in the core into the history file.

[READ_INfile :HIST1B.DATA]

[OUTPUT file : HIST1E.DATA]

(5) Registration of fuel elements loaded in the second cycle core (HIST)

The fuel elements newly loaded in the second cycle core are added into the history file which
was edited at the end of the first cycle. If a new fuel element type or a material is used, it must be also
added into the file.

[READ_IN file :HISTIE.DATA]

[OUTPUT file : HIST2B.DATA]

(6) Burn-up calculation of the second cycle core (COREBN) ‘

By using the file edited by the bstep (5), the burn-up calculation of the second cycle is
executed as same as the step (4). 7 7

[READ IN file :HIST2B.DATA]

[OUTPUT file : HIST2E.DATA]

The process of the core burn-up calculation is completed by the step (6). The final output
history file HIST2E.DATA keeps the operation record from the beginning of the first cycle until the
end of the second cycle, burn-up and composition of every fuel element including those unloaded at
the end of the first cycle. As the information on operation record and fuel elements is accumulated as
cycle number increases unless it is deleted, care should be taken to excessive quantity.

By using the history file edited at an end of cycle, reactivity calculation is available. An

example to evaluate the full core void reactivity at the end of the second cycle is shown below.
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(7) Branch-off cell burn-up calculation (SRAC)

By using the branch-off option of the cell burn-up calculation with SRAC, the cross-section
tables along the burn-up at several void fractions are composed assuming instantaneous change of void
fraction.

[OUTPUT file ~ : MACRO PDS file]

(8) Replacement of material names and file conversion from PDS into PS (HIST)
By using HIST code, the material names registered in the history file are replaced by those
with voided condition. Finally, the MACRO file with voided condition is converted into PS file.
[READ_IN file :HIST2E.DATA]
[OUTPUT file.  : HIST2EV.DATA, MACRO PS file]

(9) Core calculation for the voided core

By using the history file and the cross- -section table obtained by the step (8), a zero burn-up
calculation (one step w1th zero exposure period) is executed at a void fraction to yield the
multiplication factor. If thls zero burn-up calculation is executed on multi- -steps with changing void
fraction, one job can yleld multiplication factors at several void fractions. If the option to correct
equivalent xenon concentration is applied in the nominal condition, this option should be applied to
the voided core. 4

Apart from the above process to replace the cross-section table, if an interpolation parameter
is left as unused, this parameter can be used to indicate void fraction instead of temperature. By
utilizing interpolation function, the void reactivity at the void fraction lying between tabulated void
"fractlon and also the reactivity caused by local voidage can be evaluated.

The Doppler reactivity, reactivity of soluble boron, and control rod worth at the point of time
to which the history file is preserved can be evaluated as well as void reactivity. However, the cost of
computation for cell calculation increases by proportional to the product of depleting matgrials,
number of burn-up steps, number of fuel temperature points, number of moderator temperature points,

and kinds of reactivity calculation.
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- SRAC
[Cell burn-up calculation]

MACRO
(PDS) Cell burn-up calculation step
' with SRAC
v Core burn-up calculation step
HIST with HIST and COREBN -

[MACRO Conversion from PDS to PS]

v

D | HIST
MACRO . [Initialization of
@) / history file]
iHistory file | - keeff
(BOIC) 801
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— EOIC y time

COREBN History file |
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[BOIC~EOI(] (EOIO) [Registration of new
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fuel elements]
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Fig.1.5-1 Example of burn-up calculation process for the core from beginning of the 1st cycle

P time

(BO1C) to end of the 2nd cycle (EO2C)
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2. Improvements of COREBN and HIST Codes

In the history of development of the SRAC system, a major revision for function
enhancement was done in 1995. This revision led to format incompatibility between new and old /O
files including standard input data. After 1995, minor revisions have been made continuously to care
for troubles pointed out by SRAC users, however, apparent compatibility of I/O files have been held.
In this Chapter, we describe 21 items of improvements given to the COREBN and HIST in the 1995
revision (COREBNO95, HIST95) *. The same features as the COREBNO5 and HIST95 have been
passed to the COREBN and HIST codes released after 1995. Therefore, in this chapter, “old”
‘COREBN and HIST codes means the codes before 1995, and COREBN95 and HIST95 represents all

newer codes released after 1995.

(1) Acceptance of cross-section tables of different number of burn-up steps

On the old version® of COREBN and HIST before 1995, number of burn-up steps had to be
identical among cross-section tables of all depleting material. That is, when both of fuel material
containing burnable poison and fuel ;ﬁaterial not containing poison are included in the core, the cell
calculations by SRAC to prepare cross-section tables had to be executed on the same burn-up steps. If
a local burn-up exceeds the maximum burn-up on the tabulated one, additional cell calculations to
cover the local burn-up were required for not only the corresponding material but also other depleting
materials to adjust the burn-up steps. The COREBN95 and HIST95 allow the different burn-up steps

by material to overcome such inconvenience.

~ (2) Acceptance of different burn-up chain libraries by material

The old version of COREBN required the same kinds and order of depleting nuclides among
the materials to interpolate number densities of depleting nuclides with respect to burn-up. Therefore,
the cell burn-up calculation by SRAC had to use a common burn-up chain model for all the depleting
materials. The COREBN interpolates thev number densities with regard to burn-up only of the specified

nuclides. It is not necessary to use the common burn-up chain model (library).

(3) Acceptance of cell burn-up results of plural depleting materials in a cell

The COREBN assumes one set of cross-section table-to a homogenized material. The old
version of SRAC outputs the member caseNDEN for compositidn table even a cell contains plural
depleting materials which was not accepted by the COREBN.

The SRAC95” (and unpublished newer SRAC after 1995) divides the output into the
member caseBNUP for composition by depleting material and the member caseDNxT (x: X-Region
number) for averaged composition in the x-th Region. Therefore, the member caseDNxT keeps only

one cross-section table. The COREBNY95 utilizes the caseDNxT provided by SRAC95, instead of

— 22 —
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caseNDEN for composition table. Thus, the result of cell burn-up calculation where plural depleting

~ materials are included, can be accepted byvCOREBN.

(4) Acceptance of cell burn-up result of plural X-Regions
When the old SRAC executes a cell burn-up calculation with plural X-Regions, a part of
homogenized cross-sections were nor correctly accepted by COREBN. It is because these data were
not stored in members separated by X-Regions but in caseNDEN). .
The SRAC95 store these data in each separate member caseDNxT by X-Region (x:
X-Region number), and the COREBN obtains the information necessary from the member

caseDNxT which keeps the averaged cross-sections of the x-th X-Region.

(5) Extension of HIST code

A few new functions are added to the HIST95 code. First, reglstrahon of fuel elements of the
same burn-up and composition is simplified. ‘

An option to modify burn-up by adjusting the final burn-up period written into the history
file after the core burn-up calculation, and another option to modify burn-up by specifying the fuel

“element name with masking character (meta-character) are newly'added.

Added is an option to modify the concentrations of I-135, Xe-135, Pm-149 and Sm-149 in
the specified fuel elements due to reactor cooling by pursuing their chain decay. Especially for Xe-135
concentration, its cooling effect can be reflected in the core burn-up calculation by using the newly
extended function to correct equilibrium xenon concentration in COREBN. This option may be used

for evaluate the xenon build up reactivity aﬁer reactor shut down.

(6) Addition of one-dimensional core burn-up calculation

The old version of COREBN could treat two- or three-dimensional core. One-dimensional
core (slab, sphere and cylinder) become available in COREBN95. Thus, all the geometries accepted in
CITATION routine are available in COREBN95.

(7) Addition of cross-section interpolation by integrated absorption reaction rate

The COREBN form the cross-sections of depleting material by interpolation in regard to
burn-up (MWd/cm®). Among irradiated specimen, there is a material such as Gd,Os; which can not be
treated by burn-up interpolation. To treating such a material, the COREBNO5 interpolates |
cross-sections in respect to integrated absorption rate (absorption/cm’) (cf. Egs. (1.3-9) to (1.3-10)).

(8) Extension of temperature interpolation

The COREBN interpolates cross-sections in regard to fuel temperature and moderator
temperature as well as burn-up. The old version of SRAC made the output cross-sections only on any
of the 11 fixed tabulated temperature points lying from 300K to 1600K. The old COREBN made
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interpolation assuming that tabulated cross-sections are on any of these fixed temperatures expressed
by a simple indicator. As SRAC95 is able to run on arbitrary temperature, COREBN9S5 has an option
to accept the temperature points for tabulation specified by the user.

Because the parameter values for interpolation can be flexibly specified, the fuel temperature
and moderator temperature as parameters may be substituted by arbitrary quantities such as moderator
void fraction, boron density and control rod insertion fraction. Thus, cross-section interpolation can be

widely applied to various reactivity calculation and new treatment of control rod.

(9) Modification and extensnon of equilibrium boron concentration correctwn

In the old COREBN, the correction of equilibrium xenon concentration depending on the
neutron flux level was performed by considering the difference of the average flux supposed in the cell
burn-up calculation by SRAC and the flux obtained in the core burn-up calculation. As the correction
was made actually to the absorption cross-section of the lowest group, when thermal range was treated
by multi-greups, exact correction was not made.

 The COREBN modified the way to correct the equilibrium Xenon concentration into a

general method based on Eq.(1.3-14) and made correction to the cross-sections in all the groups in
thermal range. k '

The function to correct equ111br1um xenon concentration is extended to include several new
functions such as the burn-up calculation starting after long reactor shut-down (zero xenon
concentration), burn-up calculation starting with speCIﬁed xenon concentration by (cf. Eq.(1.3- 18))

and the reactivity caused by xenon concentration change (cf. Eq.(1.3-19)).

(10) Allowance to replace the cross-section table with that of different group structure

The history file used by the old COREBN and HIST codes stored the information depending =

on the energy group structure (neutron flux necessary for equilibrium xenon concentration correction).
Thus the replacement of cross-section table by that of different group structure was not allowed.

~ The history file used by COREBN95 and HIST95 does not include the information
depending on the group structure. Therefore, it becomes available to evaluate the kinetics parameters
and reactivity coefficients by using the history file provided by a two-group core burn-up calculation,

together with the cross-section table expressed by different group structure.

(11) Heat generation by material
The old COREBN used the fixed heat generatlon per ﬁssmn (J/fission) (based on U-235
value) for normalizing neutron flux level to the thermal power. The COREBNOS5 uses the values

interpolated by material as the more exact treatment.

(12) Automatic conversion of the unit of burn-up
The COREBN evaluate the burn-up distribution in term of MWd/cm®. However, the old
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SRAC tabulated cross-sections in regard to burn-up in term of MWd. The constant to covert the
burn-up in MWd into MWd/cm’ was required in input of HIST. This constant seemed difficult to
~ evaluate as it depende on the specification of thermal power in the cell burn-up calculation by the old
SRAC. The SRAC95 tabulates cross-sections in regard to burn-up in term of MWd/t, and the constant
necessary to convert burn-up in term of MWd/cm® into MW/t is stored in the member in PDS file
related to burn-up. The COREBN9S5 reads this constant by material from the PDS file via the hiétc)ry

file, then the user is not any longer bothered to feed these constants.

(13) Removal of the limit on number of registered nuclides

The old COREBN and HIST codes gave a restriction on the number and nuclide of heavy
nuclides for inventory calculation. That is, they were selected among Th-232, Pa-233, U-234, U-235,
U-236, U-238, Pu-239, Pu-240, Pu-241, Pu-242. The all defaulted.eets of heavy nuclides in the old |
HIST were derived from the obsolete chain models.

The HIST95 recei\}e the defaulted set of depleting nuclides and the set of heavy nuclides for
inventory calculation from an external file (cf. Sect.4.2), and passes them to COREBN9S5 via the

history file. Thus, the above restriction is removed, and the defaulted set may be changed by the user.

(14) Suppression of print output for mesh map

The old COREBN printed out the mesh map at every step as it called CITATION routine
repeatedly by step. The COREBN9S5 prints out the\mesh map only at the initial step, or an option to
suppress thoroughly prihting is added.

(15) Removal of restrictions caused by fixed dimensioning

As the old COREBN installed the original CITATION as diffusion calculation, where many
arrays of fixed dimension were adopted, some large-scale computations were limited. For example,
number of every direction (211), number of regions of every direction (200), and total number of
zones were limited. The declarations by fixed dimension are replaced by the description with
PARAMETER and INCLUDE statements. The contents and defaulted values of PARAMETERS are
shown in Sect.5.3 and Sect.6.3.

(16) Edit of effective decay constants of delayed neutron precursors

Whereas the old COREBN edited effective delayed neutron fraction and prompt neutron
lifetime, effective decay constants of delayed neutron precursors (4.5 were not evaluated. The
COREBNDYS evaluates A.yin the same way to the SRAC-CITATION. '

(17) Correction of power distribution output

The binary output of power distribution into logical unit 32 (NGC7=0) was executed with
the specification of print point-wise power (IEDG=1). The COREBN95 accepts the binary output

_25_
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specification unconditionally.

(18) Correction for vectorized computation

It happened that the old COREBN did not yield correct result when the system included an
internal black absorber which applied the logarithmic differential condition to certain thermal groups.
This treatment is often used for the control rod in the fuel management of research reactors. The scalar
version was used to avoid the trouble. In the vectorized version of COREBNYS5, the debugging is
completed. Also modifications were made to the routines for the geometries of (8-R, hexagonal mesh -
Xu-Yy, triangular mesh Xp-Yr, 6-R-Z) to correct incomplete vectorization that caused slow
conversion. Thus, the vectorized version of COREBN95 can be applied to all geometries, and

occasional use of scalar version is no more necessary.

(19) Run on UNIX system : .
The COREBN95 and HIST95 are available on the machines working with UNIX operating

. system.

(20) Commeon use of CITATION routine ,

The CITATION routine in SRAC and COREBN are based on the same CITATION. They
were maintained as different codes. It happened that a modification was not reflected to the other
routine, and different vectorizations were applied. |

The SRAC95 and COREBN95 codes use commonly the unified CITATION routines that are
given flags to indicate in which code théy are used. By these flags, they are processed to meet the
-proper code. By this modification, only one set of the CITATION routines are maintained and their

control and modification become simple.

(21) Elevation of portability .
The old COREBN and HIST codes used everywhere the built-in functions proper to FACOM
machines. They had to be rewritten to meet the other system or machines when they were transferred.
In the revised versions, these system-deperiding functions are called through each user

routine. By this modification, these codes can be easily transferred to another system or machine.
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3. Input Requirements of COREBN and HIST

31 Inpuf Requirements of HIST

Input’_ data for HIST are, in general, entered by the free format of SRAC (cf. Sect.2.1 of the
SRAC manual® ). However, a part of character type input is entered by the free format proper to HIST
where there is no column alldcation and strings of specified length separated by a blank or a comma ‘»
may be entered in a record. Repetition of character string is available by entering “ﬂ(abcd)” which
corresponds to enter “abcd” n times.

| The HIST code has 16 function as shown below. The user has to specify first one of these
function by IMOD and then I/O files (NHIS1, NHIS2) used by the specified function. ‘

When a history file is created, the initialization of file (IMOD-=1) is required. A new core
burn-up calculation needs at least the processes IMODE=1 fhr_ough 4 and =99,

Block-n-1 (n=0-15 or 99 corresponding to input value for IMOD) /3/
IMOD Selection of function
= 0 Endofjob
= 1 Initialization of history file (registration or update of core geometry and
materials)
= 2 Registration or update of fuel element type
= 3 - Registration or update of non-fuel element type
= 4 Registration, update, or deletion of individual fuel element
= 5 Deletion of operation record
= 6 Printoutof core geometry and registered depleting nuclides
= 7 Print out of operation record (operation condition of core burn-up
calculation)
= 8 Print out of information on fuel element type

= 9 Print out of information on non-fuel element type
= 10  Print out of information on individual fuel element
= 11 = List of operation records
= 12 List of fuel elements ,
- =+ 13 Print out of nuclide number densities tabulated versus burn-up
= 14  List of burn-up by fuel elements loaded in the core ]
= 15 - List of axial structure of fuel element type or non-fuel element type
= 99 Conversion of MACRO file from PDS into PS
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NHIS2
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Loglcal number of input history file
Specify two digits except 1, 5, 6, 7, 49, 51, 52, 90, 97, whlch are used for special
purpose. (number from 10 to 19 is recommended). Enter zero value when it is not

used like in case of initialization.

Logical number of output history file B
Specify two digits except'1, 5, 6, 7, 49, 51, 52, 90, 97 which are used for special

‘purpose and the number used for NHIS1. (20 is recommended for the file to be

- preserved). Enter zero value when it is not used like in case of print out.

Specify the function and /O file numbers, then enter the following input required by the

function. Repeat these input data and complete by specifying IMOD=0. When plural functions are

conseCutively used, as shown in the figure below, use the history files in the intermediate steps as

scratch and preserve the final history file.

10
Scratch

IMOD=2

i

11 -
Scratch

12 IMOD=3
Scratch )
20 ‘ IMOD=4

Histl.dat
Keep

(1) Initialization or update of the history file

(Registration of core geometry and materials)

Block-1-1
MOD

NHIS1

NHIS2

Block-1-2
HEADER

13/
= 1
Logical number of history file for read-in
To update the existing history file, specify the number of the file. To
create a new history file, enter zero
Logical number of output history file.
2%/A72/

Comment in two lines



Block-1-3

1 IGEOM

2 NREGI
3 NREGJ

4 NREGKB

5 NMAT

6 NTNUC

JAEA-Data/Code 2007-003
Control data 17/

Gebmetry _ ,
X(columns) Y(rows) Z(planes)
direction direction direction

1D slab (X) » X Y Z
1D cylinder (R) R .
1D sphere (Rg) Rs

not used

1
2
3
4
= 5 notused
6
7
8
9

= 2D slab (X-Y) X Y

= 2D cylinder (R—Z) R Z

= 2D disk (6-R) : 0 R

= 2D hexagonal (Xu-Yy) Xu - Yy

= 10 2D triangular (X1-Y71) Xt ' Y

= 11 3Dslab(X-Y-2) X Y z

— 12 3D cylinder (6-R-Z) o R z

= 13 3D hexagonal (Xg-Yyg-Z) Xy Y Z
Z

= 14 3D triangular (X1-Y1-Z) Xr Yr

To update the geometry in the existing history file, enter IGEOM with negative
value. In this case, input data Block-1-4 to Block-1-9 are required.

- Number of Region divisions in X-direction (cf. Fig.3.1-1 through 3.1-6)

Number of Region divisions in Y-direction (cf. Fig.3.1-2 through 3.1-6)

‘Number of Region divisions in Z-direction (cf. Fig.3.1-6)

Enter NREGKB=0 if 1D or 2D (IGEOM<10)

Number of materials used in core burn-up calculation
To update the information on materials, enter NMAT with negatlve sign. In this

case, only Block-1-13 and Block-1-13” are required.

Number of depleting nuclides of which number densities -are chased in the core
burn-up calculation -
If NTNUC=0 is specified, the defaulted depleting nuclides spemﬁed in the text file

‘allocated to logical unit 52 are used.



7 NHVNUC

Block-1-4

NMESHX(7)

Block-1-5

XX(i)

Block-1-6
NMESHY())
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The contents of unit 52 may be modified by the user. The current defaulted set is

organized by the following 70 nuclides (Heavy nuclides and fission products based

on the burn-up chain model u4cmé6fp50bp16):

XU04(U-234)  XUOS(U-235)  XUO06(U-236) XUO7(U-237)  XUOS(U-238)
XNP7(Np237) XNPO(Np239)  XPUS(Pu238) XPU9(Pu239) XPUO(Pu240)
XPUL(Pu241) XPU2(Pu242)  XAMI(Am241) XAMG(Am242) XAMM(Am242m)
XAM3(Am243) XCM2(Cm242) XCM3(Cm243) XCMA4(Cm244) XCM5(Cm245)
XCM6(Cm246) XKR3(Kr83)  XZR5(Zr95)  XNB5(Nb95)  XMOS(Mo95)
XTC9(Te99)  XRUI(Rul0l) ~ XRU3(Rul03) XRH3(Rh103) XRHS5(Rh105)
XPD5(Pd105) XPD7(Pd107)  XPD8(Pd108) XAG7(Agl07) XAG9(Agl09)
X105(I-135)  XXEl(Xel31)  XXE3(Xel33) XXB5(Xel35) XCS3(Cs133)
XCS4(Cs134) XCS5(Cs135)  XCS7(Cs137) XBAO(Bal40) XLAO(Lal40)
XPR3(Prl43) XND3(Nd143) XND5(Nd145) XND7(Nd147) XND8(Nd148)
XPM7PmI47) XPMM(PmI48m) XPMG(Pm148) XPMO(Pm149) XSM7(Sml47)
XSMS8(Sm148) XSM9(Sm149) XSMO(Sm150) XSMI1(Sm151) XSM2(Sml152)
XEU3(Eul53) XBU4(Eul54)  XEUS5(Eul55) XEU6(Eul56) XGD4(Gd154)
XGD5(Gd155) XGD6(Gd156) ~ XGD7(Gd157) XGD8(Gd158) XGDO(GA160)

Number of heavy nuclides for inventory (gram) evaluation in the core burn-up

calculation

If NHVNUC=0 is specified, the defaulted depleting nuclides specified in the text

file allocated to logical unit 52 are used.

The contents of unit 52 may be modified by the user. The current defaulted set is

organized by the following 9 nuclides;

XU05(U-235) XUO06(U-236) XUO7(U-237)  XU08(U-238)
XPU9(Pu239) XPUO(Pu240) XPU1(Pu241)  XPU2(Pu242)
/NREGI/

Number of Mesh divisions in X-direction by Region
Enter from left to right ‘

. /NREGY/
Size (cm) of Region in X-direction
Enter from left to right
Required for 2D or 3D IGEOM2>6) /NREGJ/

Number of Mesh divisions in Y-direction by Region

Enter from top to bottom

XPUS(Pu238)



Block-1-7
YY()

Block-1-8
NMESHZ(k)

Block-1-9
ZZ(k)

Block-1-10
MATNM

IFORS

Block-1-10°
VOLFS
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Required for 2D or 3D (IGEOM > 6) ’ ' . /NREGJ/
Size (cm) of Region in Y-direction :

Enter from top to bottom

Required for 3D (IGEOM > 11) /NREGKB/

Number of Mesh divisions in Z-direction by Region
Enter from front to back |
Required for 3D (IGEOM > 11) /NREGKB/

Size (cm) of Region in Z-direction

Enter from front to back

Registration of materials INMAT| */A8,1,0/
Enter member name by 8 characters of the material stored in MACRO file

Specify non-depleting materials (IFORS=0) before depleting materials. As the third,
fourth, and sixth characters for depleting material are Tags for interpolation, the

input characters are ineffective. (usually use ‘X’ as FIXXAX10).

Material type

= 0 non-depleting material

= +1 fissionable depleting material (usual fuel) ,

= +2 non-fissionable depleting material (interpolation by integrated absorption
. rate) » ‘

= 3 black absorber (blackness)

Specify IFORS=3 for perfect absorbing material in whole energy groupé for which
cross-sections are not applied (cf. NUAC17 and XMIS2 in Sect.3.2).

If IFORS<O0 is specified, the conversion factor of burn-up unit for interpolation in

~ respect to burn-up may be modified by VOLFS entered in Block-1-10’. As this is a

special treatment, use IFORS > 0 usually.

Required if IFORS<0 7 1/
Correction factor to the conversion of the burn-up unit (ton/cm’)

- The conversion factor is to convert the tabulated burn-up point given by MWd/ton

into that expressed by MWd/cm® : the unit in COREBN. This factor is used to
correct the factor by multiplying 1/VOLFS. 1t is applied when the system assumed
in the cell burn-up calculation does not match with the homogenized region treéted
in the core burn-up calculation. For example, as shown in the figure below, when

the cell burn-up calculation is achieved by neglecting the gap between fuel element
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and the correction to the cross-sections is made separately by a two-dimensional
calculation with considering the gap at every burn-up step, this correction factor is
applied as VOLFS=(volume of homogenized region including gap/volume of cell

burn-up calculation) >1.0.

X1
—>
Y1 Y1

‘ X2*Y2 -

VOLFS= ———
X1*Y1
Geometry in cell Corrected cell geometry
burn-up calculation ~ considering assembly gap

As this option to correct the factor to convert the burn-up unit is directly related to
tﬁ;: interpolation of cross-sections, careful usershould be made.

Even though this option is used, the equilibrium xenon concentration stored in
composition table (caseDNxT) and cross-sections for conversion ratio calculation
are not corrected. Therefore, the use of the model in the cell burn-up calculation by
SRAC matched with the homogenized region treated in core burn-up calculation is

recommended.

S

Repeat NMAT times input Block-1-10 thrdugh Block-1-10°.

Bvlock-l—l 1-
NISO(i)

Block-1-12
IHVNUC(i)

Required if NTNUC # 0 (Block-1-3) /NTNUC/
Name of depleting nuclide of which number density is chased in the core burn-up

calculation by 4 characters under the naming rule of SRAC. That is, the first
character may be any (e.g. ‘X’), and the second to the fourth characters indicate
nuclide. The nuclide has to be any of those included in the burn-up calculation by
SRAC. The input format is the character type free format of HIST. That is, entries
are separated by blank or comma. ’

Sample input: XUO5 XUO6 XU07 XU08 XNP7 XNPY ...

Required if NHVUC # 0 (Block-1-3) o /NHVNUC/
Name of heavy nuclide included in inventory calculation by 4 characters under the

naming rule of SRAC. The first character may be “X’, and the second to the fourth
characters indicate nuclide. The heavy nuclides are chosen from those entered by

Block-1-11. (The nuclide is not necessarily heavy.) The nuclides used in evaluation

“of fissionable fuel inventory ratio (cf. Eqs.(1.3-30) and (1.3-31)) or depletion



Block-1-13

MATMO

MATMN

IFORS

Block-1-13°
VOLES

If NMAT<0, repeat Block-1-13 and Block-1-13’
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fraction (%) of number density (U-235 is defaulted) he_lve to be registered.

The input format is the character type free format of HIST. That is, entries are

. separated by blank or comma.

Required if NMAT<0 ' INMAT]| */2A8,1,0/
Old material name by 8 characters (cf. Block-1-10)

New material name by 8 characters (cf. Block-1-10)

Material type of new material

= 0 no-depleting material

= +] fissionable depleting material (usual fuel)

= +2 non-fissionable depleting material (interpolated by integrated absorption
rate) |

= 3 black absorber

Required if NMAT<0 and IFORS<0 1/
Correction to burn-up unit conversion factor (cf. Block-1-10")

NMAT]| times.

Left :':I':'i::'l:':I:':I':'i"'!": Right

:::‘:::}.:::\}::!:::l:::?::_&\ ‘ —b XRiRs

o Zone 2. \Meshlnterval‘

Fig.3.1-1 Samplé geometrical mode, type: 1D slab (X), 1D cylinder (R), 1D Sphere(Rs).
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Top
T . — X/R
: 7 Zong 2
Region 1 Region 2 i Region3
Left| 3 | Right
Region 4 : Region 6
| Region 7 : Region 8 ! Region9
' Bottom
Y/Z

Fig. 3.1-2 Sample geometrical mode, type: 2D slab (X-Y), 2D cylinder (R-Z).

Fig.

Left
(Periodic B.C.) |-

S .}

Right -

Bottom (Extrapolated B.C.)

T

3.1-3  Sample geometrical mode, type: 2D circle (6-R).
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. Pitch,
.

— X

6*6 Meshes
1 Mesh = 1 Region

Fig.3.1-4  Sample geometrical mode, type: 2D Hexagonal (Xy-Yy).
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22*11 Meshes

1 Mesh = 1 Region

e A YA
N oAV Ay

123 456 7 8 91011121314 15161718 19 20 21 22

)

W\%\%\w N
P
.

. e
H -
z

: ~§~Zo'ne 3 (B‘lackne'ss)"é SRR

Bottom

— NN T WV O 0N
. - — e

¥

2D Triangular (X-Y1).

Fig. 3.1-5 Sample geometrical mode, type:
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Top
[ 5 ; ™ X
Region 1; Region2  ‘Region 3
Left Region4; Région 5 iRegion 6 Right Y
Region 7 Region 8 .:Region 9
: ' |  First Plane
v Bottom
Y
Foo ) o
Region 1Q Region 11 Region 12
] -

Region lé‘ ’

)

: Second Plane

Region 17 !Region 18
N ] <

- l

Y

Y .

Ist Column  2nd Column 3rd Column

1st Row

I .
Region 19;

Region 22

2nd Row

.
.
.
.

....... -

N T -
Region 20 ;Region 21
i S

. 4. .
Region 23 ;Region 24 Third Plane

3rd Row Region23 = Region 26 Region 27

'

Y

'
i
'

Front

Fig.3.1-6 Sample geometrical mode, type: 3D slab (X-Y-Z).
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(2) Registration or update of fuel element type

Block-2-1
IMOD

NHISI |

NHIS2

Block-2-2
IOPT

13/
= 2
ngical number of input history file
Logical umber of output history file
N

Selection of option

= 1 new or additional registration of fuel element type (entry by Block-2-3)
= 2 update of registered fuel element type (entry by Block-2-4)

= 0 end of entries of Block-2 7

The following Block-2-3-1 through Block-2-3-4 are required if IOPT=1 (Block-2-2)

Block-2-3-1
FTCOM1

NRKF

NRK1

Block-2-3-2
VOLF1(k)

Block-2-3-3

/A8,2,0/
Name of fuel element type by 8 characters
Number of total node divisions in Z-direction _
For one- or two-dimensional calculation IGEOM < 10), enter NRKF=1
Number of depleting nodes among NRKF
For one- or two-dimensional calculation IGEOM < 10), enter NRK1=1
/NRK1/

Volumes (cm’) of depleting nodes from front to back direction.

VOLF1(k) is used to calculate heavy nuclide inventory and depleting fraction of
U-235 number density ( no direct relation to burn-up calculation).

The old HIST code required the volume of fuel meat part, but the revised does the

volume of node as this treat homogenized composition. -

/NHVNUC*NRK1/

(TZINV1(i, ¥), =1, NHVNUC), k=1,NRK 1)

Inventory (gram) of the heavy nuclide 7 in the burn-up node £.

The order of entry follows the order of registration of heavy nuclides in Block-1-12.
When NHVNUC=0 is entered in Block-1-12, the order of registration specified in
logical number 52 (cf. Sect. 4.2) should be kept.
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' MATSP(k)
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When number densities of depleting nuclides in every fuel element are entered by
Block-4-3-3, all the entries in this item may be given as zero values as the code

converts internally.

Contrary, entries of this item are correctly given, number densities of heavy

nuclides belonging to this type of fuel elements are converted internally from these
entries.

While the numerical values of this entries do not affect the calculation of
eigenvalue nor power distribution, these are used to evaluate fissile fuel inventory

and depleting fraction of U-235 number density.

Material allocation by node /NRKF/
Allocation of material by specifying material names (cf. Block-1-10) to axial node

by 8 characters from front to back direction. The input format is the character type
free format. Material names are separated by comma or blank where the repetition

symbol () is available.

After the entries of Block-2-3-1 through Block-2-3-4, enter Block-2-2 for the next option.

The following Block-2-4-1 through Block-2-4-4 are required if IOPT=2 (Block-2-2) is specified.

Block-2-4-1
FTCOMN

"~ FTCOMO

NRKF

NRK1

Block-2-4-2
' VOLF1(k)

‘ /2A8,2,0/
Name of new fuel element type by 8 characters.

If name is not changed, enter 8 blanks.
Name of old fuel element type by 8 characters

Number of total node divisions in Z-direction
If not changed, enter NRKF=0 -

Number of depleting nodes among NRKF
If not changed, enter NRK 1=0

/NRK1/
Volumes (cm®) of depleting nodes from front to back direction.

If not changed at &, enter VOLF1(k)=0.
If any of VOLFI(k) is changed, the related quantities such as heavy nuclide
inventory (g/node), burn-up (MWd/node), nuclide number densities (n/cm®) are

automatically modified by volume average.
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/NHVNUC*NRK1/
(TZINV1(i, k), i=1,NHVNUC), /=1 ,NRK1)
Inventory (gram) of the heavy nuclide 7 in the burn-lip node k.
If hot change at & for nuclide i, enter TZINV1(F, k)=0.
Block-2-4-4 Material allocation by node /NRKF/
Allocation of material by specifying material names (cf. Block-1-10) to axial node

MATSP(K)

by 8 characters from front to back direction. The input format is the character type

free format.

(3) Registration and update of non—fliel element type

Block-3-1 /3/
IMOD = 3
NHIS1 Logical unit of input history file
- NHIS2 Logical unit of output history file
Block-3-2 Y,
IOPT Selection of option
= _ 1 new or additional registration of non-fuel element type (entries by
Block-3-3) '
- = 2 update of registered non-fuel element type (entries by Block-3-4)
= 0 end of Block-3
The following Block-3-3-1 and Block-3-3-2 are required if IOPT=1 (Block-3-2) is specified
Block-3-3-1 /A8,1,0/
OTCOM1 Name of non-fuel element type by 8 characters
A non-fuel element type may be placed at several positions in the core. However,
the nodes of non-fuel element type placed at several positions are assumed to
belong the same Zone by COREBN. In editing neutron flux by Zone, if a non-fuel
element of different positions is needed to edit separately, register it by another
name.
A material region used for background has not to be registered.
NRKO Number of axial node divisions

For one- or two-dimensional calculation (IGEOM < 10), enter NRKO=1
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Material allocation by node /NRKO/
Allocation of material by specifying material names (cf. Block-1-10) to axial node

by 8 characters from front to back direction. The input format is the character type
free- format. Material names are separated by comma or blank where the repetition

symbol () is available. -

After entering Block-3-3-1 and Block-3-3-2, enter again Block-3-2 for the next option.

The following Block-3-4-1 and Block-3-4-2 are required if IOPT=2 (Block-3-2) is specified.

Block-3-4-1
OTCOMN

OTCOMO

NRKO

Block-3-4-2
MATSP(¥)

| 12A8,1,0/
New name of non-fuel element type by 8 characters '

If name is not changed, enter 8 blanks.
Old name of non-fuel element type by 8 characters

Number of axial node divisions
If not changed, enter NRKO=0

Material allocation by node /NRKO/
Allocation of material by specifying material names (cf. Block-1-10) to axial node

by 8 characters from front to back direction. The input format is the character type

free format. Material names are separated by comma or blank.

To the node of which allocation is not changed, enter 8 blanks.

After entering Block-3-4-1 and Block-3-4-2, enter again Block-3-2 for the next option.

(4) Registration, deletion, and update of individual fuel element

Block-4-1
IMOD

NHIS1

NHIS2

Block-4-2
IOPT

/3/
= 4
Logical unit of input history file
Logical l}nit of output history file

1/

~ Selection of optioh |
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new and additional registration of fuel element (input by Block-4-3)
update of registered fuel element (input by Block-4-4)

deletion of fuel element (input by Block-4-5)

Modification of final burn-up of fuel element loaded in the core (input by
Block-4-6) ‘

= 5 Modification of concentrations of I-135, Xe-135, Pm-149, and Sm-149
due to decay (input by Block-4-7)

Ii
I N P N

The following Block-4-3-1 through Block-4-3-3 are required if IOPT=1 (Block-4-2) is specified. '

Block-4-3-1 : : /A8,4X,A8,2,2/
IDENT - Name of fuel element by 8 characters
8 blanks for [DENT terminate Block-4-3

NTYPE Fuel element type to which the IDENT belongs to by 8 characters registered by
| Block-2-3.
NOPT1 -Option to specify burn-up by node

= 0 specify by Block-4-3-2
= 1 use the same value of the previously registered fuel element
Entries of Block-4-3-2 are skipped

INOPT2 Option to specify number densities by node
= 1 specify by Block-4-3-3
= 2 ,' use the same values of the previously registered fuel element
Entries of Block-4-3-3 are skipped

BURNUP(1) Burn-up per a fuel element (MWd/element)
This value is used as the initial value for the interpolation of cross-sections. Enter

0.0 for new fuel element.

BURNUP(2) Burn-up per fuel element (depleting fraction of U-235 number density (0 to 100%).
The target nuclide may be switched by using an option installed in SRAC. The data
of this item is stored as the initial values in the history file, but not used in the

cross-section interpolation.

Block-4-3-2 Required only if 3D calculation (IGEOM 2 11) and INOPT=0 ‘ /NRK1*2/
BURNUZ(1,1) Burn-up (MWd/node) of the first node
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BURNUZ(1,2) Burn-up (depleting fraction of U-235 number density) of the first node
BURNUZ(2,1) Burn-up (MWd/node) of the second node
BURNUZ(2,2) Burn-up (depleting fraction of U-235 number density) of the second node

BURNUZ(NRKI 1)

Burn-up (MWd/node) of the NRK1-th node

BURNUZ(NRK1,2)

Block-4-3-3

Burn-up (depleting fraction of U-235: %/node) of NRK1-th node

The order of nodes is numbered from front to back.

While BURNUZ(k,1) is used as the initial value in the cross-section interpolation
in respect to burn-up, BURNUZ(k,2) is not used but is reglstered as the initial
value in the history file.

Required if INOPT=0 /NTNUC*NRK1/

(ZINV (i), i=1 NTNUC), k=1,NRK 1)

Number density (10** particle/cm’) of the nuclide i at the node k.

The density is not in the fuel meat but is the average value in the node. The order
of nuclide i follows that in the registration by Block-1-11. If NTNUC=0 is entered
in Block-1-11, the order follows that for defaulted nuclides in logical unit 52 (cf.
Sect4.2). | | '

In one- or two-dimensional calculation IGEOM<10), NRK1=1 is assumed.

The number densities entered in this item aré used for the calculations of inventory
ratio to the initial loading of fissionable depleting nuclides (U-233, U-235, Pu-239,
Pu-241), depleting fraction of U-235, an optional correction of Xe-135
concentration (Eqs.(1.3-18) and (1.3-19)) in COREBN. While the number densities
of other nuclides are not directly used in core burn-up calculation, theif values
interpolated irrespective of input values at the final burn-up step are printed out

(the value for Xe-135 depends on the option).

If zero values are entered to heavy nuclides, number densities evaluated from

heavy nuclide inventory entered by Block-2-3-3 are given.

Enter Block-4-3-1 through Block-4-3-3 repeatedly until blank IDENT (Block-4-3-1) is entered.

The following Block-4-4-1 through Block-4-4-6 are required if IOPT=2 (Block-4-2) is specified.

Block-4-4-1
IDENT

/A8,4,0/
Name of the fuel element to be updated by 8 characters.
Blank IDENT terminates the entry of Block-4-4.
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When plural fuel elements are updated by repeating Block-4-4, IDENT has to be

entered in the order of registration in the history file.

ICOR(1)
= 0 no change in fuel element name
> 0 rename fuel element (available only for fresh fuel element)
. ICOR(2)
= 0 no change in fuel element type
> 0 replace fuel element type (available only for fresh fuel element)
ICOR(3)
= 0 nochangein Burn—up
> 0 wupdate burn-up -
ICOR(@4) .
= 0 - no change in number densities of depleting nuclides
> 0 update number densities of depleting nuclides (available only for fresh
fuel element) ’ '
Block-4-4-2 Required if ICOR(1)>0 /A8/
IDENT1 Name of fuel element
Block-4-4-3 Required if ICOR(2)>0 : _ /A8/

NFTYPE1 Name of fuel element type

Block-4-4-4 Required if ICOR(3)>0 12/
BURNUI(1) Burn-up per fuel element (MWd/element)

If no change, enter zero value

BURNU2(2)  Burn-up per element (depleting fraction of U—2357 by %)

If no change, enter zero value.

Block-4-4-5 Required if 3D calculation IGEOM > 11) and IéOR(3)>0
BURNUZ(1,1) Burn-up (MWd/node) of the first node '

BURNUZ(1,2) Burn-up (depleting fraction of U-235 number density) of the first node
BURNUZ(2,1) Burn-up (MWd/node) of the second node
BURNUZ(2,2) Burn-up (depleting fraction of U-235 number density) of the second node

....................................................................................................
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BURNUZ(NRK1,1) .
Burn-up (MWd/node) of the NRK 1-th node
BURNUZ(NRK1,2)

Burn-up (depleting fraction of U-235: %/node) of NRK 1-th node

Block-4-4-6 Required if INOPT2=0 s /NTNUC*NRKI/
(ZINV(i k), i=1,NTNUC), /=1,NRK1)
' Number density(10** particle/cm®) of the nuclide i at the node k.
The order of nuclide i follows that in the registration by Block-1-11. If
no vchange is required, enter zero value.

In one- or two-dimensional calculation, NRK1=1 is assumed.
Repeat Block-4-4-1 through Block-4-4-6 until blank IDENT in BLOCK-4-4-1 is encountered.

The following Block-4-5 is required if IOPT=3 (Block-4-2).

- Block-4-5 ' ' /A8,4,0/
IDENT1 Name of fuel element to be deleted by 8 characters
NSEQ Position of registration in the history file.

Position can be confirmed by IMOD=12.

Repeat Block-4-5 until blank IDENT1 and zero NSEQ value are encountered. The entry of Block-4-2

follows for the next option. '
The following Block-4-6-1 through Block-4-6-3 are required if IOPT=4 (Block-4-2)

Block-4-6-1 | ' n/
IOPTB = 1 Modification of burn-up (the final burn-up period) of fuel element loaded
‘ ~ in the core

= 2 Modification of burn-up of fuel element specified by masking (meta

character)
Block-4-6-2 Required if IOPTB=1 /0,0,1/

HOUR The updated final burn-up period : AT", (hour)



Block-4-6-3

FID

MASK

FACT

JAEA-Data/Code 2007-003

Burn-up
time

v

Shown in the above figure is the decay of the effective multiplication factor around

the final burn-up step as the result of COREBN. At the end of estimated period

AT, , kg goes down below 1.0, where power distribution P, (7), burn-up

distribution E?(7) are recorded in the history file. Required are these quantities at
the end of AT", : the period when ks reaches 1.0. By specifying AT', by HOUR,
burn-up distribution E, (7) is obtained by the following equation.

E', (7) = ES () + B, (AT, ~AT, } |

By this procedure, the burn-up distribution at the end of cyclé can be obtained
without recalculation of core burn-up. However, number densities of depleting
nuclides, depleting fraction of U-235 etc. are not modified unless the succeeding
core burn-up calculaﬁon is achieved. This option is effective to evaluate simply the

equilibrium cycle in the design calculation.

: Required if IOPTB=2 /A8,1X,A1,0,1/

Name of fuel elements to modify burn-up (MWd/element) by 8 characters
including masking character(s). If all 8 characters are niasked, all the fuel elements .

are specified.
A character used for masking
A factor to modify the burn-up

Sample input : FUELNOXX X 2.0

where X is masking character and burn-up (MWd/element MWd/node) of all the
fuel elements of which first 6 characters are FUELNO is modified by factor 2.0. If
masking character is specified as blank, only the fuel element specified by FID is
modified. _

The information except burn-up is not modified unless the interpolation is achieved

in respect to burn-up in the succeeding core burn-up calculation.
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Repeat Block-4-6-3 until blank FID is encountered. At that time, dummy input for MASK and FACT
(e.g. MASK=X, FACT=0.0) is necessary. '

Block-4-7 Required if IOPT=5 (Block-4-2) l /A8,1X,A1,0,1/ 7
FID Name of fuel elements to give cooling time after reactor shut down by 8 characters

-including masking character(s). If all 8 characters are masked, all the fuel elements

are specified.

MASK A character used for masking. If masking character is specified as blank, only the
fuel element specified by FID is modified.

DTIME Cooling time after reactor shut down by hour.
Concentrations of 1-135, Xe-135, Pm-149, and Sm-149 in- the fuel element are
modified by considering chain decay during cooling time. For example,

. concentrations of I-135 and Xe-135 are evaluated by the following equations.

11351y Xe 135 Xe
NI = Né o
N =N(.)Xee—/lxet + Ny 4, {e—,%,x _e—AXez}‘

' Age =44
where N ~and N X are concentrations stored in the history file before.
modification. Concentrations of Pm-149 and Sm-149 are evaluated similarly. As
Sm-149 is stable, whereas Xe-135 vanishes after long éooling time, Sm—14§ is
saturated. Number densities of nuclides which are not registered are treated as zero.
Modification of Xe-135 concentration may be reflected on the core burn-up
calculation by using the extended function to correct equilibrium Xe concentration
in COREBN (ITCAL =3, 4 in Block-2 of Sect.3.2). Modification of other nuclide

concentration can not be reflected to the core burn-up calculation.

Repeat Block-4-7 until blank FID is encountered. At that time, dummy input for MASK and DTIME
(e.g. MASK=X, DTIME—O 0) 1S necessary.

(5) Deletion of Operation Record

Block-5-1 : | 3/
IMOD = 5



NHIS1

NHIS2

Block-5-2
~ NBACHI

NBACH2
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Logical number of the input history file

- Logical number of the output history file ‘

Batch number to begin deletion

Batch number to finish deletion

/1/

Operation record and fuel burn-up history corresponding to the batch numbers
NBACH! through NBACH2 are deleted. If the latest batch is deleted, the final

burn-up has to be modified because the maximum burn-up of the batches remaining

is not modified.

(6) Print out of core geometry and registeréd depleting nuclides

Block-6-1
- IMOD

NHIS1

NHIS2

Logical number of the input history file

= 0

dummy number (no output history file)

(7) Print out of operation record

Block-7-1
- IMOD -

NHIS1

NHIS2

Block-7-2
IOPT

Logical number of the input history file

- =0 dummy number (no output history file)

Selection of options

= 1

2
= 3
0

whole operation record
operation record of one cycle (all batches included)
operation record of one batch (a series of core burn-up -calculations)

end of Block-7 entry

13/

/3/

12/



JAEA-Data/Code 2007-003 -

ICBNO zero for IOPT=1, cycle number for IOPT=2, and batch number for JOPT=3,
dummy input (e.g. ICBNO=0) for IOPT=0 )

- Repeat Block-7-2 as necessary.

(8) Print out of information on fuel element type

Block-8-1 | o 3/

IMODE = 8
NHIS1 ~ Logical number of the input history file
NHIS2 = 0  dummy number (no output history file)

(9) Print out of information on non-fuel element type

Block-9-1 ' ' - 13/
IMODE =9
NHIS1 Logical number of the input history file

NHIS2 = 0 dummy number (no output history file)

| (10) Print out of information on individual fuel element

Block-10-1 | ‘ DY,

IMODE = 10 |
| NHIS1 Logicai number of the input history file
NHIS2 = 0 duﬁimy number (no output history file)
Block-10-2 o /A8,1,0/
IDENTL Fuel element name (8 character) registered in the history file
IOPT = 0 end of Block-10

= #1 all fuel element
= 42 only the fuel element specified by IDENTL
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If IOPT<O0, burn-up history is not printed out
Repeat Block-10-2 until blank IDENTL and zero IOPT are encountered.

(11) List of operation records

Block-11-1 13/
IMOD = 1t
NHIS1 Logical number of the input history file
NHIS2 = 0 dummy number (no output history file)

(12) List of fael elements

Block-12-1 Bl
'IMOD = 12
" NHISI Logical number of the input histofy file

NHIS2 = 0 dummy number (no output history file)

(13). Print out of burn-up dependent tabulation of number densities of depleting nuclides

Block-13-1 /3/

IMOD = 13
NHIS1 = 0 donot make plot file

> 0 make plot file

Number densities of depleting nuclides are read in from the member caseDNxT in
MACRO file, then the history file is not referred. The contents of printing out are
the information on bﬁrn-up and homogenization stored in this member. The plot
file is written by the binary format exclusiver for GPLP. If another plotter is used,
use of the utility code for PDS editor (cf. Sect.6.2 of the SRAC manual? ) is
preferred to HIST code. It is more convenient to read directly the contents of
member caseDNxT from MACRO file and edit them into the input form of plotter

or table calculation software.
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Block-13-2 ' [A8/

MEMBER Member name (8 characters) of the composition table stored in MACRO file. The

last four characters of the member name must be DNxT (x: X-Region number)

Repeat Block-13-2 until blank MEMBER is encountered.
Note that the plot file is made only for the last MEMBER.

(14) List of burn-up of fuel element loaded in the core

Block-14-1 7 /3/
~ IMOD = 14
NHIS1 Logical number of the history file storing the information before the operation

" Allocate the history file used as the input of COREBN

NHIS2 B Logical number of the history file storing the information after the operation
Allocate the history file used as the output of COREBN.

This option permits the edit of burn-up before and after the core burn-up
calculation and burn-up increment during the operation by every fuel element in

- the core. Both of NHIS1 and NHIS2 are used as input and their contents are not
changed.

(15) List of axial composition of fuel element type and non-fuel element type

Block-15-1 : ' 13/
IMOD = 15 '
NHIS1 - Logical number of the input history file
- NHIS2 = 0 dummy number (no output file)

(99) Conversion of MACRO file frem PDS into PS organization

" Block-99-1 : : 13/

IMOD = 99
NHIS1 = 0 dummy number (no use of history file)



NHIS2 -

JAEA-Data/Code 2007-003
Logical number of output PS file (usually NHIS2=90 is used)
The COREBN doés not directly use the MACRO file provided by SRAC, but the
file of sequential organization (PS) which includes the cross-sections. Therefore,

when the COREBN is newly used or the materials are additionally registered or
updated, MACRQ file has to be converted. ' '
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3.2 Input Requirements of COREBN

Input requirements of COREBN are composed by control of core burn-up calculation and
input for CITATION. The former is entered by the free format of SRAC, and the latter by the fixed
column type format as the original CITATION requires.

Block-1
‘OCOM

Block-2
1 NOB

2 NOC

3 NOFCOR

4 NOCCOR

5 NSBSTP

6 IDATE(1)

7 IDATE(2)

8 IRESTO

9 IRESTI1

2%/A72/
Comment in two lines

Control information on operation , » /0,14,2/
Batch number :

One job (until the end of a core burn—up calculation) is assumed as one batch, and
the operation record by batch is accumulated in the history file. When the old

operation record is not stored to avoid excessive amount of file, enter NOB=1

- always. Contrary, to store the operation record Qf every batch, enter consecutive

number at each batch (NOB=1,2,3...)

Cycle number

This has no meaning in computation, but is recorded as comment in the history file.
Number of fuel elements loaded in the core

The elements which are loaded but are not explicitly treated due to symmetry in the
diffusion calculation may be included.

Number of controlv elements in the core

Number of burn-up steps

Reactor start-up date (YYMMDD)‘ 4
YY: year, MM: month, DD: day

Reactor shut down date (YYMMDD)

Restart option _
= 0 new calculation (cold start)

> 0 restart calculation (logical units 13 and 98 are required for restart)

Preparation for next restart



10 ITCAL

11 ILCAL

12 ICFLOW
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= 0 do not prepare restart

> ( write restart information into logical units 13 and 98

Option for xenon concentration correction

= (0 make correction on equilibrium Xe concentration (ineffective for initial
step)

= 1 do not make correction

= 2 start by zero Xe concentration (equilibrium correction after second step)

= 3 reactivity calculation due to Xe concentration based on the concentration |

in the history file (Block-2-1 is required)

. = 4 start up by using Xe concentration in the history file (equilibrium

correction after second step)

When other reactivity calculation than Xe concentration is achieved by using

‘burn-up calculation function, enter ITCAL=3 and FACXE(i)=1.0 for every i to

equalize the condition on Xe concentration at every step.

Optional eigenvalue calculation at the final stép 7

= 0 no eigenvalue calculation at the final burn-up step.
At the final step, update of burn-up and number densities of depleting
nuclides is achieved, then calculation is terminated without diffusion
calculationr. _ |

= 1 -eigenvalue calculation at the final step.

Dummy entries are required for Block-3 and Block-4.
Specification of temperatures for interpolation (cf. Sect.1.3)
= 0 use the defaulted temperatures

= 1 use the temperatures entered by Block-2-3 and Block-2-4

The defaulted temperatures are as follows; .

TemperatureTag 1 2 3 4 5 6 7 8 9 10 11
Temperatures (K) 300 325 350 400 450 500 550 600 900 1200 1600

If the cross-section tabulation is performed by using the other set of temperatures
by SRAC, the user must enter the same set for the temperature interpolation by
specifying ICFLOW=1. ‘

If the interpolation by the other parameter than temperature (void fraction, boron

concentration, fraction of control rod insertion), the user also must enter the set of



13 ID1

14 IXKI

15 AVFTMP
16 AVMTMP

Block-2-1
FACXE()

Block-2-2
IXYZ(m)
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parameters instead of temperatures.

Specification of directional diffusion coefficients and kinetics parameters

= *1 use the value on DI position of macroscovpic' cross-section table as
diffusion coefficient

= 42 - use the value on D2 position

= +3 switch D1 or D2 position by material by Block-2-2

Negative entry specifies calculation of kinetics parameters. It requires the adjoint
flux which is specified by NGC12=1 on Card-2 in 001 section described later.

Allocation of fission spectrum

= 0 use a spectrum commonly for 4every material. The spectrum of the first

material on logical unit 31 will be used.

> 0 use the spectrum of each own material (recommended)
Avera‘g'e' fuel temperature (K), cf. Block-5-1

Average moderator temperature (K), cf. Block-5-1

Required if ITCAL=3 (Block-2) /NSBSTP+ILCAL/
Adjusting factors of Xe concentration (Fact in Eq.(1.3-17))

Required if ID1=+3 | | /NMAT/
Specify the correspondence between D1, D2 and Dx, Dy, Dz by material in the

order of registration in the history file.

IXYZ Dx Dy Dz

=1 DI D1 DI
= D2 D1 DI
=3 DI D2 DI
=4 - D2 = D2 D1
= DI DI D2
=6 D2 D1 D2
=7 DI D2 D2
=8 D2 D2 D2

The values on D1 and D2 positions depend on the option specification how to form
diffusion constants when cross-sections are provided by SRAC. If directional

diffusion coefficients are specified, they are stored as shown in the figure below.
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Pin Plate

D2 ' D2 |

DI ——» DI

On the coordinate systems other than Cartesian Dx, Dy, Dz are assigned to the

direction shown below. In one- or two-dimensional calculation, Dz is used for the

evaluation of leakage term (DB?).

- Geometry Dx Dy Dz

1D slab X
1D cylinder R
1D sphere - Rs
2D slab X
2D cylinder R
2D disk 0
2D hexagonal Xy
2D triangular Xt
3D slab X
3D cylinder 0
3D hexagonal Xu
3D triangular Xy

NN NN

Required if ICFLOW=1 (Block-2) : . : /11/

Fuel temperatures at which cross-sections are tabulated in ascending order. While

11 entries are always required, cross-sections don’t have to be prepared at every
temperature. In principle, average fuel temperatures at which cross-sections are
formed by SRAC should be entered. If the interpolation in respect to fuel
temperature is not performed, the entries may be the same as the defaulted values.
If the cross-sections are interpolated by a parameter (moderator void fraction,
boron concentration, etc.) assumed as fuel temperatﬁre, a set of parameter values

are entered on this item.

Required if ICFLOW=1 (Block-2) 11/
Moderator temperatures at which cross-sections are tabulated in ascending order.
While 11 entries are always required, cross-sections don’t have to be prepared at
every temperature. In principle, average moderator temperatures at which
cross-sections are formed by SRAC should be entered. If the interpolation in

respect to moderator temperature is not performed, the entries may be the same as



Block-3
PERIO(3)

Block-4
AVRPOW())

Block-5

Block-5-1
D

LX(1)

LX(2)

LY(1)
LY(2)

LZ(1)
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the defaulted values. If the cross-sections are -interpolated by a parameter
(moderator void fraction, boron concentration, etc.) assumed as moderator

temperature, a set of parameter values are entered on this item:

» /NSBSTP+ILCAL/
Operation period (hour) at each step

//NSBSTP+ILCAL/
Reactor thermal power (MWt) during each step. :
Enter the value by considering the symmetry in diffusion calculation. For example,
the calculation is achieved on a half core by using reflective boundary condition,
enter half of the whole power. In one- or two-dimensional calculation, enter the
power by assuming heating length as unit length (lcm) in the direction not

considered.
Fuel loading: Repeat Block-5-1 through Block-5-3 NOFCOR (Block-2) times

/A8,8,0/
Fuel element name (fuel element name by 8 characters registered in the history
file)

Region number in X direction to start loading

If the loading range is not expressed by this single Block as occurs in a triangular
coordinates, give negative sign to LX(1) and this Block is followed by Block-5-1-1
to add the range.

Region number in X direction to finish loading

Region number in Y direction to start loading

Enter LY(1)=1 in one-dimensional calculation.

Region number in Y direction to finish loading

Enter LY(2)=1 in one-dimensional calculation.

Node number located at'thve first plane (region number in Z direction)

Enter LZ(1)=1 in one- or two-dimensional calculation.

How to enter LX(1) through LZ(1) is shown in the figure below. For

three~dimensional calculation, if a fuel element type is registered with axial



Y-Direction Region Number

ITEMP

[FACT
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reflector, enter LZ(1)=1. If axial reflector is treated as non-fuel element, enter
LZ(1)<0. If LZ(1)>0 is entered, the top part of the fuel element bumps out from -
the front boundary of calculzition. This bumped part is neglected in the diffusion

calculation, and the burn-up of this part is not updated.

X-Direction Region Number Lab
1 2 3 4 5 6 X Lza)=1 | 1| rza=1
R % tf ] 2]
----- e E T e R r T E e
- ) : ' 3
----- R e Al S T L R
; . : g3 3 4 1
_____ Lo LX=3,1X@)=5 | ____ - S TS SRS N5 RS NS SUIRY DR
! LY(1)=3,LY(2)=5 &‘__*; 4 4 5 2 "
: ‘ : RN it tabviad tl Aol il fabed Bl -
_____ Ll IXQ5,LXQ)S = 6 6 4| 4
o i ¢ LY()=5,LY(2)=5 8] I R ceodlogo-
----- : 512
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Specification of temperature input
= 0 give average fuel temperature by step and by burn-up node by using
Block-5-2 and Block-5-3 ,
= -1 use conimonly AVFTMP and AVMTMP throughout entire steps and all
- axial nodes ' '
The interpolation of cross-sections in respect to temperature is performed against
the temperature specified by this item.
If no interpolation in respect to temperature is done, specify ITEMP=-1, and give
AVFTMP and AVMTMP the temperatures corresponding to the temperature Tag.
Correction factor to volumes of fuel element

0 no correction

N  multiply factor N to the volume

If a fuel element is located at the center located symmetry, the quantities depending

on the volume such as heavy nuclide inventory is multiplied by IFACT. An input

example for 1/4 symmetric core is shown below.
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20| o)

IFSAME
= 0 fuel element included in the diffusion calculation
= 1 fuel element not included in the diffusion calculation but existing in the
core
By considering symmetry or shuffling, giVe IFSAME=1 to a fuel element which
may be assumed to have the same burn-up history as the fuel element previously
entered. This element is not treated in the diffusion calculation, but is given the
same burn-up information as the just previously specified element.
. .
4
AME0 :
I :_I_.__%__»X
I;<‘SAME==1 ,
Block-5-1-1 Required if LX(1)<0 (Block-5-1 or Block-5-1-1 itself) T 14/
LX) - Region number in X direction to start loading
If LX(1)<0, the loading range may be extended by repeating Block-5 -1-1.
LX(2) Region number in X direction to finish loading
LY(l)‘ Region number in Y direction to start loading
In one-dimensional calculation, enter LY (1)=1.
f,Y(2) Region number in Y direction to finish loading

In one-dimensional calculation, enter LY (2)=1.

Repeat Block-5-1-1 until LX(1)>0 is encountered.

, : ’
Block-5-2 Required if ITEMP=0 (Block-5-1) , /NSBSTP1*NREGKB/
(ZFTMP(i,k), i=1,NSBSTP1), k=1, NREGKB)

C— 59 —
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where NSBSTP1=NSBSTP+ILCAL (cf. Block-2), and NREGKB is number of

Regions in Z direction (plane) and in one- or two-dimensional calculation,

. NREGKB-=1.

Fuel temperature distribution (K) in axial direction. Temperatures have to be
covered by those to which cross-sections are tabulated.
If the parameter other than fuel temperature is set in Block-2-3, enter parameters

corresponding in this item.

Required if ITEMP=0 (Block-5-1) | /NSBSTP1*NREGKB/

(ZMTMP(i,k), i=1,NSBSTP1), k=1, NREGKB)

Block-6

Block-6-1
IDC

MATNOC

LCX(1)

LCX(z)

Name of control element by 8 characters

where NSBSTP1=NSBSTP+ILCAL (cf. Block-2), and NREGKB is number of
Regi()ns in Z direction (plane) and in one- or two-dimensional calculation,
NREGKB=1.

Moderator temperature distribution (K) in axial direction. Temperatures have to be
covered by those to which cross-sections are tabulated.

If the parameter other than moderator temperature is set in Block-2-3, enter

parameters corresponding in this item.

Allocation of control elements ‘
Repeat Block-6-1 through Block-6-2 NOCCOR times (Block-2). If NOCCOR=0,

Block-6-1 through Block-6-2 are not required. v ’
The control element with fuel follower has to be entered in Block-5. If fuel part and
absorber part is separately treated, absorber part is specified in this Block. '

/A8,4X,A8,4 NSBSTP+ILCAL/

Individual control element is named first in this item as HIST code does not treat.
When allocation and insertion depth of individual control elements are recorded in

the history file, the name specified by this item is used.

Name of non-fuel element type to which the control element belongs.

Name of non-fuel element type is registered in the history file by 8 characters.
Region number in X direction to start loading

If the loading range is not expressed by this single Block as occurs in a triangular
coordinates, give negative sign to LCX(1) and this Block is followed by

Block-6-1-1 to add the range.

Region number in X direction to finish loading
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LCY(1) Region number in Y direction to start loading

Enter LCY(1)=1 in one-dimensional calculation.

LCY(2) v Region number in Y direction to finish loading

Enter LY (2)=1 in one-dimensional calculation.

(CLOCZ(z), i=1 NSBSTPI)
where NSBSTP 1—~NSBSTP+ILCAL
Control rod insertion depth (cm): which are not used in the calculation but recorded

in the history file as comment.

Block-6-1-1 Required if LCX(1)<0 (Block-6-1 or Block-6-1-1 itself) /4/
LCX(1) Region number in X direction to start loading '
‘ ‘ If LCX(1)<0, the loading range inay be extended by repeating Block-6-1-1;

LCX(2) Region number in X direction to finish loading

LCY(1) Region number in Y direction to start loading

In one-dimensional calculation, enter LCY(1)=1 .

LCY(2) Region number in Y direction to finish loading

In one-dimensionai calculation, enter LCY(2)=1,
Repeat Block-6-1-1 until LCX(1)>0 is encountered.

Block-6-2 Required if 3D calculation | . /NSBSTP+ILCAL/
(LCZ(i), i=1,NSBSTP1)

Node number of ‘control element located at the first Plane (Region in Z direction).
Specification of allocation and insertion depth of control element is the same as
that for fuel element shown in Block-5. However, when the insertion depth is
changed dufing exposure period, the Plane boundary (region boundéry in Z -
direction) has to coincide always with node divisioh boundary. The region where
the control element is withdrawn is automat1ca11y substituted by the background
material speCIﬁed by Block-7-1 (cf. Sect 1.4).

In 2D burn-up calculation where no control rod is treated, allocation of control rod given by Block-6
may be recorded in the history file if blank MATNOC (Block-6-1) is entered. However, the control rod
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with blank MATNOC is excluded from the diffusion calculation.’

Block-7

Block-7-1
MATNO 1

Block-7y-2
MATNO

Block-7-3
11

2

I3

14

I5

Specification of background material and non-fuel element

Specification of background material o : /A8/
Name of material used for background material '

Enter name of non-depleting material registered in the history file by 8 characters.

The black absorber may be specified as background material.

“Specification of non-fuel element type

Name of non-fuel element type loaded in the core

Enter name of non-fuel element type registered in the history file by 8 characters.

Allocation of non-fuel element type : S 15/
Region number in X direction to start loading

Region number in X direction to finish loading

Region number in Y direction to start loading

Ente;r 13=1 for one-dimensional calculation

Region number in Y direction to finish loading

Enter I4=1 for one-dimensional calculation

Node number located at the first Plane (region in Z.direction)

Enter I5=1 for one- or two-dimensional calculation

How to allocate non-fuel element type is the same as that for fuel element shown in
Block-5-1. | ‘

- Repeat Block-7-3 until [1=0 is encountered. (Enter dummy input 0 for 12-15)
Then, repeat Block-7-2 through Block-7-3 until blank card is encountered.

Note.  Allocation of materials to regions in the core are performed first by allocating the

background material to whole regions, then non-fuel element type, fuel elements, and control elements

are overwritten in this order.

. — 62 —
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The following is input requirements for CITATION part. They are identical with 001, 003,
and 024 sections in SRAC-CITATION. The format is not the free format of SRAC, but the fixed
column type to follow each CARD requires. ‘

—————— Section 001 : General Control

Catd-001-1 Section name ’ D)

Enter section hame ‘001’

Card-001-2 Control options ) ) (2413)
NGCl1 = 0
NGC2 = 0
- NGC3 = 0
NGC4 = 0
NGC5 - = 0 .
NGC6 Option to dump point-wise neutron flux
o = 0 skip

= 1 write neutron flux into logical unit 9 -

NGC7 Option to dump point-wise power distribution
= 0 skip

1 write mesh information and power distribution into logical unit 32

The specification IEDG14=1 to activate this function is no more

necessary.

NGCS - 0
NGC9 = 0
NGC10 - 0
NGC11 - 0



"NGC12

NGC13

NGC14

NGC15

NGC16

NGC17

NGC18

NGC19
NGC20
NGC21
NGC22
NGC23

NGC24

Card-001-3
IEDGI1
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. Adjoint flux option

= 0 skip

+1  calculate adjoint flux

Il

Negative value causes print out of adjoint flux. Evaluation of kinetics

parameters (ID1<0 Block-2) requires calculation of adjoint flux.

Residual option ‘

= 0 evaluate multiplication factor and relative macroscopic absorption
cross-sections so as to minimize summation of squared residual of point
neutron balance after the eigenvalue calculation.

< 0 skip

- 1 internally set

Edit options ‘ ‘ (2413)
= 0 skip

> 0 print out iteration information
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IEDG2 = 0

IEDG3 = 0 skip

> 0 print out macroscopic scattering cross-sections

IEDG3 = 0 skip

> 0 print out macroscopic reaction cross-sections

Removal cross-sections printed out do not include absorption cross-sections.

Absorption cross-sections are corrected for (n,2n) reaction by Eq.( 1.3-20).

IEDGS5 = 0 skip
> 0 print out integrated neutron balance by group

IEDG6 = 0 skip

> 0 print out neutron balance by zone and by group

IEDG7 = 0
IEDGS = 0
 IEDG9 = 0 skip

> 0 print out zone averaged neutron flux by group

IEDG1I0 = 0 skip

> 0 print out point-wise neutron flux by group
IEDGI11 = 0

IEDG12 = 0 skip

> 0 print out zone averaged power density (internally set) -

IEDG13 = 0 skip

> 0 print out relative power distribution on the plane across the peak value

IEDG14 = 0 skip

> 0 print out point power densities



IEDG15 = 0
IEDG16 = 0 skip
> 0 print out energy integrated neutron densities
IEDG17 = 0
IEDG18 = 0
IEDG19 = 0
IEDG20 = 0
IEDG21 = 0
IEDG22 = 0
IEDG23 = 0
IEDG24 = 0 print out zone number by mesh
> 0 skip (save printing out if mesh number is excessive) 7
Card-001-4 General iteration count and machine time limits ‘ (2413)
‘ If any of the following items exceeds the limit, the iteration is terminated and the
process specified by NGC15 is taken. If zero (=blank) value is entered, the
defaulted value shown in < > is applied. In COREBN, other items than ITMXI,
ITMX19 are ineffective. ‘
ITMX1 - Limit of outer iteration count at each burn-up step'<200>
ITMX2 through ITMX18
ITMX19 Limit of CPU time in minute <60>
ITMX20 through ITMX24

/ "~ JAEA-Data/Code 2007-003

= 0

e |
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GLIM1
GLIM2
GLIM3
GLIM4
GLIMS

GLIM6
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General restrictions - - (6E12.5)
If any of the following restrictions is not satisfied, the calculation is terminated. If

zero (=blank) value is entered, the defaulted value in <> is applied.
Upper limit of multiplication factor <1.5>
Lower limit of multiplication factor <0.5>

- o

]
=

When the multiplication factor fluctuates violently, set GLIM1=2.0 and GLIM2=0.001.

Card-003-1

Card-003-2
NUACI

NUAC2

NUAC3
NUAC4

NUACS

Section 003 : Description of the neutron flux problem

Section name ' 13)
Enter section name ‘003’

General deséription o : — (2413)
= 0

Initial values of neutron flux at the restart calculation

= 0 refer neutron flux, multiplication factor, acceleration factor of the -
previous case
= 1 refer only neutron flux of the previous case

= 2 take installed initialization process (no reference)

= 0 Geometry model automatically taken from the history file



NUAC6

NUAC7
NUACS

- NUAC9

NUACI10

NUACI1

Il
o

I

0
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Option for diagonal symmetry on XY plane to accelerate the convergence 'by

utilizing symmetry (ineffective on the vectorized version)

> 0
< | 0

skip

number of meshes in X direction and in Y direction are identical, and
symmetric on the diagonal line from upper left to lower right

number of meshes in X direction and in Y direction are identical, and

point symmetric on the central point on XY plane.

If NUAC11= -1, enter NUAC8=0.

» X » X

Y

v NUAC8>0. ’ -y NUAC8<0

Y

Option for diagonal symmetry on XZ plane (effective only for 3D calculation) to .

accelerate the convergence by utilizing symmetry (ineffective on the vectorized

version)

0
0
0

AV

skip o
diagonal symmetry on the line from upper left to lower right

~ point symmetric on the central point on XZ plane

» X : - » X

<&
<

NUAC9>0 + NUAC9<0

Left boundary condition (always effective)

= -1

periodic (effective if NUAC5=1, 6; 8, 11, 12 and left and right boundary

surfaces are closed)



NUACI12

- NUACI3

NUAC14

NUACI1S
NUACI16

NUAC17
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= 0 extrapolated (zero flux-at the extrapolated distance)

= 1 reflective

Top boundary condition (eﬂectix)e'if 2D or 3D calculation) - .
= . 0 extrapolated

1. reflective

Right boundary condition (always effective)

:= -1 periodic (effective if NUAC11=-1) .

= 0 extrapolated
= 1 reflective o
= 2 90° rotational symmetry (for NUAC5=6,11)
60° rotational symmetry (for NUAC5=10,14)
= 3 inverse reflective: 180° rotationalrsymmetry (for NUACS=6, 10, 11, 14)

7 Top-

Left

———— X

‘BJ*O > P X
= [ Sl a B:=:><1 2

D [fo | w ]

|A
C
ﬁ Bottom ) ’ C DCIZIH v
m | A — -

a D

Center

< |0 | 4 v ¥ Invert reflection

y v

60°-rotational symmetry Y  90°rotational symmetry

Bottom bougdary condition (effective for 2D or 3D)
= 0 extfdpolated' '

= 1 reflective

= 2 ifNUACI3=2

Front boundary condition (effective for 3D)
= 0 extrapolated

= 1 reflective
Back boundary condition (effective for 3D)
= 0 extrapolated

= 1. reflective

Illtémal black absorber option

C= 0 no internal black absorber



NUACI18

NUAC19

NUAC20

NUAC21
NUAC22

NUAC23

NUAC24

Card-003-3
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> 0 zone number of internal black absorber. N-th material is treated as black

absorber

An internal black absorber has the logarithmic differential (non-return) boﬁndary
condition applied at its surfaces. This zone will be black to all groups unless
additional data are supplied to certain groups) by XMIS2 on Card-003-4. The
cross-sections given to the zone may be accepted to the specified groups where the
slowing-down neutrons into the groups speciﬁed as absorber are entirely absorbed

in the group. Only one zone is allowed as an internal black absorber.

Opti()n to allow negative neutron flux
= 0 negative flux is not allowed

> 0  negative flux is allowed

Override use of Chebychev polynomials in adjusting the parameters‘
= 0 Chebychev polynomials are used
> 0 Chebychev polynomials are not used

Line relaxation option

= -2 apply on Y- and X-direction only

= -1 apply on Y-, X- and Z-direction alternatively

= 0 for the problem involving up-scattering, apply on Y-direction only with
one inner iteration. If no up-scattering, on X- and Y- alternatively in 2-D
problem, and at three inner iterations for 3-D problems without I/O and at -
five with data I/O during iteration :

> 0 applyonly on Y-direction

. Specified number of inner iterations.

= ( use defaulted value

> 0 specify the value

Iteration convergence criteria (6E12.5)



EPSI1

EPSI2

EPSI3

EPSI4

EPSI5
EPSI6
Card-003-4

XMIS1
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Built-in numbers are shown in <>; these are replaced by zero input data.

Maximum relative flux change for the last iteration of each initialization

eigenvalue problem <0.0001>

Maximum relative change in the eigenvalue for the last'iteration of eigenvalue
problems. This applies to the multiplication factor calculation, and the direct

buckling or 1/v search parameter. <0.00001>
= 0. Notused
Replaces EPSII for all eigenvalue problems except those for initialization or

station calculations. <0.0001>
(ineffective in SRAC, enter 0.0)

= 0. Notused
= 0. Notused
Miscellaneous data : (6E12.5)

External extrapolated boundary constant

> 0 the constant for all extrapolated boundaries (see NUAC11-16) for all
groups ' _

< 0 this is the total number of energy groups and Card-003-5 are to follow

- this card, which give the extrapolated boundary constants for problem

boundaries for all energies

= 0 the code will use the built-in value for all extrapolated boundaries
<0.4692>

The extrapolated boundary constant C, of energy group g is defined as

[-D, o
Cg=[ : ﬂ | 0,0
Ox g
q)g X=X, A
and as the extrapdlated length d, is ' ‘_a¢g
defined by Jr %o
1L [zt o >
d g ¢g ax X=X, V xO dg o



XMIS2

XMIS3
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-thus the relation C,= D,/d, holds, where D, is diffusion coefficient.

As the diffusion coefficient D, is defined as
1 A

D = s
& 3% 3

r.g

the constant C; has the relation below;

/3d

C, =4

r.g g

If the extrapolation Ién'gth of the Milne’s problem d . =07 1052”, ¢ is applied, the
extrapolation coﬁstant C, becomes the defaulted value (0.4692) which does not
depend on neutron energy. It is the réason to al.;ply XMIS1=0.0 (défaulted valué for
all groups). If a sufficiently large value of extrapolation constant is applied,

d;=D,/C, tends to zero so that the zero flux at the boundary is assumed.

The extrapolation constant for internal black absorber boundafy specified by
NUAC17 : ‘
> 0 the constant for all groups applying
< 0 this is the total number of groups and Card-003-6 is to follow, after any
| required above,v which gives the internal black ‘absorber boundary
constants for each energy group. Any zero values indicate that the rod
condition is not applied to those groups.
= 0. the code will use the built-in value for all groups and the absorber will be
black over all energy <0.4692> | |

. For the case that involves strong absorber like control rod where the diffusion

theory can not be applied, the internal black absorber may be introduced. The
extrapolation constant is given by the comparison with the results of a transport |
calculation or/and experiments. If the cross-sections are used for certain groups,
specify XMIS2<0. (cf Card-003-6).

Core power lével, MWt

> 0 this value is used to normalize the power distribution and flux level.
For 1-D or 2-D calculation, give the thermal power by assuming the
whole core of unit length (cm) for the transverse direction(s). For
example, to the X-Y calculatioﬁ of the core with thermal power
3,000MWt by the effective core height 100 cm, give XMIS3 = 3000/100
=30.

= (0 defaulted value <1.0> is used.



XMIS4

XMIS5

XMIS6

Card-003-5
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FlSSlOl’l to power Conversion factor

> 0 ratio of thermal energy to fission energy (XMISS is divided by this)

Normally set 1.0

= 0 defaulted value <1.0> is used

Core symmetry factor

The mass balances and the thermal power given by XMIS3 are divided by this

number. Only the latter is effective in SRAC.

> 0 core symmetry factor i.e. fractlon‘ of the core considered; ex. for 1/4
symmetrié core, enter XMISS=O.25 »
Ex. to the 3-D 1/4 symmetric coré calculation, if XMIS3=3,000 is given
as whole core Vpower, enter _XMISS=Q.25. To the same case, if
XMIS3=3000%0.25=750 is given, enter XMIS5=1.0

= 0 | defaulted value <1.0> is used

To avoid confusion, it is recommended to set XMIS5=1.0 and give reactor thermal

power with considering the symmetry.

Initial over-relaxation factor
> 0 input value is used

= 0 defaulted value <1.0> is used

Required if XMIS1<0 , (6E12.5)

‘The extrapolated boundary constants for problem boundaries; beginning with those

for all energies for the left boundary; thus data is required then by beginning card

refresh for right boundaries for 1-D problems.
For 2-D, give the constants in the order left, top, right, and bottom with each by
card refresh.

For 3-D problems, give them for six boundarles in the order left. top, right, bottom,

'front and back.

For the periodic boundary condition, NUACI11=-1, skip the left and ﬁght
boundaries. '

For 90° rotational symmetry, NUAC13=2, skip the right and bottom..

For 180° rotational symmetry, NUAC13=3, skip the right.

Even the reflective condition is specified for the left, enter the constants of value
0.0. .
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Card-024-1

Card-024-2
1 IND

2 BKLE

Card-024-3

Card-024-4

Card-999-1
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Required if XMIS2<0 o (6E12.5)
The internal black absorber boundary constants for-each energy group. Any zero

value indicates that the rod condition is not applied to that group.

Section 024 : Buckling specification

Section name ’ (13)
Enter section name ‘024’ ‘ .

Indicator and bﬁckling value 1 ,Eé.O)

Specification of buckling value

= 1 specify a constant buckling in columns 4-12 (E9.0) on this card and no
additional data is required. 7

= 2 specify values of group dependent buckling starting with Card-024-4. In
this case, the KMAX value in Section 008 must be proper.

= 3 specify the group depending buckling to the set of consecutive zones
specified on Card-024-3. In this case, the KMAX value in Section 008
must be proper. Continue with Card-024-3 and Card-24-4 for as many
zones as required. A blank card (zero zone number) must be used to end

this data.

Effective only if IND=1

Constant buckling value on columns 4 through12 in cm’
Required if IND=3 ‘ - | Q13)

Initial and final. zone indicators; to the set of consecutive zones, the group

dependent buckling on Card-024-4 will be applied

Required if IND=2,3  (6E12.5)
Group dependent buckling values,

Input section name (13)
Enter ‘999°.
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3.3 Notice for Usage

(D

@

€)

@

®)

(©6)-

By the modification of HIST code, it is no more necessary to use only one burn-up chain model
in the cell burn-up calculation. However, to register in the history file by HIST depleting
nuélides of which number densities are traced, each of them has to exist in any of composition
tables (on member c':aseDinT) of dépleting materials. -

By the modification of SRAC, depleting fraction of any fissile other than U-235 may be treated
as the secondary measure of burn-up. If the reference nuclide for depleting fraction is replaced
by another fissile in the cell burn-up calculation by SRAC, it has to be common among the
depleting materials treated by COREBN. This reference nuclide has to be included in depleting

nuclides and also in heavy nuclides at the initialization of the history file.

The COREBN does interpolation, but does not extrapolation. Therefore, if the parameter for the

interpolation exceeds the tabulated range, the calculation is terminated with message.

The optional xenon reactivity calculation specified by ITCAL=3 in Block-2 of Sect.3.2 is not
for burn-up calculation but for obtaining the reactivity curve versus Xe' concentration at the
condition when the history file is edited. Therefore the exposure period of every burn-up step is

set zero to fix degree of burn-up.

The optional kinetics parameter calculation specified by ID1<0 in Block 2 of Sect.3.2 is not

available for plural burn-up steps. This option has to be specified by a separate job after

- finishing a series of burn-up calculations.

While the number densities of depleting nuclides were treated as those in fuel meat in the old
version of HIST and COREBN codes, they are treated as those in the homogenized region (an
X-Region) in the revised version. That is, if materials other than fuel meat such as cladding and
moderator are included in the X-Region specified in a cell burn-up calculation by SRAC, the
number densities in the volume including those materials are treated in /O of HIST code.
Therefore, the initial number densities of depleting nuclides fed to HIST code for registrétion
are not those for fuel meat fed to SRAC but for average values in the X-Region yielded by
SRAC.

In case that a partial core in some symmetric system (reﬂeétive or rotational) is treated in a core
burn-up calculation with shufﬂing of reloaded fuel, some fuel elements not included in the
diffusion calculation may be requested to register. For example, as shown in the figure below,
when the 1/4 core composed by two types of fuel elements is solved, unless the elements not

included in the 1/4 core are registered, the allocation of the elements for the core burn-up
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calculation in the second cycle is not possible. By speéifying IFSAME=1 in Block-5-1 of Sect.
3.2, COREBN gives the same information of the fuel elements in the 1/4 core to the elements

located at the symmetric positions out of 1/4 core.

Y
A
S - 4 SHuffling
P _» Discharged
< A
/] : L1
77
Y. % L L »X
/ v - Fufal registration
is necessary
v L > e

Care should be taken to whether or not the symmetric condition is preserved when reloaded fuel
clements are moved by shuffling in a multi-batch core. Because; any unrealistic fuel shuffling in

the whole core can be accepted in the partial core calculation.

_ The information of fuel elements registered in the history file includes
the quantities not depending on geometry such as burn-up and number

densities of nuclides except node division in axial direction and their
volumes. HIST code does not define detailed dimension in horizontal
d1rect1on nor geometry. That is, until the fuel elements are allocated i in
the core by input specification of COREBN, their geometry is not yet deﬁned Especially in

one- or two-dimensional calculation where there is no concept of node division, a fuel element

“may be assumed as liquid fuel of fixed volume. Therefore, as shown above, in cylindrical or

‘spherical system, even though the fuel shuffling is actually not capable because of different

geometry and dimension, burn-up calculation with shuffling is capable as far as the volumes are

preserved.

When the interpolation in respect to temperature is not performed, the fuel temperature or the
moderator temperature used to form cross-sections by SRAC are not necessarily the same with

those specified in the ihput of COREBN. For example, the cell burn-up calculation of case name

- FU98 by SRAC is performed with fuel temperature 880K and moderator one 610K. If the-

defaulted temperatures (cf. (3) in Sect.1.4) are used, the cross-sections are recognized as those
with fuel temperature 900K and moderator . temperature 600K by their temperature Tag.
Therefore, by specifying fuel temperature AVFTMP and moderator temperatﬁre AVMTMP as
900K and 600K, respectiﬁely, instead of replacing the defaulted temperatures, the cross-sections
formed with fuel temperature 880K and moderator one 610K are used only for the interpolatioh

in respect to burn-up.
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3.4 Error Messages in COREBN

Major error messages edited by COREBN and procedures for remedy are shown below.

E-level messages show abnormal termination unrecoverable and W-level do caution to be able to .

continue but unreasonable. The italic digits denote computer output digits -and small letters like

‘xxxxxxxx’ does output character string.

(1) E-level

content

location

remedy

(2)  E-level

content
location
remedy
(3) E-level
content

location

remedy

(4) E-level

content
location

remedy

LACK OF WORKING AREA.(SIZEX) ———————— 9999 xxxxxxxx STEP
Size of variable Iength array defined in MAIN routine is short by 9999 words at
XXXXXXXX Step '

SIZEX '

Enlarge parameter MXSIZE defined in include file MAINCINC by more than
current value + 9999 and recompile the load modules of HIST and COREBN '

EXCEED NSBSMX (CRBNIN) 9999
RESET NSBSMX IN SUB-ROUTINE CRBNO AND HISTORY FILE EDIT

PROGRAM

- Burn-up step number 9999 in core burn-up calculation exceeds the maximum

value

CRBNIN

Enlarge parameter NSBSMX defined in include file CRBPMINC by more than
9999 and recompile the load modules of HIST and COREBN

- EXCEED NOFCMX (CRBNIN) 9999 .

RESET NOFCMX IN SUB-ROUTINE CRBNO ANDHISTRY FILE EDIT PROGRAM
Number of fuel elements 9999 in the core exceeds the maximum value

CRBNIN

Enlarge parameter NOFCMX defined in include file CRBPMINC by more than
9999 and recompile the load modules of HIST and COREBN

EXCEED NOCCMX (CRBNIN) 9999

RESET NOCCMX IN ‘SUB—ROUTINE CRBNO AND HISTRY FILE EDIT
PROGRAM ‘

Number of control elements 9999 in the core exceeds the maximum value
CRBNIN

Enlarge parameter NOCCMX defined in include file CRBPMINC by more than
9999 and recompile'the load modules of HIST and COREBN



&)

(6)

9

®)

®

(10)

E-level

content
location

remedy

E-level
content

location

~ remedy

E-level

content

location

remedy

E-level

content

location

remedy

E-level -

content

location

remedy

E-level
content

location
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EXCEED MAXNO (CRBNIZ) 9999

RESET MAXNO IN INCLUDE PARAMETER

Number of non-fuel elements 9999 in the core exceeds the maximum value
CRBNL2 '
Enlarge parameter MAXNO deﬁnéd in include file CRBPMINC by more than
9999 and recompile the load module of COREBN |

EXCEED MAQXII (CRBNI2) 9999
RESET MAXII IN INCLUDE PARAMETER

Number of input for non-fuel elements 9999 in the core exceeds the maximum -
value

CRBNI2

Enlarge parameter MAXII defined in include file CRBPMINC by more than 9999
and recompile the load module' of COREBN

X-Y LOADING POSITION (FUEL) IS OUT OF RANGE (9,8,7,6)
Loading position of a fuel element on X-Y plane is out of system or not

ascending order

- CRBNI2

Verify LX(1)=9, LX(2)=8, LY(1)=7, LY(2)=6 in input Block-5-1 of COREBN

‘'X-Y LOADING POSITION (CONTROL) IS OUT OF RANGE (9,8,7,6)

Loading position of a control element on X-Y plane is out of system or not
ascending order '

CRBNI2

Verify LCX(1)=9, LCX(2)=8, LCY(1)=7, LCY(2)=6 in input Block-6-1 of
COREBN '

X-Y LOADING POSITION (NON-FUEL) IS OUT OF RANGE

(9,8,7,6) ,

Loading position of a non-fuel element on X-Y plane is out of system or not
ascending order -

CRBNI2

Verify LX(1)=9, LX(2)=8, LY(1)=7, LY(2)=6 in input Block-7-3 of COREBN

NUMBER OF FUEL IS ZERO IN HISTORY FILE
No fuel element is registered in the history file

CRBN1



(11

(12)

(13)

(14)

remedy

E-level

content

location

remedy

E-level

content

location

remedy

. W-level

content

location

remedy

E-level

content
location

remedy
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" Verify by list of fuel elements by HIST code and if not registered, reglster fuel

elements necessary for core burn-up calculation

FUEL TYPE NUMBER IS NOT FOUND IN HISTORY FILE

IDENT= XXXXXXXX

FUEL TYPE NO. =99 IF FUEL TYPE NO.=-1 FUEL ELEMENT IS NOT
REGISTERED IN HISTORY FILE

Fuel element (xxxxxxxx) of type no. 99 is not found in the history file. If type no.

s -1, fuel element (xxxxxxxx) is not registered.
CRBNI1 '

Give correct fuel element type name to fuel element (xxxxﬁ:xxx), or register fuel

element in the history file

SYMMETRIC FUEL POSITION USED, BUT FUEL TYPE IS NOT EQUAL
TO THE ORIGINAL FUEL

FUEL ID=xxxxxxxx FUEL TYPE=99 N.E. TYPEl( 0)=88 ]

While fuel element (xxxxxxxx) of fuel elemént 7 type 99 located out of
computation range is specified as in symmetric position with the fuel element of
type 88 in the range, element type is not consistent.

CRBN1 =

Verify name and type of the fuel element specified by IF SAME=1 and the previous
one in Block-5-1 of COREBN. If fuel element type is wrong, correct by HIST code

SYMMETRIC FUEL POSITION USED, BUT FUEL (XXXXXXXX) HAS

NOT SAME HISTORY OF ORIGINAL FUEL

While fuel element (xxxxxxxx) located out of computation range is specified as
in symmetric position with the fuel element in the range, degree of burn-up by node
is different. »

CRBNI1

Degree of burn-up and number densities are determined by degree of burn-up
recorded in the history file. Power distribution is determined by the fuel element in

the core.

BURN-UP INFORMATION RECORD IS NOT FOUND IN MACRO FILE
(FUEL TYPE IDENT= (XXXXXXXX)) ‘

Member xxxxDNxT is not found in MACRO file

CRBN12

Verify member names on MACRO (PDS) file. If member xxxxDNxT is not found,



(15)

(16).

amn

(18)

(19)

E-level
content
location
remedy
E-level
content

location

remedy
E-level

content.

location

remedy
E-level

content
location

remedy

E-level

content

location

remedy
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it may be wrongly deleted or renamed. The conversion of MACRO file from PDS
into PS may not be correctly done. Verify also the naming following the rule of
COREBN (cf. (3) in Sect.1.4)

BURN-UP STEP EXCEED MAXIMUM BURN-UP STEPS FUEL TYPE
(xxxxxxxx) SET=8888 NEEDED=9999

Number of burn-up steps in the cell burn-up calculation of material

- xxxxxx exceeds the maximum value 8888. The maximum value is needed as

9999.

CRBN12

Enlarge parameter NBSTPM defined in include file CRBBPMINC and recompile
the load modules of HIST and COREBN"

ZONE NUMBER IS NULL, X-REGION=9, Y,—REGION=8, Z-REGION=7
CHECK INPUT (CRBN22) '

Zone specification of Region (9,8,7) is uhdeﬁned

CRBN22 ’

Verify and correct mapping of fuel and non-fuel elements in the input for
CITATION ’ |

99-th FUEL’S LOAD POSITION IS ALREADY LOADED OTHER

FUEL ELEMENT QR NON-FUEL ‘MATERIAL POSITION IS BAD
X-REGION=9, Y-REGION=8, Z-REGION=7

The position (9, 8, 7) intended to load the 99-th fuel element is already loaded by
the other fuel element ' |

CRBN22

Verify the input to load at the position (9, 8,7)

xxxxxxxx IS NOT FOUND IN HISTORY FILE. REGISTERED TABLE
IS FOLLOWINGS...... )

Material xxxxxxxx is not found in the history file

'CRBN24

Verify registered materials by HIST code and correct material name or register it.

MEMBER xxxxxxxx IS NOT FOUND IN-MACRO FILE
Member xxxxxxxx is not found in MACRO file
CRB24

Verify member names on MACRO (PDS) file. If member xxxxxxxx is not found,



(20)

2y

(22)

(23)

E-level

content

location

remedy

E-level

content
location

femedy

E-level
content

location

remedy

E-level
content

location

remedy
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it may be wrongly deleted or renamed. The conversion of MACRO file from PDS
into PS may not be correctly done. Verify also the naming following the rule of
COREBN (cf. (3) in Sect.1.4).

RESET LENGB=999 IN SUBROUTI‘NE CRBN

On storing cross-sections, shortage of size of variable dimensioning defined by
MAIN routine occurred or too small léngth of LENGB cleﬁned in CRBN routine is
found ' ' ‘

CRBN3

Enlarge parameter MXSIZE defined in include file MAINCINC or LENGB
defined in CRBN routine and recompile the load module of COREBN

MEMBER (XXXXXXXX) READ BUFFER SIZE OVER REQUIRED=888
SET=999. CHANGE SUBROUTINE CRBN (LBUFFS=999) '
Shortage of memory to read member xxxxxxxx for cross-sections occurred
CRBN4

Enlarge current length of LBUFFS 999 by more than 888 and recompile the load
module of COREBN ' |

BURN-UP IS OUTSIDE BURNUP TABLE. MEMBER (XXXXXXXX)

BURN-UP (MWD/CC)=99.99 FUEL=(yyyyyyVY)

Local burn-up value (99.99 MWd/cm®) of fuel element yYyvyyyy exceeds the
upper limit defined by member xxxxxxxx .

CRBN46, CRBN61 ’ :

Enlarge the upper limit of burn-up of fuel element type by restart burn-up
calculation by SRAC |

FUEL TEMPERATURE IS OUTSIDE FUEL TEMPERATURE TABLE.

MEMBER (xxxxxxxx) MODERATOR TEMP (K)=99.99 FUEL(yyyyYYYVYY)

At the material(xxxxxxxx) of a part of fuel element (yyyyyyyy), moderator
temperature (99.99K) exceeds the upper limit of table

- CRBN46, CRBN61

Verify naming of member name of the material whether or not it ‘obeys the rule of -
COREBN. Also verify the temperature set for moderator (Block-2-4 of COREBN),
or the specification of temperature distribution (AVMTMP in Block-2 or
Block-5-3). If correct, remake the cross-section tabulation to include highér

temperature by SRAC.
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4.1/0 Files of COREBN and HIST

4.1 Contents of History File

The history file stores the information necessary for fuel management. This file is initialized and
created by HIST code beforehand the core burn-up calculation. The contents of the history file are

updated, if necessary, by HIST code.
(1) Definition of COMMON variables

The labeled COMMON variables are summarized as shown below. Setting of dimension size

by “parameter statements” will be described in Sect.5.3.

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

(MAXII=50,
(NBSTPM=30,
(NOFCMX=800,
(MXISO=110,
(MAXMEM=800)

MAXNO=100)
NSBSMX=20,
NOCCMX=50,
MXNUC=110)

MAXMTN=100)
MXYZF=4, MXYZC=4)

PARAMETER (MAXX=250, MAXY=250,
& . MXHVIS=25,
& MAXEFT=50,

& MAXOT=50,

MAXZ=250,

MAXKF=50 , MAXK1=50,
MAXKO=50 )

CHARACTER*4 HEADER,
CHARACTER*8 MTNAME

XDATE, NISO, OCOM, ID, IDC, FTCOM,. OTCOM, STATUS

/REC1/ HEADER(18,2),XDATE (2)
/REC2/ IGEOM,NREGI,NREGJ, NREGKB, NMAT, NTNUC, NHVNUC,
: NMESHX (MAXX) , XX (MAXX) , NMESHY (MAXY) , YY (MAXY),
NMESHZ (MAXZ) , 2% (MAXZ) , MTNAME (MAXMTN) , IFORS (MAXMTN) ,
VOLFS (MAXMTN) , VOLFR (MAXMTN) , L235, LXE5, NISO (MXISO),
IHVNUC (MXHVIS) , AMASS (MXHVIS)
NBATCH
OCOM (18, 2) ,NOB, NOC, NSBSTP, IDATE (2) , PERIO (NSBSMX) ,
AVRPO (NSBSMX) , ACPOW, AVFTPH, AVMTPH, NOFCOR, ID (2, NOFCMX),
LXYZ (2,3, MXYZF, NOFCMX) , IFSAME (NOFCMX) , NOCCOR, IDC (2, NOCCMX) ,
LCXY (2, 2, MXYZC, NOCCMX) , CLOCZ (NSBSMX, NOCCMX) , LCZ (NSBSMX,
NOCCMX)
COMMON /RECS5/ NFE,NFT,NOT,NRKFMX, NRK1MX, NRKOMX
COMMON /REC6/ FTCOM(2,MAXFT) , NREGKF (MAXFT) , NREGK1 (MAXFT) ,
1 VOLF (MAXK1,MAXFT) ,TZINV(MAXKI,MXHVIS,MAXFT),
2 MATSPC (MAXKF, MAXFT) ' :
/REC7/ OTCOM(2,MAXOT) , NREGKO (MAXOT) , MATSPO (MAXKO, MAXOT)
/REC8/ IDENT(2),NFTYPE,BURNUP (2),BURNUZ (2, MAXK1),
1 ZINV (MXISO,MAXK1) , STATUS, IBCORR, IDATEF (2) ,NLOAD,
2 LXYZF (2,3, MXYZF) ,NHIS
/REC9/ NOB1,NOC1,NSBSTL,IDATEH (2),PERIOL (NSBSMX),
1 POWZ (NSBSMX, MAXK1) , ZFTEMP (NSBSMX, MAXZ) , ZMTEMP (NSBSMX, MAXZ) ,
2 ACBURN, ZABURN (MAXK1) , NHLOAD, LXYZ1 (2, 3, MXYZF)

COMMON
COMMON

=

=W N

COMMON
COMMON

/REC3/
/REC4/

B w N
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(2) Output format of the history file

The write statements of the contents of the history file are summarized below. If the user =
wants to edit by his own program, the contents may be read by replacing WRITE by READ with the
labeled COMMON statements above.

REWIND IFILE

C REC1 v
WRITE (IFILE) ((HEADER (I, J),I=1,18),J=1,2), (XDATE(J),J=1,2)

C REC2 : ; ‘
WRITE (IFILE) IGEOM, NREGI, NREGJ, NREGKB, (NMESHX (I) ,XX(I), I=1,NREGI),
1 (NMESHY (I),YY(I),I=1,NREGJ), (NMESHZ(I),ZZ(1),I=1,
2 "NREGKB) , NTNUC, 1235, LXES, (NISO(I),I=1,NTNUC),, NHVNUC,
3 (IHVNUC (I),AMASS (I), I=1, NHVNUC) , NMAT
WRITE (IFILE) (MTNAME(I), IFORS(I),VOLFS(I),VOLFR(I),I=1,NMAT)

C REC3

WRITE (IFILE) NBATCH

C REC4
IF (NBATCH.EQ.0) GOTO.110
DO 100 NB=1,NBATCH
WRITE (IFILE) ((ocom(Jg,1),J=1,18),1=1,2) ,NOB, NOC,NSBSTP,
(IDATE(I), I=1,2), (PERIO(I),I=1,NSBSTP),
(AVRPO(I), I=1,NSBSTP), ACPOW,AVFTPH, AVMTPH, NOFCOR,
((1p(J,1),9=1,2), (((LXYZ (K, J,N,I),K=1,2),J=1,3),
N=1,MXYZF), IFSAME (I), I=1,NOFCOR),
NOCCOR, ((IDC(J,I),J=1,2), (((LCXY(K,J,N,I),K=1,2),
J=t,2),N=1,MXYZC), (CLOCZ (J,I),J=1,NSBSTP), (LCZ(J,I),
J=1,NSBSTP) , I=1,NOCCOR)

~N o G W

100 CONTINUE
110 CONTINUE

C RECS5
WRITE (IFILE) NFE,NFT,NOT, NRKEMX, NRK1MX, NRKOMX

C REC6
IF(NFT.GT.0) THEN
WRITE(IFILE) ( (FTCOM (J, I),J=1,2),NREGKF (I),NREGKL (I),I=1,NFT),
1 ({VOLF (K, I), (TZINV(K,J,I),J=1,NHVNUC),
2 K=1,NREGKL (I)), I=1,NFT),
3 ( (MATSPC (J,I),J=1,NREGKF(I)),I=1,NFT)
ENDIF )

C REC7
" IF(NOT.GT.0) THEN :
WRITE (IFILE) ((QTCOM (J, I),J=1,2),NREGKO (I),I=1,NOT),
1 : ( (MATSPO (K, I),K=1,NREGKO(I)),I=1,NOT)
ENDIF )

C RECS8

IF(NFE.LE.0) GOTO 999
DO 200 NF=1,NFE _ —
WRITE (IFILE) (IDENT(I),I=1,2),NFTYPE,(BURNUP(I),I=1,2),((BURNUZ(JV

1 : ,K) ,J=1,2),K=1,NREGKL1 (NFTYPE) ),

2 ((ZINV (J,K),J=1,NTNUC) ,K=1, NREGK1 (NFTYPE) ),

3 STATUS, IBCORR, (IDATEF (J),Jd=1,2),NLOAD,

4 (((LXYZF(J,I,K),J=1,2),I1=1,3),K=1,NLOAD),NHIS
C RECO

IF(NHIS.LE.O) GOTO 200
DO 210 NH=1,NHIS
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WRITE (IFILE) NOB1,NOC1,NSBST1, (IDATEH (J),J=1,2) , (PERIOLl.(J),J=1,
NSBST1), ( (POWZ (J,K) ,J=1,NSBST1) ,K=1,NREGK1 (NFTYPE) ), '
({(ZFTEMP (J,K) ,J=1,NSBST1) ,K=1, NREGKB),

( {(ZMTEMP (J,K) ,J=1,NSBST1) ,K=1, NREGKB), )

ACBURN, (ZABURN (J) ,J=1,NREGK1 (NFTYPE) ) ; NLOADH,"
(((LxYz1(J,I,K),J=1,2),I=1,3),K=1,NLOADH)

s WP

200 CONTINUE
210 CONTINUE
999 CONTINUE

(3) Detailed contents of the history file with variable names

Record 1 ' Header
HEADER(1-18,1-2)
7 Comment (2*72 characters=2%*18A4)
XDATE(1-2) Date of the final update by 8 characters (2A4)

Record 2 - Control variables for diffusion calculation
IGEOM Geometry type
=1 1D slab (X)
-2 1D cylinder (R)
=3 1D sphere (Rs)
=4  notused
=5  notused
=6 2Dslab(X-Y)
=7 2D cylinder (R-Z)
=8 2D disk (0-R)
=9 2D hexagonal (Xy-Yy)
=10 2D triangular (Xt-Yr)
=11 3D slab (X-Y-Z)
=12 3D cylinder (6-R-Z)
=13 3D hexagonal (Xg-Yg-Z)
v =14 - 3D triangular (X«Vr-YT-Z)
NREGI Region division number in X direction

NREGJ Region division number in Y direction

NREGKB Region division number in Z direction

NMESHX() Mesh division numberr in each Region in X direction
XX{(i) - Regioh size (cm) inX directidn, i=1,NREGI
NMESHY(}) Mesh division number in each Region in Y direction
YY()) Region size (cm) in Y direction, j/=1,NREGJ

NMESHZ(k) Mesh division number in each Region in Z direction



JAEA-Data/Code 2007-003

ZZ(k) Region size (cm) in Z direction, A~1,NREGKB

NTNUC Number of depleting nuclides registered ,
L235 S Position of the reference nuclide in the depleting nuclide table. The

-reference nuclide is used for measure of burn-up by the depleting fraction
~ of number density. U-235 is used as default, but it may be replaced (cf.
S - Sect.2.11 in the SRAC manual®) , |
LXES - Position of Xe-135 in the depleting nuclide table.

NISO(/) ' Name of depleting nuclide by 4 characters, /=1, NYNUC

NHVNUC Number of heavy nuclides registered

THVNUC(m) Position of heavy nuclide in the depleting nuclide table, m=1, NHVNUC
AMASS(m) Mass of heavy nuclide, m=1, NHVNUC

NMAT Number of materials registered -

MTNAME((n) Name of material by 8 characters, n=1,NMAT"

IFORS(n) Material type

=0 non depleting material
=1 fissionable depleting material (usual fuel)

=2  non-fissionable depleting material -

=3  blackness
VOLFS(n) Correction factor used to convert burn-up unit (cf. Bloék—i -10 in
U Sect3.1) ’,
VOLFR(n) Fraction of fuel meat in the material (always 1.0 in COREBN)
Record3 Control variables on opei‘ation record
NBATCH Number of operation batch
Record 4 Operation record at each batch
OCOM(1-18,1-2) Comment on this operation batch (2*72 characters: 2*18A4)
NOB Serial batch number
NOC Cycle number (one cycle consists of one or more batch(es))
NSBSTP Number of burn-up steps of this batch
IDATE(1) Date to start operation by 6 digits : YYMMDD
IDATE(2) Date to shut down operation by 6 digits : YYMMDD
PERIOD(i) Operation period (hour), =1 ,NSBSTP
AVRPO(i) Average thermal power (MWt) during the i-th step
ACPOW(i) ~  Integrated thermal power by burn-up (MWd)
AVFTPHH Average fuel temperature (K)
AVMTPH Average moderator temperature (K)

NOFCOR Number of fuel elements in the core



ID(m)
LXYZ(1,1,*,m)

CLXYZ2,1,%m)

LXYZ(1,2,*,m)
LXYZ(2.2,%,m)
LXYZ(1,3,%,m)
LXYZ(2,3,%,m)

IFSAME(m)
NOCCOR
IDC(n)
LCXY(1,1,*,n)

LCXY(2,1,%,n)
LCXY(1,2,%,n)
LCXY(2,2,*,n)
CLOCZZ(i, n)

LCZ(i, n)
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Name of individual fuel element by 8 characters, m=1,NOFCR

Region number in X direction to start loading m-th fuel element

%> denotes serial spéciﬁcation number (cf. Block-5-1 in Sect.3.2),

m=1,NOFCOR

Region number in X direction to finish loading the m-th fuel element
Region number in Y direction to start loading the m-th fuel element
Region number in Y direction to finish loading the m-th fuel element
Node number located in the first Plane of the m-th fuel element

Voiume correction factor for the m-th fuel element located at the center of
symmetry (cf. Block-5-1 in Sect.3.2)

Specification of symmetric condition (cf. Block-5-1 in Sect.3.2)

Number of control elements in the core

7 Name of individual control element by 8 characters, =1, NOCCOR

Region number in X direction to start loading the n-th control element

“*> denotes serial specification. number (cf. Block-6-1 in Sect.3.2),
n=1,NOFCOR

Region number in X direction to finish loading the n-th control element
Region number in Y direction to start loading the n-th control element
Region number in Y direction to finish loading the n-th control element
Insertion depth of the n-th control element at the i-th burn-up step

This item is merely users comment and not used in the calculation

Node number of the n-th control eleﬁent located at the first plane.

(At the full insertion from front, it makes LCZ=1)

Control variables for fuel element and non-fuel element

NFE .
NFET

NOT
NRKFMK
NRK1IMX

NRKOMX

Number of fuel elements registered

Number of fuel element types

Number of non-fuel element types

Maximum number of nodes amorig whole fuel elements

Maximum number of nodes in effective fuel part among whole fuel
elements

Maximum number of nodes among whole non-fuel elements

Specification of individual fuel element type

FTCOM(1-2,m)
NREGKF(m)
NREGK ()
VOLF(k1,m)

Narme of each fuel element type by 8 characters (2A4), m%l,NFT
Total number of nodes, (if 1D or 2D, NREGKF(m)=1)

Number of depleting nodes ( if 1D or 2D, NREGK(m)=1)
Volumes of depleting nodes k1=1,NREGK(m) '
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TZINV(k1,/,i) Initial inventories (gram) of heavy nuclides (;'=I,NHVNU C) in node i on
' region k1 :
MATSPC(k,m) ~ Material number of each node &=1,NREGKF(m)
‘ Material is numbered in the order of registration into Record 2
Record 7 Specification of non-fuel type

OTCOM(1-2,n)

Name of each non-fuel element type (»=1,NOT) by 8 characters (2A4)

NREGKO(n) Total number of nodes (if 1D or 2D, NREGKO(n)=1)
MATSPO(k,n) Material number of each node &~=1,NREGKO(r)
' Material is numbered in the order of registration into Record 2
Record 8 - Specifications of individual fuel element (NFE elements)
IDENT(1-2) Name of fuel element by 8 characters (2A4)
NTYPE Fuel element type number 7 »
Type is numbed in the order of registration of MTNAME into Record2
BURNUP(1) Average burn-up (MWd/element) per element
BURNUP(2) Depleting fraction of number density of the reference nuclide (%)
BURNUZ(1,kl) = Axial distribution of burn-up (MWd/node), k1=1, NREGK 1(NFTYPE)
BURNUZ(2,k1)  Axial distribution of depleting fraction of the reference nuclide (%)
ZfNV(z',kl) Number densities (particle 10**/cm’)of depleting nuclides (=1,NTNUC)
l in each node : They are updated after the termination of core burn-up
calculation while Xe-135 concentration is determined by following the
_ correction option (cf. Sect.1.3) -
- STATUS Status of fuel element expressed by 4 characters (A4)
' =_NEW(thé first character is blank): new fuel
: =CORE : " loaded in the core
=COOL : cooled out of the core
=WEST : spent fuel
IBCORR Status of update by HIST code
=0~ no update
=1  updated except number densities
=2 fully updated |
IDATEF . - Date for initialization of the history file (YYMMDD)
IDATEF @) Date for delete unnecessary record (YYMMDD)

The followings show loading position of fuel elements at the latest irradiation.

NLOAD

Number of loading position specifications (cf. Block-5-1 in Sec.3.2) of

this fuel element '
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LXYZF(1,1,k) Region number in X direction to start loading, ~=1,NLOAD -

LXYZF(2,1,k) Region number in X direction to finish loading

LXYZF(1,2,k) Region number in Y- direction to start loading

LXYZF(2,2,k) Region number in Y direction to finish loading

LXYZF(1,3,k) Node number located at the first Plane (cf. Block-5-1 in Sect.3.2)

LXYZF(2,3,k) Volume correction factor for the element Jocated at the center of
| symmetry (cf. Block-5-1 in Sect.3.2) ‘

NHIS ~ Number of repetitions of Record 9
Record 9 Burn-up history specified by Record 8, /NHIS/*NFE times
NOB1 Serial batch number
NOC1 Cycle number |
NSBST1 Number of burn-up steps in this batch -
IDATEH(1) Date to start operation (6 digits: YYMMDD)
IDATEH(2) Date to. shut down (YYMMDD)
PERIOI1(y) Operation period (hour) of each step
POWZ(j k) Thermal power(MWt/node) of each node (k=1,NREGKB) by step

(=1,NSBBBST1) .
ZETEMP(j k) Fuel temperature of each node by step
- ZMTEMP( k) Moderator temperature of each node by step

ACBURN Average burn-up (MWd/element) at the end of operation
ZABURN(j,k) Average burn-up (MWd/node) of each node at the end of operation
NLOADH Number of specifications of loading position

LXYZ1(1,1,k) Region number in X direction to start loading, /=1,NLOADH

LXYZ1(2,1,k) Region number in X direction to finish loading - '

LXYZ1(1,2,k) - Region number in Y direction to start loading

LXYZ1(2,2,k) Region number in Y direction to finish loading

LXYZ1(1,3,k) Node number located at the first Plane (cf. Block-5-1 Sect.3.2)

LXYZ1(2,3,k) Volume correction factor for the element located at the center ~of
symmetry

— 88 —
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4.2 1/O Files of HIST

(1) List of I/O files

Logical unit Data format Contents
1 VB scratch (always required)
5 -~ FB standard input
6 FB ' standard output
(10 through 20) VB 1/O interface of the history file,
' Unit is specified, but use 10 through‘20.
- 49 VB This unit is always used as an interface to open / close /

read / write / delete a PDS member

50 FB ‘ scratch to keep standard input data

51 FB scratch to keep direétory path name and list of members of
7 MACRO file : ',

52 FB Defaulted registration of depleting nuclides and their

v masses (can be updated by user).
(90) \ VB PS organization of MACRO file. Unit number (usually 90)
is specified in input.

97 FB Brror message in reading PDS file.

FB: formatted text ﬁle VB: unformatted binary file
(2) Contents of file unit 51

The file assigned to unit 51 is required to access MACRO file (PDS). This file is created by
the following shell-script before starting HIST code, and deleted after the job (cf. Sect.5.2).

# XDR. : Directory name of MACRO(PDS) file
# TMP : Name of PDS member list file
Set XDR =. /home/okumura/crbn/smpl/macro -
Set TMP = /home/okumura/tmp.dat
echo S$XDR > S$TMP
cd $XDR

ls -1 2??22?[AFD]?7? >> $WKDR/tmp SDATE

In the file created by the above shell script, the path name and member list are written as

shown below. The HIST code access to PDS file by referring these information.

/home/okumura/crbn/smpl /macro
FUS8A010 FU98A0IN FU98A01Z FU98A110 FU98ALl1N FU98A11Z
FU98A210 FU98A21IN FU98A21z FU98A310 FU98A31N FUS8A31%Z
FU98A410 FU98BA41N FU98A417Z ...
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Note that the members are not used in HIST or COREBN unless the fifth character is any of

A, F, D. They may stay in the file, but they waste the memory.

(3) Contents of file unit 52

The file assigned to unit 52 is read at the initialization of the history file. This file stores the

defaulted set of depleting nuclides and their atomic masses used for calculation of heavy nuclide

inventory. The contents of file may be prepared by the user. Data should be prepared in the SRAC free
format (cf. Sect.2.1 in the SRAC manual? ). The structure of the file is as follows;

- Block-1
NHV

NFP
NBP

Block-2
ANMU

Block-3
ISOTB

IDEFT

AMASS

13/
Total number of heavy nuclides on the file
Total number of FP nuclides on the file
Total number of burnable poison nuclides

v

Conversion factor AMASS entered by Block-3 into atomic mass unit (amu). If
AMASS is described by amu unit, enter 1.0.

, /A4,1,1/
Nuclide name by 4 characters
Enter nuclide name under the rule of SRAC like XU05, XU08.

= 0 notuse as defaulted depleting nuclide
> 0 use as defaulted depleting nuclide

Especially if IDEFT=2, use as defaulted heavy nuclide

Relative atomic mass
While -unit is arbitrary, enter the value to make it in amu unit by multiplying
ANMU. Enter usually neutron mass unit relative to reduced neutron mass as

described in data book.

Repeat Block-3 NHV+NFP+NBP times. Ordering is arbitrary.

The registration of this set of nuclides becomes effective by specifying NTNUC=0 or
NHVNUC=0 in Block-1-3 of Sect.3.1 for the use of the defaulted set of nuclides. Even if depleting
nuclides or heavy nuclides are specified by Block-1-11 or Block-1-12 without using the defaulted set,

atomic masses for heavy nuclides are read from this file.
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The nuclides registered as heavy nuclide are given the atomic masses from this file into the
history file, and they are used in the heavy nuclide inventory calculation. If the total weight of FP
nuclides is necessary, non-heavy nuclides may be registered as heavy nuclides. |

The following is a sample file (current standard set) which cover nuclides treated in the
burn-up chain models of SRAC. In this sample, the defaulted set of heavy nuclides includes 9 nuclides
of U-235, U-236, U-237, U-238, Pu-238, Pu-239, Pu-240, Pu-241, and Pu-242.

g *xkdkkk* Mass Table for HIST code (Read from the 52th Device) ******k%x

29 66 1 / Number of Registered Nuclide in This Table (Heavy, FP,BP)
1.008665 / Conversion Factor from AMASS to Atomic Mass Unit (amu)

. & _______________________________________________________________________
& - ISOTB : Nuclide Name (A4) on SRAC Rule )

& IDEFT : =0 Not Use as default Burnable Nuclide Table

& >0 Use as Default Burnable Nuclide Table

gr*xxx*xkx* Mass Table for HIST code (Read from the 52th Device) ****¥xkxx
29 185 0 / Number of Registered Nuclide in This Table (Heavy, FP, BP)
1.008665 / Conversion Factor from AMASS to Atomic Mass Unit (amu)

& _______________________________________________________________________
& ISOTB : Nuclide Name (A4) on SRAC Rule

& IDEFT : =0 Not Use as default Burnable Nuclide Table

& >0 Use as Default Burnable Nuclide Table

& =2 Use as Default Heavy Nuclide Table

& IDEFT>0 for u4cm6fp50bpl6 chain

& AMASS . : Relative Atomic Mass (Usually Neutron Mass Unlt)

& _______________________________________________________________________
. &ISOTAB IDEFT AMASS (Free Format of SRAC System)

o ————— ( Heavy Nuclide )------- e e e ——————— ’
XTHO 0 228.057 / 1 TH230

XTH2 0 230.045 / 2 TH232

XPA1 0 229.051 /- 3 PA231

XPA3 0 231.038 / 4 PA233

Xu02 0 230.044 / 5 U-232

XU03 0 231.038 / 6 U-233

XU04 1 232.030 / 7 U-234

XU05 2 233.025 / 8 U-235

XU06 2 234.018 / 9 ' U-236

XU07 2 235.013 / 10 U-237

XU08 2 236.006 / 11 U-238

XNP6 0 233.973 / 12 NP236

XNP7 1 235.012 / 13 NP237-

XNP9 1 236.999 / 14 NP239

XPU6 - 0 234.018 / 15 PU236

XPU8 2 236.005 / 16 PU238

XPU9 2 236.999 / 17 PU239

XPUQ 2 237.992 / 18  PU240

XPU1 2 238.986 -/ 19 PU241

XPU2 2 239.979 / 20 PU242

XAM1 1 238.986 / 21 AM241

XAMG 1 239.981 / 22 AM242

XAMM 1 239.981 / 23  AM242M -

XAM3 1 240.973 / 24 AM243

XCM2 1 239.980 / 25 CM242

XCM3 1 240.972 / 26 CM243

XCM4 1 241.966 / 27 CM244

XCM5 1 242.961 / 28 CM245

XCM6 1 243.953 / 29 CcM246

§——mm FP Nuclides ====———mmmmm—mm o

XGE3 0 72.373 / 1 GEO073

XGE4 0 73.364 / 2 GE074

XGE6 0 75.347 / 3 GEO076
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XAS5 0 ~74.356 / 4 AS075
XI05. 1 133.84 / 107 I-135
XXEG 0 124.918 / 108 XE126
XXES 0 126.9 / 109 XE128
XXE9 0 127.892 / 110 XE129
XXEO "0 128.883 / 111 XE130
XXE1 1 129.875 /- 112 XE131
XXE2 0 130.866 / 113 XE132
XXE3 1 131.857 / 114 XE133
XXE4 0 132.849 / 115  XE134
©. XXES5 1 133.84 / 116 XE135
XXE6 0 134.832 / 117 XE136
XCS3 1 131.857 / 118 (CS133
XCS4 1 132.849 / 119 CS134
XCS5 1 133.84 ./ 120 (CS135
XCS6 0 134.832 /. 121 CS136
XCs7 1 135.823 / 122 .Cs137
G —————— BP Nuclides =~~—————————"—""—"—"———~~—
XBOO 0 9.927 / 1 B-010
XHE6 0 174.488 / 12 HF176
XHF7 0 175.479 / 13 HF177
XHF8 0 176.471 / 14 HF178
XHF9 0 177.462 / 15 HF179
XHF0 0 178.454 / 16 HF180
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4.3 1/0 Files of COREBN

Unit Data Format* Content
1 VB Scratch (always neces‘sary)
2 VB Scratch (always necessary)
3 VB - Scratch (always necessary)
5 FB - Standard Input
6 FB Standard Output(Error Message only, Results are on Unit 99)
9 VB Point-wise neutron flux (NGC6>0), or forward and adjoint fluxes used
for perturbation calculation. -
10 VB Scratch (always necessary)
11 VB Scratch (always necessary)
13 VB Required if IREST0>0 or IREST1>0. I/O of restart data
14 VB Scratch (always necessary) for macroscopic cross-sections
15 VB Equation constants used in the iteration. Use of fast devise is effective for
fast convergence ' '
16 VB Scratch (always necessary) -
18 VB Scratch for kinetics parameter calculation
19 VB Scratch (always necessary) _
26 VB Scratch for kinetics parameter calculation and stdrége of restart data
31 FB Scratch to provide macroscopic cross-sections from COREBN to
CITATION
32 VB - Redui_red if NGC7>0 for point-wise thermal power
50 FB Scratch (always necessary) for storage of standard input
.89 VB Scratch (always necessary)
90 VB PS file converted from MACRO (PDS) file
91 FB Scratch (always ne’cessarjr) for storage of CITATION input
92 VB Input history file -
93 VB Output history file ‘
94 FB Scratch (always necessary) for storage of CITATION input
95 FB Scratch (always necessary) '
96 VB Scratch (always necessary)
97 VB Scratch (always necessary)
98 VB Required if IRESTO0>0 or IREST1>0 for I/O of restart data
99 FB Print output for whole calculation '

. FB: formatted text ﬁle; VB: unformatted binary file
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5. Job Control Statements for HIST

5.1 Shell-script for Creation of Executable

An example of shell-script is shown below for creation of an HIST executable for the LINUX
machine using g77/gcc compilers. The Fortran sources of SRAC part are commonly used by HIST

code.

#1/bin/csh

Y Y T T s T a2 IR L s LTS R R
¥

# << Create HIST executable >>

¥

S Y Y T T EE T S S IS S s e e e a S E S S S d ki
#

alias rm rm
alias cp cp
alias cd ~cd

alias mkdir mkdir
alias echo echo

#
fo—m—————— Set Directory Name and Compile Driver & Options
#
set CRBN DIR = /home/okumura/code/SRAC2K6/COREBN
set SRAC_DIR = /home/okumura/code/SRAC2K6/SRAC
i 7 -
set F77 = g77 :
set FFLAGS = "-fno-automatic -finit-local-zero -02 -funroll-loops"”
set CcC = gcc
set CFLAGS = "-DPOSIX C"
set = LDFLAGS = -static
o Set Load Module Name & Directory Name of Include Statement
# .
# The same include file used for corebn code should be used for hist code.
set LMN = $CRBN_DIR/bin/HIST.100m
set INC = $CRBN_DIR/src/inc/crbnlOOm
#
o Make Working Directory --——---—-————————————————r————————
4 , .
set DATE = “date +%Y.%m.%d.%H.%$M.%S°
set WKDIR = $CRBN. DIR/tmp/tmpHIST.$DATE
mkdir S$WKDIR
#
- Copy Source Programs into Working Directory —-—---—-----
#
cd SCRBN-DIR/src
cp hist/*.f SWKDIR
cd $SRAC_DIR/src
cp extnl/*.f $WKDIR
cp extnl/*.c SWKDIR
cp common/*, f SWKDIR
cp $INC/*INC SWKDIR
echo "--- all source programs are copied into temporary directory ---"
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#
#-—--->---- Compile C programs —=———-—————=———w——
# .
cd SWKDIR
- 8CC -c SCFLAGS *.c
echo "--- end compile process for C-programs —---"
# .
o Compile F programs =—-—=————————m=————
#
$F77 -c SFFLAGS *.f
echo "--- end compile process for Fortran-programs —---"
#
e Link all objects ~-—-—-—--
#
$F77 -o $LMN S$FFLAGS *.o SLDFLAGS
echo "--- end linking process ---"
#
o Remove Working Directory ---------- -
#
cd ..
rm ~r S$WKDIR
echo "--- temporary directory deleted --="
#
o End Process —-———————=mm————————— e

Without use of the above shell-script, user can easily install the HIST code by using an interactive
installation command (@PunchMe) equipped in the COREBN files.

3.2 Shell-script for HIST Execution

The following is an example of the shell-script to execute the HIST code.

#1/bin/csh
FHEE A F R F SR R R R R R R R R 44
#
# << run HIST >>
#
FEEE AR R AR R R R R R R R R R R R R R R R R R 4
# sample problem HTinit : Initialization of a History File
FhEFE AR AR R R A R R R S R
.

alias mkdir mkdir

alias cat cat

alias 1s 1s
alias echo echo
alias rm rm
alias cd cd
# .
f============= GSet by user
#
# LMN : 'load module name of HIST
# ODR : directory name in which output data will be stored
# IDR : directory name in which input data(case.inp) 1s located
# XDR : directory name of MACRO PDS file
# HTO : directory name and file name of old history
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# (not necessary if initialization)
# HTN : directory name and file name of new history
# PsX : directory name and file name of PS converted MACRO
# to be made by option-99
# CASE : case name which is referred as names of output files
# WKDR : directory name in which scratch PS files will be made and deleted
4 .
set CRBN_DIR = SHOME/SRAC2k6/COREBN
set SMPL_DIR = $CRBN_DIR/smpl
set LMN = HIST.100m
set ODR = $SMPL DIR/X1D/outp
set XDR = $SMPL_DIR/macroPDS
set HTO = .
set HTN = $SMPL DIR/X1D/outp/HIST.BO1C
set PSX = $SMPL_DIR/macroPS.dat
set CASE = HTinit
# .
#============= Change 1f you like
# .
~set LM = $CRBN_DIR/bin/$LMN
set TAB = S$CRBN DIR/lib/standard
set DATE = “date +%Y.%m.%d.%H.%M.%S°

set WKDR = $HOME/HISTtmp.$CASE.S$DATE
mkdir $WKDR_

set OUTLST = S$SODR/S$SCASE.HFT06.S$DATE
# setenv full S$HTO

setenv fu20 S$HTN

setenv  fu52 S$STAB
# setenv fu90 $PSX

f============= - Generate a member list file for PDStoPS

echo $XDR > S$WKDR/tmp.S$SDATE
cd $XDR

ls -1 ????[AFD]??? >> $WKDR/tmp.S$DATE
setenv fu51 S$WKDR/tmp.$DATE

f=============Exec HIST code with the following input data

cd SWKDR
cat - << END DATA | SLM >& SOUTLST

Kk hkhkkkhkhhhhkkdrhdkxhkdkhkdhkxkkxkhdhhk

* Input data for HIST code *
***‘k**‘k‘k**‘k*‘k‘k‘k‘k*\k**‘k**********

1 0 10 / Block-1-1

Sample for 1-Dimensional Slab Core
Burnup for 3.0w/o Enriched Fuel Assembly
1 21 00 671 7 / Block-1-3

'END_DATA

f============= Remove temporary file

cd SHOME
rm -r SWKDR
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5.3 Modification of Fixed Size of Arrays

The HIST is the code to manage the history file and makes I/O process in a short CPU time.
For this reason, it does not adopt variable length array bﬁt fixed length arrays. Most of sizes of arrays
are defined by parameter statements. If modiﬁcétion of sizes of fixed length arrays is required, it is .
achieved by modifying the parameter Values vdescribed in the include files and recompiling to create a
new executable. The include files setting the standard values are under the following directory.

$CRBN_DIR/crbn/src/inc/usrine/ ‘ |

~ where, $CRBN DIR is the mstalled top dlrectory e.g. /home/okumura/COREBN

This dlrectory involves the following 12 files.

a

File name Code applied : Contents
RECOINC HIST Dimensioning of COMMON/REC1/
REC02NC HIST Dimensioning of COMMON/REC2/
RECO3NC - HIST : Dimensioning of COMMON/REC3/
REC04NC  HIST Dimensioning of COMMON/REC4/
RECO5NC HIST Dimensioning of COMMON/RECS5/
RECO6NC HIST  Dimensioning of COMMON/REC6/
RECO7NC HIST - Dimensioning of COMMON/REC7/
RECOSNC = - HIST Dimensioning of COMMON/RECS/
RECOSNC ‘ HIST Dimensioning of COMMON/RECY9/
MAINCINC : COREBN 'Diniensioning of a variable array
CITPMINC . COREBN  Dimensioning of a fixed array

CRBPMINC HIST & COREBN Dimensioning of fixed length arrays in HIST & COREBN

The contents of RECO1INC through RECO9INC ‘are dimensioning of COMMON arrays for organizing
the history file as shown in Sect.4.1. For example, the content of REC02INC is as follows;

COMMON /REC2/ IGEOM,NREGI,NREGJ,NREGKB,NMAT,NTNUC, NHVNUC,
NMESHX (MAXX) , XX (MAXX) , NMESHY (MAXY) , YY (MAXY),
NMESHZ (MAXZ) , 2Z (MAXZ) , MTNAME (MAXMTN) , IFORS (MAXMTN) ,
VOLFS (MAXMTN) , VOLFR (MAXMTN) , L235, LXE5, NISO (MXISO), .
IHVNUC (MXHVIS) ,AMASS (MXHVIS)

> W N

What decides the sizes of the arrays is the contents of the file CRBPMINC where the sizes of fixed

length arrays are defined by the following parameter statements.

€ FOR CORE BN = = o o o e e e e e e
PARAMETER ( MAXII=50,  MAXNO=100 ) ' ' .
C FOR COREBN & HIST = mmm o o o e e e
PARAMETER ( NBSTPM=30, NSBSMX=20, MAXMTN=100 )
PARAMETER ( NOFCMX=800, NOCCMX=50, MXYZF=4, MXY%C=4 )
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PARAMETER ( MXISO=110, MXNUC=110 )
PARAMETER ( MAXMEM=800 ) ,
C FOR HIST-———————=—mommm e mm e e e

PARAMETER ( MAXX=250,  MAXY=250, MAXZ=250,
& MXHVIS=25, , '
& MAXFT=50,  MAXKF=50 , MAXK1=50,
& MAXOT=50,  MAXKO=50 )

PARAMETER ( MAXWRK=500000 )
PARAMETER ( MAXK1I=MAXK1*MXISO, MAXK1H=MAXK1*MXHVIS )

This include file is commonly used in HIST and COREBN codes. The first statement is exclusively for
COREBN, the succeeding 4 statements for common use of both codes, and lower 6 statements are for

uniquely HIST. The meaning of these parameters is as follows;

Parameter Standard Code* Contents
name value applied ' (upper limit)
MAXI 50 C Number of inputs for non-fuel elements into overlay zones
MAXNO 100 C Number of overlay zones for non-fuel elements -
NBSTPM 30 C&H Number of burn-up steps on cross-section table
NBSSMX 20 C&H Number of burn-up steps in core burn-up calculation
NOFCMK 800 C&H Number of fuel elements loaded in an operation
"NOCCMK 50 C&H  Number of control elements Joaded in an operation
MXYZF 4 C&H Number of position specifications of an fuel element
MXYZC : 4 C&H Number of position specification of a control element
MXISO 110 C&H Number of depleting nuclides on the composition table (caseDNxT)
MXNUC 110 C&H - Number of depleting nuclides of which number densities are traced
MAXMEM 800 C&H Number of members on MACRO file on PS organization
MAXMTN 100 C&H  Number of materials
MAXX o250 H Number of Regions in X direction
MAXY 250 H Number of Regions in Y direction
"MAXZ 250 H Number of Regions in Z direction
MXHVIS 25 H  Number of heavy nuclides for inventory calculation
MAXFT 50 H Number of fuel element types
MAXKF - 50 H Number of nodes in Z direction in Z direction
MAXOT 50 H Number of non-fuel element types
MAXK1 50 H Number of depleting nodes
MAXWRK 500000 H Work area size to store whole members on PDS file to convert into PS

organization
MAXKII=MAXKI*MXISO
MAXK1H=MAXKI*MXHVIS

MAXKII
MAXKIH

= =

* C: COREBN, H: HIST
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6. Job Control Statements for COREBN

6.1 Shell-script for Creation of Executable

An example of shell-script is shown below for creation of an COREBN executable for the
LINUX machine using g77/gcc compilers. The Fortran sources of SRAC part are commonly used by
COREBN code. '

#!/bin/csh .

FEEF RS R R R R R R R R R R R R R R R R
#

# << Create COREBN executable >>

#
FHE A AR R A A A A A
#

alias rm rm

alias cp  cp

alias. cd cd

aliasr mkdir mkdir
alias echo echo

- Set Directory Name and Compile Driver & Options

set CRBN_DIR = /home/okumura/code/SRAC2K6/COREBN
set SRAC_DIR = /home/okumura/code/SRAC2K6/SRAC

# .
‘set F77 . = g77
set FFLAGS = "-fno-automatic -finit-local-zero -02 -funroll-loops"
# .
set cc = gcc
set CFLAGS = "-DPOSIX C"
set LDFLAGS = -static
# .
o Set Load Module Name & Directory Name of Include Statement
4 )
‘'set  LMN = $CRBN_DIR/bin/CRBN.100m
set INC = $CRBN_DIR/src/inc/crbnlO0m
4 .
Fomm————m . Make Working Directory —-—————————=——omm——
# . . ' :
set DATE = “date +%Y.%m.%d.%H.%M.%S"
set WKDIR = $CRBN. DIR/tmp/tmpCRBN. $DATE
mkdir $WKDIR
# ‘ :
B ettt Copy Source Programs into Working Directbry ——————————
# .
.cd $SRAC_DIR/src
cp extnl/*.f SWKDIR
cp extnl/*.c SWKDIR
cp common/*.f SWKDIR
cp cit/*.f SWKDIR
cd $CRBN_DIR/src
cp crbn/*. £ SWKDIR
cp SINC/* ° SWKDIR
#
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e Compile C programs .——-——-——=——=—————=-—
#
cd SWKDIR
scC -¢ $SCFLAGS *.c
echo "--- end compile process for C-programs ---"
# ' :
Fomm Compile F programs =——-—=-——-——-—-=—---
# .
© $F77 =~c SFFLAGS *.f
~echo "-=- end»compile’process for Fortran-prdgrams ---"
# _ : .
#--———-=-=—-~ Link all objects =-=—--—---
#
$F77 —~o SLMN SFFLAGS *.o SLDFLAGS
echo "--- end linking process --—-"
#
- Remove Working Directory —---—-—---—---
#
cd ..
rm ~r S$WKDIR
echo "--- temporary directory deleted ---"
#
- End Process ———————-————==-—sm——————

Without use of the above shell-script, user can eacilly install the COREBN code by using an
interactive installation command (@PunchMe) equippe(i in the COREBN files.

6.2 Shell-script for COREBN Execution

#!/bin/csh
# ‘ - : ’
FREFRFHEFFSRFAE R A S FEF R AR R R R R R R R R R R R A
# ) ’
# << run COREBN >>
" N . ‘ .
##################################################################
# sample problem CRBNgo : Execute COREBN
##################################################################
¥

alias mkdir mkdir

alias cat cat

alias rm rm
~alias cd cd
# «
f============= Set by user
# ) \
# LMN : load module name of COREBN
# ODR : directory name in which all output data will be stored
# HTO : directory and file name of old history (read only)
# HTN : directory and file name of new history
# PSX : directory and file name of PS converted MACRO (read only)
# CASE : case name which is referred as names of output files
# WKDR : directory name in which scratch PS files will be made and deleted
C#

$HOME/code/SRAC2K6/COREBN
$CRBN_DIR/smpl .~

set CRBN_DIR
set SMPL DIR

— 100 —
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set LMN .= CRBN.100m
set ODR = $SMPL_DIR/X1D/outp

set HTO = $ODR/HIST.BOIC
set HTN = $ODR/HIST.EOLC
set PSX = $SMPL DIR/macroPS.dat
set CASE = CRBNgo »
#
# Change if you like === =
# . :
set LM = $CRBN_DIR/bin/$LMN
set DATE = ‘date +%Y.%m.%d.%H.3%M.%S°
set WKDR = SHOME/CRBNtmp.$CASE.S$DATE
mkdir S$SWKDR
#
set OUTLST = $ODR/S$CASE.CFT06.SDATE
setenv fu99 S$ODR/SCASE.CFT99.S$DATE
setenv fud90 $PBSX
setenv fu9%2 S$SHTO
setenv fu93 S$HTN
# setenv fu09 SODR/SCASE.FLUX.dat
# setenv fu32 S$ODR/SCASE.POWR.dat
# setenv ful3 $ODR/$CASE.REST1.dat
# setenv fu98 SODR/SCASE.REST2.dat
¥ , .
#============= FExec COREBN code with the following input data ============
4 ) o
cd $WKDR

cat - << END_DATA | $LM >& S$OUTLST

Fhkhkdkkhkhkdhkhkkdhkhkhhkhkkdrhhhhkdhkhkhkhhhh

* Input data for COREBN code *

KhkkAhkAkhkRA XA A dkhhbhkdhddr kb dk bk kb hk

Sample for 1-D Slab Core, Upper:Water(lOcm)+Barre1(1OCm)+Nozzle(10cm)
+Plenum(lOcm)+Fuel(140cm)+Nozzle(lOcm)+Barrél(250m}+Water(lOcm):Lower
1 1 14 0 3 960101 960201 0 0 2 1 0 1 1 900. 600.

0.0 240.0 720.0 0.0 / Block-3 : Period (hour)

4(1.44E-2) ) / Block-4 : Power (MWt)=q"'(MW/cc)*140cm*lcm*lcm
** Loading of fuel elements : :
FUEL-001 5 5 1 1 1 -1 0 0 / Block-5-1
FUEL~002 6 6 1 1 1 -1 0 0
024
1 1.062E-3
999
END DATA
#
#======== Remove scratch PS files
# :
cd $SHOME

rm -r S$WKDR

7
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6.3 Modification of Size of Arrays

The COREBN adopts variable length arrays for major calculation. However, several fixed
length arrays are used such that CITATION part originally uses fixed length arrays. If modification of
sizes of fixed length arrays is required, it is achieved by modifying the parameter values described in
the include files and recompiling to create a new executable. The include files setting the standard
values are under the following directory. '

$CRBN_DIR/crbn/src/inc/usrinc/

where, $CRBN_DIR is the installed top directory : e.g. /home/okumura/COREBN
This directory involves the 12 files, as already described, commonly used with HIST code. The
include files used by COREBN are the following three.

(1) MAINCINC . :
On MAINCINC file, parameter to define the total memory size of variable length arrays is
described as ‘PARAMETER (MXSIZE=7000000)’.

In case where this memory size is short, modify this size for remedy.

Parameter Standard Content

Name value

MZSIZE 7,000,000 Total memory size of variable length arrays
(2) CRBPMINC

The contents of the include file CRBPMINC is already described in Sect.5.3 as it is
commonly used with HIST. This file is used in the routines READ, ADRSET, CRBNO1, and CRBN12.

(3) CITMINC ,
, On CITMINC file, parameters to define upper limits of fixed length arrays related to
CITATION part are defined. If number of meshes, regions, or zones exceeds the limit in CITATION

calculation, modify the parameter values.

Parameter =~ Standard Content
Name value '

INTEGER RG$, MS$,ZNES$,ZD$, WZ$

RG§ 310 Upper limit of number of regions in every direction

MS$ 311 Upper limit of number of meshes in every direction
XNWS$ 1000 Upper limit of number of zones (it must be even number)
ZzD$ 1000 Work area

WZ$ 1000 Work area
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7. Sample Input for HIST and COREBN

Sample input data will be introduced for three virtual cores. Each sample data is there under the
directory; |
. ‘$CRBN_DIR/smpl/X1D/ for 1D slab core,

. $CRBN_DIIUsmpl/T RI2D/ for 2D core with triangular meshes
e  $CRBN_DIR/smpl/XYZ3D/ for 3D core in Cartesian coordinates.

Before executions of HIST and COREBN for these sample problems, cell burn-up calcﬁlations
must be carried out with SRAC to prepare necessary macroscopic cross-sections. The followings are
shell-scripts to prepare the cross-sections, which are commonly used for the above three samples. "
o $CRBN_DIR/smpl/makeXS/U 1.sh, U2.sh, U3.sh: shell—scﬁpts to execute cell - burn-up

7 ' calculation Wi;[h SRAC for three different
fuels.
e $CRBN_DIR/smpl/makeXS/PDStoPS.sh : Shell—scripts to execute HIST to convert

PDS(MACRO) file to PS file.
Standard output files obtained by JAEA are kept in the directory outp/ under each sample directory.
(e.g. SCRBN_DIR/smpl/X1D/outp/CRBNgo.CFT99.Sample )

7.1 One-dimensional Core Burn-up Calculation (infinite slab)

The followihgs are sample inputs of HIST and COREBN for a one-dimensional infinite slab
core shown in Fig.7.1-1. As one-dimensional geometry has no concept of node division, each axial
division has to be treated as individual fuel element. Thermal power is given by average power density
(102.81E-6 MW/cm’)x 1lemx lemx effective core height (140cm)=1.44E-2MW¢t where unit lengths

are assumed in transverse directions.

(1) Input of HIST code (Initialization of the history file and registration of fuel eléments)

1 0 10 ' / Block-1-1

Sample for 1-Dimensional Slab Core

Burnup for 3.0w/o Enriched Fuel ‘Assembly

1 21 0 0 6 70 7 / Block-1-3

2223 14(2) 352 / Block-1-4 _
10.0 10.0 10.0 10.0 14(10.0) 10.0 25.0 10.0 / Block-1-5

H20RAQHO 0 / Water Reflector (Background Material)
BARLAOBO 0 . / Core Barel

UNZLAOUO 0 / Upper Nozule

PLNMAOPO 0 / Upper Gas Plenum

LNZLAQLO 0 / Lower Nozule
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U3XXAX10 1 / 3.0w/o Fule

XU04 XUO5 XUO6 XUQ7 XUO08 XNP7 XNPY9 XPU8 XPU9 XPUO
XPU1l XPU2 XAM1 XAMG XAMM XAM3 XCM2 XCM3 XCM4 XCM5
XCM6 _ -

XKR3 XZR5 XNB5 XMO5 XTC9 XRUL XRU3 XRH3 XRH5 XPD5
XPD7 XPD8 XAG7 XAGY9 XI05 XXEL1 XXE3 XXE5 XCS3 XCS4
XCS5 XCS7 XBAO XLAO XPR3 XND3 XND5 XND7 XND8 XPM7
XPMM XPMG XPM9 XSM7 XSM8 XSM9 XSMO XSM1 XSM2 XEU3

XEU4 XEUS5 XEU6 XGD4 XGD5 XGD6 XGD7 XGD8 XGDO / Dep.Nuclide
XU05 XU06 XUO8 XPU9 XPUO XPUl XPU2 / Heavy Metal
************************************************************************
2 10 11 / Block-2-1 o 4
1 / Block-2-2 : Registration of Fuel Element Type
FUELTYP3 1 1 / Block-2-3-1 v
10.0 / Block-2-3-2 : l0cm*lcm*lcm
7(0.0) -/ Block-2-3-3
U3XXAX10 / Block-2-3-4
0 ' / End of Block-2
********************************************)\:**************‘k******‘k*****
3 11 12 / Block-3-1 : Registration of Non-Fuel Element Type
1 / Block-3-2 : Upper Core Barrel
UPER-BAR 1 ; -
BARLAOBO .
1 / Block-3-2 : Lower Core Barrel _
LOWR-BAR 1
BARLAOBO
1 / Block-3-2 : Upper Nozzle
UPER-NZL 1
UNZLAOUO
1 / Block-3-2 : Lower Nozzle
LOWR-NZL 1 . '
LNZLAOLO
1 . / Block-3-2 : Gass Plenum
GAS-PLNM 1 '
PLNMAQPO
0 / End of Block-3
*********~k**************************************************************
4 12 20 ~_/ Block-4-1 : Registration of Individual Fuel Element
1 v / Block-4-2 '
FUEL-001 - FUELTYP3 0 .0 2(0.0) . / Block~-4-3-1
0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0) / Block-4-3-3
FUEL-002 FUELTYP3 1 1 2(0.0)
FUEL-003 FUELTYP3 1 1 2(0.0)
FUEL-004 FUELTYP3 1 1 2(0.0)
FUEL-005 FUELTYP3 1 1 2(0.0)
FUEL-006 FUELTYP3 1 1 2(0.0)
FUEL-007 FUELTYP3 1 1 2(0.0)
FUEL-008 FUELTYP3 1 1 2(0.0)
FUEL-009 FUELTYP3 1 1 2(0.0)
FUEL-010 FUELTYP3 1 1 2(0.0)
FUEL-011 FUELTYP3 1 1 2(0.0)
FUEL-012 FUELTYP3 1 1 2(0.0)
FUEL-013 FUELTYP3 1 1 2(0.0)
FUEL-014 FUELTYP3 1 1 2(0.0)
0 0 2(0.0) */ End of Block-4

**************‘k*‘k******************k*k‘k*k‘k‘***************‘k‘k***‘k*‘k**********

6 20 0 / Block-6-1

8 20 O / Block-8-1
9 20 0 / Block-9-1
0 0 0

/ End of All
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(2) Input of COREBN

Sample for 1-D Slab Core, Upper:Water (1l0cm)+Barrel (10cm)+Nozzle (10cm)
+Plenum(10cm) +Fuel (140cm)+Nozzle (10cm) +Barrel (25cm) +Water (10cm) : Lower
1 1 14-0 3 960101 960201 0 0 2 1 0 1 1 900. 600.

0.0 240.0 720.0 0.0 / Block-3 : Period (hour)

4(1.44E-2) . / Block-4 : Power (MWt)=g""' (MW/cc) *140cm*1lcm*1lcm
**. Loading Of fuel elements R R R R R D b R . 1
FUEL-001 5 5 1 1 1 -1 0 0 / Block-5-1

FUEL~002 6 6 1 1 1 -1 Qo 0 -

FUEL-003 7 7 1 1 1 -1 0 0

FUEL-004 8 8 1 1 1 -1 0 0

FUEL-005" - 9 9 1 1 1 -1 0 0

FUEL-006. 10 10 1 1 1 -1 0 0

FUEL-007 11 11 1 11 -1 0 0

FUEL-008 12 12 11 1 -1 0 0

FUEL-009 13 13 1 1 1 =1 0 0

FUEL-010 14 14 11 1 -1 0 0

FUEL-011 15 15 1 1 1 -1 0 o0

FUEL~012 16 16 1 1 1 -1 0 0

FUEL-013 17 17 11 1 ~1 0 0

FUEL-014 18 18 1 1 1 -1 0 0

* % loading Of non_fuel elements ***‘k****‘k*-**‘k*************************‘k‘k
H20RAQHO / Block-7-1 : Background Material = Water Reflector
" UPER-BAR / Block-7-2 '

2 2 1 1 1 / Block-7-3
0.0 0 0 0 / End of Block-7-3
UPER~-NZL

33 11 1

0 O 0 0 0
GAS-PLNM

4 4 1 1 1

0 0 0 0 0
LOWR-NZL

19 19 1 1 1

0 0 0 0 0
LOWR-BAR '
20 20 11 1

o0 00 -0 ‘
/ End of Block-7

* % Input for CITATION ~k*********************************************7]\'***

6 oo 06060 00 00 0O0O0O0OCO0OO010O0O0OTUO0TO

6.0 0 0 0 O0GCO0O0OOCI1IO0O0OO0OOOOO0OOO0OO0OTO
30

0.001

0 00 0O0OO0OOOO.0 0 00 O0O0O0.00000O0O0
0.00010 0.00001
0
024
1 1.062E-3
999
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10cm (2 meshes)
10cm (2 meshes)
10cm (2 meshes)
10cm (3 meshes)

Light water reflector

pper gas plenum -
10cm (2 meshes) |
10cm (2 meshes) |

- Core !

10cm (3 meshes)

25cm (5 meshes) %

10cm (2 meshes) Light water reflector 21

X

Fig.7.1-1 ~ Burn-up calculation model for 1-dimensional slab core problem
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7.2 Two-dimensional Core Burn-up Calculation (Triangular Mesh)

The followings are sample inputs of HIST and COREBN for a core composed by hexagonal
fuel assemblies expressed by two-dimensional triangular meshes as shown in Fig.7.2-1. The initial
loading core is composed by three fuel element types of different enrichments. It is surrounded by one
" layer (one assembly thickness) of light water reflector. The outer boundary is treated as vacuum

boundary by piacing perfect absorber (black absorber). Whereas the core calculation applies 60°
rotational boundary condition, fuel elements occupying at least 1/3 of core as shown in Fig.7.2-2 have
to be registered to continue burn-up calculations after the second cycle by applying refuéling of 3
batch out-in system. Thermal power is glven by the actual total power (3411 MWt) divided by the
effective core height (223 cm) by assuming unit length of reactor helght This value is further divided

by 6 because 1/6 core is under consideration.

(1) Input of HIST code (Initialization of the history file and registration of fuel elements)

1 0 10 / Block~1-1

Sample for 2~Dimensional 1/6 Core with 3 Types of Hexagonal Fuel
Assemblies Divided by Triangular Meshes. (Assembly Pitch=20.6cm)
10 34 17 0 5 70 7 / Block-1-3

34 (1) / Block-1-4 NMESHX

34(5.94671) / Block-1-5 XX

17(1) / Block-1-6 NMESHY
17(11.89342) . / Block-1-7 YY.

H20RAOHO 0 / Radial Water Reflector

BLACKABS 3 / Black Absorber (Background Material)
U3XXAX10 1 / 3.0w/o Fuel

U2XXAX10 1 / 2.0w/o Fuel

UlXXAX10 1 / 1.0w/o Fuel

" XU04 XUO5 XUO6 XUO7 XUO8 XNP7 XNP9 XPU8 XPU9 XPUO
XPULl XPU2 XAMI XAMG XAMM XAM3 XCM2 XCM3 XCM4 XCM5
XCM6 . '

XKR3 XZR5 XNB5 XMO5 XTC9 XRUl XRU3 XRH3 XRH5 XPD5
"XPD7 XPD8 XAG7 XAGY9 XI05 XXEl XXE3 XXE5 XCS3 XCS4
XCS5 XCS7 XBAO XLAO XPR3 XND3 XND5 XND7 XND8 XPM7
XPMM XPMG XPM9 XSM7 XSM8 XSM9 XSMO -XSM1 XSM2 XEU3

XEU4 XEUS XEU6 XGD4 XGD5 XGD6 XGD7 XGD8 XGDO / Block-1-11 Dep.Nuclide
XU05 XU06 XU08 XPU9 XPUO XPUl XPU2 ./ Block-1~12 Heavy Metal
EaE R o R I B e I i b i b e b b b b b R R R R b b b B b b s
2 10 11 / Block-2-1 (1.0w/o Fuel Element Type)

1 / Block-2-2

FUELTYP1 1 1 / Block-2-3-1

367.5 / Block-2-3-2 (SQRT{(3)/2*P*P,P=20.6cm)

7(0.0) / Block-2-3-3

U1XXAX10 / Block-2-3-4

1 / Block-2-1 (2.0w/o Fuel Element Type)

FUELTYP2 1 .1 :

367.5

7(0.0)

U2XXAX10 -

1 / Block-2-1 (3.0w/o Fuel Element Type)

FUELTYP3 1 1

367.5
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7(0.0)

U3XXAX10

0 / End of Block-3

B R R R R R T e R R E LRSS RS SRS SRR SRR S
3 11 12 / Block-3-1 (Non-Fuel Element Type)
1 “ / Block-3-2 ~
REFLECTR - 1 / Block-3-3-1

H20RAQOHO -/ Block-3-3-2

o / End of Block-3
*‘k*****************}k**********************************‘k*****************
4 12 20 / Block-4-1 (Fuel Elements)

1 T / Block-4-2 v :
FUELAOO1 FUELTYP1 0 0-2(0.0) "/ Block-4-3-1 (Type-1)
0.0 7.081E-5 2(0.0) 6.921E-3 65(0.0) / Block-4-3-3
FUELA0Q02  FUELTYP1 1 1 2(0.0)

FUELAOO3  FUELTYP1 1 1 2(0.0)

FUELA0O4  FUELTYPL 1 1°2(0.0)

FUELAOO5 . FUELTYP1 1 1 2(0.0)

FUELAOO6  FUELTYP1L 1 1 2(0.0)

FUELAOO7  FUELTYP1 1 1 290.0)

FUELAOO8  FUELTYPL 1 1 2(0.0)

FUELA009 ~ FUELTYPL 1 1 2(0.0)

FUELAO10  FUELTYP1 1 1 2(0.0)

FUELAO1l  FUELTYP1 1 1 2(0.0)

FUELAO12  FUELTYP1 1 1 2(0.0)

FUELAO13  FUELTYPL 1 1 2(0.0)

FUELAO14  FUELTYP1 1 1 2(0.0)

FUELAO15  FUELTYP1L 1 1 2(0.0)

FUELAOL6  FUELTYPL 1 1 2(0.0)

FUELAO17  FUELTYPL 1 1 2(0.0)

FUELAO18  FUELTYPL 1 1 2(0.0)

FUELAO19  FUELTYPL 1 1 2(0.0)

FUELA020  FUELTYPL 1 1 2(0.0)

FUELAO21  FUELTYP1 1 1 2(0.0)

FUELA022  FUELTYPL 1 1 2(0.0)

FUELA023  FUELTYPL 1 1 2(0.0)

FUELAO24 - FUELTYPL 1 1 2(0.0)

FUELA025  FUELTYPL 1 1 2(0.0)

FUELAO26  FUELTYPL 1 1 2(0.0)

‘FUELA027  FUELTYP1 1 1 2(0.0)

FUELA028  FUELTYP1 1 1 2(0.0)

FUELAO29  FUELTYP1 1 1 2(0.0)

FUELA030  FUELTYP1 1 1 2(0.0)

FUELAO31  FUELTYPL 1 1 2(0.0)

FUELAC32  FUELTYPL 1 1 2(0.0)

FUELA033 FUELTYP1 1 1 2(0.0)

ook ok ek ok Kk ok Kk R ok K Kk kR ok ko ok ok ok ok ok k kR ok 7
FUELBOO1 FUELTYP2 O 0 2(0.0) / Block-4-3-1 (Type-2)
0.0 1.416E-4 2(0.0) 6.851E-3 65(0.0) / Block-4-3-3

FUELB0O2 FUELTYP2 1 1 2(0.0)
FUELBOO3 FUELTYP2 1 1 2(0.0)
FUELB004 FUELTYP2 1 1 2(0.0)
FUELBO0O0S5 FUELTYP2 1 1 2(0.0)
FUELB006 FUELTYP2 1 1 2(0.0)
FUELBOO7 FUELTYP2 1 1 2(0.0)
FUELB0OS FUELTYP2 1 1 2(0.0)
FUELBO09Y FUELTYP2 1 1 2(0.0)
FUELBO010 FUELTYP2 1 1 2(0.0)
FUELBO11 FUELTYP2 1 1 2(0.0)
FUELB0O12  FUELTYP2 1 1 2(0.0)
FUELBO13 FUELTYP2 1 1 2(0.0)
FUELBO14 FUELTYP2 1 1 2(0.0)
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FUELBO15 FUELTYP2 1 1 2(0.0)
FUELBO16 FUELTYPZ2 1 1 2(0.0)
FUELBO17 FUELTYP2 1 1 2(0.0)
FUELBO18 FUELTYP2 1 1 2(0.0)
FUELBO19 FUELTYP2 1 1 2(0.0)
FUELBO020 FUELTYP2 1 1 2(0.0)
FUELBO21 FUELTYP2 1 1 2(0.0)
FUELBO022 FUELTYP2 1 1 2(0.0)
FUELB023 FUELTYP2 1 1 2(0.0)
FUELB024 FUELTYP2 1 1 2(0.0)
FUELB025 FUELTYP2 1 1 2(0.0)
FUELB026 FUELTYP2 1 1 2(0.0)
FUELB027 FUELTYP2 1 1 2(0.0)
FUELB028 FUELTYP2 1 1 2(0.0)
FUELB029 FUELTYP2 1 1 2(0.0)
FUELBO30 FUELTYP2 1 1 2(0.0)
‘FUELB031 FUELTYP2 -1 1 2(0.0)
FUELB032 FUELTYP2 1 1 2(0.0)
FUELBO33 YFUELTYPZ 11 2(0.0)
FUELB034 FUELTYP2 1 1 2(0.0)

KAKA A I A A AL XA kA A A A hk b hkdkhkhkhkhdhhkkkx

0 0 2(0.0) / End of Block-4 ]

AR A AR A AT AR A R A AR A AT A A AR A A A AT AR AN AR A A A F I A AR AR A A A A AR AR A A Aok Ak Xk Ak h bk hx &
6 20 0 / Block-6-1 : Print Geometry & Dep. Nuclide
8 20 O / Block-8-1 : Print Fuel Element Type Information
9 20 O / Block-9~1 : Print Non-Fuel Element Type Information
10 20 O / Block~10-1: Print Individual Fuel Element Information
FUELAOO1 2
FUELBOOL 2
FUELCO0L1 2

: 0 / End of Block-10

0 0 O / End of All

(2) Input of COREBN code (Initial loading core)

Sample for 2-D Triangular Mesh (HCLWR)
The First Cycle )
11 101 0 4 000001 000335 0 1 2 1031 900. 600. / Block-2

11555 / Block-2-2 Benoist-D for Fuel
1200. 1200. 2400. 3240. 0.0 / Block-3 Period=(0),50,100,200,335 Day
5(2.549327) / Block-4 Power=3411MW/6/223cm
* % Loading Of fuel elements KA AR A AKX A A AT A A A AT A A A A AT AR T AT A XA A XA AT A AT A XA LXK
FUELAOO1 34 34 17 17 1 -1 6 0 / 1 (1.0w/o Fuel)
FUELA0O2 -32 34 16 16 1 -1 1 0 / 2
31 33 17 17
FUELAO21 -32 34 16 16 1 -1 1 1 / 3
31 33 17 17
FUELAOO3 28 30 17 17 1 -1 2 0 / 4
FUELA004 -30 32 15 15 1 -1 1 0 /5
29 31 16 16
FUELAO22 -30 32 15 15 1 -1 1 1 / 6
29 31 16 16
FUELAOO5 -34 34 14 14 1 -1 2 0 /7
‘ 33 34 15 15
FUELAOO6 -26 28 16 16 1 -1 1 0 / 8
25 27 17 17 . .
FUELAO23 -26 28 16 16 1 -1 1 1 / 9

25 27- 17 17
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FUELAOO7 -28 30 14 14 1 -1 1 0 /10
27 29 15 15
FUELAO24 -28 30 14 14 1 -1 1 1 /11
27 29 15 15
FUELAOO8 =32 34 13 13 1 -1 1 0 /12
, 31 33 14 14 i
FUELA0O25 -32 34 13 13 1 -1 1 1 /13
31 33 14 14
© FUELA0O09 22 24 17 17 1 -1.2 0 /14
FUELAOL10 -24 26 15 15 1 -1.1 0 /15
‘ © 2325 16 16
FUELAO26 -24 26 15 15 1 -1 1 1 /16
23 25 16 16
FUELAO1l -26 28 13 13 1 -1 1 0 /17
25 27 14 14
FUELAO27 -26 28 13 13 1 -1 1 1 /18
25 27 14 14 )
FUELAO12 -30 32 12 12 1 -1 1 0 /19
29 31 13 13
FUELAO28 =30 32 12 12 1 -1 1 1 /20
29 31 13 13
FUELAO13 ~ -34 34 11 11 1 -1 2 0 /21
33 34 12 12 :
FUELAOL14 -20 22 16 16 1 -1°1 0 /22
19 21 17 17
FUELAQ29 -20 22. 16 16 1 -1 1 1 /23
19 21 17 17 , ,
FUELAOL15 =22 24 14 14 1 -1 1 0 /24
21 23 15 15 _
FUELAO30. -22 24- 14 14 1 -1 1 1 /25
21 23 15 15
FUELAOL6 -24 26 12 12 1 -1 1 0 /26
23 25 13 13
FUELAO31 =-24 26 12 12 1 -1 1 1 /27
23 25 13 13
FUELAO17 -28 30 "11 11 1 -1 1 0 /28
o 27 29 12 12 -
FUELAO32 -28 30 11 11 1 -1 1 1 /29
v 27 29 12 12
FUELAO18 -32 34 10 10 1 -1 1 0 /30
31 33 11 11 ‘
FUELA033 -32 34 10 10 1 -1 1 1 /31
31 33 11 11 )
FUELAO19 16 18 17 17 1 -1 20 /32
FUELAO20 -34 34 8 8 1 -1 2 0 /33
3334 9 9
B B B R S R R R SR R R S R R o
FUELBO0O1 =18 20 15 15 1 -1 1 0 / 1 (2.0w/o Fuel)
17 19 16 16
FUELB0O19 -18 20 15 15 1 -1 1 1 / 2
17 19 16 16 .
FUELB0OO2 - -20 22 13 13 1 1100 /3
19 21 14 14
FUELB020 -20 22 13 13 1 -1 1 1 / 4
19 21 14 14 )
FUELB0O0O3 -22 24 11 11 1 -1 1 0© /5
21 23 12 12
FUELBO21 =-22 24 11 11 1 -1 1 1 / 6
21 23 12 12
FUELB004 - -26 28 10 10; 1 -1 1 0 /7
25 27 .11 11

FUELB0O22 -26 28 10 10 1 -1 1 1 / 8
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25 27 11 11

FUELBOO5 -30 32 9 9 1 -1 1 0 /9
29 31 1010
FUELB023 -3032 9 9 1 11 1 /10
29 31 10 10
FUELB0OO6 -14 16 16 16 1 -1 1 0 /11
13 15 17 17 -
FUELB024 -14 16 16 16 1 -1 1.1 /12
13 15 17 17
FUELB007 -16'18 14 14 1 -1 1 0 /13
15 17 15 15
_FUELB025 -16 18 14 14 ‘1 .-1 1 1 /14
15 17 15 15 :
FUELB00O8 -18 20 12 12 1 -1 1 0 /15
17 19 13 13 ‘
FUELB026 -18 20 12 12 1 -1 1 1 /16
17 19 13 13 )
FUELBO0O9 -20 22 10 10 1 -1 1 0 /17
19 21 11 11
FUELB027 =20 22 10 10 1 -1 1 1 /18
19 21 11 11 :
FUELBO10 =-24 26 9 9 1 -1 1 0 /19
23 25 10 10
FUELB0O28 -24 26 9 9 1 -1 1 1 /20
: 23 25 10 10 .
FUELBO11 -28 30 8 8 1 -1 1 0 /21
27 29 9 9
FUELB029 -28 30 8 8 1 -1 1 1 /22
27 29 9 9 '
FUELBO12. -32 34 7 7 1 -1 1 0 /23
31 33 8 8 .
FUELBO30 -32 34 7 7 1 -1 1 1 /24 '
31 33 8. 8
FUELB013 10 12 17 17 1 -1 2 0 /25
FUELBO14 -12 14 15 15 1 -1 1 0 /26
’ 11 13 16 16 .
"FUELBO31 -12 14 15 15 1 -1 1 1 /27
11 13 16 16 ’
FUELBO15 -14 16 13 13 1 -1 1 0 /28
13 15 14 14
FUELB032 -14 16 13 13 1 -1 1 1 /29
: 13 15 14 14
FUELBOl6 -26 28 7 7 1 -1 1 0 /30
25 27 8§ 8
FUELBO33 -26 28 7 7 1 -1 1 1 /31
25 27 8 8
FUELB017 -30'32 6 6 1 -1 1 0 /32
29 31 7 7 '
FUELBO34 -30.32 6 6 1 -1 1 1 /33
29 31 7 7 :
FUELBO18 -34 34 5 5 1 -1 2 0 /34
333 6 6 .
AKX AR A XA I A I A A A A A A A A I A AT A A X AT A A AT I A A A Ak Ak xhh ki
FUELC001 -16 18 11 11 1 -1 1 0 /1 (3.0w/o Fuel)
15 17 12 12
FUELC019 =-16 18 11 11 1 -1 1 1 / 2
15 17 12 12
FUELC002 -18 20 9 9 1 -1 1 0 / 3
17 19 10 10
FUELC020 -18 20 9 9 1 -1 1 1 / 4
17 19 10 10

FUELC003 -22 24 8 8 1 -1.1 0 /5
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21 23 9 9
‘FUELCO021 -22 24 8 8 1 -1 1 1 / 6
21 23 9 9 ’
FUELC004 -8 10 16 16 1 -1 1 0 /7
7.9 17 17 _
FUELC022 -8 10 16.16 1 -1 1 1 / 8
- 7 9 17 17
FUELC0O05 -10 12 14 14 1 -1.1 0 /9
9 11 15 15 ,
FUELC023 -10 12 14 14 1 -1 1 1 /10
9 11 15 15
FUELC006 =-12 14 12 12 1 -1 1 0 /11
11 13 13 13 '
FUELC024 -12 14 12 12 1 -1 1 1 /12
11 13 13 13 -
FUELCO07 -14 16 10 10 1 -1 1 0 /13
: 13 15 11 11 _
* . FUELC025 -14 16 10 10 1 -1 1.1 /14
13 15 11 11 ,
FUELC008 ~16 18 8 8 1 -1 1 0 /15
15 17 "9 9 ' ’
FUELC026 -16 18 8 8 1 -1 1 1 /16
15 17 9 9
FUELC009 -20 22 7 7 1 -1 1 0 /17
19 21 8 8
FUELC027 -20 22 7 7 1 -1 1.1 /18
19 21 8 8
FUELCO10 -24 26 6 6 1 -1 1 0 /19
2325 7 7
FUELC028 -24 26 6 6 1 -1 1.1 /20
2325 7 17 ‘
FUELCO11 -28 30 5 5 1 -1 10 /21
27 29 6 6
FUELCO29 -28 30 5 5 1 -1 1 1 /22
' 27 29 6 6
FUELC012  -32 34 4 4 1 -1 1 0 /23
31 33 5 5 :
FUELCO30 -32 34 4 4 1 . -1 1 1 /24
: 31 33 5 5 .
FUELC013 4 6 17 17 1 -1 2 0 /25
FUELC014 -6 8 15 15 1 -1 1 0 /26
5 7 16 16 :
FUELCO31 -6 8 15 15 1 -1 1.1 /217
5 7 16 16
FUELCO15 -8 10 13 13 1 -1 1 0 /28
7 9 14 14
FUELC032 -8 10 13 13 1 -1 1 1 /29
7 9 14 14
FUELCO16 -26 28 4 4 1 -1 1 0 /30
25 27 5 5 . :
FUELC033 -26 28 4 4 1 -1 1 1 /31
2527 5 5 :
FUELCO17 =30 32 3 3 1 -1 1 0 /32
29 31 4 4 . :
< FUELC034 -30 32 3 3 1 -1 1 1 /33
29 31 4 4 :
FUELCO18 -34 34 2 2 1 -1 2 0 /34
33 34 3 3 / Total 101 Bandles(2/6 Core)

* %k loading of non_fuel elements AAKAAIA A A KRAX A I A A AT kI XA A Ak hkhkhkdkhkXkxxhkhhhhk

BLACKABS / Block-7-1 Background Material (Black-Absorber)
REFLECTR / Block-7-2 Radial Reflector
3234 11 1 ) ‘
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28 33
24 29
23 25
22 24
18 23
14 19
13 15
12 14 9 9
11 13 10 10
10 12 11 11

6 11 12 12
7 13 13
14 14
15 15
16 16
17 17
0 0 & 0 / End of Block-7-3

/ End of Block-7 :

* & Input for CITATION ***********‘k*‘k*:k*************************7*********
001

00 00O0O0OTOCOOO0OO0 0 O 0 1
100000001 O0O0T1T1T0 0 0 0
300 _ 25
2.0 0.001 :
003 .

00000 O0ODO0OO0OO0UOTGO0OZ22 002 090UO000 0 0
0.00001 0.00001
0.0
024

1 1.985E-4
999

0 d U W N
® U WN
[y
Ll S N ST e

O N WO,
W & U

000100000
0000000 01
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Fig.7.2-1 'Burn-up calculation model for 2-dimensional core problem

(tn'anglilar mesh division)

Fig.7.2-2 Burn-up calculation model for 2-dimensional core problem

(registration of fuel elements)
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7.3 Three-dimensional Core Burn-up Calculation (X-Y-Z)

The followings are sample inputs of HIST and COREBNv for a rcore expressed by
three-dimensional Cartesian coordinate system shown in Fig.7.3-1. While the initial loading core (the
first cycle) can be solved on a quarter core, because the refueling after the second cycle becomes
asymmetric, a full core model is used. The fuel element type consists of upper nozzle part, upper gas
pienum part, fuel part of 14 nodes, and lower nozzle part, to simulate actual fuel assembly. Upper and
lower core tanks, radial steel reflector are treated as non-fuel element types, respectively. Light water
is used as background material. For the sake of convenience, Light water of upper and lower reflector,

and core tank may be incorporated in the fuel element type.

(1) Input of HIST code (Initialization of the history file & registration of fuel elements)

1 0 10 / Block-1-1

Sample for 3-Dimensional (XYZ) Core .
Full Core with 2-Types of Fuel Assemblies
11 11 11 21 8 70 7 / Block-1-3

11(5) / Block-1-4
11(21.5) / Block-1-5
11 (5) / Block-1-6
11(21.5) / Block-1-7

2223 14(2) 352 / Block-1-8
10.0 10.0 10.0 10.0 - 14(10.0) -10.0 25.0 10.0 / Block-1-9

HZ2O0RAQHO 0 / Water Reflector (Background Material)
BARLAOBO 0 / Core Barel

UNZLAOUO 0 / Upper Nozule

PLNMAOPO 0 / Upper Gas Plenum

LNZLAOLO 0 / Lower Nozule

SUSRAOSO 0 / Radial SUS Reflector

ULXXAX10 1 / 1.0w/o UO2 Fuel

U3XXAX10 1 / 3.0w/o UO2 Fuel

XU04 XUO05 XU06 XUO7 XU08 XNP7 XNP9 XPU8 XPU9 XPUO
XPUl XPU2 XAM1 XAMG XAMM XAM3 XCM2 XCM3 XCM4 XCM5
XCM6

XKR3 XZR5 XNB5 XMO5 XTC9 XRU1l XRU3 XRH3 XRH5 XPD5
XPD7 XPD8 XAG7 XAGY9 XI05 XXEl XXE3 XXE5 XCS3 XCS4
XCS85 XCs7 XBAO XLAO XPR3 XND3 XND5 XND7 XND8 XPM7
XPMM XPMG XPM9 XSM7 XSM8 XSM9 XSMO. XSM1 XSM2 XEU3

XEU4 XEUS5 XEU6 XGD4 XGD5 XGD6 XGD7 XGD8 XGDO / Block-1-11 Dep.Nuclide
XUO5 XUO6 XU08 XPU9 XPUO XPUl XPU2 / Block-1-12 Heavy Metal
ER I R R e e b b R R R R b b b b o g b ST S S SR b S b S
2 10 11 / Block-2-1

‘1 / Block-2-2 : Registration of Fuel Element Type(l.0w/o)
FUELTYP1 17 14 / Block-2-3-1 C
14(4622.5) / Block-2-3-2 : 21.5cm*21.5cm*10cm
98(0.0) / Block-2-3-3 7 Heavy Metals * 14 Nodes
UNZLAOUO PLNMAOPO 14 (UlXXAX10) LNZLAOLO / Block-2-3-4
1 / Block-2-2 : Registration of Fuel Element Type(3.0w/0)
FUELTYP3 17 14 / Block-2-3-1 ,
14(4622.5) / Block-2-3-2 : 21.5cm*21.5cm*10cm
98(0.0) / Block-2-3-3 7 Heavy Metals * 14 Nodes
UNZLAQUO PLNMAOPO 14 (U3XXAX10) LNZLAOLO / Block-2-3-4

0 / End of Block-2
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****;}r********‘k**********************************‘k*‘k**‘k***_***************

3 11 12 / Block-3-1 : Registration of Non-Fuel Element Type
1 / Block-3-2 : Upper Core Barrel

UPER-BAR 1 - N
BARLAORO '

1 / Block-3-2  : Lower Core Barrel

LOWR-BAR 1 ‘

BARLAOBO

1 ' / Block-3-2 : Radial SUS Reflector

RADL-SUS 17
17 (SUSRA0SO)

0 / End of Block-3
************************************************************************
4 12 20 /. Block-4-1 : Registration of Individual Fuel Element
1 / Block-4-2

FUEL1-01 FUELTYP1 O 0 2¢0.0) / Block-4-3-1
14 (0.0 0.0) / Block-4-3-2
0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0) :

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03. 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E~03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)
0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 -65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0).

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)

0.0 1.416E-04 0.0 0.0 6.851E-03 65(0.0)
" FUEL1-02 FUELTYP1 1 1 2(0.0) /. Block-4-3-1
FUEL1-03 FUELTYP1 1 1 2(0.0)

FUEL1-04 FUELTYP1 1 1 2{0.0)

FUELL-05 FUELTYP1 1 1 2(0.0)

FUEL1-06 FUELTYP1 1 1 2(0.0)

FUEL1-07 FUELTYP1 1 1 2(0.0)

FUEL1-08 FUELTYP1 1 1 2(0.0)

FUEL1-09 FUELTYP1 1 1 2(0.0)

FUEL1-10 FUELTYP1 1 1 2(0.0)

FUEL1-11 FUELTYP1T 1 1 2(0.0)

FUEL1-12 FUELTYP1 1 1 2(0.0)

FUEL1-13 FUELTYP1I 1 1 2(0.0)

FUEL1-14 FUELTYP1 1 1 2(0.0)

FUEL1-15 FUELTYP1 1 1 2(0.0)

FUEL1-16 FUELTYP1 1 1 2{(0.0)

FUEL1-17 FUELTYP1 1 1 2(0.0) . :
FUEL2-01 FUELTYP3 0 .0 2(0.0) / Block-4-3-1
14(0.0 0.0) . / Block-4-3-2
0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0) -
0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0- 2.124E-04 0.0 0.0 6.781lE-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.78lE-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E~03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03. 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0) "

0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0)

0.0 2.124E-04.0.0 0.0 6

.781E-03 65(0.0)
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0.0 2.124E-04 0.0 0.0 6.781E-03 65(0.0) /. Block-4-3-3

FUEL2-02 FUELTYP3 1 1 2(0.0) / Block-4-3-1
FUEL2-03 FUELTYP3 1 1 2(0.0)
FUEL2-04 FUELTYP3 1 1 2(0.0)
FUEL2-05 FUELTYP3 1 1 2(0.0)
FUEL2-06 FUELTYP3 1 1 2(0.0)
FUEL2-07 FUELTYP3 1 1 2(0.0)
FUEL2-08 FUELTYP3 1 1 2(0.0)
FUEL2-09 FUELTYP3 1 1 2(0.0)
FUEL2~10 = FUELTYP3 1 1 2(0.0)
FUEL2-11 FUELTYP3 1 1 . 2(0.0)
FUEL2-12 FUELTYP3 1 1 2(0.0)
FUEL2-13 FUELTYP3 1 1 2(0.0)
FUEL2-14 FUELTYP3 1 1 2(0.0)
FUEL2-15 FUELTYP3 1 1 2(0.0)
FUEL2-16 FUELTYP3 1 1 2(0.0)
FUEL2-17 FUELTYP3 - 1 1 2(0.0)
FUEL2-18 FUELTYP3 1 1 2(0.0)
FUEL2-19 FUELTYP3 1 1 2(0.0)
FUEL2-20 FUELTYP3 1 1 '2(0.0)
0 0 2(0.0) / End of Block-4

0 0 0 / End of All

(2) Input of COREBN code (Initial loading core)

Sample for 3-D Full Core Burnup Calculation

Cycle No. : 1 )

1.1 37 0 3 960101 960201 0 0 2 1 0 1 1 900. 600.
0.0 24.0 720.0 0.0 / Block-3 : Period (hour)

4(246.0) / Block-4 : Power (MWt)

* K Loading of fuel elements ¥ kFhhkrxkddhdhkhhrrhdhdhhhhdhrhbdhkhhhkkkdhhhkxkx

FUEL1-01 6 6 3 3 -1 -1 0 0 / Block-5-1
VFUEL1-02 6 6 4 4 -1 -1 0 0O
FUEL1-03 5 5 5 5 -1 -1 0 0
FUEL1-04 6 6 5 5 -1 -1 0 0
FUEL1-05% 7 7 5 5 -1 -1 0 0
FUEL1-06 3 3 6 6 ~1 -1 0 0
FUEL1-07 4 4 6 6 -1 -1 0 0
FUEL1-08 55 6 6 -1 -1 0 0
FUEL1-09 6 6 6 6 -1 -1 0 0
FUEL1-10 7 7 6 6 =1 ~1 0 0
FUEL1-11 8 8 6 6 -1 -1 0 0
FUEL1-12 9 9 6 6 -1 -1 0. 0
FUEL1-13 5 5 7 7 -1 -1 0 0
FUEL1-14 6 6 7 7 -1 -1 0 0
FUEL1-15 7 7 7 7 -1 -1 0 o0
FUEL1-16 6 6 8 8 -1 -1 0 0
FUEL1-17 6 6 9 9 -1 -1 0 0
FUEL2-01 7 7 3 3 -1 -1 0 0
FUEL2-02 5 5 3 3 -1 ~1 0 0
FUEL2-03 4 4 5 5 -1 -1 0 0
FUEL2-04 4 4 4 4 -1 -1 0 o0
FUEL2-05 7 7. -4 4 -1 -1 0 0
FUEL2-06 33 7 7 -1 -1 0 0
FUEL2~07 33 5 5 -1 -1 0 0
FUEL2-08 4 4 8 8 -1 -1 0 0
FUEL2-09 5 5 4. 4 -1 -1 0 0
FUEL2-10 8 8 4 4 -1 -1 00
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FUEL2-11- 9 9 7 7 -1 -1 0 0
FUEL2-12 9 9 5 5 -1 -1 0 0
FUEL2~-13 55 8 8 -1 -1 0 0
FUEL2-14 8 8 8 8 -1 -1 0 0
FUEL2-15 8 8 7 7 -1 -1 0 O
FUEL2-16 77 9 9 -1 -1 0 0
FUEL2-17 5 5 9 9 -1 -1 0 0
FUEL2-18 8 8 5 5 -1 -1 0] 0
FUEL2-19 4 4 7 7 -1 -1 0 0
FUEL2-20 7 7 .8 8 -1 -1 0 0
* Kk loading Of non_fuel elements IhkhkhkrhkrAAAhAhkrr bk hkkkhhdhhkdhkhhkhhkxkhkhhkx ik hkhkdk
H20RAO0HO / Block-7-1 : Background Material = Water Reflector
UPER-BAR / Block-7-2 .

4 8 2 2 0 / Block-7-3

3 9 3 3 0

2 10 4 8 0

39 -9 9 0

4 8 10 10 0

0 0 0 0 0 / End of Block-7-3
LOWR-BAR / Block-7-2

4 8 2 2 -18 / Block-7-3

3 9 3 3 -18

210 4 8 -18

3 9- 9 9 -18

4 8 10 10 -18

0 0 0 O 0 / End of Block-7-3
~ RADL-SUS / Block-7-2

4 8 2 2 -1 / Block-7-3

34 3 3 -1

8 9 3 3 -1

2 3 4 4 -1

9 10 4 4 -1

2 2 5 7 -1

10 10 5 7 -1

2 3 8 8 -1

910 8 8 -1

4 '8 10 10 -1 .

0 0 0 0 0 / End of Block-7-3

/ End of Block-7
* % Input for CITATION Ak h KA AR A AR A A A A AR A I AR A AR A AT A A A A A A dhkd Ak dh Ak Xk hhkkkk

001

000 0 0 0 0 00 0 O0O0O0O0TO0OO0OOO0OO0OT1ITUO0UO0TUO0O0TCO
1000 0 0 0 0O0OTO0COT1TO0UO0OUO0OODODO0.0000O01

900 45

1.5 0.001

003 ;

‘000 0000 O0OOO0OOOO0OOO0O0O0O0O0O0O0O0 00
0.00010 0.00001 '
0.0 '

999
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Light water reflector

236.5 cm

21.5 cm (5 meshes) *11 Regions

Stainless steel reflector \

=<

10cm (2 meshes) Light water reflector

10cm (2 meshes)
10cm (2 meshes)
10cm (3 meshes)

g
[¢]
103007301 pe:,'s sSo[uels

140cm core height
(14 regions, 2 meshes by region) -

10cm (3 meshes)

25cm (5 meshes)
10cm (2 meshes)

v

Z

Fig.7.3-1 Burn-up calculation model for 3-dimensionai core probiem (X-Y-Z)
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