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V. S.®.P . ('Very Superior Old Programs) is a system of codes lurked together for the simulation
of reactor life histories and temporary in-depth research . In comprises neutron cross section
libraries and processing routines, repeated neutron spectrum evaluation, 2-D diffusion calcula-
tion with depletion and shut-down features, in-core and out-of--pile fuel management, fuel cycle
cost analysis, and thermal hydraulics (at present restricted to 's). Various techniques have
been employed to accelerate the iterative processes and to optimize the internal data transfer .
The storage requirement is confined to 17 M-Bytes.

The code system has extensively been used for comparison studies of reactors, their fuel cy-
cles, simulation of safety features, developmental research, and reactor assessments . Beside its
use in research and development work for the gas cooled High Temperature Reactor the code
has successfully been applied to Light Water ors, Heavy Water Reactors, and y ride
systems with different moderators .
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PreNce

Developmcnt or the VS0P code system resulted from continuous work over decades . It
was stimulated by numbers of problems or reactor development and safety research . An
intimate coupling existed between the developmental work, application of the code, and
comparison with findings obtained elsewhere . Therefore, a great variety of hidden con-
tributions is involved of so many colleagues and institutions to whom we want to express
our gratitude in the first place.

Originally, the code emerged out of the MAFIA-11 code being developed by 1-Massimo.
In the early years various well contributions in view of heavy Water Reactonq and
High Temperature Reactors have been included by T .Babac, J.Darvas, and V,Maly. In
the scope orthe European IITR-DRAGON Project, UJIansen essentially promoted the
development car the neutronics, fuel management, and economics evaluation, which led
to a first completed version ref the VSOP code as edited in the year 1980 .

Since that time the development of modular reactor-, by the INTERATOM-
SIE,MENS-Group gave most important impulses for improvements of the code because
of the inherent accident control and licensing demands . In this connexion also many
contributions entered into the code which resulted from ideas of guest scientists and
doctorands . Further, thanks are turned to professor R-Schulten and professor K .Kuge-
Jer as directors of our Institute . Their suggestions and ideas stimulated strong promotion
in the developmental work.

And further, the authors would like to address their thanks to the Central Institute of
applied Mathematics and to its crew who operate-, the IBM computers . Their cooper-
ative help was really instrumental in setting up this second edition of the VSOP.
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Introduction

1 . Synopsis

V.S .O . . (Very Superior Old Programs) is a system of proven computer codes linked

together for the numerical simulation of the nuclear reactor physics performance . Its

applicability is directed to all types of thermal reactors, including reactors of smaller size

as being developed for modular power plants or for direct heat utilization . As the code

has widely been used for developmental work of the High Temperature Reactor with

spherical fuel elements, it has preferably been extended to cover the specific feature, of

this type of'reactor .

The calculation comprises the processing of the cross sections, reactor and fuel element

design, neutron spectrum evaluation, 2- or 3-dimensional diffusion calculation, burnup,

fuel shuffling, control, and - just for the pebble bed IITR - thermal hydraulics of steady

states and transients (Fig . 1) .

The VSOP code allows to follow the reactor life from its startup through the running-in

phase towards an equilibrium cycle . Repeated calculation of the dilrerent physics fea-

tures ensures consistency in their feedback efTects during the different burnup periods,

fuel shuffling, and changes of power rating, which cars optionally be defined . Accidental

transients can be followed under repeated criticality evaluation . Characteristics of the

reactor life history are preserved for calculating the individual decay power functions of

the fact elements . Fxplicite evaluation of fuel cycle costs over the reactor life time is

made by the present worth method. Further, reprocessing and closure of the fuel cycle

can be followed under consistent control of the fuel mass flow, including times of inter-

mediate storage for the isotopic decay .

Over the last test years new demands came up upon the VSOP code : For example the

conception of smaller reactors, research of inherent safety features, explicate follow of

accidental transients, improved accuracy of the results, adaption to new FORTRAN-

compilers and the need of easy handling of the code by less experienced users. Conse-

cluently, many changes have been implemented over the years . This report explains the

new features of the code and gives the new input manual .

I'lle full size of the VSOP comprises, about 6(3(1(1(1 FORTRAN staternents requiring the

storage capacity of 17 N-Bytes . The running time of reactor life from start up to equi-

lihriurn ranges between lß and 45 minutes of CPU-tune at the IBM F/9000-620 com-

puter, depending on the degree of subdivisions .

Synopsis
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New Features of the Code

2 V~OP94

Fig . 1 .

	

V.S.O .P.-Physics Simulation

3D-CGNTROL ROD EFFECTS
2D-TRANSIENT NEUTRONIC-

TEMPERATURE COUPUNG
FUEL ELEMENT LOAD HISTORY

AND DECAY HEAT
IZOO NUCLIDES HISTORY

+ WASTE ASSESSMENT
20-TRANSPORT CALCULATION
FISSION PRODUCT RELEASE

The older version of the VS0P code as introduced in AL-1649 /1,1 has been made to

follow the typical features of thermal reactors and rue] cycles . It has widely been applied

For their comparison and assessment . `rhe new version maintains these properties . Be-

yond that, it is directed to the more sophisticated evaluation of the details of the reactor

performance, as it is required for the design and safety analysis . Over the last years tile

Following new features have been incorporated into the code :



PRE-OROANMATION

PHYSICAL EVENTS

PRESERVAMR :

DETAILED STUDIES :

Fig . 2 .

	

V.S.O.P.The Rasic Prograins

VariaNe dimensioning for the nu"er of isotopes, layers, hatches, energy groups,

spectrum zoncL storage boxes, and periods in cost calculation

2-dimensional finite mesh difTusion calculation in r-z
"

	

3-dimensional finite mesh di(Tusion calculation in x-y-z

"

	

Simulation of any experimentally given flow pattern of the pebbles ror the follow

of burnup
"

	

Leakage feedback for the spcctrearrt zones

"

	

New libraries out of f,,N[)F,/B-[V, -V, and JE F-1
"

	

Fission yields of END

	

-IV, -V
"

	

Providing of'selfshielding factors depending on energy and space

Synopsis 3



"

	

Temperature calculation of equilibrium or transients over the whole reactor, and
feedback to the neutronics

"

	

Decay heat evaluation for the individual fuel hatches in their local positions, ac-
cording to their preceding history of burnup and shuffling

"

	

[affective thermal conductivity of the bed of pebbles as a function of temperature
and fast neutron flux exposure

"

	

preservation of reactor life data for the joint external evaluation
"

	

Simplified input .

The way of handling these new features of the code can he perceived from the de-
scription of the input in chapter 2 . A more detailed review of the new features and the
necessary data information are given in chapter :1 .

1 .3 Program Organisation

Compared with the former version of the VSOV, the new one is more adequately adapted
to the capability of newer computers and newer compilers . At present it is adapted to
the VS-1--OR"I`RAN-language level 66, and it is being runt at the IBM ;/901)0-62® . The
high storage capability of that machine made it possible to load all members of the code
simultaneously, thus dropping the overlay structure of the older version . 13y this way the
extended shuffling of subroutines and common blocks became superfluous, which makes
the construction of the program simpler. It allows the variable dimensioning and easy
linking of new members into the system . Combined with the high speed of newer com-
puters the present version of the code allows to achieve the necessary and sufficient ac-
curacy in the reactor layout and in the simulation of the reactor performance . The code
is applicable for the reactor design and for the detailed research of safety features .

In F°ig . 2 the basic libraries and codes are given, of which the VSC)P is made.

	

The
epithermal library is due to the FS group structure of the GA M-1 code, and the thermal
one contains a 30 group structure of T11F;RMC}S .

	

The library set is nude of 1,NDF/-
ß-l V, -V, and JEI'-1 /3/ .

	

Cross sections of the resolved and unresolved resonances are
generate(] by the ZUT-DG1, code /4,5/ basing on resonance data by .1 . .1 . Schmidt ,~7! and
FND1"°,'l3-IV, -V . Clraphite scattering matrices are based on the Young phonon spec-
truin in graphite /8,9,10 ., .

The auxiliary code DATA-2 ! I I / prepares the fuel element input data out of its ge-
ometric design . The 13I RGIT code prepares the 2-dire . geometric design of the reactor .
1t accepts experimentally gained flow pattern of the spherical fuel elements through the
reactor, and it is made to generate a flow pattern of finite batches of elements which

VS 01'94



stepwise move towards the disloading tubes . Further it prepares a mesh pattern for the
2d-diffusion calculation, and it provide-, the transformation between the two patterns for

the macroscopic cross sections and for the neutron nLl\ . Similarly it provides the neces-
sary transformations to the thermal hydraulics calculation . The 3-dim. geometric design
is prepared by the auxiliary code TRIGHT .

Spectrum calculations are made by the GAM-1 /12,1 and THERMOS /13,14/ for an un-
limited number of spectrum zones . Diffusion calculation is made by the CITATION ! 15"
in its 2- or 3-dirnensional vcrsion~ The burnup atid t 1he ILiell s 1hut'lling is covered 'my a
further development of the FEVT'., R code 1 16/ for an unlimited number or burnup
batches . Different burnup, chains are available . Up to 45 fission products are included
as a standard, and they can optionally be supplemented . Collapsing of the cross sections
into broader energy groups can be made for all 184 nuclides of the source libraries, as
desired as for the detailed burnup follow by ORIGEN-JCL-Il !2(8/ .

The TIIFRMIX code /17/ is included for the thermal hydraulics evaluation both static
and time dependent, respectively . The temperatures of the fuel and moderator regions
are turned back to the spectrum zones for subsequent core neutronics calculation,

The KPI) 118/ provides the fuel cycle cost evaluation at every step of fuel management .
It is based on the present worth method. For parametric cost research the relevant data
of the reactor tire are transmitted to a data unit .

Similarly the status of the reactor can be preserved for later restart . Further preservation
of reactor data is provided for the purpose of joint evaluations beyond the capability of
the VSOP, The full irradiation history of the many fuel batches is preserved for the cal-
culation of the decay power function by means of the LIFE routine, which is needed for
the explicke follow of reactor heatup under accidents .

The subdivision of the VS0P into seven chains (11 NCI 17 is a relic of the former overlay
structure . It has been retained as a pattern of organisation for the different members of
the program, and it prints out the computing time of the individual members. It is a
useful help in optimization of the computer runs .

Internal restart facilities have been included for the THERMOS and CATATION : After
convergency of the first run of these code members the neutron nux fields are preserved
as startup vectors for the repeated runs at later time steps . By this way an efficient re-
duction has been achieved for the computing time - Depending on the changes of the

isotopic concentrations over the intervening burnup interval, the computing time of

these two code rnembers reduces by a factor between 0 .2 and 0,02, respectively,

Synopsis
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2.1

	

DATA-2, Fuel Element Design. D1 - D19

Cards 1) 1

	

- 1)19

2-1 .1

	

Specifications,

	

DI - D4

Number of nuclides to be considered in the VSOP. SpeciRed
on card(g) D2 .

> 0- Input data ror fabrication and reprocessing will be spec
ifled on cards D3, D4,

0 - Drop cards D3, D4.

= 0: Normal .
1 : Drop heterogeneous evaluation of fuel elements . Just

read homogenized atom densities on cards D19.

Card D2

	

Format (1 814)

KMT

IMAT(l),
I = 1, K MAT

2 .0 Input Manual

(;AM-library identification number for the 1 . nuclide in
VSOP,

Note:
Nuclide id,numbers beyond the libraq can be used (he.
IMAT(t ) > 184), but these nuclides must be identified on
the VSOP-card(s) V6.

Input Manual
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Cards D3 and D4 only when KOSTDA -- 0 on card DI .

Card D3

	

Format (A4,214,IOF6.0)

1

2

3

4

9

10

12

13

CURC'Y

NC'

NF

FC(l)9
I = 1,6

Card D4

	

Format (6E12,5)

Card D5

	

Format (I 8A4)

VSOP94

TlITE(I)
I= IN

Literal abbreviation for the monetary unit MU, -

Number of different coated particle fabrication cost data .
(< 6)

Number or different fuel element fabrication cost data, (< 3)

Fabrication costs of the 1 . coated particle variant.
(M [J/k g, I M)

Fabrication costs of the 1 . fuel element variant. (M U/ball)

Fabrication costs of dummy elements . (MU/ball)

Costs, of head end and transportation . (MUj/kgC)

Costs of reprocessing . (MtJ/kg,,,)

Costs of waste treatment and disposal per 10'/o Fima,
(MUNglIM )

2.1 .2

	

Desigr of fuel element-types and -variants .

	

IDS - D19

(lArnited to 27 different sets in combination with VSOP).

Literal description of ease .



Card D6

	

Format OlVE125)

2

6

7

NTYP

NIFIJTP

NFCP

NFRZ

NCORE

NZUS

FFl

= 0: Ball type fuel elements .
= 1 : Prismatic block fuel element.

2.1.2.1

	

Coated particles. 137 - 1311

Input option for the coated particle :
= 2: Cards D7 - DI L
= 1 : Card 137 only .
= 0: Data from preceding design .

Card 177 only when NFCP > 0 on card 136.

Identification of fuel element in 4 digits IJKL :
I'l

	

: Type (characterizes design and cost data).
7 Variant (o g, Cpr dirrerent enrichments) .

Input option for the fuel element*
=

	

0 Cards I312 - D 13 or 1) 14 - D16, respectively .
= 0: Data from preceding design .

= 0- No effect .
= 2: Reactor power evaluation, cards i317 - i31 8.

= 0: No effect .
> 0: Number of nuclides for which atom densities will be

specified on cards 1319, (< 30)

0. : Volumetric filling fraction of spherical fuel elements in
the core will be defined as 0.61

> 0. : New Filling fraction .

Enrichment N1,Iss,, IN1 (as fraction),

Envisaged heavy metal burnup for reprocessing cost calcula-
tion . (Firm)

Input Manual



Cards D8 - DI I only when NFCP = 2 on card D6.

2

3

VSOP94

FRC,(I),
I = LNIC

lard DS

	

Formt (1814)

INDRS

NC-r

NSICI

NSIC'2

Hi 8TI 1

0 . : 1, raction of coated particle variant I in this fuel elc-
Ment.

0, : Coated particle variant I (card D3) is not present .

Fuel identification :
~ I I

	

=

	

tj02

	

121

	

=

	

t j C'
j 3~ = U('2 141 =U()2-'1`1102

17j- PU -Ox-C .̀	(x, y given at card D10)
181 = PU-O2-"'~02	191 = Pu-02-U02
> 0: Fissile uranium

= 235u .

< 0: Fissile uranium = 233u .

Total number of coating layers (~ 5), to be numbered with
increasing radius .

Number of the 1, SiC coating layer.

Number of the 2 . SiC coating layer.

When INDBS = 4, 5, 6 , ZUT uses :
= 0: 232Th as resonance absorber .
= 1 : 23RU as resonance absorber .

Radius of the coated particle kernels . (cm)

Density of tlie kernels. (gr/cm 3)

Density of 2. type of kernels if present. (gr;'cm 3 )
Only if JNDBSJ = 4, 5, 6, 8, 9 on card D9 .

F,nrichment of the uranium Nus /(NL; 5 + NuR ) if JINDBS1
4, 5, 6, 9 on card D9 .



Card D10

	

Format (6E 1 2,S)

4

5

6

2

P1 q 1),
I= 1,4

X

Y

ROCTQ!
I = 1,NCT

2.1 .2.2

	

Ball fuel elements .

	

D12, D13

DCT(l),

R2

For INDBS < 0 program uses 233tj instead of 23511 .

Card D10 only when INDBS = 7, 9 or 9 on card D8.

Raction of the isotopic composition in plutonium:
239PU, 240p ti, 241 PU, 242p u.

Oxygen in Pu-Ox-('
Y

, if INDBS = 7 on card D9,

Carbon in Pu-OX-(,'Y l if INDBS = 7.

Thickness of the 1 . coating layer. (cm)

Density of the 1 . coating layer. (gr/cm3)

(Numbered with increasing radius, NCT on card D8),

Cards D12 - D13 only when NTYP = 0 and MW = I on card D6,
Only a selected set of the Following pararneters of the cards I)12 and 1) 13 is required .
Possible sets are given in Table 1 .

Format (61;32.S}

Outer radius of fuel . zone, (cm)
(Fuel zone consists of coated particles and graphite niatrix) .

Outer radii-is of the ball, (cm)
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Table E Alternative specifications of ball shaped elements

12 VSOP94

ROSM

lt() MTX

ROSCT I

ROBK

Density of graphite n the mat

Inner radius of the matrix . (cm)
(> 0 For shell ball design).

Density of heavy metal in fuel zone . (gr/cm 3)

. (gr/cm')

Density of graphite in the outer shell. (gr/cm 3 )

Only relevant for INDBK = 1 :
0 . : Density of graphite in the dummy balls .

= 0 . : Density of'graphite in the dummy balls equal ROSCIT .

= 0. : Fabrication costs ofthe 1, ruel cletnent variant (card
D3) are dropped.

'- 0. . Fabrication costs ofthe 1 . fuel element variant are us

No,
INDBK

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
I

9
I

10
I

11
I

R I X x X x x X x X x
R2 X X X X X x X x
FFl X X X X

VMOD X x X X X X x
ROSM X x X X X

BK X X

3 FF J Volume fraction : coat,part, 1 (coat-rart . + matrix).

4 VMOD Moderation ratio

5 INDRK = 0: No dummy balls.
= I : With durnmy balls.

RK Volume fraction : dummy balls/(fuel + dummy) balls.



2.1 .2.E

	

~'~äs~a~atie i~ei ~p~m~~~s.

	

~t~ - Ü 1 ir

C'arcls 1~14 ar¬d I~1 .~ or¬l~ ~vhen N`l-~~1' = 1 and ~1~~"T. -- l on card i~~ .

C'arcl i)14

	

Fc~rrt~at (6E12.5~

1

2

5

~{i}

R(2)

I~(3j

1~i4~

l~~~)

R(~~}

1~1 .. 1

~~t ()I)

li f:
.
1'!1

CäK!~ "~

ag~d rn ¬~Iti~licd by i~~tf~(f~ . (~.~sually - 1 .)

llse corttir~ ¬~ation cards, if rtcedcd .

l2aditas of ccs~tral graphite ~ar¬e . (crr~~

¬? ¬~ter radit¬ s af irtrter cc~olirsg channeC . ~crr¬ )

~ ¬¬ter radi ¬~s c~f inr¬cr graphite t ¬z%e . (csn)

() ¬~ter radi ¬xs of the fuel a®rae . (cm}

(} ¬~ter radi ¬~s of the guter graphite t.ul~se . {cm)

~ ¬~ter radi ¬as of the guter cc~olir~g char~r¬el . Ccm)

If C'f'i11 I . =~ fl . (card I~15) insert "thickness" instead of "ra-
dius" .

()niy a scEected set e~f the folEc~wir~g parameters t~fthe cards t~15 and i~tfi is red~Fired.

1'ossik~le sets are gi~rer¬ in 'fahle ll,

Vol ¬ ~rrte fracti~n : coat .part .;(coat.part, -~- rt~atrix) .

1l~oderatic~n ratio Nc,;Nu~ .

örolurrte fraction of gaps ~r~ther thac~ cooling char¬ nets~ iza the
care re~ati~rc to the

	

¬ilk graphite ~o~ ¬zrr¬e .

N ¬¬n~her af C¬ acl cicrrter¬ts per sq ¬aare e~eter . ~ i,~rn~~

lnp~at ~(artrxai
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h

(;arcl ß 1 ~

	

}~orrr~at 4~C' 12.5}

l~f~l

'V l~ (?Ii

~:Fl~~~

Ft()~~

2. i a2.

	

C"c~t-e d~sigr~ .

	

l~ t 7, [~ 1 R

C'ard })17 orr9v when N~"()~f~ ~~ ti ort card 1~~~ .

f~'f~IJf :l .

~C~Tf V

ii . : \TOrma} .
(} . ; C'ross scct.ion o~thc ~uel ~one {ernz) . flse fL(4) = (i . o

card I~i4 and insert "`thickness'" insteacl oC ""radius' " .

/lctive length o}' the fuel rods its the core . (cam)

2

ft~)~ ~f

ft(}MT%

fLE}S'ff~

ft~)I f ~

l~ensity of~ }~eavy rraetal in iuel ~c~r~e . ~gr ;crr~~)

~ensit~~ oi graphite irg the rr~atri~ . (gr/c

	

~)

i~ensity of graphüe in the conli~g charmel . EgrJc

	

~)

f~ensity ot' grafshite in the tuhes . (grlerrs~)

'~°~hle II : ~tt~~°t~ati~e ~peci~cat~r~n~ of' rcrd ~fs~~~d ~tes:ne~nt~

x

	

~

	

negativc guess

x

x

	

x

x

f~orrr~at (~>f;12.5~

1'¬~wcr per fuel ele ¬ncr~t . {~i,~(hsall or h}ock)3

~peciric power' . ~KV~l`/kgt~~~)



4

Card D 18 only when NCORE = 2 on card D6.

Card 1) 18

	

Format (61-,12 .5)

1

2

4

6

2

Q2

QV

P

WF

ETA

ALFA

DREF

ROREI7

FF2

2 .1-2 .5

	

Additional nuclides.

	

D19

NRGAM

DENG

Specific power, (K%kg,,)

Power density, (MW/m3 )

Power per fuel rod (W/cm) . If NTYP = I on card D6 . Only
one or these 5 parameters must be specified .

Total electric power, (MW,)

Thermal efficiency .

Ratio of core height/core diameter .

Thickness of reflectors .

Card D19 only when NZUS > 0 on card D6.

Ca rd D19

	

Format (1414XY12-5)

Density of graphite in the reflector . (gr/cm 3)

Volume fraction : (fuel + dummy) balls/core volume
(if NTYP = 0 on card D6).

6AM-fib, identification or nuclide with additionally given
atom density (e.g. Xenon, absorber,

-- 0. , Atom density (per barn cm, 10-24), homogenized,
< 0. : Program makes DENG = IDF-,,N(.xl -* DENGY(Carbon).

Note: Use I card for each of the NZI JS (~ 30) additional nu-
clides,

Input Manual
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( "arc9s ~C - ~2(3

i~e~~~°
V~hen C~efl eflen7ent data are providedi Crctrrt. i?~'I'~-2 and when resonance pararr~eters are
provided Crc~r~ a iihrary, the input is red~zced tcs tflte cards 7t - 7fi.

hor de~nitiorc ¬~~ rrtore detailed inprat see NN~~:~C~ = 5 and NNI)~!"I'h = (i rtrt card
~I .

~~ ctr ¬~perting c~C a rtety direst access data set Ce~r stcsrirtg the resonance ahse~rptian crass
secticazts read cards ~1 R - 7,2(x, 7G .

Z.Z . ~

	

~h~rt-6npta~.

	

~1 - ~~

Cards 71 - 75 cart be repeated Car N different cases. The input strearxt is termrnated by
the card ACS . (~uefl elenr~ent design rrt~st ~Se provided by ~~~~"~-2 .

fl I ~~:N[)

JI

K

NNflZt ~~i

Ifs VSC)i'~4

Nl~ )t0'i'~

9

5 (Nurrthcr of items on this card}.

i)ata sct ctt~rr3her nC the resonance parameter li~srary :

2C~ . : tJ-235
Zi . : "ih-232

2R . : t?-23~
~ . : i~eacfl resortancc pararrtetcrs horn the input:

after card ~4 read cards I7 - ~~,
sitar card ~ .~ read card ?~fi,

= 2~ . : Nc~. oC data set ort which DI!"1~h-2 foci ele~ttent speei-

(~icatic~ns are provided . C)n[y short-ittp ¬tt ?,I - 7~ is re-

cfl¬~ired.
E~ . : F"¬~e~ eterr~ertt specircatittn tct he provided ~y input.

mead tits cards: 7.I - :T2,h4 - ~5, Zfl l - %I7 .



NWINGO

	

> 0. : Drop the wing correction in the GAM-group library
because it is included in background cross sections .

0. : Include the wing correction,

NNSIGA

	

Data set number (30) for the resonance data library being ge
nerated in (YAM-groups.

7

	

1

	

NNRESI

	

I

	

= 0. : Normal.
-NNRI--, SO: Create a resonance parameter library on data

set NNRESO. Read the cards Z7 - ZIO,

TEM1)

ENRGU

ENRGO

SOLVE

Temperature of the resonance absorber . ('K)

Lower energy boundary for the set of resonance data to be
respected, (eV)

Upper energy boundary for the set of resonance data to be
respected . (CV)

Five digits IJKLM.0 as specification or the desired calcula-
tion method:
I = 0: Infinite medium, or numerical computation of the geo

metric escape probability P(%).
= 1 : Cylindrical geometry of the absorbing material .
= 2: Slab .
= 3: Spherical (analytic rormular of P(aa )) .

J =

K =

1 : Down scattering in the absorber based on the compu
ted neutron flux .

2: N11-approximation.
3: IM-approximation .

0: Moderator no . I is not present. (The coating of the
coated particles must be defined and treated as mode
ator in the case or unresolved resonances).

1 : Down scattering in moderator no . I uses the
ted neutron flux,

= 2: Down scattering assume,,; I/F flux .

- = 0: Moderator no. 2 is not present (cp. K) .

= 1 : Down scattering in moderator no . 2 uses the
ted neutron flux .

2: Down scattering assumes I /F fl ux,
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6

1 9 VSOP94

TI STA

M = 0: Normal output option .
? 0 : More output .

Three digits IJK .0 for output options . (Use 001 .0)
I 2! I : Control data of the energy tine structure for each reso

nance .

I : Partial probabilities at the mesh points of the P(aa) -
calculation .

K ;~! i : Mesh points of P(ey.), Dancof factors and data of ho
ogenization of the matrix zone .

Number of rnech points for P(aa )-calculEation . (= 20)

s

1:C.DA.NC Dancoff factor .
0 . : To be used for infinite medium or numerical computa-

tion of P(rr.) for the spherical fuel elements .
O . : Dancoft-Ginshurg factor . Required for the cylindrical

fuel elements . This FCDANC has higher priority than
the internally calculated one, which can optionally be
ordered by the card ZI 1 .

Card !=3 Format (6F! 12 .5)

FUTYP Fuel type and -variant specification to be read from data set
29 (cp . NFUTP at DATA-2-card D6).

FAMODI Atomic weight of moderator material 1, being admixed with
the absorber . (e.g . Carbon)

ESIGM I I rr of the moderator 1 .s

EAMOD2 Atomic weight of moderator material 2, being admixed with
the absorber . (e .g . Oxygen)

I SIGM2 1 (r of the moderator 2 .



3

4

12

Card Z5

	

Format (4A3,24X,12A3)

5

16

1DF,NT

IDSATZ

IDNUCL

1'OEScf1('T)
.l= 1,9

VIFAD(J),
J= 1,4

I I FA D(J),
J = 5,16

TerAnadon of the input sequence by card Z6.

IEND

DUMMY

Format (1216)

(Ird 76

	

Knnat 0 1 J 5, l I gE9A)

Identification number of data set 30, where the calculated re-
sonance integrals will be stored in GAM-group-eya-structure .

Identification number of the calculated r3-cross section set tc!
be stored on data set 30 for further use in GAM-calculat:ionsl

GAM-library identification no, of the absorber nuclide .

Id .-numbers, of existing resonance data on data set 30 to he
deleted prior to creating the new set.

Literal heading, e.g . date .

Literal heading, e.g . case identification .

9

Blanc : Terminates the sequence of ZUT-DGL cases.
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2.2 .2

	

Resonance

	

Z7 - Z 10

The input nJ resonance parameters ou cards Z 7- Z9 must hc terminated 6vo blouc-ourd .

Cards Z7 - Z9 must be read after card Z4.

Card Z 10 must hc read after card Z5 .

One card Z7 for every resolved resonance . In rising sequence of the energy EZERO,

Card Z7

	

Format (I 1,15,11,7F9A)

4

5

6

7

IBND

il

KI

EZERO

G&MN

GAY]M4

20 VS0P94

5

Cards Z8, Z9 for the unresolved resonances .

Energy at the center o[lbe cnxonnoc# . (eV)

F
v

	

` ev\('

= O.i Mesh spacing under the resonance decided by the code
> 0. . Mesh spacing under the resonance .

Ratio: Runge of integration /effective width .

	

Give S ~~ 5 .

00000

6

Lower energy of the range n[ unresolved resonance evalua-

tion . (oV)



1

2

3

4

7

IEND

i'l

Kr

SICYPZ

SIGMI

SIGM2

C

IEM)

Card 79 only when any or the input figures is different from the figures on cards Z3 and
Z10.

Caml Z9

	

Fortnat 0 1,l5,1 1,7119 .4}

6

OWO

~ , Potential scattering cross section of the absorber .

a of moderator 1 .
S

a, of moderator 2 .

Dancoff'factor.
0. : To be used for infinite mediurn or numerical computa-

tion of P((T 1 ) for the spherical fuel elements .
0. : Dancon-Ginsburg factor . Required for the cylindrical

ffiei elements. This C has higher priority than the inter
nary calculated one, which can optionally be ordered
by the card Z I I .

Format (I Ij 5,11,7E9,4)
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2 1

5 GAMNO Avg. [ Fno I (CV)

6 Gym; ( ;M Avg. [ F ] (eV)
Y

7 G Statistical weight .

9 D Avg . spacing between the resonances . (eV)

I-10 Upper energy of the range Wunresolved resonance evalua-
tion . (CV)



.2.

	

~xp~~~ii~ fa~~e~ ~htr~e g d~~~g .

	

ZI

	

- ,~17

~'.ard 71 ( ¬snl~ wpen ~7~rflcafl" E`actc~r catcaiatiar~ b~r suhrrutir~e ~3f't~`~:3 is desired.

fi

22 ViC3P94

`I'yfse af lattice:
1(}:

	

Sclt~are lattice i~
14:
5:

1 f) :

2(l:
22 :
23 :
27 :
2~ :

7

l~adit~s al' the rod .

~itch.

4 x 4 ~Sindle.
S x S bindle .
G x ~ hs~ndEc.
~`riat~gt~l~r lattice
2 - reels kindle .
a - reds hurdle .
7 - reds bundle,

1 c~ - reds handle .

f'.laddin~ thiekrtess .

ta t~te ~l . nci~hl~attr.

ups is the 4, r~eighh®ir .

'I`hickness of~the ga~ss hctweer~ tt~e F~uneiles (iar K = t4, i .5,

1 f~~ .

2 .T t (~i~(3 t

3 fC 1

4 o~~r;RCi t~tor~ic wei~l-~t of t}~e ahsc~rher.

StaticC.ical wei~ht factc~r. (= t fcsr z3z.l .h
a~d ~~~tJ?

C ~I~f?, ~s 5 , f~otet~tial scatterin~ cross section oC the absarE~er.

i 'f lv l~f f' ~'err~~erature . (°K)



IEND

if

KI

UDZERO

EAMODI

Radius (cm), for cylindrical or spherical fuel . I lalf thickness
(cm), for slab .
= 0.- Infinite medium, or explicite calculation of P(a,) .

Dancoff factor .
0 . - To be used for infinite medium or numerical computa-

tion or P(aa ) for the spherical fuel elements .
> 0 . . DancofT-Ginsburg factor . Required for the cylindrical

fuel elements, This C' has higher priority than the inter
nally calculated one, which can optionally be ordered
by the card Z11 .

ormat (I 1,15,11,7E9.4)

atom density of absorber .

Atomic weight or moderator no . I .
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8 SMOD E,,, of the moderator .

9 S (-t[ ;> EtOL of the cladding .

10 SSP Y-,,, in the gaps .



Cards Z14, 715 only when numerical evaluation of P(aa ) is required (I = 0 in SOLVF) .

(Ard Z14 Flormat 01,15,11,7E9.4)

8

9

I

	

I

	

I F: IN 1)

2 11

24 VS01'94

5

00018

6

Radius of the kernel of a coated particle . (cm)

'- 0. : Outer radius of a coated particle .

	

(cm)
= 0.- Coated particles and matrix are treated homogenized .

Radius of the matrix . (cm)

-- 0. : Outer radius of a spherical fuel element.

	

(cm)
= 0. : Cylindrical fuel element.

Volumetric filling fraction coat.part. / (coat . part . +matrix).

Fraction of graphite spheres in the pebble bed .

(7ard Z15

	

Ormat 0 1 j 5,I n7E9A)

6 11SIGM I a of moderator 1 .

7 UDIQU I N
mod I

I N., ratio .

8 FAMOD2 Atomic weight of moderator no. 2.

9 E, SIGy M 2 a or moderator 2,

10 EDIQU2 Nmod 2 / N... ratio.



HEAD(l)

Card ?17

	

Format (A3, . . . .)

Card 7, I S

	

Format (1 X,15)

Card Z16

	

Format (11, 15,11,7E9.4)

ings).

:

	

Termination of ZUT-17(31., input.

REP :

	

Another input case will follow .
END: Termination of the run.

2.2.4

	

Opening of a new resonance data library. Z 18 - ZZ

-341 : Opening of direct access data set no . 30 for the reso-
nance absorption cross sections in EiAM-group-rya-
structure .
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KI

4 S12 Avg . 1c,c of the coatings .

5 S14 F,t ,, in outer shell or a spherical element.

6s S15 Y oE
in graphite spheres.

7 A1,PII Ratio ofdensities : p(graphite in matrix) 1 p(graphite in coat-



1

3

26 VSOP94

Card Z20

	

Format (1012)

Q ~ I DF NTI ( will

	

e the identification number of the new
data set 30 .

Number of sets to

	

e reserved for the a, cross section sets .
(Use 1719)

_ I _ I _ I : Special key ward.
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Geometric Reactor Design.

2.3.1

	

BIRGIT, 2-dimensional. B11 - 13110

Starter card 1311

Data set number for the data transfer to VSOP (use 25).

> Q Data set number for the data transfer to cri-A'FION
(use 37),

0. Drop the VSOP - ( 71"I'ATION.

	

layout,

A Data set number for the data transfer to `fTIIatMiX
(use 43).

0. Drop the VSOP - THERMIX layout .

= 0: Volume matrix VSOP - CITA'FION is calculated and

> Q It is calculated, stored to data set 1WRC, and used .
< 0- It is not calculated, read from data set IIWRCI, and

used .

= 0: Volume matrix VSOP - THERMIX is calculated and

> 0: It is calculated, stored to data set IWRT, and used .
< 0: It is not calculated, read from data set IIWR'1'1, and

used,

Cards B12 - 13110

If N613,0M - 0 one set ofcards for the VSOP - CI'rA1'lON case,
if N11 IX

	

-~ 0 another set of Bards for the VSOP - 'FITERMIX case .

(1ard B12

	

Format 01"E I 25QIQE 115)

I I IPLFF = 0, Normal output .
= 1 : 'Festoutput in addition .
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1äor each or the KANA 1, channels one set or cards B 13 - B 15 required .

28 VSOP94

GIT design for THERMIX (see NTHX on card 1311)
does not include the inner part of the reactor.

Format (416,31-, 12 .5)

= 0- This is an inner channel of the core, toyer id-numbers
are assigned by the code .

= 1 : This is the outer core channel . Optionally the design of
an outer terms can be defined below.

= -1 : This is a channel of the reflector for which the layer id,
numbers are also assigned by the code . If a conkjsz has
been defined before, the first reflector channel adjacent
to the outer core channel applies to the coitus .

2

	

1

	

KA N1

	

I

	

-- 0, Number of layers in this channel.

2 1 1 PI-07 = 0: Normal.
- 0: Data set number for plotting .

3 IZFEIN Number of Z meshes of a superposed fine grid .

4 JRFEIN Number of R meshes of a superposed fine grid .

5 EP ( L-EP) defines the position of the reference point in a fine
mesh . (F .g . in the mesh AR '' AZ a given value l;l' = 0.l
means that the reference faint is located at 09 * AR, 09
AZ) .

6 KANAL Number of channels in the VSOP layout of the core . A co-
nus must be regarded as an extra channel, Reflector zones
can optionally be regarded as channels .

MDIREC' 0: Calculation of the volume matrix by means of the su-
perposed fine mesh grid .

> 0: Calculation of the volume matrix by the then method
(only when the flow channels are vertical) .

8 FPSY Convergency criterion for the iteration on the radial position
of the mesh points defining the flow channel curves . (about
0,00003)

9 RINTIIX = 0. : Normal.
0, : Inner radius of the core . Only required when the BIR-



I B ATCI I

LIR

Xwu(i) .
J = I ' MES1 I

= 0- One layer over the whole channel .

0 : Number of batches per layer .
0, One batch per layer .

0 : Number of axial mesh points (= MESI 1) for defining
the outer limiting curve of this channel . Only for the in
ner core channels KANTYP = 0. lJR = I defines a
straight vertical line .

1 : Same axial mesh points as for the preceding channel .
Drop card B14 .

= 0 : Drop cards B14, 1315 . Limiting curves, of the reflector
channel and of the last core channel are internally defi-
ned by the information of card 131 .,

-> 0 . : Only when KANTYP = 0.

	

Ratio of the volume of
this channel per volume of the core . Radial mesh
points of the limiting curve will be adapted to meet
this volurne of the channel .

= 0 . : No ada.ption of the limiting curve .

Ifan inner conus and/or an outer cones is present, separate
channels, with KANTYP = -1 must be defined for these co-
nus areas adjacent to the core . For an inner comas, the raäia
thickness RKONUS must be given by negative value . For a
outer comas, its thickness and height must be given on card
Bn of the last core channel preceding to the caries channel,

= 0 . : Core - reflector interface is vertical . No canoe is pre-
sent .

< 0 . - Inner cones . JRK0NUSJ is radial thickness ofthe
cones. (cm)

> 0, : The subsequent channel defines an outer con -us with
radial thickness RKONUS . (cm)

Height of the cones . (cm)

Axial position (abscissa) of the coarse mesh points for the
outer limiting curve of this channel .

	

(cm)
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Ywr,(,I),
J= I ' MESI I

Radial position of the coarse mesh points for the outer limi-
ting curve of this channel . (cm) (Ordinates for the interpola
tion). In case of an annular core, YWE(J) must be given as
the distance from the inner limiting curve of the first core
channel .

Card 1315 only when (.IR :;,-, 0

Card B15

Cards B16 - B18 deFine the overall coarse mesh grid . Of course, it is only relevant for tile
outer pans of die reactor, in which the VS011 layers and CITATION compositions are
congruent For the area of the core, and optionally for the inner part of the reflector, for
which the composition id.numbers are internally defined by the code, a finer mesh grid
is defined on cards B19 - BI 10 . For the TI IERM IX the definition of the grid is only re-
quired for the core, because the volume transfer matrix must only be made for the area
or the core grad coaaus .

Radial mesh"

(Tard 1316

2

Card B17

MR( I)

Axial meshes

1 2

30 VS01194

Format (6FI2 .5)

Format (6(13,F9 .3))

> 0: Number of fine radial meshes in the 1-th coarse mesh .
0: This radial coarse mesh is in the area of the core . Finer

subdivision to be defined on card 1319 .

> 0.: Thickness of the 1-th radial coarse mesh.

	

(cm)
= 0.: Fnd of the input of radial coarse meshes.

The number of given radial coarse meshes defines I MAX.

Format (6(13,F9.3))

7.(N) > 0: Number of fine axial meshes in the N-th coarse mesh.
0: TV axial coarse mesh is in the area of the core . Finer

subdivision to be defined on card BI 10 .

DZ(N) 0. : Thickness ofthe N-th axial coarse mesh. {cm)



leach of the NMAX axial coarse meshes requircs one card Big .

Card BIR

	

Format (1814)

Radial meshes

LAYVC
(1,N)
I= 1,
IMAX

Cards i319, B I 10 define the mesh grid of the core .

MOR(I)

2

	

1

	

DG R(l)

Card B19

	

Format (6(13,F9 .3))

= O. : End of the input oFaxis l coarse meshes.

The number of given axial coarse meshes, defines NMAX .

> 0: Composition id.number of the radial meshes I in the
row N, (The numbers are preliminary and will be rena
rned successively after the id .numbers of the VSOP lay_
crs and CITATION compositions have been internally
de6ned-)

= 0: Core area . id.numbers are defined by the code for the ii
ner grid or tire cards 1319 . BI 10 .

1 : Internally defined reflector area .
cording to card 11110.

CITATION:

	

Coarse meshes defuse the compositions, the one meshes define the grid
of the neutron Mix calculation.

THERMIX:

	

The fine rnesh grid of the core must be identic to that of the Ti-iiRMIX
input on the cards TX7 - TX8, because the volume matrix is made for
the transformation from VSOP layers to THERMIX meshes.

0: Number of fine meshes in the radial coarse mesh 1 .
0: End of the radial mesh input.

Thickness of the radial coarse mesh . 1 .

	

(cm)
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Axial meshes

Card BI10

	

Formtat (6(13,F9 .3))

2

2.3 .2

	

TRIGIT, 3-dimensional . T ¬ I - TRS

( ;arcs TR I

	

Format (1515)

3 2 VSOP94

M(J7(N)

DGI(N)

N= 1, . . .

tl : Number of fine meshes in the axial coarse rriesh N .
= 0: End of the axial mesh inlet.

Thickness of the axial coarse mesh N . (cm)

[( .`()RI;

	

= (i : Normal .
0 : Just for plotting :

= 2: Input of 112 core-plane is transmuted to 1/1 core-plane .
4: Input of 1,!4 core-plane is transinüted to 1/1 core-plane .

NVSC}I' I Data set number for the data transfer to VSOP (use 25).

2 NGEOM Data set number for the data transfer to CITATION
(use 37) .

3 N2(0C Number of layers in the power generating core .

Note-
The TRIGIT code defines the 3-dim. pattern of composition!
in the reactor. VSC3P-layer, VSOP-batches, acid CITATION-
compositions must he identic. They are assigned with the
same id.numbers .

4 1PI. - iT : Normal,I
(i : Plotting of geometry is provided for the plane no . IPL.



1Meshcs izt X-cürectic~rt

2

NäX(I}

i~X(1)

?Meshes in ~' - cürection

2

1M Y(.f }

~3'Y{.i~

~uct~her of fitte txteshes in the .~-th coarse mesh in Y-cürectiorl

0 . : 'fhiekrtess of the .~-th cctarse ~-rrtesh .

	

{crrt)
= ~ . : ~r¬d of the "sn~tat of coarse ~'-rrteshes .

The rtt~r~her ctf liven coarse ~'-meshes cfe~ttes .tlM~ .

fMesftes ist ?-c3irecticsr~

2

?Vut~thcr of fine meshes in tire T-th coarse mesh its X-directian

~ . : "Ihickness of the i-th coarse X-rrtesh .

	

{crrt~
= (i . : T;rrd of the in

	

ttt af coarse X-rt~tes[tes .

The rt~trrther of ~ ¬vcn cc~arsc X-t~tteshes defittes tIMX .

¬tr~tf~er af froe r~teshcs in thc ~-tit coarse tt~es

	

irt ~-ciirec-
tiort .

EB . : jI)~(~~I ~ives the tiaickrsess of the K-tEt co<crsc f-t~tcsh .
(crn}

~ . : (`ore regiorts .
~> ~ . : `~on-core rcgions (e.g . ref¬ectc~rs~ .

~ . : f?nd of the ing~ut of coarse 7_.-mesf~es .

"T~he rt ¬ttnher of~ivert coarse ~ -rrteshes dcfincs KiM7 .

i~~ut ~ta~uai

	

~ :§



1)c~rzition o~ the pattern of cc~rr~~c~citi®ns :

I~or eac}t cs~the ~S[anes ~T} ~ = 1 0 ~

	

~' one set of"Bards 'l"~t .~ .
I~'or each oi t~se roses

	

(Y)

	

.i =

	

f . .1 ViY

	

ozte card ~i'TtS .

t4 t~~C}~44

i .~Y~(r,.~,~) ~}nIv %r thc core :
(i ; ("asn~ositiorz ici .ncarzat~er c~E`the I-th rr~esh {X) iz~ this ro

a~tci plazze . ~~ the zt~per [ane the code eva(uates the
ztzaxirnnrrs ra~zrs~ser N ¬'i . ®fc~re cor~~sositiczrzs .

= 0 : ici .z~o . caä t~gis conz~sositiora is intcrnaliy def~ned hy add-
ing N['~. tcs the i~~Y~{I,.~,~-~) e~t~the ~rsregrzin ManB.

()rziy Tor the non-core-cc~rrs~ositions (re(~ectors etc . } :
~: () : id.n c~ . of this con-~~Sositic~n is interr¬ally dc~ir~eci

	

Y ac4c~
ir~~ thc

	

axirrtnzra nzln~her rzf core coz~~ositions
(N2(~~('.) tn thc ahsolute oi' ~L1~Y3{~, .1,~C)~ . It.e ector ici .
n~~~hers zztz~st he ~i~en in an nnt~rokezz seq~ezzce start-
ing wit

	

-! .



2.4 VSOP, Reactor and Fuel Cycle. V1 - R36

Cards VI-V23, G14311 . TI-TI K CO-1 - CX-I, K 1-K12, RI-R36

14.1

	

Starter cards.

	

VI - V2

Card V I

	

Format {i211...)

C701-2-72 Literal description of case .

= 0 - Normal start .
> 0 ., Restart . Identification number of restart data to be

read . Define IPRIN(8) and [PRIN(I 1) . The next
cards must be : optionally R8 (see IRR9 below), R9 -
12.36 . (See Section 3 .4 .2) .

= 0- No effect .
> 0 . Prepare restart data with id . no . JTPF9 from this case,

Define IPRIN(9) and 1PRIN(I 1) . Data will be written
after the last specified feel management step. (IVSP(24
on card R9).

= 0 : No effect .
> 0- Data set reference number of restart unit from which

the burnup dependent data are retrieved . (Normally
14) .

= (} : Rio effect .
0 : Data set ref: no . of restart unit on which new hurnup

dependent data will be stored . (Normally = 15) .

= 0 : No effect .
0 : Data set ref. no . of restart tape on which the library in-

formation is contained . The data me written after feel
management step no, I and they will be read in. all re-
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R

iR it9

7 NV~C)F'

r .f ._f,l,

~ 3I3

2.4.2 ~ r~ l~ ~ ~ si~r~s. ~3

:~F tI~C)i'~4

starts of that case. (Ncarrrtally = 2£~, hc~tla writing attd
reading)

- () : Nct efTect .
'~ ß : C3nly fctr restart : ~ :ard R~ tvili he givert to reclefittc ttte

¬~ptictns for thc ~"~rst cg~cie of tite restart .

> il : tlrtit rtuttther frorr~ which the i311~(~(`l` clefs for the geo-
metric design of the reacaor are to lie read . (F~se 2~)

= ~ : ~tt Restart .

= (} : IVo effect .
~> ß : f reFsare a rtc~v 3~) groups T3IC RC~i~~S I ¬hrary o~rt c~f~ the

c3f~ grorrps "iiif:Ri~t~i,i7~t~i'i()N lü~rary . (NFJ"1~'fF ; on
card .f 1

	

rttust (~e ~~ .

= ~ : 2-dintensional diffusion caiculation in r-~.
- i : 3-dirrtensioaal diffusion calculation i ¬t X-Y-~. .
(ignored in restart}

() : Nurtther of nuclides (~ ~ ¬i~i} . I :¬ se nuclide identiflcati®~~
fs~ortt data set 29 prepared in i~o~`i~rr-2 .

() : ~K~e1~i~~ nurrther of nuclides (< 2ilil) . Tdcntitieation giv-
cn r}n cards ~15 .

Nurtzl~er c~f d'sfF"~rent spectrur~t ~oncs, corrrprisirtg a cortthina-
tion ctl~ one or rrrore l~atelaes .

~ : NEi fsXed ~roSS S~Caiün 5et5 .

(~ : l~irrrnbcr of frXecl microscopic cross 5ectittn sets dune
on cards ~77.1~, ~I7C3 . 'hhe data are normally used fctr th
ntrciieies in Bite reflectors for w}tich no spectrum eateu-
lation is carried cart . "fife data are refered to as spec-
trum calculation no . l~X~-~- i (1= 1 .1~'E .ii) .

Ncrrrrbcr c~f energy grotrps irt the diffusic~n calculation .



6

7

9

2.4.3

	

Definition of materials. V4 - V9

Card V4

	

Fornuit (1814)

2

3

4

MM AF

MBAKII

MSTOB

JTYP

.TAT

MRlai

JAROX

NO

11)KET

KFTT

NLT

5 NILUM

6 NC

Maximum number or burnur cycles,

Maxitnurn number or hatches to be Filled into storage boxes.

Maximum number of storage boxes to he filled .

No. of diffierent fuel element types in the system (~ 10) .
Same as in cost input (MXTYP on card K [) .

Total number of real burnup classes . For every fuel type the
code automatically adds class I for the fresh fuel and class 0
for the scrap fuel .
Limitation : JCLAS + 2*JTYP + MR[--, P < 40

Number of reprocessing mixtures, (< 1(l) .

Total number of aging boxes and jumble boxes as explicitely
specified on card R7 (only when VIRUP - 0) .

Number of fission products (~ 49). IF NO < II)KET the co-
de drops the last surplus ones .

Id.n o. of fission product chain to be applied (29, 34, 39, 44,
see Table VI) .

0: No efTect .
0: Chain information of the last KFTT fission products

will be defined on cards v8 . "This option can be used to
extend the chain structure or to define a new one.

= 0: No effect,
> (i : Number of Fission products, for which new yields and

decay constants will be defined on card V9 .

Number of "lumped poison" nuclides,

	

3)

Number of control poison nuclides .

	

2)

Input Manual

	

37



Card V5 only when KMAT < 0 on card V1 .

Card V5

	

Format (1814)

KMA'

IMAT(I),
I= 1,KMA'l

Cards V6 only when some nuclides ofthe library shall be duplicated and used with new
id,numbers IMAT(1) > 194 . One card V6 for every new id .number.

Card V6

	

Format (1814)

2

1

2

JNIJJ

1, MAT

I LA

1JX!&72

Identification number of the VSOP nuclide I in the GAM,-Ii-
brary .
Use continuation cards .

Note:
Nuclide id.numbers beyond the library can be used {i .e .
IMAT(I) > 184), but these nuclides must he identified on
the card(s) V6.

Id.n o. of tic new nuclide.

Id.n o. of the library nuclide ofwhich the crass sections are t
be duplicated .

	

I

Cards V7A and Vii only when NLB > 0 on card V3.
1'~or each fixed microscopic cross section set one set of cards. I card V7A plus N26 cards
V7B (('or each energy group) .

Card V7A

	

Fonnat (14,81 L-)

Card V713

	

Forinat (5F,12 .5)

VSOP identification number of the reflector nuclide.

I.Ateral descrip6on .

fission .



~ii i .i)l(N)

~il`:i.i72(1~}

i'lCa,i3 :~(Nr)

C"arcf ~R

	

i~orrrtat (4i;E2..~)

( .'ard VR only ~vhcn i~i~TT '' ~ on card ~4.
li total of i~[:`i"i' cards reciuired, starting witl~ the card for the fission praciraet nuclide

i°ractiar2ai praductian of nuclide N f'rorrt N- E .

-'-' 0 . : i3y capture .
< () . : i3Y decay .

Card V9 or~ly wherr ~äi.'T > ~ an card V4 .
!0 fatal af~T~i,"i' cards is recltrirccl, ane far each C~ssic~rr product i'or wi3ich the yields are
clepneci or aitcrcci .

'~"~C)i~ ide~~ti~catiort na, o~ a select.eci E wtssior~ proci~.ect nuelicie .

2s3i .~ ~ssian ~ieRd o~ nuclide N .

2351 i % ssiar~ yield ai ncaclide N; .

239i,r~ rssiarr yielcl at~ nrrctitle '~r .

in~sut Nia~aual

	

39

2 ~ "I`()SIC~~i) transport .

~13~i(r(i) rr~ ahsor~stian .

4 C~iJSi(i(I) i + 1) do~rr~ scatteri n .

5 ~Ni?(i) s~eutrc~ns;l~ssion .

i : a~ergy ~ratap ica ¬fex startirrg with E %r the ~ast ~roup.

2 E~iI~~C`,~1~,2) Fractional prodtrction ~i n~rclide N Crarrr i'~i-2 .

i~ractitanal pr ¬~d~rctian aCntrclicie N frorr~ N-~ .

4 i3ii~~C'(~1,4) i~ractiarral prcscir~ctivn aCrruclide N 4rorrr N-4.



2 .4.4

	

~e~~ti ~rt c~p~r ~ic~ ~. ~ ß - ~2~

2.4.4.t

	

C~~e id~i~ti~c~ticin . 'Vl#1

l'li~l_I~4(' ~ 24I I'u fsssic~n uieic~ of ritacdide "~ .

f)eeay coristaiat of rtuclicic '~I .

	

(11sec}

= ~: i"3i[i'usi®~ calctitation, corittol po ¬sori adjustrr3ent, hutn-
tt~.

-- l : r~ii%sinn calculation, l~~rnu~s .
= 2 : t3ifiusiott calctalation .

3 : Sari-ie as (), hut conttol poison adji~sttrierit in the reflec-
tor .

_

	

~ : Fcxel shtt~irig .
i : I~uei slatxF~lirig and itsraCiora of tlie eririchrrient .

= :~ : Ftrel shtz~lirig and reFtcicessing .
4 : fFtiel s ¬~l~irig, re~srocsssing and 'ttcratiora . Wl

(3 : Statt witii tirr~e ste~ -1 iri order to f~nci ~ starting distri-
t~f~tiori of Xeriori .

=

	

l : First ste~ oC calculatiort at tirrie ~te~ f) . ~tartirsg Xe-cnrs
centtatiota giveci at in~tat .

E) : `1n ef~ect .
:> ~ : httel c~rcle cost calctilatiotts . (E'arcls 1C t-l~ 12} .

Eä : °~ln ¬~eeü%ack of leakage frorri cii~tasion tn s sctrtirxi cai-
ctalation .

l : i~esdi~ack nh hroad grciu~s h~cklings to (ä/~'Ut, arid t sr-
r~al leakage to 'i'1-il~i2l~E3~ .

= 2 : ~~eedhack nf an austrage e~itherri~rtl h¬icicliYtg tc~ Cil~~,
anci therr~ial leakage tca 'T'1 if:l2 ~t()S .



2.4.4.2

	

Derinition of reactor batches. V11-V14

Fach of the N200 batches requires one set of cards V I 1-V14, starting with batch no, 1 .

2

NREAD

NCI I I

-i . No output .

Fortnat (61"E I 15,14,20X,216)

100: Number of atom densities to be speciFted on subse-
quent cards V12.

> 100: Read atom densities of fuel type 1.1, variant Kt, from
data set 29, (Compare NFIFIT on card D6) .

> 0- Number of a previously specified batch with the same
atOrn densities .
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mullpy = A Drop streaming correction in pebble bed,
= 2: Streaming correction 1,11 7 13FROTT 1 /34,1 in power gene-

rating batches (only for pebble bed),

7 IXEN = 0: Xe-135 equilibrium.
> 0: f XpliC i te 1351 _ 135XC calculation Onust be redefined for

each burnup cycle by IVSP(28) on card R 14),

8 LOBNi;W = 0: Normal .
2: Life history is preserved for ORIGEN-JOL-11 on unit

39, starting firom this cycle.

9 IBASCII 0- No effect .
0: In 3-dim. design : Number of batches in the upper plane

of the core (useful for automatic definition of KD18 on
card V 11).

10 1 SFRCON Convergency criterion for Keff when adjusting control poison
or other atom concentrations . (- UMI)

11 1 REFN0 = 0: No effect .
> 0: Option for the reflector hatches:

With respect to NCJI I > 0 on card V11, the code uses
the composition id.numbers of the BIRGIT input, in-
stead of the real VSOP-batch numbers .

12 1 JPRTN2 0: Print layout of hatches at startup .



4

NCI13

NCIL5

42 VSOP94

lease:
if carton batches are present, they must follow behind
the core hatches . For reflector hatches see the option
RFFNO on card ßi(3 .

< 0: Read new atom densities from direct access unit 28 .

0: Number of a previously specirted batch with the same
geometric data for Jumped poison materials .

	

Caution!

> 0: Number of a previously spccificd batch with the same
control poison data .

0: Use data of batch no . 1 .
<- 0: Read card V14,

> O: The densities of the lumped poison nuclides (on card
V12) are lumped densities, and they will be homogeni-
zed . (Card V13)

0: These densities are given homogenized .

> 0: Number of spectrum zone for this batch .
> NXS (on card V3).- Fixed set of a as defined by NLB on

cards V3, V7A, V713 .
0: Use NT iO'r of the preceding batch .

Fraction of the volume of this batch per layer :
0. : In the batches of the first layer the code makes

WPART =

	

1 . / (no, of batches per layer) .
In the other batches or the core the code copies
WPART of the corresponding batch of the preceding
layer.
In the batches of the reflectors the code makes
WPART = L

0' : Redefinition of the volume fraction ofthiq batch. (If
redefinition is specified, it must he given for all batche ,;,
of this layer, and it holds for all subsequent layers un-
til rede6ned).

Definition of fuel type id.n o . of this batch. Only when fuel
is defined by cards V 12, otherwise the id,no . is taken from
batch no, MAIL
Note:
If'NRI,AD > 100 the id .no. i s taken from DATA-2. In rc-
nectors the id .no, is 0,

= 0: tea effect .
> 0. The Ano . of this batch is defined by KIM = KM8 +

MUIA' * 1BASM (useful in 3-dim. design for the
hatches in the lower planes,) . i



2

5

KD1R

Atom densities : Card V12 only when 0 < NREAD C 100. A total of NRFAD carols
is required .

Control rods : Card V13 only when NLUM > ti on carol V4, and when NC113 = d
on card V I I .

Card V13

	

Format (6E12 .5)

RODS

DI IT

DC)LP

HIT

VIT

-= 0: No effect .
0 : 1d .no. of the hatch for which the information of this

card is to he applied. It will also be applied far all sub-
sequent hatches until rederined . Non power generating
batches (e.g . reflectors) are counted from I . . . (the num
her of core batches is automatically added) .

<. 0 : Last card ill l, holding for the hatch IKD151 .

Format (14,4X,E1 2 .5)

VSOh-identification number of the nuclide with atom density
0,

Atom density (atoms per barn cm) . All densities taust be giv-
en homogenized. Lumped poison materials can he given irr
lumped density (cp. NLUMPS on card VI 1) .

The lumped poison nuclide in all hatches of one layer has
the same poison-selfshielding specification,

Numher of absorber rods in this layer.

inner diameter of one rod.

	

(cm)

Outer diameter of one rod. (cm)

I leight of one rod.

	

(cm)

Volume of all rods in this layer.
0. : It will he calculated from the other data .
0. : The other data are not required .

SSLUMP

	

SeIRhielding factor of the lumped poison at the thermal en-
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Control poison : Card V14 only when NC > 0 on card V4, and when NC115 < 0 o
card V11 . One card V14 for each control poison nuclide, IF NC'l 15
= 0 use data of batch no. 1,

	

1
Card V14

	

Format (61 , 12 .5)

2

POISM

11 01SL

2.4.4.3

	

Data for the hurnup calculation. V15 - V 16

Cards V15-V19 only when JSER < I on card V10.

Card V 15

	

Format (6E115)

DEMAY

2 POWER

3

	

FTWATT

44 VSOP94

ZKFIND

Thc control poison nuclide(s) in all batches of one layer have
the same min. and max. limitations.

Minimum atom density of control poison in this layer.
(Mg. = 4)

Maximum atom density of control poison in this layer,

length of 6me sops between diffusion calculations (large
burnup time step). Days

Thermal core power. Watt

Fissions/Ws for varying isatopic compositions according to
DIN 25463
=

	

0. : Starting value =

	

3.0871~ 4- 10 (
1

2351 j),

> 0.! Optional starting value .

Fnd of cycle Q Or burnup calculations and for control poi
son adjustments.



Card V16

	

Format {I8 14)

2

2.4.4.4

	

Control poison search . V17 - V19

Cards V17-VI9 only when -ISER = 0 on card VIO.

(7ard V 17

	

Format (1814)

2

4

JNSTOP

JNUM

JSMAX

JSSMAX

LS1 M

KSS

NPOIS(I),
I= IXSS

Last large burnup time step in one hurnup cycle.
(< 93 + NXE on card VIO)

Number or small time steps in one large step, i.e . between
two subsequent diffusion calculations . Renormalization of
the neukon Rux is donc aL Ote sfnall ticne steps.

Maximum number of control poison iterations for any layer
at one time step, (All batches of the layer are treated simul-
taneously.) (a- 50)

Maximum number of control poison iterations for the total
core at one time step . (= 200)

Number of Layers, for which the control poison is adjusted si-
multanCOU.Sly . I-SIM layers form a poison region for simulta-
neous poison adjustment .

Length of the list oflayers for control poison adjustments .
The ratio KSS/LSIM gives the number of poison adjustment
regions.

The list gives the sequence of layers in which the adjustments
arc performed . In every poison adjustment region of LSI M
layers the poison is adjusted simultaneously . A layer can ap-
pear more than once, i .e . it can be named in different poison
adjustment regions.

Continuation cards if required .
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Card VI S

	

1-orrrtat (61.12.5

KSS

l

KSS

46

	

VSOP94

1'1NMIN(l)
l = 1,KSS

PINMAX(l)
l = 1,KSS

Minimum fraction of control poison insertion in the 1 . layer
to he adjusted . (e .g . = 0.)

Continuation cards if required .

Card V19

	

1~orrnat (61:12.5)

Maximum fraction ofcontrol poison insertion in the 1 . layer
to be adjusted . (e.g . = 1 .)

Continuation cards if required .

2 .4.4.5

	

Selfshielding in lumped poison materials. V2C1

Card V2t) only when NL1JM -> (1 on card V4. 11 set of N26 cards (energy groups) is re-
quired, fast group first. (Only for power generating batches) .

Format (61;12.5)

Coefficients of the polynomal representation of the self-
Ishielding (actor G .

(7-1 A(.1)*S' ) -t7 .s

1 = },6

	

tot

Witt)

S

	

=

	

(1) * "iä(1)

	

for each hatch
tot.

	

I-I,NVtlM
ts7t ~

with

N(1) = lumped atom density of the 1 . nuclide in the Wrnp.



2.4.4.6

	

Print-out options and steerings. V21

(Tard V21

	

Format (1914)

3

4

IPRIN(l)

1PRIN(2)

IPRIN(3)

IPRIN(4)

(It'd V22

	

Format (1814)

ISPEKT(l)

Spectrum calculation:
= 0: Thermal seBhielding factors, only .
= 1 : Same as 0, plus averaged thermal cross sections .
= 2: Same as 1, plus fine group neutron lluxes .
= 3 : Same as 2, plus broad groups averaged cross sections

for materials with concentration > 0.
= 4- Same as 3, for all materials .

= 0: No output .
= 1 : Print layout of batches before shuffling .
= 2: Same as 1, plus atom densitics (only in combination

with TPRIN(3) ~ 0) .

Burnup calculation :
1 : Gobal neutron balance.
0: Detailed neutron balance.
1 : Same as 0, plus characteristic data for all fuel batches.

= 0 : Skip spectrum calculation if a set of cross sections is
available . Instructions on card V22 are negiceted .

= 1 : Repeat spectrum calculation as defined on card V22 .
= 2 : Same as 1, but only for the thernial spectrum,
= 3 : Same as 1, but not for zones without heavy metal (re-

Actors).
= 4: Same as 2, but not for zones without heavy metal (re-

flectors).

2.4.4.7

	

Steering the performance for spectrum and diffusion calculation. V22 - V23

0: No . of the first large burnup tirne step in which the spec
trurn calculation is to he repeated prior to the difrusion
calculation,

< 0: Same as > Oo but only for the thermal spectrum calcu-
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4P,

	

VSOP94

IDGAM

ID`LUT

IDTIIFR

NGAM

5

	

1

	

lDFSIN

lation .

in every time step .

Card V23

	

Format (1814)

IDIFF(l),
1= 1 .18

[fall IDIFF(l) = 0:
Diffusion calculation is performed at every time step .

Ifat least one IDIFF(I) * 0 :
The IDIFF(I) give the time steps at which diffusion calcu-
lation is to be performed .

2.4.5

	

Fast and epithermal neutron spectrum - GAM . G I m G 11

Format (1216)

Id.-no . of GAM-library . (5015)

Id.-no . of the resonance integral library .

	

(190)

Id .-no . of "fl I ;RMC)S-library .

	

(515)
0 , Calculate 'flIERMALIZATION for 1-1-1- ..I . . It shall be

made only far one spectrum zone (see Section 2.4 . 10) .

Data set reference number of the resonance integral library .
(30)

Number of'different fuel element designs (< I0) . Only for di
ferent resonance crass section data on cards G3, G4. The dif
ferentiation of fuel element designs for the resonance calcula-
tion is normally the sane as for the thermal cell calculation,
i .e . Iif?SIN = NBER on card "1"5 .

Geonnetrv ofthe fuel element :

ISPFK`f(1), 0 : No . of farther time steps for spectrum calculation .
1=2,18 ~' 0 : Same as -- O, but only for the thermal spectrum calcu-

lation .
= 0 : [fall ISPEKT = 0, spectrum calculation is perforated



= l : ~fai~.

2: C:~Pfinder.
~ : S~t~ere .

NX~

Terxa~erature ofthe resonance ahsorf~ers in tl~gi NX~ di 'ererat
sfsgictruna cafc ¬alations . (°C".}	(l~X~ora carcl ~3~

C_'orltirtt¬atiora cards if necessary .

('arci (i~ onfy ~hen I )i~~iN -~ I on card Cil .

C'ard C~3

	

T~'orrraat {12i~}

1 7 £J faf{ I )Y
fl

-_- 1,~X5

fl°IS5ioC1 so~sree §~iCCtrBtrT3 :

_ .. ~. 2~~~J .
- I I : 239~n.

~nd others . {'f'hgi fihrary contains 18 ctif%rcrat ones) .
= i1 : [ ;t~it f'~ssion so~zrce in tlte C`rl~i~t-gro~~ r~o . ~i~°en by

M C~ ¬ ~ti~ .

fi : In diflittsican calctaflatiors the fission soaarc°e is assigned to
the hroacl graios corrcs~sonding to tlae s ¬~tarce s~ec-
trt~ .

= I and '~~"I'~1 ~ ~: Fission soaarce is assigned ~ust to the
Iirst h~-rsad grc~tap .

= ~ : No selfs}aiefr~itag factors a~ l ¬ ed.
~ (~ : f~lur~ai~er c~f~ets c~iseffshieEdir~g ~actc~rs {cards CsC~-(pfll~ .
.-l : C}tie siragle set csfseflfstaielding factors t ¬a he apfalied in

all s ectrrarra ~ongis (eards Cpi - C:~fl fl) .

C3utl-stat ofrtion of the seffsh ¬gilding factors :
(~ : fl#road energy grottp def~taition .

= f : Selfshiefldir~g factors f©r the dif%rcnt r~uctidcs .

I° ¬ ael clerngint desigra ta ¬a~aher ip~ tf~c s ectr ¬arra cafc~afatica ¬~ f .

Fxaput ~9~.rtual

	

~9



NX

~~or each design ~(ßf;S(~1 a set c~f 2 cards (i4 .

C:ard ( ~4

	

~'orrttat { I2C~)

><I~S

1~7

5(1 V~(}t'94

8/JlJ`f~ . . . .~4

Definition oC hroad energy gro~g~s .

( ".ard (.~h

	

C°orYnat 4f2C~r)

I~iSI `f( C ),
C= C,N~~

(',ontirttaatior~ Bards if necessary .

(?ard C~~

	

C~orrnat {EaFt2.5~

~aarnher of resonance a ¬~sor~tion cross scctinn sets to ire rea~
fr ¬arn data set ~Cil~ ~ (~or t ss %eI elert~ent cfesigr ; . ~~ first card
coratain .s ini"orrrtation E~®r ~3~~hh, seec~nc~ card for ~3R t,r . (c C(}}

iti .-rt ¬arni~ers of crass section sets which wifl he geed Cor to
~erattare cafctalati®n .
I7iJ .C' - (? : .Fast fsackgro ¬~nd cross sections for rra (F?} .

[.lesired fosver energy (unit oithe fast energ~r grouC-s(s) . (e~~

2.4,~ . (

	

Irr ivide~~t eCri~her ¬x~~C se~Cfshieidir~g facist~°s.

	

C~ - (r I i

~'arci Ct~s csnly when '~15SS '-" ~ on card C~1 (see afro ~ectior~ 3 .2.3),

tci-no . or the set c~fsctis

	

iefcfin~ factors tcs ~e a~~fied in tfae
spectraxrn zone I .

~'ontin~atioa~ cards if necessary .



E~ards Ci7 - Cil l only when ti~~S ~ ~ :
E~or eaeh ofthe I~SS~ sets ofse(fshielcüng factors one set of~cards C~i - C~11 .

2

C)[~Ci

fVIC.)1$C i

Card G~ c~rrly ~rl~en

	

E3ßC;' ~ E) ~r~d I1~C)ßC~ c Ci .

Car

	

Ci?R

	

t~orrr~at (121fa)

~F$~$1)1~~ .1~9

..."" ~t~f/~~

Card Ci~

	

porrnat (~rT~ t i . .~}

~~~~ f..y .l ~P

I,= I,LStJ~3

=~ ii : '~ittra~her of broad epithcrrnai energy grc~~ps for input of
cetishieldir~g factors (card CAS} . (( ip tcs Es7 groups can h~
defined} .

ED : Broad energy groups serve as defined ors card C.rS (thc
code sets 1~C3f$C~ -

	

t~12Cr - I ) .
< ß : Sarxte broad energy groups as deE-geed ~refore .

? i) : Nurn~cr of srrhset.s c~f crrrss .sectiar~.-se~isfaieldirrg factors
~C .' (cards C~9) . (~9~

4) : Nurrther of ccll ~®nes for neur~n fiust-selfshielding fac-

E? : No infrut of ~~".

td.nur~her csf tf~e C~~~S group twith the highest energy in the
~roadcr energy group 1 .

C".ards Cr9 only ~~herr L~~J13 ~ t) .
l1 sct of~ ( .i -- ly, ¬'!ff f~l3Ct) cards C~9 m~¬st (~e given Cor the i~i(iß6"s hrot¬ ci energy grotpps .

i3road energy groa~p .T :
C~ross sectirrn-seifshie~cürtg factor of suhset 1_,

fnptat N[arau~l

	

5!



Cards 6 10 only when NK > 0,
A set or (J = 1,MOB(;) cards Gy 10 must be given for the MOBG broad energy groups .

Card G (0

	

Ormat OE 115)

spkjy
K-- I,NK

I NK I

A card CY I I is required for each nuefide (simplification ofinput can be defined on the
cards) .

2.4.6

	

Thermal cell spectrum - THERMOS. TI - TI I

Card 'F I

	

Format (1216)

NKER

52 VSOP94

Broad energy goup J :
Neutron flux - qeIrshieldin g factor of cell zone K

Number of difrerent scattering nuclides . (< 5)



2 1 NKERAR

4

	

1

	

Ni1C'1'

NUTTF,

Card TIA only when MCJ P > 0 on, card TL

Card 'I' l A

	

Format (6E12.5)

MUT,

EMIJ(I),
I = I'MUP

Card T2

	

Format ( 1216)

I K ER(J),

Number of absorber materials for which a scattering matrix
is calculated (Brown St . Johneq). ( ~ 1(1)

= 0: Calculate THERMALIZATION for preparing of a
TI IFRMOS library (see Section 2.4.1(i) .

= 1 : THERMOS calculation, no subsequent calculation of
selfshielding factors.

= 2: Print-out selkhielding factors.

Maximum number of scattering nuclide id-nunibers per one
scattering nuclide to be read for temperature calculation
(cards 'f2) . (~ 11)

Identification of fuel element type (see card T5) of which the
geometry data are used for streaming correction and for the
performance data list .

0 . Use the first fuel element type (for which the first set of
cards T6-T10 is given),

> 0: Use the ITY-th Fuel element type .
-1 : Define the geometry data on card T I L This is ricceSSar

if 'FTIERMOS cell definition is different from fuel ele-
ment size .

	

I
= 0: Normal.

0: Number of broader thermal groups (to be read on card
TIA) for given individual selfshieldings .

For cacti oaf the NKER scattering nuclides one set of cards '1'2-'F .1, in sequence of VSOP
nuclides on card VS,

id .-nn . of the A scattering matrix which will be taxed in the

input Manual

Upper Arrrit QV) ofthe I-th thermal broader group for the
given individual selfshieldings, starting with the lowest ther-
mal group.

53



NU(7T

NUCT
+ I

NXS

2

54 VS01)94

= KNUU17

KRIAND

Bard T3

	

Format (6E12.5)

J = 1,NXS

(.'ard T4 only when NKERAB > 0 on card I'l .

(Card T4

	

Format (E12.5,1016)

TKG

IDTA(IY
I= J,NKERAII

('ard TS

	

Format (1216)

temperature interpolation Or this scattering nuclide .

Number of dummy scattering matrices to be stored on data
set 10 . Must be specified on. the last card T2 . This reserves
storage if additional scattering matrices will be given in re-
start cases.

Temperature oFthis scattering nuclide For spectrum calcula-
tion J. ~'()

Relative temperature in the calculation of scattering matrices
for absorber nuclides . ('K/293 .6)

Identification no. of Nuclide I for which scattering matrix is
calculated .

~

	

= 0: (Cylindrical rue] element.
1 : Spherical fuel element.

Number of diffierent fuel element types for the thermal cell
calculation . Normally same as IDFSIN on card ail . See also
NR.jTP on card D6 .

identification no . ofWelement type used for spectrum cal.-
culation 1 .

NGFOM

2 1 NBER

3 NTYSPOY~
I= 1,NXS



For each rue] element type one set or cards 'I'6-TI0 required .

wrnp)'
J = 1, 20

[BRENN

Format (6E12.5)

Temperature for the initial guess of Maxwell neutron spec-
trum . 'K/T0. (f-- 1 .5, see also STRTO on this card).

Ratio: Volume of the cell / homogenized volume, (Eg. volu-
metric fiffing fraction of fuci rails in the core) .

> 0 . : Fuel element type iden6hcation 1 .1 to be read From dat
set 29 (compare NF'UTP on card D6) .

= 0 . . All design specifications must be given on cards T7, I'S

> O . : Idcntif ication of the most important scattering nuclide .
Its temperature will be used as base temperature TO,
as required for TKGY .
STRTO = l ., 2 . . . identifies the first, second . . . seat-
terer in sequence of VSOP nuclide list (cards V5, 1-2) .

= O . : TO = 2916 'K .

0 . : Average cross sections are based on the average cell
flux .

4 : Average cross sections are based on the flux at the
mesh point PNORM .

0 . : Average cross sections are based on the flux at the out
er edge of the cell . (This option is recommended).

-L : Isotropic boundary condition . Read card TIO .
0 . : Reflecting boundary condition .
I . : White boundary condition .

Cell zone no. in which mesh point J is located . E.g.
11122223330000, The highest digit defines the number of
Cell zones N(,Z. (~ 5)

Skip if FUTYP -> 0 .
Cell zone no . in which the fuel is located .

Skip if FUTYP > 0.
> 0: Cell zone no. i n which the coated particles are located .
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I

	

I~I I)(i + l ), ~

	

¬?uter rsdi

	

s c~fcel[ zone rt©. I .

	

tern)
I = I, 5

	

Inner radius of cell zc~ne no . I is set ta ß.

lß card T9 is required Erst each nt~elide . IEar sirnplil~ed input see helov~r,

('ard T9

	

I~'ormat (IS,I4,II,6EI~ .4)

t'ard Ti~ anly sehen I"i1°I`YI' = I9 . on card ~'6.

f;armat (~I:12. 5p¬ 'ard `hft

Z

SF~ Vsi?Ip94

Itatio : I~ensity c~f t~strixlde~tsity of casting.

~ : IcI . no. of nuclide in the TI-il;l~I~ ¬3~-library, starting
with absorber nuclides in sequence of increasing num-
bers . f~llawed b~ the scstterers with modified nurrners
i(I()f)+ .I . here, .T= (, 2 . ., identifies the first, second ., .
sca~ttcrer in sequence of V~ ¬)i~ nuclide list, see cards VS
and `iz.

0: -Ilal~~ terminates tlae input of cards "f9 .

ti : Ncsr al,
> fI : Individual thermal selfshieldings of this isotope are giv-

en an cards "f9lß .

~: 'I`Ite fractior¬aI densities VI3 s~eci~ecl on this c~¬rcl sre al
sc~ valid f¬~r alI s~.cbsequent nuclides, unless revised .

I : "I`he VII arc valid only for this ¬nuclide .

= ~: ±~o calculation of coatecl ~articles heterc~genity .

23
Itadic~s c~f the ccsated article kernel . (erni

24
~uter raclius csf the casting. (crrt)

~.5 ¬'.¬)lß(3)
Volass~lc fraction : caat . Isart.!(caat.Isa.rt . rnatrix) .

2f, c:¬~lß(~3 Ski~ if ht1"f~'I' ~ 4. or l~',(~lß'f - fi .



Albedo at the outer edge of the cell for the lowest energy
group no . 1 .
= I . : Reflection .
= 0. : Vacuum boundary condition .

Albedo for the group no. 2.
0, : Use ALBFDO(l ) for all energy groups,
0. : Read Albedos for all groups .

Skipped if ALBEDO(2) = 0, Otherwise the group dependent
Albcdos must be given .

U, se continuation cards if necessary .

5

VB(I)

VB([,),
1, = 2NCZ

C=ard 'F9A only when MUPO > 0 on card T9.

0 . : Fraction of the homogenized atom density to be as-
signed to the I . cell zone .

< 0.: Fractions are read front data set 29 .
= -L: Nuclide distributed like fuel .
= -2 . : Nuclide distributed like moderator,

Fraction of the homogenized atom density to be assigned to
the L . cell zone .

	

L= 2. . . NCZ-

The fraction of the nuclide assigned to the coated particle
fuel zone 1COAT on card 'r7 must be further subdivided be-
tween kernel and coating-matrix, VB(N(Z+ 1) gives the Frac
tion in the kernels.

F'ormat (6E12.5)
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Card "1- 11 oath when I TY = -1 on card `l"l .

Card I' l I

	

Format (6F12.5)

2

3

FF(1)

FF(2)

FF(3)

F(5)

2 .4.7

	

CITATION, Joint di%ion calculation . CO-1 - CX-1

The dinkon code CITATION is applied for calculation of criticality and neutron flux
distribution . It is red with macroscopic cross sections being prepared from collapsed
microscopic cross sections and from atom densities at any time step defined by the input.
Actually the input for CITATION is described in gel: /15/ . A great deal of the input,
however, is prepared internally by the VSOP, BIRGIT (2-dirn.), TRIGIT (3-dim .), Just
few input data must be given by the user, and we describe them in the following . They
must be given only fear the first call of CITATION in a VSOP run (or in a restart case),
and they are internally preserved for the repeated calls of CITATION during the run.

2.4.7 .1

	

Memory location. CO-1 - CO-3

Card (70-1

	

Format (216)

N

58 VSOP94

NG1"0

Volumetric filling fraction of fuel elements in the core .

Inner radius of the fuel zone of the elements (normal = O.) .

Outer radius of the fuel zone . (cm)

Outer radius of the element. (cm)

Fraction of graphite balls (only spherical elements) .

> 0, Dimension reserved for data storage (words) .
< 0: INI gives the dimension in units of 10(B0 words,

0: Unit number from which the BIRGIT data for the geo-
metric design of the reactor are to be read .

0- Unit number = 37 (compare BIRGIT-Input card Bl I)



Fach individual case is to havc two title cards at the beginning .

Card CO-2

	

Format (18A4)

18

B(l),
I = 1,1R

First literal description of case .

Card (10-3

	

Format (18A4)

18

B(t),
I= 1,19

2.4.7.2

	

General options.

	

C[- I - C1-5

Card (11-1

	

Format (13)

TOPT

Control options

NGCI

NG(72

N(3(:3

Second literal description of case,

001

0

= 0: No effect .
> 0: Option to write data on logical device 35 to permit re-

start .
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.5

Cz 1~'CiC`fs

'®TCr("7

R I®tC~C_'~

9 NCtC_'~3

1(~ NC~C'.1t3

i r4 ~ NC;C'i4

i5

	

I

	

NC~C~i 5

i~ NCgC:if~

i R NCiC .` i R

iR NCiC~is3

22 ~ NC~E'.22

~,(1 L'SC) ¬'94

1.~~C~C'.4 I Ci

NC~C~S

	

~

	

-- i~: N® e~eet .
=

	

i s Save r~acroscc~~ric crass se~tions on

	

r~~ieal device 3 i .

NC"~C'2()

(? : l~lo erect .
(i : 6~~Stiort. to urt~ite neutron flux mad on 1,'C~ 1 ¬~gicai device

2i .

~: Nro ~fF'ert .

i : C~~ ¬iorr ¬¬~ wri ¬e ~ower c$ensi ¬y rna~ on ilC.i Ic~~icai devi-
ce 3~0

"i~ e o~ ei envaiue ~roi~iet~a .
~ : i ~f`ec ¬ ive s-¬~ui ¬i~iica ¬ion i'ac ¬or caieuia ¬icsn .

=-5 : Fixed source (read cards C'.26-~,

	

, 3, C~} .

Terrninatiorz o tinn {a~~iied c~nip ¬¬~ ¬he Ftux i ¬era ¬iora caicu-
iaticsn) .
= ti : ~i'errninate caicuiation at~d ~roceed as i~ cortver~eci iC

machine tirne or i ¬eration courrt is exceeded {see cards
C .".l-3 ar~d (Yi-4 beic~w~ .

1 : ~f iitni ¬s are exceeded, terrninate caieuiatiort and ~Srcs-
ceed as ii conver~ed oraly i~ t}~e iterative ~rc~cess is eon-
vergin~ .

= 2 : If~lirnits are exceecicd, ¬errrrirt~te caicuia ¬ icsras .

~iacrosco~sic crass section option .

(i : C?rely rt~aerc~sco~ic cross sections irr~ut in section

	

~
wiit he used .



Edit Options .

1

	

~

	

I I., D6 I

2

	

11 ,DG2

3 IFDW

7

9

9

IEDG4

1EDG5

TEDG6

IFDG7

1FD(Y9

lFDG9

IEDG I I

IFDG 12

-1 : Define unisotropic diffusion constants on the cards
(77-1 - (77-6, This allows diffusion calculation K void
areas as present in the pebble bed reactor .

0

= 0 : No effect .
> 0 : Print macroscopic group-to-group transfer cross sec-

tions.

0: No effect .
0: Print macroscopic reaction rate cross sections .

= 0: No effect .
> 0: Print gross neutron balance over system by group,

= 0: No effect .
0: Print gross neutron balance by zone by group.

0

-- 0: No effect .
> 0. Print zone average flux values by group. ([El)( ;6 = 0)

= (l : No effect .
0, Print point flux values by group.

0

= Q No effect .
7- 0: Print zone average power densities,

Input Manual

	

61

2.1 N(K:2 .1 - O: No effect .
> 0: Lised to force 1/0 for iterative problems, generally not

used,

24 N(3(`24 0: No effiect.



Gencral Iteration Count and Machine Time Limits,

The first numbers on this card (71-4 are the iteration count limits for the various loop
calculations . Problems are terminated when the iteration count reaches the limit and the
calculation proceeds as per NGCIS (see card (71-2) . For a statics problem (no depiction
or dyna&cs) only the hems ITMX 1, ITMX19 and ITMX21 apply .

62 VSOP94

> 0: Maximum number of initial eigenvalue problem itera-
tion . If the demand is greater than 999 iterations,
be WOW:
ITMXI = 11C

	

If I = 8 and JK > 0 A is
lTMX1 = I * 100 * JQ

0: Default value = 200

> 0 : Limit for the initial eigenvalue problern .
= 0 : Default value = 60

> 0: Limit for all other cigenvalue problems .
= 0 : Default value = 30

>

	

o .- I .itnit or any reactivity loop .
= 0 : DeCault value = 60

The following items are the machine time limits (min) far flee

various loop calculation ,, and also total computer time limit ;
generally calculations continue if time is exceeded as if con-
vergence criteria had been satisfied.

13 1 1 FDG 13 = O: Na effect .
> 0 : Print relative power density traverses through peak .

14 1
1 F,1)G 14 = 0: No effect .

> 0- Print point power densities .

I 5

24

1 IF W315 0
: :

IEDG24



3

Cies~erai Ite~traisas

2.4.7.3

	

®~~c~ip~icsn ~f st~ ¬nts-c~rs fi~ax p~~ i~tn .

	

~`~- [ - C'.3-4

f"arci (".3-I	i~orsnat~I3)

[~}P~f

~~~sseral i~e~cri~rtios~ .

Iä : Lirnit oF total sr'achissc tisr~e .
~ : I~?efa~slt vcrle ~ I2~

~ssy caleulatioss

	

ill ~Se tcr

	

is~atcci if th~ follc~~ris~g restraissts
arc läClt BTI~t.

(K}3

Irsl?ut Mast~sai

	

63

Ci1,iM ¬

~är,iMZ

~ ~ ~ . : Maxirnt~s~ stxulti~licati®s~ factc~r .
= f) . : ~~cfasllt va~tse~ 6 . S

> ~ . : Mis~imssrs~ m~slti~?Iication factor.
~ . : [~cfauit valts~ _ ~.5

I CiL,~~r13 I f) .
~ .
l ~L.IMC~ I t3 .

22 I~'M~~~ (~

2 :~ (fM~2:3

24 I'I~ M X 24



64 VSOPQ4

O: 1 ,inite-difrerence diMusion theory .

2 NNUAC2 0 : Use available nux, multiplication factor and accelera-
tion parameters From the previous calculation.

3 NUACI 0

4 NUIAC4 0

5 NUAC5 Geometry option,
= 7: Two-dimensional cylinder . (r,z)
= I P Three-dimensional slab, (xy,z)

6 NUAC'6 0

NUAC7 0

8 MJAC9 indicator of two-dimensional diagonal symmetry (on planes
if 3-1)). Set to 0 if NUACI 1 = -1 .
= 0, No effect,
> 0: There is symmetry about the diagonal starting at the u

per lefthand corner and there are the same number of
rows and cohmns.

< 0: There is inverted diagonal symmetry .

9 NUAC'9 Indicator of two-dimensional symmetry along column slices
far 3-D problems only, see options above (NUAC78) .

10 NUACIO 1 0

Note :
2-dim .- r left right

z top bottom

3-dim. . x left -* right
y front - back
z top - bottorn

Il I NUACAI Left boundary condition (required for I-D, 2-1), 3-D) .
1 : Periodic .
0: Extrapolated (vacuum) .
1 . Reflected .

12 NU'AC12 Top boundary condition (reqVred br 241 3-D) .
= 0 : Fxtrapolated,
= 1'. Reflected,

11 1 A¬'13 Right boundary condition (required for 1-1), 24), 34)),
Set to -I if NUACA I is -l .



14

15

NUAC14

NUACIS

NUAC20

NUAC'21

NUAC22

Ni JAC23

NUM.724

= 0 . Extrapolated,
= 1 : Reflected .
= 3 : Inverted reflection (190 ' rotational syrnmetric) .

Bottom boundary condition (required for 2-1.), 3-1)) .
= 0 : Extrapolated .
= 1 . Reflected .

Front boundary condition (required for 3-D).
= 0: Extrapolated .
= 1 : Reflected .

Back boundary condition (required for 3-D) .
< 10 : Extrapolated .
~~ 10 : Reflected,

Number of zone to be an internal black absorber and have
the non-return boundary condition applied at its edges (see
XMIS2 on card C3-4 ; this zone will. be black to all groups
unless additional data are supplied) . N UACI 7 can be > 999,
since NUAC16 has been modified in its format to >< 10 .

= 0 : Only positive neutron flux allowed .
> 0 - Option to allow negative neutron flux .

= 0: No effect .
> 0: Override use of Chebychev polynomials in adjusting th

acceleration parameters .

_=-l : Force alternating direction line relaxation on rows and
columns, and also fore and after for 3-1) .

---2: Use only on rows and columns.
> 0 : Line relax only on rows .

0-- The code selects line relaxation on rows only with one
inner iteration for all problems involving upscattering,
otherwise three inner iterations for 3-1) problems with-
out I J) and rive with data 1/0 during iteration, and al-
ternating direction line relaxation for all 2-D problems .

0

0

Spe6fied nuMer of inner iterations . Normally not specified
(see NUAC20 above) .
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Iteration Convergence Criteria .

Card (11-3

	

Format (611110)

2

4

5

FPl I

U- d 'd2

F Pi 3

EP 14

r, 1 1 L5

EP 16

Miscellaneous Data .

Maximum relative flux change for the last iteration of each
initialization eigenvalue problern . (0 .(?001)

Maximum relative change in the eigenvalue for the last itera-
tion of eigenvalue problems . This applies to the multiplica-
tion factor calculation . (0,00001)

Replaces FPl I for all eigenvalue problems except those for
initialization or static calculations . ((d.0001)

0.

0 .

66 VSOP94

External extrapolated boundary constant .
*)

= W The code will use the built-in value for all extrapolated
boundaries . (0.4692)

> O_ Specirteq the constant for all extrapolated boundaries
for all groups (see NIIJIM7 1 I - 16 on card {:3-2) .

Internal black absorber boundary constant for tile zone
MAC17 . *)
= 0 . : In connection with NUAC.17 > 0 on card (7 3-2 the co

dc will use the built-in value for all groups and the ah-
sorber will be black over all energy . (0.4692)

W The constant Qr all groups applying to zone NUACI 7

Core power level . (MWL11)
Use 0, because the core power
from VSOP to CITATION .

is an internal data transfer

Conversion factor, ratio of thermal energy to fission energy .



6

_ö 4~

ox

Initial overrelaxation factor . Normally calculated by the code
and not specified here .

2.4.7.4

	

Diffusion calculation i

	

void areas. C7-1 - C7-6

Cards (..7-1 - ('7-6 only when NGC_'24 = -I on card ('1-2.

Card ('7-1

	

Format (216)

1

2

Card C.7-3

	

Format (6F 12 .5)

Number of void areas (card C:7-2). (C

Number of different sets of void cross sections (cards C7--I,
C7-4). (~ 5)

Card (.'7-2

	

Format (1814)

2

I ZC)NE(J ),

1( .1,2),
.1- 1,111

Id.no . of void cross section set to he inserted into the _i . void

area .

First CITATION zone located in tire .1 . void area .

Last CITATIONT gorse located in the .1 . void area .

One set of carets C :7-3 - C7-6 far each of the K = l,K1I void cross section sets .

Macroscopic ahsorption cross sections of the energy groups I
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Fnergy group dependent factors to be multiplied to the V2 o
card CTS.

68 VSOP94

S(-iR(K,T) j
I = I,N26

Card (726-1

	

Format (13)

Macroscopic removal cross sections of the energy group-, 1 .

Format (3E12,5,13)

2.4.7.5

	

Fixed 5ource . C26-1, 2, 3, 6

Cards C26-1, 2, 3, 6 only when NGC'I

026

-5 on card



Card C26-2

	

Fonnat (213)

2

(lard C260

	

Format ~6F- 12-5)

N26

X1

N FX2

Vii:(),
I = 1,N26

> 0: Zone number.
= 0: End of the input of section 26 .

2.4.7.6

	

Location of the reflector edges. CX- I

1 : Fixed source is specified by 7ones (drop the cards
('26-4 and (26-5) .

= 0- Short output .
> 0, Source (n/qec) will edited by mesh points .

Fraction of the fixed neutron source distributed into each
group starting with the highest energy group. These should
surn, to unity but are normalized to unity by the code .

Card CX-1 defines the location of the edges ofthc reflectors in order to print the maxi-
MUrn neutron (lose,

(Vrd CV I

	

Format (12i6)

ITR No. of thc lowest rnesh of the top reflector .
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2

4

l~F~,

.~ l~ l~

_i i R

r rs~~ ~:y~me i-o~~~ ~.:ar~e~e~u:~e~~a~a .

Wards K ~-K12 only ~her~ NKf)~'f y (} on card ~lt~ .

Na, af thc tt s~cr n~esh of t e hatt~r~ ref$cctar .

'~a. ofthe ir~ncr r~csh ai- ttte aatcr radial rc(iectar .

Na. af thc aL~ter mes}~ af the inner reCiectar ca}umn .

ldentil~catiort rttzrr¬her far the c¬~st lihrary tcr he ~SrcPared, lt
will cantairt thc reactor hurnup historv for KI'~~-cast calcu-
latians.

= ti : Na cost library gill he Prepared .
~: Data set reference number far the cast Cihrarv. (Sequen

tial data set art rnagr~ctic tape ar private disk)
= 4(3: I3irect access data cet z

	

ust he ,~i~ .ä . ~"f4t)1"(

	

l .

Nc~rr~her af }~tarac~p cycles for rwhich h~rne~p data are su~p-

cd . Thc lertgth af appraaeh tc~ cgnilihritar~ ~l~ase is assu
to he eclual to NibtAF~` h~arrttrp cycles . NlvilOä rrcay he over-

ricidctt hy irtfarrrtatiart cc~r~taincd svitl~ipt burnt~p data.

N~trr~her af dii~'erer~t fue} types irt the systctrt

	

(c lti) . 1='ar

cact~ type a set ofcards K7-K 1(} is rcc}uircc}.

= () : Narrr~al .
=> Ci : 1 }ear~~y ~vatcr r~tcsderated reactor arfld I3~~3 ex~scrtditures

incittdcd in east calculatiaa~ . f;`ard K 12 rec}aired.
{"}.

his

afstian t~ay hc uscd to sirr~uCate capital ¬:asts of fsatwcr

piant) .

= 0 : Norrr~af .
~: ['~ feed eycle, far cach periad a F'u e~ ¬~ivaience va}t~c is

calct ¬ latcd according ta s~seci~eci f~'~`f' far urar~i ¬arr~ feed

c~cle an carcl IC t } .

(i : Print-atflt ~.cPithattt rr~aterials balance for each hatch .



9

1 : Print-out includes materials balance,

fl : Normal, only of significance for restart cases .

= (3 : Normal .
0 : Calculate average equilibrium FCC over the last IQ pe-

riods (Ref! 18 1/, Section 3 .S).Recornmended when the acs
counting period is shorter than the irradiated time of
the fuel to obtain representative FCC far the equilibri-
urn cycle .

El : Neglect financing cost of fresh out-of-pile hatches class
= 1 . (Normal when appropriate lead-times are used) .

1 : Calculate financing cost of fresh out-of-pile hatches for
the time TOUT on card K4. ']'his option only for cases
with out-of-pile hatches, i .e . KUCgL ' q on card R3.

Monetary unit in which input is supplied . The user specifies
the 4 character alphanumeric designation to he used in print-
out,

	

e.g. DM or [J S$.

The energy cost is calculated in units of $$ (see below) and
$X$ is the conversion from $ to $$ . E.g . 100 means $ = 1()t)

Monetary unit in which energy costs is calculated and prince
in output,

	

e.g . Dpf or Mill .

Annual load factor . Same as AAAA on card R2.

Net efl"iciency of power plant .

(13 . : Total lifetime of the power plant (a) . Average FCC are
calculated for CäLD years assuming an approach to
equilibrium phase ofNMAI' periods . For the rest of
the lifetime the last (or the ICS last) calculated periods
is defined to be the equilibrium period and repeated tit
the end of plant operation . For 1)20 cost calculation
GLD is taken as amortisation time for heavy water in-
vestments .

< 0 . : Drop average FCC calculation .
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4

Card Q

	

Fornat (6F 115)

2

4

6

GMz

ZI

Z2

7.4

73

75

72 VSOP94

Number of instalrncnts of electricity revenues within a period
Normally = l . 9 but for longer operation periods monthly or
quarterly intervals or payment should he assumed .

Pre-irradiation interest rate (1/a) on fuel expenditures .

Pre-irradiation interest rate (1/a) on fuel Fabrication and
f?20 replacement costs.

Interest rate (1/a) on all capital, incl . electricity revenues
during irradiation .

Post-irradiation interest rate

	

(I /a)

	

on capital to finance fuel
credit (in effiect discount rate) .

Fast-irradiation interest rate (]/a}
Mng Casts .

Discount rate (1/a) for present worth levelising of all expen-
ditures and revenues over reactor lifetime . In most cases all
interest rates will he chosen the same with the possible ex-
ception of the present worth discount rate . The code offers
the flexibility to model most of the economic situations aris-
ing for those special cases where this might be needed .

Tax rate

	

(I ia)

	

on fissile investments .

Recovery Factor for reprocessing . (0,97 - 0,99)

on reprocessing and ship-

Reserve factor (RE S = I + reserve) to account for addi-
tional fabrication costs for reserve elements in the initial ca-
re . In later cycles program sets RES = 1, The capital char-
ges arising From a reserve store are contained in the appro-
priate de5ned lead-times ä1N and ITAB on card K9.
Blanc = LO ,



C;ard K5

~' i'10

C~i13C)R

2 I C"_[)Rh'Fs

~'r~rNN

~'!~6 t,

T~ractictrt ctfciiseharged 233i~~ deea~ing irttct z3~C1 dtrrirtg ctrtt-
ai=isile storage (rtorrrtail~r =

	

i .t)) . ~Vlterl using ~ S()P artd
ltavirtg cie~rced stctrage an ¬~ reproccesing tirrte, t}te ar~tcturrt of
z~~~J reaching the re~roc;essing Siant }tas alrcad~= hccn ex~lic-
itely ace:aurtted fctr, timmn ~°F'~ = (~ . { z ~`~'~`~s is ass~rrred tc+ de-
cav cort~pietely into z3`~i'u) .

Starage time

	

(da~'s)

	

hefore reuse c~f ¬~ut-of~ile hatc~acs . i'"i-
narreing cost with interest rate J4 is calcuiateci ciurirtg tirne
~r~r~rr"r~

	

,~r~�, r.. r~Rr~ r~,~r är~,~+ ~rr.~xrr~r~ ~,~, . .~r~

	

rrt

	

;~ ~~� ~~.t
e ~~ . : ~ .	~ ~ A,~~

	

s~.,

	

EE .. .,~~

	

.u~,o

	

~~

	

Eo~.,~

	

, .a, o . . : ..,

	

.,~n

	

.,~ .0.s

	

.a q

	

, . .

i~cd = () .
Netrrnaily the aut.-af-~siie tirrte wi(l t~e ti3e sarne as cycie lengtl
artd `fC)[1T = -1 . '~glill eause eacie to specify ~"C)t~'i~ = cycle
iength for eaeh cyrcle .

C:arcl K~ is alwa)rs re¬tuired . 'i'}te data for uranium ®re and ertrichrt"¬erst will he used to
calculate the price of 23~~ .~ for different float types and the cttarrgirsg value during dc-
letictn . Il~ this ¬option is to he hy-passed, C`f1R~K) for ail 6`uel tytscs ? () artd C'[J .5(K)

specified accardingiy, see cards K7 .

~~®rrrtat (~rt 12 .5)

(:c~st af urartiur~ ore as 11 3C)~ ( rflh I1~()~) . °ihe pric:c is giver9
as pcr it~ cctrrespondirtg ta carnrrrort usc irt litcrature .

C'.ost of cc~nversion of t.~~[.)~ to t1 f' r,

	

(	Ikg [~). `~`he enrietteci
enct praduct. i s itt thc form E1~'~-j , the cessts ¬~f cortvertirrg the
hexa~&tec~~~idc intct EJC~z ar any otitcr corttpnttrtd, are irrctudcd
in t}te fahrication cetsts .

Sefrarati®rt carat .

	

(~isit?)

"i`aii ertricitrttcnt, i .e ., z35t
.J cttrttent irt ciiscardeci uranirrrrt frc~

diF~usitrn plantq at presertt. = () .t)0 :'=, hut Iiiceiv tct he ~.~()2~5 in
ths Cuture .

i.asses ir¬ eanvcrsion af t.1~C)~ to [1i"~ ~typrcaliy O.S - i .(i`%) .

i .asses irt can~ersic~n of enriched t.1i<h t© tJC)z ¬tr t` ¬ : artd irt
fa~rieatictn {typically ~.~ - l .£~°~ } .

input i~$an~al 7a



card K6 is always required . 'The costs of fresh 232-1-h . 2331

	

and fissile plutonium are as-
surtled to he tile same for all types offuel. Tbe discharge value may, however, vary ac-
cording to composition and subsequent utilisation and for each fuel type depreciation
factors are specified on cards KS.

Card K6

3

C7-I 1232

Ct1233

CPl'FIS

One set of cards K7-K 10 for each fuel type .

74 VSCi1`94

Format (6I 12 .5)

C,OCt of 232"1'h

	

(S/kg), at present 10 Slkg .

0 . : C.'0st of f°rssilc 233tJ .

	

( ikg)
(i . : (-ost of2330 is calculated relative to cost of93% en-

riched 235t1 with AI3S(Ct1233) as parity value.
C'ost(233 ( 1) = ABS(CU233) * C'ost(93".~~ 235D

0. : Cost of fissile 2391"u and 241 .

	

($/kg)
O. : (".ost of Pta-fission relative to cost of 93 1,4) 235 11 with

parity value ABS(C:PljFIS) .

Type of heavy metal :
1 . . Th(met.), 2. : ThO2,
S. : t.1(met .),

	

6. : 11()2,
3 . : ThC, 4. : ThC2,
7.:	C1C,

	

9. : tic2'

Initial reference enrichment of 2351 j, in uranium (next word
CUR :5; (} .) . All cost calculations are performed with the actu-
al enrichment of a hatch regardless of the reference enrich-
merit for the type . Cost data on card K5 are used . Cost of
23511 ($/kg) when next word CUR > ii . Price kept constant
during calculation.

(? . : Cost of 23R t1

	

= (3 .,

	

and cost of 23~t.~ calculated from
hatch enrichment and card K .5 .

ci . : Cost of-2..U (~,'kg) . Supply .3511 cost as wecihed
above. This option operates only when C[18 :5 0. For
all types! J

>_ E1 . : Fuel fabrication cost (S,rkg IIM) excluding cost of
heavy metal . Monetary unit is S as specified on card K
and given per kg initial 1Iltlf in fuel element .



.5 I ~".~III -;

(.~ard '~~

	

lä`orrtrat (6~:I2.~~

(.'ard l~~

2

~ (~ . : [' .se data which are given on data set 29 f¬~r tlris ftrel
eiernent type .

~ (i . : '1"otal casts csf reprocessing, stripping and stcr~¬ gc
(~ikg LI~~ payal-sle at ~irne "I'l1l,Jl' (card K9) after ¬'is-
charge . (. ."ost per kg c3ischargeci t (i~ .

~ (i . : flee data ~,~hictr are given ors data set 29 for this frrcl
element type .

Interests ¬rrt I t Nf cirrrirrg fahricatiatr arrd rcprcrcessirrg are cal-
ctsiatett sefiarately F?y thc prograrrr far leacl and iag tirrres "iIi~¬
and Tl;~ an cttrd K9.

_ ~3 . : I rracäiate¬1 arrd dischargedl fertile

	

aterial ('fl~, t l ; ltas
rra value .

> f} . : ¬:rrst ~f discharged fertile rnatcriai depreciated hy the
factor CI~ 6"['I 1 .

=~ Et . : I~ischarged I'u-fissile c ¬rst depreciated by factr~r ~',I lI-
I'CJ .

p'arrnat (bI" l2.5~

I .eact-tithe

	

(d)

	

far payr~rcnt csf~rarriurn arc far refslacesvrent
firel . l .cad-tirrse is car~ntcd prior tcs th~ tirrre rrf lcsading tlre
firel intcr tlrc reactor and start csfirraciiatic'rr

	

~tw~ically t -
t .5 vl .

l~eaci-three

	

(d)

	

far pays>'serrt ofersric;h

	

errt service acrd carr-
versi ¬~rr casts fcrr Errs[ replacement relative to fuel heeling (ty-
pieaily fl �5 - l .E~ ~~) . ltlscr lead-tune far purchase af233~J arrci

fnp t i~tr~nuai 75

2 C.'IIIt13 = (~ . : ~)ischarged 233tß has rra Value .
Ei . : Discharged z33t.J cost depreciated by faster C`_IIIi13 .

:~ H C",[iltJ = i~ . : I~isctrarged 23~tä has nrs Vatrac .
> ß . : [)isct~arged 23~I1 c~st m [`or actual ersrictrrraetzt irr deple-

tcd ftael - depreciated t?Y factor t .`C II [J .

4 C~IiiF'(1 = Et . : l3ischargcd ~ssile 23~ u and 24I hrzs no ~~altrc .



4

TA 1JF

Card K 1(l

	

Format (61:12.5)

1

2

TO R1

TIN

TFAB

76 VSC)1')4

fissile plutoniurn .

Card K l 1 only when NP11FD .> (3 on card K 1 .

Lead-tune (d) for payment of fabrication costs for replace-
ment fuel relative to fuel loading (typically 0.5 - 1 .(? y) . The
lead time for 172() replacement is taken the same as TFAR
for fuel type 1 .

Lag time (d) for credit for discharged fuel relative to time
of discharge at end of irradiation . No difference between lag
tunes for replacement and initial fuel (typically (? .5 - 1 .() fir) .

Lag time (d) for payment of reprocessing and dripping costs,
for discharged fuel relative to end of irradiation . Same for re-''
placement and initial fuel . (Typically () .5 - 1 .0 y) .

Lead-time (d) for payment of uranium ore for initial core .

Lead-tune (d) for payment of enrichment service and con-
version costs for initial core .

Lead-time (d) for payment of fabrication costs for initial coI
re .

In general the lead-times for purchase of initial core will he
longer than for replacement fuel as the amount of ore and
the number ofelements to he manufactured are larger .

NM,

	

AIT

Card K 11

	

Format (61 :12.5)

[11!K OST( 1)

f JJKOST
(NMA1')

Fuel cycle cost (S_S/KW,) for the first period for the corre-
sponding uranium feed cycle. A pu price is evaluate(] for this
period to yield h('C equal to UiJKOST(1? .

The 1°('C: for the i1-cycle must be specified for all periods
NMAF This calculation allows for NMAF - 30 only .

Continuation cards if necessary .



(°_ard ~ 92 ¬rnl~~ when Nl~2f) ~ ~ on card K f .

C',ard K 12

	

i~orrrrat (~i t 2.5)

.4.9

	

F"t,e~ r~~r~~~~

	

~t~~.

	

It ~ .. ~36

~ieight

	

{kg}

	

of total i~2C) irr-isile arrci out-of=~site irtvcrttorv .
(I)2E) cost catc~tations rnay hc trsed to sirnufate art~orti?atior~
of" eapital irrvectmerrt for the islarrt . "i'fre ca~sital is tfren ~aid in
irrstafrrrents at the hegir~trirrg c~f each c)~cle or accounting ~e-
riod . irr srrch a ulav tlrat the irlstalrrrents fevetised over thc fi%
tIme Cxi_i3 give the total ~reserflt vsrortlr value at tlre tirx~e of ',
start-rll'. In tlris case 1)C)lJ -I"iN cocrld he inter~rete~i as
K

	

(e) of the ~ower ~lant.}

C",ost (~fkg}

	

of new I~~C) . (C'a~sitai cost incfuciing interest dra-
rirag corrstrtrctiorr at tirtte o(` start-ul~ in ~1`i~'~(e } .)

C,ost (~licg}

	

of old I~~C) (() ., i .e . 9 no valtae of sfation end-ol=
iife) .

interest rate (1/a) on ia~C) ir~vestrrrerrts (or ea~sital costs) .

Tai rate (1/a} on i)~C) investments (or capital casts} .

i~~C) losses per year (rtorrrrally f}.~l) . It is assearned that the
I~~C) replaeetnerrt ex~senditttres have the same lead-flare ancä
irrter'est rate as fal~rieation costs .
(().~ irr case oi' plant cost) .

Ctarcls itl-i2, ;~~ only wwhen iediL~'l"it"i" `' (} on card ~Ilt? .

~.4.~.1

	

~~r~~ral d~ilrrld~lrrtas, [~1 - ~~

~`ard iti c~rr9v ~s=Iren l~~it~-I-it'h = 3 or ~ o~r carcl ~i~, i.e . for I ¬~el rrr<rrragerrrerrt ~='rth re-
processitrg .

i~csrmat {f~i:12 .5}

~i~ia'ltC)(i},I

	

iZeprocessirtg fact.or for rt~aterial no. t .

trttSbaC ?.~araual

	

i7

1 i)C)t)'i'IN

2 C'i~~il:i~

C,` i~n i.`i`

4 ~i)

5 ~3

Er ~I)



IC MA'l

7R VSOP94

AT The reprocessing plant is simulated by reprocessing factors
multiplied to the different nuclides . The decay of 233fa and
239Np is calculated for period TREIgRO (card R2) . The re-
proce"ing factors are defined as :

LOO = No losses .
(I .CIC} = Complete removal .
(9 . ¬)5 = 5% loss during reprocessing, etc.

Data must he specified for all KMAT (card X13) nuclides . The
same reprocessing factors apply to all batches.

Continuation cards if necessary .

> 0. : Length of downtime during reload (clays) . The decay o
2331>a, 239Np and 135Xc are calculated for all in-core
batches.

. : The Fraction (TDOWNJ of the duration of the prece-
ding burnup cycle is used as downtime .

> ¬l . : Length of out-of-pile storage time (days)

	

before re-
using the fuel . Decay is calculated for all out-of-pile
hatches, except those ofclass l

	

(fresh) and class
(scrap) . Financing costs are paid during time TSTOR
The irradiation age of a batch is increased by TSTORI
/AAAA, i.e . in full power days .

< (3 . : TSTORE is set equal to the period between two suc-
cessive reloads, so that out-or-pile Fuel is reloaded af-
ter one cycle .

Length of cooling, shipping and reprocessing time ((lays) of
discharged Fuel . Decay is calculated during this period for
scrap fuel hatches and reprocessed fuel hatches.

Load factor of` power plant. When reel cycle costs are evalu-
ated, same as f on card R2 in cost input.

Failure rate of discharged fuel (pebble bed reactor only). In
each discharged hatch a fraction BRUCII is assumed non-re
usable and added to the scrap hatches.

= El . : No cfkct,
l . : Aging boxes for reprocessing mixtures will he specified.



Card R3

	

Format (1814)

KUM,

2 1 KIASSF(J),
-1 = OTYP

Card R7 is required .

2.4.9.2

	

Data for individual fuel types. R4 - R6

0 : Reactor without out-of-pile cycle.
V Pchbic bed reactor with out-o[lpille ruel mnanagcmcnit :

Fresh fuel store-, for- each type, reusable discharged fuel
hatches, check on discharge burnup, and handling or
discarded scrap fuel,

2 : Reactor with out-of-pile cycle: As above, fuel may be
replaced in any core position .

> 0: No. of burnup classes of fuel type .I . The fuel of each
type is subdivided into burnup classes. Class I is fresh

QcL A total of 20 classes are allowed for all 10 types,

this means that either one type with 20 classes or many

types with a variable number of classes may be speci-
fied .

0. Code assumes one class and defines Firna limit = 0, N

cards R4 are required .

Cards R4-R6 only when Kt J6 L > 0 on card R3. The cards are supplied as a set for

cacti fuel type, i .e . JTYP sets,

Card R4 is skipped, if for this fuel type the number of burnup classes, KLASSE on

card R3, has been specified =- 0. The code assums KLASSF = I and FIMAKL(l)

Card R4

	

Format (6E115)

FIMAKL(l

	

Upper Fima limit for burnup class I of this fuel type . The lo-

wer limit for class I is defined as 0. by the code . The Firna

values are used only to discriminate the classes and not to

determine fuel burnup in MWd/t.

The definition of Fima in a batch at time t:
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RC# V~(~~'94

1 ; 1 N6 ~l~ f.(2

	

ilpper P~ma lirvrit class 2 .

I~fl~ftiCi .

	

[Jpper ¬~irrta lirrrit last. class, Kl_I~SSI-:, trf this fuel type .

{Ki,~iS~l±}

614BtYtgl£k)Ft x)t tt4,~l~a tA .8A.3 ~'~e1311. q ~ .scx .y~y '

	

3 .

("artl T~ .S

	

i'i3rrtiat {4{dFr,[ I2.5}}

~i. 1 . ~>~

hIiRVI_I

N1 ~()

~~11~X

1`'tl~l tyl'3~ ri ¬3 .

'tiolura~e (crrr3 )

	

of fucl store.
`)' e ch ¬~ice of fuel volirtne is arbitrary as long as nc~ l~nancin
cost of fresh fuel store is calculated {see KI'6~ report}. Itr cx~a-''~,
ny cases it is advantagcotas to define the voli~rne equal to the
volurr~e of one fuel elerrrertt and when reloading specify the
fracti ¬~n of the store as no . of elerrtents in the hatch . When
requiring m¬~re fuel from the store than aetuatly present, the
stare is regardeil as unlimited. huei rerrzt~v~d Crorr~ tl~e store
does not change the rerrraining ~oluane, neither does the iso-
topic cc~rr¬position charsge during reaetor life .

(~ : Number of isotopes an the ft~llcswing cards Itfi . 'I'he
ccsrrrpositicrn of fresh fuel is specilieci by NIS~ anti the
cards his. Ist~tt~pic concentrations are zero, exeept tho-
se rxsentianed on cards ~6.

-- q: (_'arils (~~~ are skipped for this fuel type, and I'~IRVI~I

E? .
-1 ~~:

('c>rnpc~sition c~f fresh fuel stare is clefrned in d~~'f~-2

{cp. N1FL.~`I~~'Ir ors card l~~} . ~ß~(NfSC)} specifies fuel

with 4 digits l .l~i~ :
1_l

	

= Duel type id.rto .

KI,- Verria ¬~t of type l .i characteri~tng cr~richtnerrt. rra-

riartt .

Nc~ . c~f the reprocessing mixture tc~ vgr}~ieh scrapped füei of

this type belongs. I7ischargctl Ct~el is cr~r~ahirtec$ tr3 reproces-

sing mixtures, each mixture rrtay CorrSist c~f orre or rnc~re f¬~el

types. after each reload tl~c cüschargecl fuel is v~slurr~e a~~era-

geci to farr~t a rr~rixture, which at the next reload rrray he re-

prc~ecsscd anti used C¬sr refuelling . ~

	

~R~ C 1(~ .



(lard R6 only when NI SO > () on card R5.

(lard R6

	

Format (4(16,1-,12.5))

2

4

Card R7 only when AGFBOX '-, 0, on card R2.

DAV(L)

L

f)AV(I,)

2.4-9.3

	

Aging boxes for discharged fuel . R7

NAM(l),
-1 = I'M REP

IFAGFBOX > 0, (card R2) this reprocessing mixture is
transfered to its corresponding aging. box(es) . If for all typcs
XMARX = 0., no reprocessing mixtures are prepared .

Id .no , according to VSOP list of first nuclide with atom den-
sity ~ 0 .

Atom density of nuclide 1, in fresh rue] store for type NTPL

Id.no . of second nuclide .

Atom density of second nuclide .

Data for all NISO isotopes in fresh fuel store .

Continuation cards if necessary .

Numher ofaging boxes plus one Jumble box to he defined fo
the J . reprocessing mixture . MR)"T is the total number of re-
processing mixtures being defined by the XMARX sequence
on card RS. NAJB c 10 .

Note :

1, Discarded scrap fuel from the reactor is loaded into the re
processing mixture box J .

2 . It is transf6red to the corresponding first aging box,
1 Aging boxes are stepwise transfered to the next higher

ones .
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ll'RiN(1 }

1p1t11~(2)

II'l~tN(3)

3 [ B [\ 6 1 Y('^F

N'~~5`FC31~

"~I N (

	

~t

~2 V';C)I'£t4

~ . `ft~QSe with an age ~ `Y - fti i'I~t) (c~rcs It2) are trat~sfered tc~
Es~e carresponding jrarrahle hox .l .

5, if~ ~~~ .113( .t} - 1 9 the repracessir~g rt~aixtt~re

	

ox .l is irrir~~e-
cliately given to the urnhle 1-aax .

C~ . ~ fraction ~~(3.f~3( .J) (card It15} of the jt¬s~~~ie hcx is irsser
red rote the reprocessing rt~ixttar~ hrax .i . It is ready for use
at the next reload, which ~x~ill he perfc~rr~ed after the fc~l-
lowing hurnu~s cycle .

7 . "s-hat fraction which is not used, is rct.trrnecl t.o the jurrah[e
hc,x .1 .

2.4.9.4

	

~nst~grctlsrrrs ~e~r o e hr~~rn ¬~p eycf~. RR - ~t~ih

'hhese caards ~visl he read at the end o(~ eacl~ htarnup cycle . 'They dal¬nc the fines r~taraage-
rr~ent pri ¬~r to the s hsequcr~t cycle anal give Borne nc~v c~ptic~ns fnr t}te next cycle .

(',arcs itR only wl~en

	

R1~9 y (l on card ~2, and only at the t~eginnir~g of a restart . 'The
preceding run ended after a (uel rrranagerraer~t perforrnartce . 'fhe restart starts at the l~e-
ginr~irag c~ithe new 1?carnup cycle . This card allows to chap e some o Bona for this first
c~le~ which have hegira given at the last card l~9 of the preceding run .

Same as Qn card i~9 .

Samc as ora c~ard R~) . {-2 : [~oesn't wark) .

S~t1aC <~S Ora CarEl I~~ .

= Ei : No efY~eet .
t) : Nfirnher of large tirnc stcpc per hurrrEap cycle, i .e . redc-

firtitican af _I'~iS`1`C~l'

	

(cards ~19 Ei arad ~ 14} .

= f~ : No ef%ct.
E~ : Ntanaher of small firne steps per large firne step, i .c . rc-

de~raitiora of .1NCJ :Vt

	

(cards V Ifs and iZ l4) .

() : ~ ;s~e ecluilihriurr~ .
=>

	

(} : i xplicite ~ a~l aancl ~ 3~Xe calcazl~ttion .



Format (2413)

< 1 : The inrormation of this card holds only for this shunli
and for, the following hurnup cycle .

> 1 : The information or this card holds for I VSP(l) shuff-
s and burnup cycles .

Ile hems 2 -, 11 are kept, the others are set to A
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8 1 NIAVC = 0: No Change of the option of average fuel cycle cost cal-
culation.

= 1 : Drop average FCC calculation,
= - 1 : Calculate average FCC .

9 I BUC - 0: Leakage feed back option unchanged.
- 1 : Aedback Abroad group bucklings to G11 IM and ther-

mal leakage to THERMOS.
- 2 : Feedback of average epithermal buckling to GAM and

thermal leakage to 'ri 1 :ltMOS,
- 3 : No feed back at all .

10 1 MUITIA = 0 : Streaming correction option unchanged .
= 2 : Streaming correction LIEBF, 110'I'll /34/ in power gene-

rating batches (only for pebble bed) .
= 3 : No streaming correction at all .

I I I NOCPA = 0 : Option of control poison adjustment unchanged,
< 0: If in the preceding cycle control poison adjustment was

calculated, it can be stopped here . (Code sets JSER
1) .

12 1 IVSPlI = 0: No change of diffusion calculation option .
> 0: Repeat diffusion calculation as defined by the IDIFF

on cards V23/ lt 17 .
< 0: Drop diffusion calculation .
Note-
Prior to the first diffusion calculation ofa restart the code re-
quires cards (70-1 - CX-I (Section 3 .4 .2) .

13 XDAY Same as DFLDAY on cards V15 and R14.

14 XPOW Same as POWER on cards V 15 and R 14 .

15 XKAY Same as ZKFIND on cards V15 and R14 .



R4 ~I~(ii'~~

1 .}'}~6N(i?

(3~at ut ~ ti~stws:

S cctrun~ cale ¬~lation

	

(came as nn c~~rd V2 t } :
= t3 : `I'l~ermal sel.fs}Bielding factnrs . csrsl~r .

1 : Same as ~), ~lus averaged tt~ermal cross sections .
2 : Satne as 1, ~lus ftne gro~z~ neutron fl ¬axes .

_. ~ : Sarr~e as 2, g.l ¬as hraad grau~s averaged cross sections
for materials ~,vit}~ corycentratioc~ }

= 4 : Sa e as :~, for a}}

	

aterials .

tt : No out~ut .
l : 1'rintotrt of the irra.diation t.ir"nc of the hatches .

= 2 : Sarr~e as 1, ~lus atorn der~sities (only in corrrhinaticsrt
~vith }I'RIN(3} ? ~D

.
} .

il~carn ¬~fs calctrlatian (sar~se as an earcl V2!} :
= -2 : r111 a ¬~t~ut drolsfsccl (s ¬¬h ¬nitted to a c¬ur~r~y data set 4)

^xce~t ~etT .
=-1 : C~loval netrtronic valance .
= fl : f~etailed rscutranic t~alarree .

i : San- re as fi, pl~s c}~araraeristics of the N2tldi ftrel }~atches

I~uel r¬~arragement c~~erations at this relcsad :
=-f : hio fcscl rr~anagerrzent out~ ¬ st .
_ ~ : S}aart surt -ttnar~r.
= I : f .ist of a.ll operations (recorr~snendcd} .
= 2 : f.~rwtailed ~ri ¬~tc~ut incl ¬zding atam densities in all vatche~

hefarc ar~d after reload (very ¬~¬ ~¬eh °.} .

l" ¬gel cycle costs calculation

	

( sat~~e as an card K i } :
= f9 : £'rintout twithoczt materials valance for eae}B hate}a .
-- l : 1'rintceut includes materials balance .

(~ : ~tinirnum outg~ut .
= l : "1°}~crrrral pro~ertiec c~f t }¬c t~SC)1' - layers .

¬ i : No e(I'eet .
(} : Na. of t}Be v ¬rrr~ufr flare stefs for which a list of ~erfor-

nsance data `vill he printed .
~' ~i : ('tint ne ¬¬tsars }°sa.lar~ce averaged over- the cycle .

te~rirrg tl~~ e°~1crt ~ticrer~1 p~r"f°rsrrr~ance :

= tä : S~i~ slsectruraa calculation if a set af~ cross sections is
at~ailal-sle . lrrstrtrctics ¬~s on cards V22Jftl ¬~ are neglccaec} .

= l : lte eat sfrectrurt~ calctrlatiora as def~rtecl or7 cards X22
Eti~ .



10 1VSP(I I

= 2 : Same as 1, but only for the thermal spectrutn .
= 3 : Same as 1, but not for zones without heavy metal (rc-

Aectors) .
= 4 : Same as 2, but not for zones without heavy metal (re-

nectors),

= 0: Drop dinsion calculation .
> 0 : Repeat diffusion calculation as defined by the I DI F17

on cards V23/R17 .

= 0. No effect (2-dim . cases) .
> 0 : Data set number for ATLAS-library (only for 3-dim .

cases) . It must be defined when MUITU(8) > 0 at the
end of this card .

NKEEP = L I P
J

	

0: Use the previously defined fuel management scherne .
1 : Read a new fuel management scheme on the cards

R24,
2 : Generate a new fuel management scheme with all

batches staying in their position (no cards 124 are
required) .

3 : Generate a new fuel management scheme . Batches
with individual fuel management instructions will be
identified on cards R24 . Non identified power genera
frog batches will be shuffled to the next layer .
Non-power generating batches (e.g . reflectors) stay i
their position .

= A Same as 3 . also the power generating batches stay in
their position .

= 5 : Generate a new fuel management scheme .
For power generating batches : Iuel management in-
structions given for a batch on card R24 are due for
all subsequent batches until redefined by a new card
R24 .
Non-power generating batches (e.g . reAectors) stay i
their positions,

1 -- 0 : Normal .
= 1 : Fuel management is preserved for ORIGFN (equili-

brium cycle treatment) and explicite afterheat in
TITERMIX .

= 2 : Lire history is preserved for afterheat calculation,
starting from next cycle, on unit 60 .

3 :

	

Stop the preservation of the data for afterheat calcu-
lation . Last preserved data are from preceding cycle,

1, = 0. Normal .
= 2 . Life history is preserved for PRIOR/ORIG1, N-.;G;'L-

11 on unit 39, starting from next cycle,
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19

	

1

	

NTIK

96 VS01'94

3 : Stop the preservation of the data for PRIOR,'ORl-
GEN-.101,41 . Last preserved data are from.preceding
cycle,

Read cards R19, R20 (saue as card G2 and NK T;T2
cards T3).

= 2: Read new resonance integral definition on cards 1121
(same as cards (Q .

= 3: Includes both options I and 2.

NTTK =

	

I J K-
K = 0: No effiect .

erform temperature calculation .
1 : Read new 6me sups ITEMP on card 111M and rcad

new input for `um',RMIX on cards TXI-TX23, KX1
- KX5 .

= 2 : Read new ITEMP on card R18, use previous THER-
IM I X input.

= 3 : Use previous ITEMn and give new TITERMIX in-
put,

= A Use previous ITFMI~, previous TIIFRMIX input .
.1

	

> 0: Tllf: RMIX calculation.
= I : One single THERMIX calculation at each time step

NCYC, ~ 0: No cAct,
= 1 : After this ftiel management sonic fuel of the jumble

boxes can be loaded into reprocessing mixtures . 1(cre it
is available for the fuel management after the next bur

rup cycle. Read card R15,

Redefinitions:

14 1 IVOID = 0- No cfT'cct .
= 1 : Redefinition of void areas for (TFA'I'l`ON on card R60.

15 1 1 RFDFF' = 0: No encct.
= 1 : Redefinitions of time steps, power, criticality con-

straints etc. on card R14 .

16 1 IVSP(16) = 0: No effect .
= 1 : Redefinition of timte steps for spectrum calculation.

Give ISPEKT on card R16 (sanie as card V22).

17 1 IVSP(17) = 0: No effect .
= 1 : Redefinition of time steps for diffusion calculation .

Give IDf1:F on card R 17 ( .same as card X123}.

IS I IRFFFM = 0: No c(Tect .
= I : Redefinition of temperatures of the spectrurn zones.



LIB

Loß

	

1 Durnmy.

given by the ITEMP,
1 : Time dependent THF,111MIX parallel to the VSOP

(input sequence : cards TX I - TX4, TX 17 - TX 23,
KXI - KX5).

2:

	

Apply the power distribution of the individual time
step and the afterlicat .

= 1 :

	

Power for TI IERM IX is only the afterheat .
= I

	

Same as under 2, read cards R11, R12, R 1 :?,

	

but
R13 only at the beginning ofTlIFRMIX . Adjust-
ment of- the power for given K,,, .

= 0 Same as under 5, but read card R13 anyway (the
counAg oFTHERMIX-runs starts again from
ITIK(J) = 0),

0: No effect . Use the information of the given TlIFR-
MIX-KONVr, K input.

L Submit new KONVIK input,

= 0.- No efTcct .
> 0. Write library `status of core' for TINTE /6/ on data set

19 at time step IA B prior to the spectrurn and diffusion
calculation. Read card R35.

< 0. F'or each batch write atom densities on direct access
unit 28 .

Mul w(l)

	

= 6I ; No effect.
> 0: Extracted number of nuclides (~ 20) for the output of

atom densities at the end of the burnup cycle. Read id .
numbers NUPRI(I) on card(s) R36.
Note :
Printout according to the option IPRIN(2) (for all
cases) .
Transfer to unit N44 according to MUTIU(8) (only for
3-dims . cases),

I VS P(24)

	

0: NI,	o efTect.
0- Tcrminate the run after this fuel shuffling . The follow-

ing burnup cycle will be the first cycle in a restart case .

M131 Itys)

	

0, No effect (2-dim . cases) .
0.- No. of bUrnup time step . Batch data of 3-dim. cases are

written to unit N44 which can he evaluated in the dis-
play code ATLAS (Section 2.9). Power, burnup, and
thermal flux are written for the given hurnup time step,
atom densities (see W-THU(1)) and weight of materials
for the end of the burnup cycle,
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C'.ard I~It~ otti~r ~~rlter3 IV~)Ii~ -== 1 or~ eard R9 {only Cor t.he ~"I~f~l~"I'i~N dil~`trsiorl caI-
tarfatior~) .

2 I I~~I~II:( I },

Mt I(I, 2),
I=I, .III

~Iun~her ¬~f void-areas . I~or eacla void-arca tl~e fcslle~wing sct
of iterns :

Id.no . e~f a void cross section set to lie iraccrteri ira the I .vnid
area (t}ie void cross section sets are clet ¬ncd orr the cards
C-."7-I - ("7-t~ of the C:I`i"A`I"It)N) .

first ('.I~I`l~~ `IC?l~' Saver I®sated in the I . ~~oid arcs .

i,ast f:i"I"~"I
.
"ICON layer located in the I . void area.

C7r~Iy for tiac tir~e de~ertdent "hl II:IZ1t~I I~ arrd acljtrstrrrent af the ~trwcr tn aehieve a giv-
en K~ . . I~efitsitiorr of` the unit .5R is necessary .

C.`,arcts kZ I I , R I ~ artd 6L t 3 nrrly v~rlten .I

	

=

	

5 nr 6 i~ l~l'f i K ors card V't~3 .

E`_ard I2 ( I

	

1~orrrrat (~ ' 12.5)

I"NI)K

I? I'~

~' P( .`

~i° V,~rC~I$~4

() . : Target K~~ of thc hegirtnirsg c~f tl~c tirt7e cieperrdet~t rtrra
is the Iast K~~ . of VSC)I' .

ii . ; l~sevv target Ke~ .

C~VC)LI-I,

	

~

	

Pa~vcr at the start of the timte dc~Serrclent rtrrr . (	att~

C~I~I :IO~I~X

	

~

	

I ~I~C'er Iirrrit~rtic~rr crf thc ~Sn~vcr fracti ¬~r~ in the Csor er variatior~
~rcrccdtrre {relativc tcs the C~VC~I .LI,) .

\~ir;ir~~rrrrr c~f thc

	

orvcr fä-actiorr .

?l~tirrirttr.rr.~~ s7f changc af K~~ irt tE~~n strbscgcretrt tirt~e ste

	

s fnr
s~eering of` reealc~riatiorr of I3C~I~T)('

	

(card It ( 2~ .

_ ~. : Nt~ eEi"ect .
~' (L : l0~lrrrrrrZtrrrt ~'IIF~I2I~IX ont~tflt .



Card R12

	

Format (6E12 .5)

n
L

4

DQDDC

fDFY C
IB .I .

l?CN

Starting guess for DQ,`D(:.

	

DQ = Change of the relative
power fraction in two subsequent time steps, DC.' = Corre-
sponding change of the Kef.1IFLDA Y, i.e, Delta K,,, per
day. (E.g . -O.ti2)

~sa.u a Lilts

	

e ~~n

	

ei't- .1 Ef

	

1rc°,a ~s

	

e .. , .

	

. . . . . . . s f i

Starting guess for (K ., - K,,- (linear extrapolation from
the former time steps)) divided by DFLDAY . (U-g- 0.t)25)

DQCMAX I

	

Limitation ofthe free internal recalculation of DQDDC (see
Subroutine Qi "IX).

PSPALT = 0 . : No ef%ct.
> 0 . : Redefinition of the pressure in the gap compositions of

TT-lf:RMIX .

> fl . : Factor of maximum change of D ADD(; per time step .
0. : Default value = ¬T.5 .

Card R13 only at the beginning of timte dependent TIIFRMIX .

= (3: No efect.
ti: Data set no . to which TT l Ii R M I X restart data are to

written .

E) : No effect .
(i : Data set no . frorn which TH[ R M IX restart data are to

he read .

Nuclear power fraction at the beginning .

Minimum ofthe nuclear power fraction during the transient .

Maximum of the nuclear power fraction during the transient.

= {T . : No effect .
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¬"ard i214 r5rrl~~ ~~hcn tE2~:I7I;~° = t an eard i2.9 .

~ :arct itt4

	

f~~rn~at (4t3,3T~~2..5,4t fj .~i)

si . : ttetaxiatior¬ fc~r tl~c act~trstr~cnt ¬ ~(" ~~t'~

	

(sce Scrhr ¬~ttti-

ttclaxiati~r~ %r thc i~t~l}C)E` actjrtstrr~ent (scc .rsr_rhrotrtit~e
(~~~t~ } . (~:.~ . E,2 .Si

~) : f;x~licite ~ ~ s i - ~ ~ S Xe °;aEeutatior~ 9 tc~ he dc~rted in each
cyCte, ¬ ~ desrred .

_ ~~ . : 1~C7 c~~CL.

=-t . : Ctcad si ~titied ira~ut ~or c:c~rrtrc~l rc?cts ir~ x-~-r - cases

.~I`u~'f~~i~
:`° (~ : ltedc~t~itic~rt o~ tt~e nurrrt~er of tame hurr~ ¬~~ time stc~s

der hrxrnir~s cycle (card Vt~,} .

.t~tJ1l = f) : ~o cf~'ect .
> ~ : ~tccicfinition o3~ srnall h~irnup tir~c ste~s in ot~e aarge

ste (carci Vtl"p} .

3 ~VST'(27) = () : ~trcarr~ing correction as deirraed heCarc .
2 : ~trearr~ir~g correction tsy i,t~l31 i2()`I"I~ /a4/ .

4 tVST'(2R} - (B : ~ ~`~e ect~itihrirsm .

(i . : Redei'rnitir~n ~i th~ lcrtgth ®(' or~c aarge tirrtc ste~, days
{carct Vt5 } .

C
() . : ~tede~nitior~ ¬~f thcrrr~at ec~re pc~wer, Wctt (card V t S} .

7
(} . : Rede~initic~rt ~~ crrct ©f cyclc - Kc~. ~card 'V t .5) .

R ttl`~It?E'
(t . : ?'xitt~rrher aC ncex~ atozxt dcr~sitie~ tc~ hc react or~ ez~rct i222 .

(c t2}

3 [PC~S (} . : Nurr~her oi' hatches tc~ he tc~adcd t¬rith tt~e r~er~F atorr~
der~sities . ( tcact card~s} t223} .

~ . : Ir~scrt additic~rtal tr~atcrials ir~ atl ~owcr geraeratirtg
hatches .



10

MRF

XTDOWN

CONPOI

Card R IS only when NCYC' = I on card R9.

Card R 15

	

l', ormat (6F 12.5)

I= INREP

Card R16 only when IVSP(1 (f ) = I on card R9 .

I SPE KT(I),
i=2, 18

on the card-, R23a - R21d,

= 0. : No effect .
> 0. : Redefinition of length of down time during reload

(TDOWN on card R2) .
< Q Set'FDOWN = 0,

= W Na erect .
> 0 : Read control poison adjuqmcnt data on cards R27 -

R30. CONPOI gives the number of layers with con-
trol poison data .

< 0 . : Stop the control poison adjuqtnictits

	

(JSER =

	

1),

0' : Volumetric fraction of the 1 . jumble box which shall be
loaded into the reprocessing mixture I for the use at
the reload after the following burnup cycle .

< 0 . : Volumetric fraction to be removed from the I . jumble
box is calculated by the code .
ABS(FOJB(l)) gives the ratio : Volume to be loaded in-
to the reprocessing mixture I/volurne of the scrap fuel
being sent to the first aging box .

~!

	

0 : No . of the First large hurnup time step in which the
calculation is to be repeated prior to the dir-

Fusion calculation .
0, Same as > 0, but only for the thermal spectrum calcu-

lation .

> Q No, of Purther time steps for spectrum calculation .
-t- 0: Same as -> 0, but only for the thermal spectrum calcu-

lation .
= 0: If all ISPEXF = 0, qpectrurn calculation is performed

Input Manual



Card R 17 only when IVSP(l 7) =

	

I on card R9 .

Card RJR only when NTIK (Digit K) = I or 2 on card R9 .

I

	

Card R18

	

Format (1814)

A set of car(k R19, R20 oniv when IRETEM =

	

I or .1 on card R9 .

NXS

Q2 VSOP94

ITEMP(T),
I=l, IS

Sl ;Mzur(l) '
I= 1,NXS

Ball I'F'EiVFP'(I') -- 0:
TTIERMIX-temperature calculation at every time st,

Ifat least one ITEMP(l) ~ 0:
The ITFMQI) give the time sops at which temperature cal-
culation is to be performed .

l"ormat (6E12 .5)

0- Ternperat Lire of the resonance absorbers in the NXS
difficrent spectrum calculations, 'C (See NNNS on card
V3).

0., Temperature of the 1 . spectrum calculation stays un-
changed.

Continuation cards ifnceessary.

Ca rd R 17 Format (1814)

Vall IDIFF(I) = 0:
l= 1, 18 Dinsion calculation is performed at every time step .

19
If at least one IDIFF(l) V 0 :
The IDIFF(f) give the time step-, at which di(Tusion calcula-
tion is to be performed .



3~c~r cach af~the Ni~l°l~ sc.atterirtg n~rclidcs rrne set. csicards %2ii .

häXS

2

~~~~( ~ JY

l - l .NXS

f'ards ~Z2 ~ only svhen I iti :"hi ~( -

	

2 or 3 on card Ii9 . 1~`ar each decigrs a set of 2 cards
lt2l .

Nurrthcr of resanat~ee ahsar tian crass section sets to he rear
Crone data set N~~~Ni (earl C~ l } far this f~rcl elerr,ent design .
hirst card carrtains inforrrtatiotr for 232Th, sccor~ci card C¬~r

lei.-rtur¬rhers of er ¬~ss section sets whieh will he rzsed Cor terr~-
eratrrre irrter~alatian .

f~;t~"h = t) : _Tryst l~ackgror~rrd crass secti®ns fcrr rr~ (l-~) .

C'ard [~22 ®nly wher~ iI~IJC : > ~ . on card T2.T4 .

T?~Ii,i~d(l),

T~NT~ W~ T),

~ . : "fem~eratrcre af this scattering nrrclide for s~rectr~rta~ eal
ea~lation ~ . °C" (See N~I?R on card 'hl~ .

--- (} . : "hcm scratrarc of the 1 . one stays rrtrchangcd .

~_`crr~tinr~at.ian cards ifnecessary .

~SC)l' id.ncr . far tire i-th new rrraterial .

~ttor~r density f©r the I-th nevv rrEaterial .

~'c~ntirt~~atiarr cards if necessary .

lcr~ut h~tanuai

	

ß:~



Card R21 only when IIPOS `° n . on card R14 .

Card R23

	

Format (1216)

Cards R23a - R23d only when IIPOS = -1 . on card R14 .

2

94 VSOP94

iBAF(I) 9
I= I,lIPOS

Continuation cards if necessary .

Format (1216)

New materials only in the individual batches IBAE(I) .
(~ 999)

Number of control rods to he provided . (c 30)

Number of planes in the core for possible insertion of con-
trol rods .

Number offuel batches for which insertion of control materi
als (as givers on card(s) R22) is treated simultaneously . ( :!~ 5)

1 : Control material is also inserted irr reflector hatches .
= 4: No control material insertion in reflectors .

Number of hatches per plane in the core .

orrnat (61'',12 .5)

Fi1LEVY

	

Ileight of a hatch (7-direction) in which control materials
Ian he added . (cin)

RI;Vl-II

	

I

	

height of the reflector hatch (cm) . (Only when NURF = 1) .

SPRING

	

Length of a non-absorbing part at the tips of the control
rods (cm) . This length must he included in the insertion
depth given on card(s) R23d .



One card R23c far each of the I = 1,NUCO control rods .

(Ord R23d

NUCO

1TOC(I,N),
N= 1,NUFU

DE PT1 1(1),
I= 1,NUC0

Format (1216)

I'M means "Tuel management" .
TBP means "This batch position".
0PB means "Out of pile box" .

< 0: Id.no, of reflector batch for insertion of control materi-
als.

QrmM OF 115)

Id .n o. of fuel batches in the upper core plane for simultane-
ous loading of control materials . The id .no.'s of the corre-
sponding batches in the lower planes (.1 = 2,N

	

Pi,} are pre-
pared by the code by adding (.(-ti * NUB11P.

Insertion depth ofthe control rods, starting from the upper
edge of the core (cm) (including the non-absorbing parts at
the tips} .

When NKEEP (Digit J) =

	

I

	

(on card R9)

	

one full set of cards R24 - R26 For each of
the NRFS11Z different reload batches is required . This defines the 1:M-scheme . When
NKEEP = 3 or 4, these cards are only required for batches with important instructions .
Batches which are only shuffled downwards (NKEEP = 3)
( = 4)

	

do not need the card R24 .
or stay in their position

= 0 : Normal.
> 0 : When NKEEP = 3, 4 or 5:

	

No. of batch position to
which this card R24 (and R25, R26) refers .

0: Last card R24 holding for the batch I I X 11 .

= 0, Refuelling of this batch position TBP with Fuel specific
by

	

17, IR .
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The following part of card R24 is dependent on the option of MANAGE.

NS i3

96 V501194

> 0 - Id.n o . ofa batch which is shuffled into TBP.
> 10000 : Load storage box no . (NRX - 10000) into TBP.

(This storage box must have been filled up at a previ-
ous rcload!) .

< 0 . New atom densities are loaded into TBP. A set of kBS(
NRX) densities are defined on cards R25 . 'rhe fuel type
identification is unchanged (not a recommended op-
tion).

= 0: Normal .
> 0: No . of storage box into which this batch is to be filled .

Data can be retrieved in all following reloads, until
over-written by data stored in same box .

Four digits LJKL : 1 .1 = MANAGE, KI, = NRET.
MANAGE = 0: load fuel without any change into TBP.

> 0 : Fuel of an out Or pile box 01713 is used and
treated (i .e . reprocessed and"or reenriched)
and loaded into I-11P .

0 : No reprocessing .
1 : Reprocessing before loading into `['BP. 'This op-

tion only when NRSTRT = 3 or 4 on card VIO
and after having supplied cards RL

NR EP =

If NREP > 0 and/or NSPALT > 0:
VSOP-id,no . of the isotope used as make up material in re-
processed and/or reenriched fuel . The heavy metal density of
the new batch is adjusted to the initial value of the loaded
fuel type .
If MAKEUP = 0:
No material is added thus defining a new heavy metal loa-
ding .

Number of materials for enrichment or reenrichment . A card
R26 must follow .

0: Fuel type no. same as batch NRW.
0 : Fuel type to he loaded into TBP

	

(only with out of pile



8 fs

It I R2

FM, KUM - 0 on card RK

If NIX > 0,

	

17 = 0,

	

18 = 0-
In-core fuel shuffling or loading from a storage box. The fuel
of the batch position NRX is loaded into TBP .
brig ~ NRESIIZ: In-core batch .
NRX > NRESITZ: Storage box .

lfNRX = 0, 17 > 0, 18 = k
Load fresh fuel of type 17 . Storage unlimited .

UNRX = 0,

	

17 - 0,

	

19 >

	

1 :
Load %I of type 17, burnup class 18 (defined on card R4) .
Available amount is the disloading of the last reload . If more
requested than available, fresh fuel of class I is added,

if NRX = 0,

	

17 - 0,

	

18 = 0:
Load scrap fuel of the last reload .

= 0- Normal .

= O. : Fissile enrichment stays unchanged,
> 0. : R I defines a new enrichment for the loaded fuel . Only

relevant if fresh fuel

	

(class 1)

	

is used .

When NRX > 0, NRX ~ NRESIlZ (use afire-core bat-
ches) :

0 . : New volume for TB P is given by the inserted batch
NRX .

> 0., R2 is the fraction of the in-core batch to be inserted in
to rBP .

When NRX > NRESUIZ (use of storage boxes):
0 . : The total storage box volume is used for loading into

TRV. By this way a new volume is assigned to TBP, /~
inaximurn is given by filling up of the layer's volume .

> 0 . - R2 is the fraction of the storage box to be inserted int
TBI1 .

When NRX = 0:
> 0 . : Fraction of the total volume of the out of pile fuel of

type 17, class 19 to be loaded into TBP. If MJGL = I
(on card R3) the volume of all batch positions in the
upper layer is automatically limited to the layer's volu-
me, The fresh fuel store (class 1) is unlimited . For eth-
er OPB'.s the total volume reused for the present re-
load is limited to the volume of elements heing availa-
ble . Therefore, check the sum of all volumes of a given
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12

VSOP94

class for each reload . Unot enough available, addition
A Fuel or the sarne type and class is used for filling up .

< 0. : ABS(R2) gives the fraction of that part of the volume
of the out of pile fuel, which has been left over from
the loading of preceding batch positions,

= 0.: Normal .
> 0, : Now cross section set no. to be used for TBP . The op-

tion should be used when the fuel type in a batch po-
sition is exchanged by another type for which a di(Te-
rent spectrum and cross section set is required .

Treated is the fuel disloaded at the last reload . Each fuel typ
17, burnup class 18 forms a separate OPB . The available
amount is the disloading of the last reload . Fresh ford class
is unlimited . The new formed fuel type is also 17,

No . of the fuel type .

No . or the burnup class.

= 0- Normal,

Enrichment

0 . - Fraction or the total OPB volume to be treated and
loaded into the volume of TBR

< 0. , The 011 13 volume fraction ARS(R2) is related to that
part of the 01713 volume, which has been left over fro
preceding loadings during the present fuel manageme
step . If depiction would he necessary, the program re-

duces the 011 13 volume fraction R2 instead .

= 0. : New volume of"I'1313 is that one which has been made
available from the OPB .
New VOILMIC of TBP is R3 * volume of the tipper layer
ofthe presently considered batch .
The upper layer is filled up . The new definition of the
'FBI' volume immediately cause,; a corresponding chap
ge in the used OPB volume fraction R2.
The specified fraction of the ()Pß volume is reproces-
scd . No fissile material is added or removed. Only ma-
ke up material is added or removed in order to achieve

=

	

I n

-~-- o' :

for the new formed elements,



MANAGE = 2:

8

9

10

1,3,5

2,4,6

18

IR

RI

R2

R3

(10 R25

NPX(J),
J= I .JNRXJ

-1= I,JNRXJ

Card R25 only when NRX - 0 on card R24,

Format (#1"102 .5))

the required enrichment Rl for the defined fuel type I
The presently considered TBP volume is modified. For
the presently considered TBP a volume WERA= ABS
(R3) * volume of the upper layer is made available . If
the prepared new volume of fuel elements is larger
than WERA, the fraction R2 will be reduced. If it is
smaller, the WERA will be reduced correspondingly .

Treated is the content of a reprocessing mixture which is the
considered C)1'ß . It can optionally be loaded from a jumble
box (comp. card R7 and NCYC' on card R9) . The content
has been formed from the disloaded fuel of several rue] types
(XMARX on card RS) and has been summed up over previ-
ous cycles .

Id .no, of fresh fuel type of which the identification number,
the heavy metal density and the atom densities of the new
heavy metal nuclides are assigned to the here formed new
fuel elements .

Id .no . of the used reprocessing mixture .

= A Normal .

Same as under MANAGF = 1 .

Same as under MANAGE = 1,

Same as under MANAGE = 1 .

VSO!' - id.n o . of the J . nuclide with the atom density A 0,

Atom density of the J . nuclide . If = 0, the nuclide needs not
to he specified,

Continuation cards if necessary .
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Card R2h only when NS 'A i.'3' 7 0 on card R24.

Card R26

	

Format (4(16,F12 .5))

2A6i

100 VSOP94

i DF15S(_F),
"" 1,NSPALT

1.,- l c() iMP(.l ),
B

	

t,N.o'adtik

IXTYP[ä

VSOP - id . n o. of the .1 . nuclide used for reenrichrrtent .

Relative fraction of the .l . nuclide in the enrichment corrrpo-
>

	

_ .~
t;

	

...C' ..all',

	

BIF- S CC"ItAVkkiH
l

	

:

	

al
.kG
�

	

t

	

t

	

L..
3t tÜ C1 .

	

k
'C"A

l k

	

>tl[¬t

	

f9d

	

..,&&i

	

l.kl) Li¬ fy¬l l&. tÄ l) lS

	

dHlCL .°i

	

F) C;�

1 . Only the fissile isotopes in F°1C()NP are used to calculate
enrichments, so the composition may also contain fertile ma-
terials, for instance 0 .9 :1 235U and ¬1.tä7 238(1 . The original fis-
sile/11M ratio in the hatch before reenriching he YSPA F_T,
the code distinguishes two different eases:

Case 1 :
R 1 --- YSPALT, new material with the relative composition
specified in FICOMP is added to malte yap the difference (RI
- YSPALT) .

Case 2:
Rl < YSPALT, the original F1M composition it the hatch i,,
unchanged, but the densities of all FJM are reduced to obtain
the fissile/fIM ratio R1 . The out of pile volume fraction R2
(card R24) is reduced correspondingly . To maintain the cor-
rect HM density the designated make up material (normally
a fertile isotope) is added. Here, the F1COMP data are obso-
lete .

= ti : Normal.
> tä : The fuel in this batch position is given a new fuel type

no, after reprocessing arid/or reenrichment . Redefnitior
of types may he necessary in order to use pertinent cost
data for recycled fuel .

= tä . : Normal .
> f} . : New heavy metal density for use in this batch position,

only of significance in connection with the MAKEUP
caption (on card R24) . For some types of reactors the
heavy metal loading in a particular hatch position ma,
have to be varied during the lifetime of the reactor, foy
instance during the running-in phase.

Continuation cards if necessary .



(`ards it27 - It3F) c~nl~, ~rhcn C,'t.3lvzl'C)1 '~ f) . on card 1Z14 .

C)ne card R27 Fs~r each oi the (`C3i~l~(~1 layers ~vith cantrcsl ~SC~isoe~ data .

("_ard R27

C."ard 1128 sage as card `%17 .

Card R2~ sates as card 't~'1R .

('arcs Ct3E) same as card '~19 .

2v~t.9.5

	

Criticality search ~c~r the relc~ad~e R31 - R3~

t`ards R31 - R34 aniy ~hen I~iR~iR~1' = 2 c~r 4 on card ~1ß.

I -- 1,.1~tl~iT

I "h~.~l~ l~.

= f) : i`ic~ iteration iar this re~c~aci, skiff cards R32 - 1134 .
(} : 'Total nurr~her of 1~atches tcs he iterated, lea~gth ®f fe~I-

Iowing list oC hatch icl .no`s. i'he atom densities of the

materials speciFic:d an card 133 are iterated to give re-

activity ~-search .

ltateh ic1.r~~ . of the i . hatch.

--- i) : ~c~rmal .
() : else dü

	

rent sets of rr~aterials tcs increase rash . decrease
enrichrrtent t® c~htair~ correct

yeti"
`IWEi'o sets oieards

R32 - R33 :
First set in ea e 1~-search ~ K~~. c®re, sec®rtd set in
case K-search < Kest. core. C:c~de reads hoth sets c~f
earls attd selects in each case the required one,

in~ut 1V6an¬sa1

	

((i i

1 KR 1d . n~a ¬~~Ser c~fthe cansicierect layer.

2 1'~?1 S l,(1) Maxit~r~tt~ atot~t density oft11e First cnr~tro[ ~c~isor~ nt~elide .

3 1'E71~1,(2) ~laxirnurri atarn density c~t' the secnnd cc~ntrc~I ~oison n~¬clide
(¬ fdeCned}.

(.'t~ntin~tation cards if necessary.



~.'arcl It33

If .t~'~itl~-

	

_., (~ on card R31 :

	

!1t least nr~e set of cards Ft32 - It33 .
Ff i'F'~'~Ft .7 () nn carcl R~l : Two sets oFcards It32 - 1t33,

2

I~t~tKl;l11'

X"i°Yi'F?

k~_t(~) .
ii . : f~eterrrrirre a k~o) value für hegivwvicv~ c~f rvext cycle so

that the ervd c~f cycle reactivity k(rrzirv} is reached after
the s~ecified nt¬rrvher nf tirrze steps .It~ST(~F' . The e~ctra
polatic~rv is made frorrt k'~n) _ (k' - ~( ¬~} - I¬ '~~(.IN-
S~'E3F'}) -~- k(rrrivv} ~ ~F~~(XiCI;~" 1-~) ar~cl ~C~mirt)
7i~Ftl~I~ (card ~IS) . 'fhe value of~~I~F~~It r~ay he
¬asec¬ to adj ¬ ast for uncertaiv~ties in

	

(rr~irv } . 'F'his is hlack
rr¬a~ie .

Material id .n c~ . of rtttciicie tn acijt~st hea~Ty metal cler~sity in
hatchec tn either instial value iv~ hatch or as sp~ecified a~ card
Ft 34 .

= Vii . : T~uef t~~se no . of°hatches is runt attereci ~ncsrrr~al} .
:~ (i . : ~1ew fuel type rto . fnr hatches . Sarrve no . i s ~ivev~ to all

hatches for which iteration is perfnrmecl.

2

	

f

	

~'~)M I~I~f¬ t 3

I(~2 ~~~E?t'94

= 4? : Nnrtr~al .
~} : itead card Ft34 witlr rtew heav~r rrvetal der#sities for itera-

tinn hatches . F !t ~ ~ ie the ~~r~rr¬hcr of hatches ir~ which
IiI~F dervsity is redefirred ar~d used to deteranirve the
amnunt af rrrake up rrvaterial ta F~e actded . Tpe csption
raay he rzecessary fc~r reactnrs where the rrtoderaticrrt ra~,
tio ~rtd IiM lcsadirv~ it~ the fuel types vary dt~rir~~ reac-
tnr life, fnr ivtstar~ee dtzrin~ runrvirt~-in g~hase .

~aterial id.rtn . nf Eirst rv clide us~d ivr iteratiorv .

Itelative fractio~ af l~rst r~uclide .

C'I`~I~"C` ~fntal n~v~her nC v~ateriats ¬teratecF, i .e . ler~~th nf` materials lis~
on card Ft~3 (< f ~ } .

XKi?F''F~ (3 . : k(o}, reactivity spcci~catiorfl for iteratinvr search iva cyc
le i .

= fi . : F .Jse sarxre k~o} as he~mrvirv~ of last cycle, k`io) _



4

II)!"f(2)

	

~

	

i~aterial id .rro . of secc~r$d tt~cEide .

C'C)~I'I'f(2) Relative fracticsrr of secorrd ntacüde .

C.'ard R34 c~nl~.r r hcn IRI~S ~ fl csn carci R3l .

(_ard R34

	

horrt~at (IC,I:l2.S)

2

	

I ~ ~I h'I',~V

i~Ri

2.4.9.E

	

"~tat~s ~f co~~'° I`c~r ii~äT"E.

	

~i5

{",ard R35 orrly ~hcn LII3 ? ti on card R9.

~"~ard R3S

	

I~c~rrr~at ( ! 7~4,212)

the relative fractions of all I~'~lf1T (card R32)

	

nuclides
rnrxst he equal ! .

	

If all ~ .."t~1VII'IT - E? ., the e~istirt~ relative
fractions in the hatches rerrrairs unaltered d~rri.rr~ iteratic~rt .

üatch r~o . fcrr r~yhich the fc~llcswvirr~ IIM density is sfseci~ed .
~'he specificatic~r~ on this card or~ly f¬~r those l-gatcltes for
which the III

	

density difl"ers frc~rrr the ittitia! one .

l~lewv heavy raste! density irr hatch no . ! R, to he r.ased wehen
adjrtstin~ the rrrake rAp rr~raterial .

C)ne card fßr each s~secifred hatch: I =

	

! , I !i l fi

literal ciescri~tic~r~ of the case to he transfered tc~ flee `1'I1~1"f I?
fib ; data set no .

	

! 9 .

--- ii or ! : ;~orrrral .
''

	

! : Nrrrnhcr of hatches in each layer . litorn densities ww~ill h
averaged acrd the data of tyre layers are liven to the li-
hrary .

lx~~ ¬rt üfanraal

	

lii3

! "f I~hI;L( I ),

f - 1 . ! 7

!7

!~ MIA



~.4 .9.7

	

l~'xt.ra~°ted r~ucle ~s t'~r prgr~tc~ut a>H>~djc~r t~°~Hnsfer to >~ar~tt 1ü44 (3-c ~l» ctis~t~~ cc~d~
~1rvC"L,~~ ;; . 1~~C

(:arct i~ :~(z onl~,~ when

	

I~ t :~ ~ 1 C!( I ) ?	(3 oH~ card ie~.

(rvä.rd i~i~7

	

~~carrElat ( t 2t

Nf ~iBCtI{I },	VS(3F~id.no. c~inuclide E't~r which ~rintout andl®r trarHSfer tc~
3 = 1,3~%t~~`1'¬ C;`( I

	

Un ¬t ~'V~~ ¬ ,4 CiCS ¬rCti . L ~ Lß C1.J IICiC6 ¬de~ Cä ¬1 E~~ ;~?~C ¬ C1CCä .

.4 . >i

	

"rT° ""i",	'r~ ~rö~l~

	

"t``	Ellii

	

E~~-1~br~~.

	

~

	

- 'T`I'T"~"3

Sequence of irHpc¬ t cards :

V i - ~5:

	

VS~~' in~ut of case iderHtificatis~n, use I I~T1`-tl~i~ _ ~ on card
~t

~I°~EtTTI, i~I~TT2:

	

Tt-i~'Rf~!!( .tZ'i~'I'~C3N inpt~t withaHat seilrvshieldin~ 1'actors .

" `li

	

VS()i' intsait, iHlsert NI1"t"TF? -- ii .

I'reg~arin~ new Ttlf.?~

	

()S tit~rary .

'I-11FRIl~~.C,IZ~`i`I~)l~ : C."arcts "i't;R~'T1 - "i"f;~Ti"2

I~I'~t ;tt

	

I

	

l~H~¬~Hher ¬~~di(~erent sc~~tte
tr¬_arrt rur~ .

t~~t;'it~l,t~

ti~l~[?~(2, [ ;

i(i4 ~~Cih~i4

td.H~o . of C e iher~rtal ~)fp gro~ps li~srary ( "I'IIf;R~11,i,I~'lt~~t-
t)1~1 } .

iISC)i'-id.rlo, o~ the Erst scatterer .

nuclides Cor the ~Sresent s~scc-

'i~l~crrr¬al lil~srar~-ict .rlo . ~i `4eatteri¬1~ rrHatrix tc~ be ap~ lied .



2

4

1 = l,i~C~l :Ct

C"ard "f~~Ti'2

	

F~orr at {~~ 12.5}

I hSI

~J~"1'

S~C)i'`I'

rTr"i~ Cards T'I'"I'~°1 - TTTT3

'~7~F:~ diil'erent ~Sairs of id.t~t~tt~t crs and scattering matrices .
I se concint~ation cards ii necessary .

.C °cm~eratnre in calctalatirsn of IVlaxvsreilian nerttron energy di-
strih~~tion for starting iterations oC thertrtal sCsectrurn . ~°I{)

Criterion of ccst~~rcrgcr~c~~ ©i 3iux iteration . (~ (i .(~f~}1 ~

llcceleration csfccsrwergeney : f} . = r~o,

	

1 . = ves .

= ~ . : 1~1o selisf~iefcling factors are cie["Ened .

I~ora~tat ~7I~~,6~,E12.5}

T

	

~

	

`ern~erat ¬zre (°K} c~r ~La~~~~ellian f~~~x for eventttaliy con-
derasing ahsorCscrs .

Ir~~rst 10~an~a1

	

fiS

1 ~~IT'~1'1 Ccl.no . of 'I°CIEF~~1l~C .I~11"['[C}1~1 lihrary

iE~'I"F' Id .no . csf the '1'CCC"Rl~if~~ lil~rary to he generated .

3 1`I'~1'"f"1' , () : C~'.ecittced otatCstst .

4 ITa3~? ~~.~clicic r~o . wi ¬ 1~ fuii out.~~t .

5 f'1'~ .1~hCa .1 > ¬9 : 1'rint ot~t. c~f scattering matrices .

fi KC:RNf; Nrac~a~her of° scattering matrices to he condensed For the

= 1~(ii3 : C.,"c~r~cier~sing c~f"a1t scattering matrices .



Card TTTT2 only when KERNI~ ~ 1000 on card TTTTI .

Card TITT2

	

Forinat (1216)
((IDK ER(lJ), I = 1 .2), .1 = I,KERNE)

106 VSOP94

Card TT'TT3

	

Format (1015,1101511015) (3 cards)

N( ;(v)

GAM-id,no. of the v-th scattering matrix .

VSOP-id,no . of the v-th scattering matrix .

Number of the lower fine group for the new v-th broad grou
to be formed .

	

I

1 I ()Kf?R(I,)

2 II)KFR(2,v)



£~ard `1~~ 1

	

~~armat ( FE4.1,4~,1 f~~4)

'~'~"I'l .C .~l)9
'__ ~ ,

-- f~ . : New ~'lll?1ZN(l~C irtpl~t correfi~sanding to suhsequent

input cards .

= l .: E)ld in~sut cards (hefare the year 199~s) .

i,iteraf clescri tian .

~tec~°~n

	

nf t e c~te~i~tics~e

= (i : 'I`liF?I~ivtI~ calculation ortly, no K£~%i'~1 :I~ .

i~a~t~ : Tlte input of K(~N'~l;i~ is seeded anyway.
ii : T`1-11-;1ZMi~-K£)I'~~EIC cau ling :

= - l : Cau~ling hetween the temperatures aI` gas ar~d salid

	

a
tcrial by heat traps%r coe6iirient rx . iteeammer~ded iar
steady state caletilations, sat valid in transient runts .

l : £`aulsling via the sat~rcejsinl¬ distrihutiono

2: lr~tcrnal decision a~couplirtg (not rccaz~mcndahle~,

~i : "1'er~~serature calculatiort in fue[ cle e~tts

	

y

	

atrix-
eli~nirtation {£'sauss).

(~ : ~pprt~ach l~y iteratio~t (£sat~ss-Seidel) . Nat ~~alid far gra
~hite spheres in trar~sient rups .

=-2: Mittitttut~ aut~sut .
[ : ltecart-irrsendal~le ctutput.

2 : ~laxitnu~~ a~t~sut,
3: ~~ additia~ distrihuüctn of heat saurces .

t~~~g ~tanu~i

	

it~i



6~

t!

12

1 ¬14 ~~t~I'44

t ~~)2ST~t

i N"fY~ I,

)~ C~ 1~ ~11t Ft

t>~Rri~

'!ei i
"l .
~ftX

tTi_~ M

~ : ~Iritc restart ort the data set nn. I)ZI~ST.

(i : '~1ca restart.
() : restart. ~tartir~~ terrtperatt ¬ re distrihutio~ is read frc~rrt

data set Ii~I ST. {In case iI3. ~~T = ~ the code requires

the forrrter input cards ~')-)2~ - ")')i22) .

) (sarraogerai~ed strtreture of frrel elemertts:

2: `firrac ccale eontirtuee .

I tetcragcrtecaus str~tcturc of fuel elcrrter~ts :

4: ")'ir"rttc scale cs~rttinues .

= ~: ~teadv state run.
-~

	

~: Narrrther of tirxte steps fctr the transient rL~rt . (< 5¬}~
I : C :ou)Sürtg ~~ith VSC3i~: i'he tirrte steps are liven by the

~1S()P-burnrtp scherrte (.Ti~1~TC?F', I31 :L,ßhY can card

R ) 4) .

_ () : I~Iorrrtal .

~: Power distrihuti®n independent of tire tiara.

= 3: Fxplicite caieulation ctf the decay heat aec®rdirtg to the

explicite life history of the Eras( eterrtcrtts and tc~ the
[)IN 2485.

= t : Decay }teat function of C3`~`T[) scheme .

2: Decay heat furtcticsn of l~~'I7~~t, or irt~plicite formutar
ß. b22 ~ ~-),_~~ .~

	

~-),+-)-~~-ra.z~ .

I~erat)rata~:

(D : l~axit~ttzm rturt~ti~er oE' iteratiorts of ternperat~~re calcaaia-

tion .
~) : ~)efatclt val~c = 2(~t)()

ß: ~!la~itrtunt rtutx~t~er of changes of the rela~iation factor.

~: ).~efau[t valaae = l~~

~: barter iteration in radial directic~rt ()).
t : Trtner iteration in axial. direetiort ~~d) .

> ~: t~rcsp recalculation of terrtperat~re dependent rr~aterial
data fc~r 1TL1L11~---1 tote steps wetly for steady state

hl2iVtl ;~-KC)NVF:~ iteratic~n~ .

--- ~: ~)efault sralt~c -- lt3



l3

15

NLt)OP

IFXPR

y ti: Maximum number of"FIlI RMlX-K0NV1;K ('"Loop'")
iterations (steady state) .

ti: Default value = 100

Datasetsw

= 0: No effect .
ft: Data set no . For storing the temperature field of steady

state THERMIX tuns . Must also he defined in tran-
sient "TI]ERMIX run, starting from this temperature
field .

	

-

= (? : No ef ect .
() : Data set no . for temperature field for the 2I)-plots .

t} . : "fatal power (MW). Input power field is normalized t
QNORM . In transient run the QNORM defines the
reactor power to which the decay heat is related .

= (} . : Drop Normalization .

Axial position of the upper edge of the reactor fuel zone
(cm) . (Normally = 0.)

Axial position of the lower edge of the reactor fuel zone
(cm) .

	

(Height of the core)

> 0 . : Convergence criterium for local TIIERMIX temperatu
re field . (°C')

I) . : Default value = 4) .01

41 . : Maximum relaxiation factor .
0 . : Default value = 1 .7

> t} . . Minimum relaxiation factor .
0 . : Default value = 0 .6

(? . : Relative convergence critenum of the time independen
'fII1;RMIX-KONVEK iteration .

= 4) . ; Default value = 0.(005

-, 0 . : Multiplication factor for maximum allowable error le-

Input Manual
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9

to

CardTX4 only when INTVAL -

f)ZI , I I'(1)

NPRIN(l)

NKONV(l)

7.a(l)

DZFIT(M)

N PR I N( .M)

NKONV(M

ZEI(M)
= 2 . I NINA I

I

2

3

4

6

7

8

110 VSOI"()4

DTVOR

ZFIITMI

vel, which stops the run .
0. : Default value = 1,

> 0. : Maximurn of the relative temperature change AT / 'r
< DTVOR in a time interval At of a transient run.
The time intervals At are correspondingly adapted.

0, : Default value = 0.05

Minimum length of the time intervals At in the transient run.

As above .

i

	

As above .

As above .

on card TX 2.

Format (3(176.1,212,F10.3))

Length of the first little time interval .

	

(see)

> 0: Print the fields of temperature and streaming for all
NPRIN little time steps.

0: Default value = 50

> 0: Run the KONVEK every NKONV little time step (onl
when IFKON 0 0 on card äX2} .

0: Default value = I

	

I
End of this 1, large time interval .

	

(hours)

Same for the next large time interval -

= 0. . free choice of the little intervals .
< O. : Also free choice, but maximum = JDZITl'(M)j . (see)
-> 0. : Constant length of the little time intervals .

	

(sec)

Note- In coupling with VSOP (INTVAL = 1) only the first
large time interval must be defined, and DZEIT(2) holds for
the further time history, which is steered by the VSOP burn-
up time steps,



Card TX6

	

Format (1814)

KMAX

N"rt ix

IFTEST

Format (2F12 .5,1214)

Position of the first radial mesh point I =

	

I .

	

(cm)
(Normal = ß .) .

Number of compositions to be defined on cards TX 10,
(~ 31)

Data set no . of BIRGIT-library (see Section 2.3, card III 1) .

= (i : Normal.
= 1 : Testoption . For checking the input, the code runs with-

out iterations .

Cards TX7 - °1X9 define the coarse mesh grid, a subdivision of the tine grid, and the po-
sitions of KONVFK- and 'ft1FRMIX-compositions in the coarse grid .

Format (6(13,F9 .0))

Number of fine mesh intervals in the 1 . coarse radial intervaHl

Input Manual

	

11I

2 PIIIO Position of the first axial mesh point N1 = I . (cm)
(Normal = ---height of compositions above the core).
Note: The upper edge of the core rnust be located at the p
Lion (i . The axial core dimension is counted front top to bo
tom.

lFRF1 = il : Normal.
1 : Adiabatic boundary condition it the first radial mesh.

4 IFRFA E1 : Normal.
1 : Adiabatic boundary condition in the last radial mesh .

1 FRF'h = 0: Normal.
--- 1 : Adiabatic boundary condition in the first axial mesh .

6 IFRFR (i : Normtal.
= I : Adiabatic boundary condition in the last axial mesh .



2

c(I)

	

I

	

Width of the 1, coarse radial interval . (cm)

NC(1)

(.`$1),

Card TX9

	

Format (6(13,1`9.0))

NQI)

C(l)

11 2 VSOP94

Width of the 1 . coarse radial interval . (cm)

> 0: Number of fine mesh intervals in the L coarse radial in-
terval .

0, Fnd of radial mesh definition .

Number or fine mesh intervals in the 1 . coarse axial interval .

Width of the I . coarse axial interval . (cm)

> 0: Number of Fine mesh intervals in the 1 . coarse axial in-
terval .

0: End or axial mesh definition .

Width of the 1 . coarse axial interval, (cm)

Two sits ®f cards °"il'°X9®
F , irst set with KONVFK compositions as defined on cards KX3. One card TX9 is requi-
red far each axial coarse mesh "N" (even when no KONVFK composition is present in
this mesh).
Second set of cards TX9 is to be given sukequently, containing TIMRMIX compositi-
ons as defined on cards TX10 - TX13 .

> 0: Id . n o. of composition in the 1 . radial coarse mesh.
= 0: No composition is present.

> 0: Id . no. of composition in the L radial coarse mesh .



= 0: No composition is present .

One card TX W (optionally followed by TX I I - TX 13) for each or the K
THFRMIX compositions .

. no . of this composition .

nly when FTS > 0. :

AX difT'crcnt

Card TX 10

	

Format (A3,713,RF6.0)

BEM

	

XYZ: Literal description of this composition .
I 117T: Temperatures are calculated in the inner of the fuel

elements . Analysis of temperature/volume .
UK: Analysis of temperature/volume for this composition .

-1 : "Solid material zone-, Temperature calculation compri-
ses the heat exchange with the coolant or KONVEK b~
source; sink heat transfer .

0 : "Solid material zone", No heat exchange with the coo-
lant is involved .

1 : "Fluid zone" . No temperature calculation is performed
for this zone . Coupled with the neighbours by the heat
transfer coefficient ALP on this card .

Note: For instance these zones are used as the heat siril
of the liner. At the top and right of the reactor one
mesh is sufficient for this zone . At the bottom . two
meshes are required .

0: heat capacity given by C on this card .
0: Identification no, of the material Function for tempera-

ture dependent heat capacity (see 'rah. Vill) .

0 - Thermal conductivity ). given by LAM on this card .
0 : Identification no . of the material function for tempera-

ture and (lose dependent A (see Tab . IX),
7: The temperature dependent unction ofid.no. = 7 uses

LAMO of this card as ~j = O'C),
4 : In case or EPS > 0,

	

(see below)

	

the Rinction uses
LA MO of this card a-, pressure (bar) of the gas in the
gap.
In case of ITS = O. the function uses helium at the
pressure I bar.

Input Manual
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2 1 11 1 I

I FTV =

=

=

4 1 IFWKT =
>

5 1 IFLT =
>

=

=

IDIR I



= 0: Radiation in radial direction .
= 10 : Exclusively in radial direction .
=

	

1 : Radiation in axial direction .
= 11 : Exclusively in axial direction .

(only when I FTV =

	

I).
Note. ALI' ~ 0 .5 : Temperature at the boundary close to

that of this nuid zone,
AL}' ~° 0.01 : Temperature at the boundary close to
that of the adjacent zone .

11 4 VSOP94

10

I I

C'

LAM

I = 0. . When IFWK'I' -:
> 0_ I [eat capacity of the solid material . (J/cm K)

0. : When I F I-T > 0 .
> 0. : Thermal conductivity in solid material zones (only

when IFTV = 0 or -1). (WIcm/'K)

12 LAMO = 0. . Normal,
> 0. : When IFLT = 7, LAMO is ~J = O'C) .

When IFUF = 4 and EPS > 0., LAMO is the pres-
sure of the gas in this composition.

13 EPS = 0.-, No }seat radiation .
> 0. : Coefficient of emission for the heat radiation between

the side =Hs of the composition. (Maximum number
of compositions with heat radiation = 19).

14 TVOR 0 . : Start up temperature held results from the input tem-
perature field of the cards TX14 - TX16,

> 0 . : Start up temperature of this composition ('C) superior
to the startup temperatures ofthe cards "I -XI 4 - TX16.

15 WPRR K Field of power density results from VSOP. It will be
normalized to QNORM (card TX3) .

0. : Power density or this composition, (W/crn

16 A l.}' = f) . : loo effect .
> 0 : }}eat transfer coefficient in fluid zone .-; (W,!CM2;;o K)

NTVAR 0: No effect .
0: In case of fluid zone (IFTV = I } provide time depen-

dent temperatures on card TX 11

8 1 II)IJM I Dummy.

9 R160 Volumetric fraction of solid material in this composition.~ ~
RI I0 is used for calculation of the heat capacity .



Car& TX I I . TX 12 only when

	

F;M = "I !FT. on card TX 10 .

(Tard TX I I

	

r ,'ormat (2EI0.3,15)

2

3

I = lNI IZON cards TX t 2.

fird `}"X12

	

Format (1 -,,10.3,215,ElO.3)

1

2

IIEPS

IIKUG

NI IZON

Ca rd TX I I

	

Format (14-5.2)

Zf,,IV(I)

	

I Time, (h)
I= I,NTVA RI

> 0. . Void Fraction in the pebble bed .
= 0. : Default value = I - RI 10 (on card "}'X!0}.

Diameter or the spherical fuel element, (cm)

Number of radial mesh intervals in the sphere .

	

(~ 5)

Inner diameter of the Ith radial inesh interval .

	

(cm)
Caution : I = I . . . counts from the outer shell towards the
inner!

Mo. or temperature dependent thermal conductivity (see
IF ur on card TX 10),

Wo. of temperature dependent heat capacity (see IFWwr
on card TX 10).

Shielding factor of the power density in the Ith shell (in the
feel shells normally = 1 .) .

Card TX I I only when NTVAR > 0 on card TX 10,

TKV(J)

	

I Temperature . (*C)

Input Manual
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DI(l)

2 NI-II(l)

3 N112(1)

4 X FW(I)



r~E~(i },
I 1,[i~

~'c~rrtl~tt (21 .5,6F:iti .3 1 7F;li~ .~j

= () : E,irtear ittter~c~iatior~ ~f terr~~aerat~are ir~~t~t c~(~ eards
`~'~ t fi .

8 : I,~~arithrr~ic ir ¬ ter~~lati~rt {racliaE}.

-	fi: i~rc~~ r~acEi~t~ csi cards 1'~ t ~, `T
.
~ i ~.

rt . rar__ ._ ._~._ . . .. .r_~ .F~ ._n

	

_s_

	

_ r~_ .
-` " er : 3v ¬stcr ¬ ~r: ¬ u¬ rac ¬ ¬as p~ ¬%s~ ¬ ~r~i~ci :s ¬ ~r 5tärtü~~ i%i~ ¬ E3~rtztürC:

ir~F?t%t .

[Zadial rr~esh ~c~ir~ts ~c~r starte~g~ te ~rerata~re i~ s¬~t ~r~ cards
1'~ t ~.

wOPltirltlatl~rl carcis acc~rding tc~ ~ivez~ ~'~~RI~EI~"T' .

~ .'ards "I~`~ E . .S - '~'~ 1 ~ or~ly wpen ~ E ; ~

	

fB o

	

card T~ t 4.

E~ : 6.inear inter~sc~latinr~ oä tem~erat~re ir~~s~.rt o~ eards

'~'X E f.
I : LtsgaritEarrtic ¬ terp ¬~iaticsr~ ~axiaE~.

Idf~~nEaer ~£axial rr~esh ~SCSints %r startu~s tem~serat~re inp~~t .

I\xiaE r~tesh ~?oi~ts f~r start¬~~ terri~erata~re in~~at c~n cards
"I`~ E F~ .

E. .',~r~tittuatiört cards accc~rcüng tcs gi~rcr~ C~()it~~"i'.

Card T~ ( 5

()~ae card "i';~ i fi 3~ar eaeEt ~i the ~-- 6 ,NT; a~tial mesh ~erints.

(.'ard "T~XEC,

	

i~c~rr~~at ~7~Efi.3~

'~~~9" ft

E~ ~t+E~

Vsi)I'~4

~tart¬~~ terra~crat~¬ re at r csh ~?csir~t 6,1~~ .



Card TN 17

	

Forrnat (16,211,5F-, 12.5)

2

WNORM

MC'2

Card TX 18 only when MC2 => 0 on carol °3.X17.

Card TX 18

	

Format (3111)

1 IKC)(1),
1= 1,KMA

1)Fl,TAT

= f1 : No erect.
0: Mart the time counting from the present T1 1 RMIX-

restart .

= 0: No erect.
(): lead card TX18 with definition of"fliermix-cornpositi-

ons for time dependent output of the "heat storage",

Data set no . of CITATION geometry input as prepared in
BIRGIT (normally 37).

Dif%rence between the axial zero points of CITATION and
T11FRMIX .

0. : Default value = 1 .
0. : Factor to he multiplied with the explicitely evaluated

decay heat function .

Avg. power density . (MW1rn3 )

Avg. heavy metal content per fuel element (incl . graphite
spheres) . (glsphere)

Avg . burnup of spent fuel . (MWdlkgt,,)

"I leat storage" id .-no, to which the heat of T1 IF R N I X-com-
position I shall he added tip.
Possible "beat store" id .numbers : 5, 6, 7, 8, 9 .

Card TX 19

	

Format (51-,112,5,1`10-3,211)

Desired temperature interval (AT) for the numerical integra- I

Input :Manual
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2

4

.5

R

2

"hFJ

`l"~)

'bU~l`i`

(`arcl TX2(I

	

~;®rrvtat (121~r)

I 1R V~()P~?4

1 ST~ N7,

C_'a ¬~ds "f`X2 ¬~ - "f`~2~ ortly when ~lZi~` ~ ~. ®rt card 'T'X 19 .

I~HS( "( f

1`i ; l~f ( N ~,
= I,NS~'.ll

H~ -- l,?~S£'ll

fiert irrekle the Egel elements {°C') . t .'~ to 2~?(t inters°a Cs arc ~Sa~

sigle between 'IW~~ artcl `l`C) .

l,ow-cst s~rface tcml?eratt~re of' fiaef clcrt~ertts .

f Ii~Itest terrt~erature at ccttter of the frzel. elentertts .

> Ci . : l~rctgrarn uces startdard data of the ttterrrtal cartde~ctivi-
ty as ~ fc¬nctiort of fast rceutrnrc close a~d terrt~rerature .

=> (3 . : i1<triatrs test aut~tt~t Qi tern~teraterre integratiart insicle o
tlte f`r¬el elerttertts .

fi . : 'l~herrxtal concletctivity as ~ f~ ¬tctic~n of fast rterttrctrt dos
and terrt~seraturc will ~Se ~iven o ¬ t the cards 'l`~2E~ -"fX2

= t~ . : Heda efFect .
~ . : lrtrter radius of tltc fuel rttatrix cif shell ball is c;ctnsicler-

eci} .

Ittitial ertrichrrtent c~f the f~¬el . (`~ö )

{i : l'da ef%ct .
:> (~ : ~ttnckt

-~'
artd relative fe.¬el rrtatrix valuime in the corres-

~andirtg ~T averaged aver the total care .

(l : ~~~el ele tertt tear¬ erat~re cate~aIatiart ~~ direct inte~ra-
tiort .

`>

	

~: T~~el cle ¬nent tera~~eratttre calet¬tatiart f°ra ¬~ T'i i

	

ItI~ f ~.

Nctrrthcr af dif~erent %. ¬ rtcticsns of tlte tlterrrtal concla ¬ctivity .
(~ 2)

i~Ht ¬mH~er ai terr¬~eratctre rrtesh ~oirtts Car svhich ttte thermal
cancic¬ctivity will he ~iven. (~ l~)

'vt~mher of isst ¬teutrozt dose rues[~ ~airtts %r s~~ltich the
thermal conductivity ¬ ill lie liven . (<_ 1 ¬9)



For cacti thermal conductivity function one set of cards TX21 - TX23e

C°,ard TX21

	

Format (6(-,12.5)

l TSTIJF(K),
K= 1,KTFM

Temperature mesh points .

For each of the LFAD mesh points of the fast neutron dose one card 'X23.

Format (61:12 . .5)

C~S' i11:{T-)9
1,= 1,1, A1)

WLSTUF'(K),
K _ I,KTEM

Format (61-:12 .5)

Mesh points of fast neutron dose .

Thermal conductivity at the temperature mesh points .
(W ( cm ,' °C)

? 0 . : Relative criterion of convergency for gas temperature.
= (i . : Default value = l .T;-5

-> O. : Criterion of convergency for mass (low .
Default value = 0.01

y 0. : Fxtrapolation factor for iterations on mass flow (every
1(3 iterations an extrapolation is provided with 1
()VM 1) .

0. : Default value = E) .5

-> ¬}. : Relaxation factor for iterations on mass flow .
= 1? . : Default value = 1 .{)

%. : Relative criterion of convergency of the avg, gas tern-

Input Manual
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1 `[' NE 2

( .."arEl i~~2

	

hort~~at (SF~(0.3,4i5j

C:1'

12(3 V~C~i'94

r~eratt~re ir~ tftc ociter iterat'rE~ns hctween gas te~t~era-
tttrc a¬lE~ itiwÄSS f~C)~%r .

= ~ . : f7efa~slt ~ral~ce = (t.02

-> 0 : ~a~i

	

~

	

nurr~fser o(~ ¬tcratsons %~r gas terrtgserat~zrc .
~ : l~e~auit valeze

0 : ilrCa~ir~u

	

nca

	

her E~f iteratior~r Cor tttass fio~.

= ~: f)e(`au(t ~ala~e = 2(9i~

1`~'1~3

	

~ E~ : 'Vlaxic~~~rz t~u~her o~ o ¬~tcr itcratiE~tts hetwccc~ gas terr~-
~Seratt~re ancl rr¬ass (io~~ .

S

	

- ~ : I~efat~It ~aC~e =

~ . : [~iar~eter oC the s~heres .

	

(crr~)
(3 . : [~efatalt ~alt~e - C.(i

ii . : Voici iractiort ita the eore.
f) . : C~ei'au3t ~aloe - 0. :39

~ ß . : S~Seci~c heat eafsaeity of~the gas . (.Ij~g/° K}
(~ . : i~e(~txlt ~altue - 5195 .

0 . : I'randtl-constant o(~ the gas .

0 . : F~efault veins = fi.6~

0 . : i'ressure oC the gas .

	

(hard

(~ : ['resscirc oi t1~e systern is eon .startt .
2 : i'ress ¬are charsgcs acE:orElit~g tr~ tet~ erat~re . ~tas invet~-

tor~ is constant .

~)nc earcl 1~~3 %r cach a(~tltc ~(~'~V~~~ cos~~ c~s ¬tioras as dc%neci or~ tiae C~E~st sct oiE:arcis

"i'~9,

K1~

	

Ict .tto . oF this cot

	

. osition .i~



2 1 IF13Q

3

4

6

7

8 1 ALPHA

IFBR

i FZST

I FZTF

PVOR

XKON

FPSIL

Dl IYD

S'I'Zt J K

TFLVOR

= Q When I FTV = -I on card TX 10, (Convective heat
source is computed in the meshes of this composition .

=-I : No convective heat source evaluation (e,g, in voids) .

Type of composition:
= 0: No gas streaming.
= 1 : Pebble bed.
= 2 : Vertical pipes . (< 8)
= 5 : Horizontal void (no more than one mesh over its thick-

ness),

= 0 : No time dependent mass flow .
= 1 : Given by input on cards KX4, KX5.
= 2. Mass flow according to conservation law,

= 0: No tirne dependent gas inlet temperature .
= 1 : Given by input on cards KX4, KX5 .

> On Pressure at beginning of iterations . (bar)
-I . : Pressure = pressure or the gas (see DRtj(:K on card

KX2).

Additional pressure drop relative to computed pressure drop
over the length of the channel (only when IFBR = 2) . (1/cm

> On Coefficient of heat transition between gas and solid
material (W/cm2K). In pebble beds a is internally cal-
culated, use ALPHA = 1 . as an internal multiplicatio
Ictor.

0.: Internal calculation of ot . In voids (IFBR = 5) use ~
= 0,

Volumetric rraction or void in this composition .

I IydraUfic diameter (cm) . Only when I FBR ~ 2.

Source of mass now.

	

{fig;s)

Temperature of inlet gas.

	

('(-)

Input Manual
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C'arcic }~~4, ~~5 ot~i~ u~}ten at lcast onc o~ t}te tF<~S
.
d
.

artcl or FF°~"L
.
T~ = } on car<ls

IG~C3 .
(?~ to !t~ tirrte ste~s catt t~se defsncd b~~ card~ K~S . } .irtear irttcrFsof~~tiort is ~rcsvided i~e-
twecrt ttte tirt~e stcFs~ .

C .'arci fl~ ~4

	

horrrtat (4 [ 1 iB)

t~K fl

ä/P

fl P ' /~ F1

(".arct KX5

	

I'oCniat (RF°9 .~)

2 ZF~~

~S~'(~)

t 2Z ~ISC)~'94

Nt~rttt~er ot- crtrrt~asitiotts w°itFt ti~ e c}c~ettdertt inFsc~t oC ~~ass
flow a ¬tct/or ~as irtflet tcrrt~erattare . (~ :~)

dci.n o . oithe I-t}t corrtfsositiort .

? ~) . : ~ttii~ . ~Ct"tiTi~

=

	

(3 . : F?nd oft~e irt~tit of' cards ~ X~ .

~'ressttre . (har}

Source of mass i~ow of tFte co

	

~os~tiari rao . I7KC}~i(F).

"~'era~erat ¬tre oiirr}ct gafi oittte cnrrtFsositian no . I7,K~3~((~~ .



2A

	

LIFE, Fuel Life History for Decay Power Evaluation. LF1 - LF4

Card IT I sets up the dimensions .

(Card LFI

	

F'ormat (616)

4 LMAX

5 MTMAX

6 ~ MEDUL

2

M50

M200

K MAX

Number of storage boxes being Filled in VSOP plus number
of batches which are loaded into these boxes .

Number of batches of VSOP.

Number of VSOP burnup cycles being required for setting u~
the full irradiation history ofthe individual batches (compare
KT5 '> 0 on card LF3) .

	

I

Number of all VSOP time steps or the KMAX burnup cycles

Number of graded time steps to be generated (~ 49).

Number of basses of elements through the core .

Output option :
= 0: Short output,
= 1 : Recommendable.
= 2: Additional test output .

= 0.- The generated library of all batches in the graded time
steps is printed out from batch no. I -

> 0: Print out starts from batch no. WOMPA.

= 0, Print out end- at the last batch .
> 0: Print out ends at batch no. WOMPE.

Id .-no . of the unit to which the new library is to be copied .

Input Manual
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9

M60(l)

	

-no. of the 1 . VSOP-unit (up to 4 VSOP-units can be used
I
U -no .
whch have been prepared in a sequence of restart runs),

M60(4)

124 VSOP94

Id .-no . of the 4, VSOP-unit.

Time span (days) to be covered by the coarse new intervals
( ~ maximum ruel element residence time + out of pile
times),

First coarse time interval (days) . Normally the same as the
last VSOP time step .

Out of pile residence time in the storage boxes . (days)
(days)

Card LT`3 Format (516)

K T3 0 : Normal . Precursory life evaluation start-, with the last
cycle of the given VSOP libraries,

> 0 : Number of VSOP cycle from which the precursory his-
tory evaluation begins .

2 L'E'O 0 : Normal . Evaluation starts from the last time step of the
given cycle .

> 0 : Time step of the given cycle, from which the precursory
history evaluation begins .

3 KTI 0: Read all cycles Rom VSOP given on the units M60.
2 : Drop VSOP cycles from the units M60 with cycle id.no

< KTI .

4 KT5 = 0 : No effect .
= 1 : Preserve only the last VSOP cycle and prepare KMAX

identic cycles out of it .
> 1 : Preserve only VSOP cycle with id.-no . KT5 and prepare

K MAX ideritic cycles out of it .



0 . : Convergency limit for iterative calculation oF the incre-
mental parameter of the coarse time steps.

= 0 . : The code u%cs 0.1

Input Manual
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2.7

	

PRIOR, Fuel Life History for Entire Isotope Generation . P1 - P2

Used for ORICYT-".N evaluation .

Card P1 sets up the dimensions,

126 VS01194

= 0- Normal. Precursory life evaluation starts with the last
cycle of the given VSOP library.

> 0: No. of the VSOP burnup cycle from which the precur-
sory history evaluation begins .

= () : Normal- livaluation starts from the last time step of th
given cycle.

> 0. Time step of the given cycle, from which the precursory
history evaluation begins .

Output option!
= 0- Recommendable .
= 1 : Additional test output,

10no. of the unit to which the new library is to be submitte

Card P I Format ( 1216)

I N200C Number of batches in the core .

2 NXSC' Number of spectrum zones in the core .

3 [,XS Number of time steps with spectrum calculation,, .

4 KMAX Number of burnup cycles .

5 I-MAX Total number of large burnup time steps.

6 1 MAT Number of nuclides .

7 NGRP Number of energy groups .



M60(l)

M60(4)

ld.-no . of the 1 . VSOP-unit (up to 4 VSOP-units can be used
which have been prepared in a sequence of restart runs).

Id .-no . of the 4 . VSOP-unit .

Input J'Vanual
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2.8

	

ATLAS, Map of 3-Dim. VSOP Results. Al - A3

Cards /11 - A3

Card A I

	

Format (2413)

ISEQ = 0: Display given data fields individually for every plane .
=

	

k Display of each data field for all specified planes in se-
quence.

> 0: Id.numbers of the planes to be displayed .
(KMZ = total numbers of planes as defined in 'I*Rl-
GI T),

0. End of the planes to be displayed .
Ifall IPI,([) = 0, all planes are to be displayed (includ
ink reflectors) .

I F I SFQ = 0: One set or cards !13 for every plane.
l E`

I
sFQ =

	

i : 'rhe set of cards A3 is due for all given planes .

12R VSOP94

= 0: End of information for this plane (ISEQ = 0) or all
planes (ISEQ = 1),

= 1 : Display of general batch information (hurnup, power),
= 2: Display of atom densities .
= 3 : Display of weights of materials (uraniurn and plutoni-
= 4: Display of thermal batch flux,

When IDS = 1 :

	

LL = 0: Burnup, U, = I - Power,
When IDS = 2 -

	

LL = VSOP-id.no . of the nuclide.
When IDS = 3 -	LL= CYAM-id.no, of the nuclide.
When IDS = 4LI, = 0



3 = l : Beyond display, ~reser~c this data geld and add it u~
with the other Melds with f~tß --- i (only° for r~~selicies
E~ith ii~~ = ~ or 3} .

= ti: Nc~rrnal . If previ®us fields have peen ~~r~ded ~~, the f"~eld
of the surn is cüsfrlaye~l prior to the fsresent orpe .

¬} . : Factor of noz`tt~alization to he rrtttltifslied to the field .
( ~ .g . avg . ~Sa~er / f~sel elerr~crtt)

= i~ . : ~I'1~K = i .

ir~~sut l~anual

	

fl 29
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For many parts of the VSOP package explainations are required beyond the descriptions
of the input manual, Minor and major changes have been implemented in the code since
the first VSOP report was edited in 1980 1 1 1/ . They are hoed in the section 1 .2 and will
further he outlined here . We learnt from questions or the users about the need of com-
ments and we'll give our answers to them here . We wish the comments will improve the
understanding and help in simulating the reactor features.

3.1

	

Nuclear Data

3. 1 .1

	

Libraries

3.0 UseAll Comments

Spectrum calculations are based on the GAM-1 /12,1 and THERMOS 113,14.1 code .
Correspondingly, the code needs the two respective libraries . They have been extracted
rrom the basic nuclear data sets ENDIF/13-V and JEF-1 . Testing has been reported in
Ref, /Q, and will be continued in PROTFUS-experiments in the future /33/ .

The GAM-library is given in 68 energy groups ranging from 10 MeV to 0.414 eV. The
presently used library has the identiEcation number 5015 . It contains 181 materials .
From the listing of Table I I I the reader recognizes the source of the respective nuclideq .

The PIERMOS-library is given in 30 energy groups ranging from 0 to 2.05 eV . The
identification number is 515 . The library (Tab . IV) is subdivided into 2 parts. (1) The
absorbers with identification numbers being the same as in the GAM-library. (2) The
scatterers with identification numbers out of four digits . For the scattering nuclides
scattering kernels have formerly been prepared with application or difrerent scattering
laws and for different temperatures . The second part of 'Fab . IV gives the respective in-
formation .

Actually, the basic thermal source library is given in 96 energy groups in the group
structure of the THERMA1,1ZATION spectrum code (which is a precursor of the
GATHER) . Condensing or the THERMALIZATION library to a THERMOS library
must be based on a specific thermal neutron energy spectrum being adequate for the
considered reactor and fuel element ,; . Such condensing can be made by the subroutine
TTTT which is outlined in section 3 .1 .4 . An auxiliary program MAKI i'19! is available
which allows easy modification orthc TITERMAIAZATION-library .

I iseful Comments
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Table HL GAM-Library

132 VSOP94

a. Id.-na . to.-no. No . Id .-no.

I ¬ rr-1 Mat 1301 FNDFB-V 62 62 Rh-103 Mat 1310 GNDFB-V 122 122 Gd-157 Mat 4647 JEF- ¬2 2 II-2 Mat 4012 JEF-I 63 63 Pd-104 Mat 4464 JG-1 123 123 Gd-158 Mat 4648 JEF-I3 3 Be-9 Mat 1289 ENDFB-rv 64 64 Pd-105 Mat 4465 JEF-I 124 124 ils-IS9 Mat4659 JFF-I4 4 U(nat) JEF-I 65 65 Pd-106 Mat 4466 JhF-I 125 125 Au-197 Mat 4797 JEF-15 5 C Mat 1306 ENDFB-V 66 . 66 Pd-107 Mat 4467 JEF- ¬ 1215 126 Ph Mat 4820 JEF-1
6 6 1h-232 Mat 4902 JEF-I 67 67 Pd-108 Mat 9386 ENDFS-V 127 127 Bi-209 Mat 4839 JEF-I7 7 Pa-233 Mat 1391 ENDFB-V 68 68 Pd-110 Mat 446(1 JEF-1 128 128 I.i-6 Mat 4036 JEF-I8 8 U-233 Mat 4923 JEF-[ 69 69 Ag-109 Mat l373 ENDFB-V 129 129 U-7 Mat 4(137 JEF-I9 9 U-234 Mat 4924 jr-, F-1 70 70 In4 15 Mat 4495 JEF- ¬ 130 13-10 Mat 4050 JEF-tt0 10 U-235 Mat 4925 JEF-1 71 71 C41 Mat 4486 JEF-I ¬ 31 ¬ 3l Nitrogen-14 GAMEFB¬ I ¬ I U-236 Mat 4926 JEF- ¬ 72 72 Cd-I ¬Ü Mat 4483 JEF-I 132 132 U-237 Mat 4927 JUT-1[2 12 U-238 Mat 4929 JEF-I 73 73 Cd-III Mat 4494 JF F-I 133 133 Nw-237 Mat 4937 JEF-113 13 NP-239 Mat 4939 JEF-I 74 74 Cd-l 12 Mat 4485 Irr-1 134 134 V twit Cr-Streumatrix GER14 14 Pu-239 Mat 1264 ENDFB-rV 75 75 Cd-113 Mat 4486 JEF-I 135 135 V Mat 4230 JEF-II S 15 Pu-240 Mat 4940 JEF- ¬ 76 76 Cd-114 Mat 4487 JFF-I 136 136 Nb ¬nit Zr-Streumatrix GER¬6 16 Pu-241 Mat 4941 JEF-1 77 77 Te-126 Mat 4525 JEF-! 137 137 Ti Mat 4220 JEF-117 17 Pu-242 Mat 1342 ENDFB-V 78 78 Te-128 Mat 4527 JEF-I 138 138 Zry - Zr GAMJUL¬ 8 18 Fivion-Product 79 79 Te- ¬ 314 Mat 4529 JEF-I 139 139 Ag-107 Mat 4471 JEF-I19 19 Fiss.Prod.U-235 GAMJUL 80 90 1-127 Mat 9606 ENDFB-V 140 l40 Nb-93 Mat 4413 JET-120 2[3 Fiss-Prod.U-233 GAMJUL 81 91 1-129 Mat 9608 ENDFB-V 141 141 W(nat) JEF-121 21 Fiss.Prod. r'u-239 GAMJUL 82 82 Xe-I28 Mat 4542 JE1=-1 142 142 1Lu-105 Mat 4445 jrF- ¬22 22 N-14 Mat 4074 JEF-I 83 83 Xe-130 Mat 4544 JEF- ¬ I43 141 Rb-105 Mat 4455 JEF-I23 23 0-16 Mat 4086 JEF-I 84 84 Xe-131 Mat 4545 JEF-t ¬44 144 Cs-134 Mat 4554 JFF-124 24 Mg Mat 4120 JEF-I 85 95 Xe-132 Mat 4546 JEF-I 145 145 Co-[44 Mat 4584 JEF- ¬25 25 A1-27 Mat 4137 JEF-I 86 96 Xe-134 Mat 4548 JEF-I 14,6 1415 Pr-142 Mat 4592 JEF-I26 26 Si Mat 4140 JEF- ¬ 87 97 Xe- ¬35 Mat 4549 JEF-I 147 147 Pan-148 Mat 4612 JEF-I27 27 Cr Mat 4240 JEF-I 88 88 Xe-13d Mat 4551 JEF-I 148 148 Pm-148m Mat 4613 Ifir-I29 29 Mn-55 Mat 4255 JEF-1 89 89 Cs433 Mat 4553 JEF-I 149 149 Zr-95 Mat 4405 JET-129 29 Fc(nat) Mat 4260 JEF-I 90 90 Cs-135 Mat 4555 JEF-I I50 150 Poison in C Dummy30 30 Co-59 Mat 4279 JFF-t 91 91 Cs-137 Mat 96,69 ENDFB-V 151 151 Pa-103 Mat 4443 JEF-I31 31 Ni Mat 4280 JEF-[ 91 92 Ba-134 Mat 4564 JEF- ¬ 152 ¬52 Xe-133 Mat 4547 JEF-132 32 Cu Mat 429(1 JEF-I 93 93 Ba-136 Mat 4566 JEF-1 153 153 Ce-141 Mat 9725 ENDFB-V33 33 Se-82 Mat 4342 JEF-l 94 94 N-137 Mat 4567 JEF-I 154 154 Pr-143 Mat 4593 JEF-i34 34 Dr-8t Mat 4351 JEF-1 95 95 Ba-138 Mat 4569 JEF-I 155 155 PM-149 Mat 4614 JEF-t35 35 Kr-83 Mat 4363 JEF-1 96 96 La-139 Mat 9707 ENDFB-V 156 156 1-131 Mat 4536 JEF-136 36 Kr-94 Mat 4364 JEF-I 97 97 Ce-14 Mat 4580 JEF-I 157 1150 FimProd.U-235 Chain 4437 37 Kr-85 Mat 4365 JEF-[ 98 98 Cc-142 Mat 4582 JEF-I I58 161 FigS,Prod.U-235 Chain 3938 39 Kr-86 Mat 4366 JEF-I 99 99 Pr-141 Mat 9742 ENDFO-V 159 162 Fiss .Prod.U-235 Chain 3439 39 Rh-85 Mat 4375 JEF-I IDt 100 Nd-142 Mat 9763 ENDFB-V 160 163 F¬ss-Pmd.U-235 Chain 2940 40 Pb-97 Mat 4377 JEF-I 101 10 ¬ Nd-143 Mat 4603 JE-F-l 1151 164 ¬3-11 Mat 4051 JEF-I41 41 Sr-99 Mat 4388 JEF-1 102 102 Nd-144 Mat 4604 JE-F-1 162 165 Hf-174 Mat 4724 JEr-.142 42 Sr-90 Mat 4380 JEF-1 103 103 Nd-[45 Mat 9766 ENDFB-V ¬63 166 1{f-176 Mat 4726 JEF-I43 43 Y-89 Mat 4399 JEF-I 104 104 Nd-146 Mat 4606 JEF-I 164 167 1417-177 Mat 4727 JEF-144 44 Zr Mat 4409 JEF-I 105 105 Nd-148 Mat 9769 ENDFB-V 165 168 rlf--178 Mat 4728 JEF-I45 45 Zr-90 Mat 4400 JEF-I 106 106 Nd-150 Mat 4600 Jr-F-I 166 169 [if--179 Mat 4729 JEF-I46 46 Zr-9I Mat 4401 JEF-I 107 107 Pm-147 Mat 9793 EN DFB-V 167 170 [If-ISO Mat 472(3 JEFA47 47 Zr-92 Mat 442 JEF-I 109 ]09 Sm-¬47 Mat 9806 ENDFB-V 168 171 W- ¬ 82 Mat 4742 JEF-I4a 49 Zr-93 Mat 443 JEF-1 109 109 Smd4a Mat 9807 ENDFB-V 169 172 W-183 Mat 4743 JEF-I49 49 Zr-94 Mat 4404 JEF- ¬ 110 110 Sm-149 Mat 1319 ENDF ¬3-V 170 173 W-194 Mat 4744 JEF-I50 50 Zr-96 Mat 4406 AP-1 III III Sm-150 Mat 9809 ENDFB-V 171 ¬74 W-186 Mat 4746 JEF-I51 5t bto Mat 4420 JEF-I 112 112 S~-151 Mat 4621 JEF-I 172 175 Pen-15l Mat 4615 JGF-I52 52 Mo-95 Mat 4425 JEF-I 1 ¬ 3 113 Sm-152 brat 9811 ENDF¬3-V 173 176 U-232 Mat 8232 ENDFB-V53 53 Mo-96 Mat 9283 ENDFB-V 114 ¬ 14 Sm- ¬ 54 Mat 9813 ENDFB-V 174 177 Pu-239 Mat ¬ 338 ENDFB-V54 54 Mo-97 Mat 4427 JEF-1 115 115 Eu-151 Mat 4631 Jrr-I 175 178 Am-241 Mat 1361 ENDFB-V55 55 Mo-98 Mat 9285 F.NDFB-V 116 126 Eu .153 Mat 4633 Jr-F - T 176 179 Am-242 Mat 8542 rNDFB-V56 56 lvio-100 Mat 9287 ENDFB-V 117 I [7 cu- 154 Mat 4634 JEF-I 177 180 Am-242m Mat 1369 ENDFB-V57 57 Tc-99 Mat1308 FNDF13-V l[8 Ila l,-,u-155 Mat "32 FNDFB-V 179 181 Am-243 brat 1163 I-.NDFB-V58 58 Rta-100 Rtat 4440 JEF-I 119 119 Gd-154 Mat 4644 Jr3F'-I 179 192 Cm-242 Mat 9642 CNDFB-V59 59 Ru-101 Mat 4441 JEF-I ¬ 20 120 Gd-155 Mat 4645 AF-1 180 183 Crn-243 htat 1343 F-NDF13-V60 60 Ku-102 Mat 4442 JEF4 121 121 Gd-1 .56 Mat 4,646 JFF-I 191 184 Cm-244 Mat 1344 FNf)FB-V61 61 Ru-104 Mat 4444 JEF-I



Table 1V- THERMOS-Library

Id .-no. Absorber

6
7
8
9

10
It
12
13
14
15
16
17
22
24
25
26
27
28
29
30
31
32
33
4
35
16
37
18
39
40
41
42
43
44
45
46
47
48
0
50
51
52
53
54
55
56
57
59
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
913

4 Baraa (not)

	

JEF-I

Thorium-232 JEF-1
PratacU&"2n ENDFTV
Uramum-233 JEF-1
Uranturn-234 JFF-I
Urantum-235 JEF-I
Uranium-236 JEF-1
Uranium-238 JEF- ¬
Neptunium-239 JEF-1
Plutonium-239 ENDF84V
plutonium-240 JEF-I
Plutonium-241 JEF-t
Plutonium-242 EX,DFB-V
Nitrogen-14 JEF-I
Magneniam (nat)

	

JEF- I
Aluminium-21 JFF_j
Silicon (nat)

	

JEF-I

Mat 4050/51
(20% B-10 +
Mat 4902
Mat 091
Mat 4923
Mat 4924
Mat 4925
Mat 4926
Mat 4929
Mat 4939
Mat 1260,
Mat 4940
Mat 4941
Mat 1342
Mat 074
Mat 4120
Mat 4t37
Mat 4140

a]
82
93
94
85
86
87
88
89
90
1;1
92
,)I
94
95
96
97
98

Mat 9609
Mat 4542
Mat 4544
Mat 4545
Mat 454,6
Mat 4548
Mat 4549
Mat 4551
Mat 1355
Mat 4555
Mat 9669
Mat 4564
Mat 4566
Mat 4%7
Mat 4568
Mat 9707
Mat 4590
Mat 4582

U,wful Comment's

	

1 .13

Citromiurn (nat) UNDFB-IV Mat 1191 99 Praseodymium-141 ENDFB-V Mat 9742
Manganese-55 JEF-t Mat 4255 100 Neodymium-142 JFF-i Mat 4602
Iron (nat) JEF-I Mat 4260 101 Nec,dymium-141 JET' -1 Mat 4603
Cobalt-59 JEF-I Mat 4279 102 Neodymium-144 ENDFB-V Mat 9765
Nickel (riat) JEF-) Mat 4280 103 Neodymium-145 ENDF-D-V Mat 9766
Copper (nat) JEF- I Mat42" 104 Neodymium-146 ENDF13-V Mat 9767
Selenium-92 JEF-I Mat 4342 105 Neodymiurn-149 FNDFD-V Mat 9769
Bromine* JEF-1 Mat 4351 106 Neodymium-150 JEF-I Mat 4600
"ton-83 JEF-I Mat 4363 107 PromeNum-147 ENDFB-V Mat 9783
"ton-84 JEF4 Mat 4364 108 Samarium-147 ENDFB-V Mat 9906
Krypton-95 JEF-I Mat 4365 109 Samarium-148 JEF-I Mat 4628
Krypton-86 JEF-t Mat 4366 110 Samarium-149 ENDFB-V Mat 1319
Rubidium-85 JEF-I Mat 4375 III samarium-150 JEF-t Mat 4620
Rubidium-87 JEF-I Mat 4377 112 Samarium-151 JEF-I Mat 4621
Strontlurn-88 JEF-I Mat 4388 113 Samarium-152 ENDFB-V Mat 9811
Strontium-90 JEF-t Mat 4390 114 samari=j 5 JEFA

Mat
524

Yttrium-99 JEF-I Mat 4399 115 Europium-1 51 JEF-I Mat 4631
Zirconium (nat) JEF-I Mat 4409 116 Europium-153 JEF-I Mat 4633
Zirconium-90 JEF-t Mat 4400 117 Europium- 154 JEF-t Mist 4634
Arconimn-91 JEF-I Mat 4401 118 Europiam-155 ENDFB-V Mat 9832
Arconium-92 JEF-t Mat 4402 119 Gadolini=454 IFF- I Mat 4644
Zirconium-93 JEF- I Mat "03 120 Gadofinjum-155 JEF-I Mat 4645
Zirconium-94 JEF-I Mat 4404 121 Gadefinium-156 JEF-I Mat 4ä4ä
Zirconium-96 JEF-I Mat 4406 122 Gadolinium-157 JEF-I Mat 4647
Motybdenum (nat) JEF-I Mat 4420 123 Gadolinium-158 JEF-t Mat 4648
Molybdenum-95 JEF-I Mat 4425 124 Terbium-159 ENDFB-V Mat 9957
Molybdenum-96 JEF-I Mat 4426 125 Gold-197 JEF-I Mat 4797
Molybdenum-97 JEF'-I Mat 4427 126 Lead (nat) JEF-I Mat 4820
Molybdenum-98 ENDFB-V Mat 9285 127 Bismuth-209 JEF-I Mat 4839
Molybdenum-W ENDFB-V Mat 9287 128 Lithium-6 JEF-I Mat Q36
Technetium-99 ENDFB-V Mat 1308 129 Liftum-7 JEF-t Mat 4037
Ruthenium-100 JEF- I Mat 4440 130 Boron- 10 JEF-t Mat 4ßS0
Ruthenium-101 JEF-I Mat 4441 131 Nitrogen-14 ENDFB 68 Xß I .985*(V0fV)
Ruthenium-t62 JEF-I Mat 4442 XS 142
Ruthenium-104 IF_F-I Mat 4444 112 Urattium-237 JEF-I Mat 4927
Rhodium-103 ENDFB-V Mat 1310 133 Neptunium-237 JE,F- I Mat 4937
Palladium-104 JEF-1 Mat 4464 135 Vanadium (not) JEF-1 Mat 4230
Fallodium- ¬05 JEF-t Mat 4465 137 Titanium {not) JEF-I Mat 4220
PaRadium-106 JEF-t Mat 4466 in zircaloy-4 XA nach GEMP-346 zus.gest.
Palladiurn-107 JFF-J Mat 4457 X5 con Zircon Teu IIIAS
Palladium-109 ENDFB-V Mat 9386 139 Silver-C07 JEF-I Mat 4477
Palladium-3 10 ENDFB-V Mat 9389 140 Niobium-93 JEF-t Mat 4413
silyer-109 ENDFB-V Mat 1373 141 Wolfram each Resonanzd. 13N1,325 rail (ienex
Indi wn-I 15 JEF-1 Mat 4495 !n-AU NOG&AVIN "a
Cadmium (nat) JEF-I Mat 4480 142 RklthenJUM-105 JEF-) Mat 4445
Cadmium- I 10 JUT-1 Mat 4483 143 Rhodium-105 JEF-I Mat 4455
Cadmium-11i JEF-I Mat 4484 144 Cesium-t34 JEF- I Mat 4554
Cadmiwn-112 JEF-t Mat "85 145 Cesium tä4 JEF-1 Mat 4584
Cadmium-W JEF-I Mat 4,486 146 Praseodymium-142JEF-f Mat 4592
Cadmium- 114 jEr-I Mat 4487 147 Promethium-148 JEF-1 -Mat 4612
Tellurium-126 JEF-I Mat 4525 148 Promethium-148m JEF-I Mat 4613
Telluriurn-128 JEF- I Mat 4527 149 Zirconrurn- 1)5 JEF-I Mat 4405
Tellurium-1 30 JEF-1 Mat 4529 150 Poison in C Nukem A3,A2-B. Teu. 1 .70
Iodine-127 ENDFB-V Mat 9606 B.U,A1,Si,Cr,Mn,Fe,Q)X,Cu etc.

iodine-129 ENDFB-V
Xenon-128 JEF-I
Xenon-130 JF;F-I
Xenon-131 JEF-I
Xenon-132 JEF-1
Xenon-134 JFF_I
Xenon- 135 JEF-I
Xenon-13ä JEF-I
Cesium-133 ENDFB-V
Cesium-135 JEF-I
Cenum- 137 ENDFB-V
Barium-134 JEF-I
Barium-136 JEF-I
Barium-137 JEF-I
Barium- ¬ 3$ JEF-1
Lanthanum-C39 ENDFB-V
Cerium-140 JEF-I
Cerium-142 IFF-I



ld,no.

151
152
153
154
155
156
160
161
162
163
164
165
166
167
168
169

Id - -no . Scatterer

1001
1 ¬ 02
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1019
1019
1020
1021
1022
1023
I10I
1102
1103

1W4
1105
1111
1112
1[13
1114
1115
1121
1122
li23
1124
1125
1126
1127
1128
1500
1600
1601
i602
1603
1604
1605
J606
1607
1608
1609
1610
1611
1612

134 VS01194

Carbon

	

3001 PO & Pi Summit to IeV & Gras 739.32& I /V 3.88mb
Carbon

	

600& PO & PI Susmn¬ t Lo IeV & Gas 8?0.98K IN 3.88mb
Carbon

	

900& PO & PI

	

Summit to IeV & Gas 1110 .51K I/V 3.88mb
Carbon

	

1200& P4 & P1 Summit to IeV & Gras 1303 .14&

	

I/V 3.88mb
Carbon

	

1350& PO & PI Gas kernel

	

I/V Absorption Sigma()= 3.88mb
Carbon

	

I5OCK PO & PI Gas kernel l/V Absorption Sigma0= 3.88mä
Hydrogen 300& PO & PI Gas kernel I /V Absorption Sigma()= .332b
Hydrogen in 1120

	

300K PO & PI Gaker to IeV & Gas 1153.26& I /V .332b
Hydrogen

	

589& PO 8r. PI Gas kernel 60ßF I/V .3326
Hydrogen in 1l1ß

	

5ß9K 6ßOF PO & Pt Gaker to 1eV & Gas 1269 .37& [/V .332b
Hydrogen

	

12ß0K PO & PI Gas kernel l/V Sigma()= .332b
Beryllium

	

98ßK PO&PI Gas kernel i/V Sigmao=tomb
Beryllium

	

1366& PO & PI Gas kernel 2WF I/V Sigma0= 1Omb
Beryllium

	

1422& PO & PI Gas kernel 210OF 1/V SigrnaO--10mb
Oxygen

	

599K PO & PI Gas kernel 60OF
Deuterium Gras-Kern T=293.4& Teuchert 18 .5 .1967
Deuterium Gas-Kern T=493.4& Teuchert l8.5.1967
Deuterium Gas-Kern T=593.4& Teuchert iß .5.1967
Deuterium Gas-lern T=693.4& Teuchert 18.5.1967
Deuterium

	

593& taker-Kirs for Gr .l-55, 22-75 &Gas kernel Teu/Ha .67
Sauerstoß- Gas-Kernt mit BASK bei T=9ß0K
Berylhum in BeO 9ß0K Summit-BeO-Mats. n-dnus O-Mats. Rest von 1012

Berylliumoxyd 9ß0K Summit-Be(3-Mats. XA=Q.ß1/V XS-9.69 S=S(O)&S(Re)

Absorber Id .-no, Absorber

Ruthenium-103 JEF-I Mat 4443 L7ß Hafnium-180 JFF-I Mat 4720

Xenon-133 JEF-I Mat 4547 171 Tungsten-182 JEF-1 Mat 4742
Cerium-141 ENDFB-V Mat 9725 172 Tungsten-183 JEF-t Mat 4743
Praseodymium-143JEF-I Mat 4593 173 Tungsten-184 JEF-I Mat 4744

Promethium-149 JEF-I Mat 4614 174 Tungsten-186 JEF-I Mat 4746
Iodine-131 JEF-I Mat 4536 375 Promethium-151 JEF-I Mat 4615
Fiss.Prod.U235 Chain 44 176 Uranium-232 ENDFB-V Mat 8232
Fiss.Prod.U235 Chain 39 177 Plutonium-238 ENDFB-V Mat 1338
Fiss.Prod.U235 Chain 34 178 Americium-241 ENDF13-V Mat I36I
Fiss.Prod.U235 Chain 29 179 Americiumn-242 ENDI=B-V Mat 8542
Boron- I I JEF-I Mat 4151 180 Americium-242m ENDFB-V Mat 1369
Hafnium-174 JEF-I Mat 4724 181 Americium-243 FNDFB-V Mat 1363
Hafrdum-176 JEF-I Mat 4726 182 Curium-242 ENDFB-V Mat 8642
Hafnium-177 JEF-I Mat 4727 183 Curium-243 EhäDFB-V Mat 1343
Hafnium-178 JFF-I Mat 4728 184 Curium-244 ENDFB-V Mat 1344
Hstfnium-179 JEF-1 Mat 4729

Weisser Riese I sK Atorngewicht 1000000 22 .XII .70
Carbon 30ßK Young Phon .-Spektr. Colh Punktwerte 2eV Schroeder 4.7 .70
Carbon 4ß0K Young Phon .-Spektr. Colt¬ Punktwerte 2eV Schroeder 4.7 .70
Canton 5WK Young Phon . -Spektr . Colh Punktwerte 2eV Schroeder 4.7 .70
Carbon 600K Young Phon .-Spektr . COW Punktwerte 2eV Schroeder 4.7 .70
Carbon 700K Young Phon .-Spek¬r . Colk Punktwerte 2eV Schroeder 4.7 .70
Carbon 900K Young Phon .-Spektr . Colli Punktwerte 2eV Schroeder 4.7,70
Carbon 90015. Young Phon . -Spektr . Colli Punktwerte 2eV Schroeder 4.7 .70
Carbon I OK Young Phon .-Spektr . COW Punktwerte 2eV Schroeder 4.7 .70
Carbon I IOOK Young Phon .-Spektr . Colli Punktwerte 2eV Schroeder 4.7 .70
Carbon 1200& Young Phon .-Spektr . Colli Punktwerte 2eV Schroeder 4.7 .70
Carbon 1300& Young Phon .-Spektr . Colli Punktwerte 2eV Schroeder 4.7 .70
Carbon 1350& Young Phon .- Spektr . Colli Punktwette 2eV Schroeder 4.7 .70
Carbon I500K Young Phon .-Spektr . Colli Punktwerte 2eV Schroeder 4.7 .70

Hydrogen Nelkin-Kern (taker-lira) 293.6& 1X.68 Darvas
Hydrogen Nelkin-Kern (taker-lira) 323.6& 1X.68 Darvas
Hydrogen Nelkin-Kern (taker-lira) 373.6& 1X.68 Darvas
t-lydrogen Nelkin -Kern (taker-lira) 473.61 ¬X.68 Darvas
Hydrogen Nelkin -Kerns (taker-lira) 573.6& 1X.68 Darvas
Deuterium Nelkin-Kern (taker-lira) 293.6& 1X.68 Darvas
Deuterium Nelkin-Kern (taker-lira) 323.6& 1X .68 Darvas
Deuterium Nelkin-Kern (taker-lira) 373.6& 1X .68 Darvas
Deuterium Nelkin-Kern (taker-lira) 473.6& 1X .68 Darvas
Deuterium Nelkin-Kern (taker-lira) 573.6& 1X .68 Darvas
Oxygen Brown-St-John-Freigas 293.6& 1X.68 Teuchert
Oxygen Brown-St-John-Freigas 323.6& 1X.68 Teuchert
Oxygen Brown-St-John-Freigas 373.6& 1X.68 Teuchert
Oxygen Brown-St-John-Freigas 473.6& 1X.68 Tcuchert
Oxygen Brown-St-Sahn-Freigas 573.6& 1X.68 Teucbert
Oxygen Brown-St-John-Freigas 900.0& XII.70 Teuchert
Oxygen Brown-St-John-Freigas 1200.0& X11.701'euchert
Oxygen Brown-St-John-Freigas 1350.0& XII.70 Teuchert



r

Table V. Sequence of Nuclides

J I ximped pokow

subsequent

Control poison :

I subsequent

6. 1 Scalierer- :

subsequent

or

232, Fh
21IPa
23!u
214u
215u
236u
21AU
239Np
219pu
2APu
20 pU
2HPu
237Np
"Am

2.

	

1 Fission products of any c1min definition :

5.

	

Non burning ahsorhers:

subsequent

I I-Sxe

Non-saturating fission product
Further isotopes of the chain

6
7
9
9
to
11
12
13
14
15
16
17

133

	

Insert what you consider to
111

	

be mom Sportaw % ymir
study.

NO c 49 fission products are allowed.

NI,UM=43 different nuclides are possible with ,ir
shielding factors depending on their con-
centration

NC=0-2 different nuclides are possible with conccntr
fions adjustahle to achieve given K,fT

NICER= 1-5 scallerers must he given of the end

Absorbers for which concentration,; remain unchanged
during burnop, e.g . structural materials

I Iseful Comments
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xe-13s (-- I-135p

	

x~- ¬ 35 i---_ f--iasp
3

x~-138

xr-83

	

Ic~-sa

Zr-95 ---~ 1Fd-85

	

Zr-t}5 -~--^~ ita-95

ua--a7

zf: - ®s

	

x~-~~

¬~- ¬ at

	

~~-4®t

Ru-403--~~---^^°~ Rh-Lö3

	

Ru-iö3 -- Rh^-Lö3

Ris-t05-. L'd-t05

	

Rä-tö5 ----- Pd-1ö5

P~-108

	

Pd-flö6 ~.

Ag--40o% ~~ !g- ¬69

Cd-- ¬äa

1-13t ---------" %E-tat

	

I-131 ------~ 7E~- ¬ 3 ¬

Ae-i33------°-" &a--183

	

7C~-t33 -^ Cs-Eää

l .~f~ ~'~~)i'~~l

~H~~~; 39

Pm-147-. 9m-447

	

~''-"- Pf~-147 --" 3xa-i47
d

	

1

	

d
PPn-148fx1~

	

Pm-i45ta
d d

	

s
Pm~ t4a~ _-, s~ii4~

	

~. Pxnd1±6t~g ---. sm~ ¬ 4e

~ Pi~t-i4®-. s~-t4~

	

~- Pm- ¬ 4~--~-~-- s~-14s
d

s~- ¬so

	

sers- ¬ 5a
d

Pza--t51 --° 5m-t54

	

Pm-t54

	

sca-154
d

	

1

t"i~ . 3.

	

t'i~s~~

	

1'rraa ~~~ (~(~aia~~ 4~ ar~c! :~9

Sm- ¬52

	

äarx- fl S2

-'"'° Ev.--t53

	

°~ Su-f5a

Eu-f54

E;u-t55--~- Gd-E55

d
Gd - ¬ 57

8u-i54

Eu- ¬ 56 ~--a Gd-tS5

d
Ca-t34

i
Cs-13,&

Fr-44i Pz-z44

~-143 ~- Pdd-443
d

Pr-443~ " Nd-t43

Rd--lt4
d

~°
;

Aä-144

Pid-tk5
d

NYf-145

Pfd-14b
d

Nd^-146



~ certain secFuencc rnu~t he observed for the de~ignation of the nttc~ides, which is ottt-
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.ie-131
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ce - ¬ a4

Pr-fl43~ Nd-143

iVd~ 144

Nd--145

PPd- fl 46 Hd-fl46

Pm-i$7~~ Sm-147
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~- Pm-148m

8
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"' Pm~14$g -~ Sm~148

	

d
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d
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Nd-144
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d

~-155
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Table V1 : Fission Product Chains

139 VSOP94

VSOP-I&na.
Chain 44

GAM-1d
Chain 39

GAIv1-1d-
Chain 34

GAM-IJ
Chair, 29

GAM-1d .

14 13 5Xe 87 13Sxe 87 13s xe 87 1 3 5Xe 87
15 FP-44 160 FP-39 161 FP-34 162 FP-29 163
16 136xe 88 83 Kr 35 a3 Kr 35 9 9TC 57

17 a3 Kr 35 s sZr 149 9S 7r 149 103 RU 151

18 9 S Zr 149 95M8 52 ss mo 52 1 a 3 Rh 62

19 1 5 MO 52 9 sTc 57 s9Tc 57 '' 0s 1?h 143

20 97 mo 54
101 Ru 59 101

Ru 59 1 3 axe 84
21 9 9Tc 57 103Ru 151 1 0 3 Ru 151 133xe 152

22 101Ru 59 10 3R-h 62 1o3Kh 62 133C5 89

23 1 0 3 Ru 151 1051b 143 105Kh 143 131.CS 144

24 1 0 3 62 105 pd 64 1311 156 143Pr 154

25 105 Rh 143 1 0 aPd 67 13 axe 84 1 4Nd 101
26 1 0 5 pd 64 1 0 9 A8 69 133xe 152 144 d 102
27 10 a pd 67 131 1 156 1 3 3c, 89 14 S IVd 103

29 1 0 9
A8 69 1 3 axe 84

1 3 4
C.,s 144 146Nd 104

29 "3Cd 75 133xe 152 143pr 154 147'pm 107
30 131 1 156 133 CS 89 143Nd 101 1 4 s Prrfl/m 148
31 13 I xe 84 134CS 144 144Nd 102 14 a Pm/g 147
32 133 Xe 152 141 pr 99 145Nd 103 1475m 108
33 133 C$ 89 143 pr 154 146 Nd 104 14O SM 109
34 134cS 144 143 d 101 14 7 Pm 107 149pm 155

35 14 a pr 99 144Nd 102 14 a PM/sM 148 145 Sm 110

36 143pr 154 445 Nd 103 148 pm/g 147 150 Srn III
31 14 3 Nd 101 146Nd 104 147sm 108 1s1P 175
38 144Nd 102 147Pm 107 14esm 109 1 5 aSm 112
39 14, s Nd 103 1 4 a pm/m 148 149 pm 155 152sm 113
40 146 Nd 104 14 a Prn/g 147 14I sm I10 153 Fu 116
41 147Pm 107 14 'Sm 108 150 sm III 154 Eu 117
42 14 aPm/rn 148 1419,sm 109 1sa I'm 175 1ss pu 118

43 14 8 pm/g 147 149 pm 155 15I Sm I12
44 147,sUs I08 149 sm Ito 152 Sm 113
45 1 4 a"m 109 15Osm 1H

1saFu 116

46 14 s p¬n 155 151 pm 175 154F{a 117
47 14ssm 110 1sasm 812 as5 1; r1 118

48 1s0SM H1 1 5 2sm 113

49 15Ipm 175
153 1;u I16

50 1s1 Sm 112 154 FU 117
51 1 s 25m 113 1ss 1;u 119
52 1s 'Eu 116 ass Gd 120
53 as4 Eu 117
54 ass FU 118
55 rsS Gd 120
56 156 Gd 121

57 157Gd 122



The scatterer nuclides must he given at the end. I [ere, they are also identified by their
GAWITnumbers. Note, the code accepts several scattering matrices from the
TITERMOS-library for one and the same scattering nuclide, being due to diffierent tern-
pemarrev That information is given at the cards T2 and T3 of the THERMOS input.

3.1 .3

	

Fission Products

The library contains cross sections of 116 fission products (Tab. lfl,IV) . Yield's are in-
cluded in the code for 87 fission products (Tah . V11 ). They have been taken partly front
F,'NDF/B-fV, partly from FNI)I,,/B-V, Four different fission product chains are also in-
cluded which are given in Fig. 3 and 4 . The sequence of identification numbers is given
in Tah . V 1 .

The first member of every chain is MXe. Normally the code calculates equilibrium
concentration ofthe 135

Xe for every batch . By an option (card V 10 or card R14) the time
dependent history of 135 1 and .1,35Xe is explicitely followed . This option is needed for a
short term follow of the burnup. This option is also useful when just an iteration is de-
sired between spectrum and diffusion calculation without changes of nuclide concen-
trations . In that case the burnup time step DELDAY (card V15 or card R14) must be
given so short (e.g . 10-4 days) that the concentrations of I and 135Xe remain un-
changed.

The second member of each Fission product chain is a -non saturating" fission product,
It stands for the sum of many low absorbing fission products which are not included in
the chain. The yields or the non saturating fission product-, of the chains 44 and 29 have
recently been re-adjusted by comparison with the ORIGEN-.1,11_-11 code /20/ which
comprises 821 fission products explicitely . In a follow of the wi-R-MODUL (with
burnup or go MWd/kg,,

M
) the 43 explicite fission products or the VSOP have been

f'ound to cover 98 .02",n of the total fission product absorption found with ORI(;FN. `rhe
yields ofthe non saturating FP-44 have been adapted to cover the remaining 1 .98% or
the ah-qorption .

It is possible to extend the fission product chains by defining new isotope: ..,;, new yields,
and new chain informations at the cards VS,V9. Similarity the chains can he shortened,
inodified, or even fully replaced by the user of the code,

Useful Comments
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Tahle VIE Fission Product Vields (Values given in percentagcO

i 48

zfl

ifl

i i.

natz,r

9 0 7.r
~ i 7r
9 2Zr

4i;r
9 5z ¬ ,

917r

97 M43

98
MO

100 mc)

9 9-re

i 0
il$U

10 2 tkta
t 03R

o

t.04R
i3

ta5 Ru

t 0'3 Rh
io "Io
105 Pd
i 0 6 Pd
fl 0 7 I'd

8 I'd
I'd

g Ag
i Cd

2 Cd
13 Cal
kCd

140 VS01'94

c
t
t

t
1

t
C

t

t

t.

t. 0.56262 0.3.1405 U1092 O.11602
t 031171 0.21005 0.1768 0.06469

1 .0179 0.53076 0.29608 0.20499
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6.5296-5 9.23-5 5-95-5 53024-7

t 4M89 2.551 0.94936 0.75709

E 5.4953 3 .6229 1 .37133 11 .97473
c 6.7952 5.9137 2.1134 1 .5363

1. 6.2508 4.9469 1 .7075 1 .2146
6A467 5.803 2.6405 2.645

s n.n5 0 .047 0.0164 0.0164
t 6.5194 5.926 2.4941 1 .9315
t 6.5949 5.966 3.019 2.2781
c 7.011 6.3703 3.9031 2.9643
C 6-8ß76 6.4228 4.4431 3 .4018
C 6.2479 6A678 4.9212 4.0456
t 5.6694 6.2506 5.0958 4.4232

c 9.5909-4 1 .641-4 1 .492-3 1 .2927-5
6.5-3 5.85-4 7 .7-4 7 .7-4

t 54533 5.96 5A09 4 .8209
t 5A 587 5.7787 5.8542 5 .2217
1 4.4094 6.3096 6.977 6.2311
e 4 .9573 6.1284 6.1405 6.2095

12258 5A501 5.9135 6.0948
2.4492 4.2032 6A201 6.4943
1 .7066 3.1411 6.9945 6.2611

1 .0276 1-8239 5.9539 6.9764

OAR 0.9 5.47 5 .47
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0.41126 1 .0199 54261 6.2193
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0.020269 0A19714 0.27428 ß-57261

0.014602 0.ß12802 0.10707 0,23001
0.1) 13152 0.012425 0A78216 0,15494
OA 1226R 0..}11256 0.046789 0 .075514



[Jsef~k Ccst~r~cnts

	

k4k

¬ ¬ Slrt (1 .{12ßä52 9,9367-3 ()-fi4i1467 ä.ä411537
a s ~ 1 - c t ¬1 .24äR i {I .CiS7ii 1 R ä, I ß9ß6 ä.077127
¬. aö~ic c 0.94592 0-35046 ß.R5ä79 0,35555
¬ s o~i-e e 2.3671 1 .446fB 2-4971 I .Cs617
¬ x~ i t ä.fi7853 0 .13ä37 0.49373 ä-2304ix
¬ zs l c 1 .61fi ä .65941 t .S{939 ä .77R64
xs ¬ 1 c 3-7ß¬~ß 2.43325 3.738 3 .1411
¬ ~s i c 4-8597 b.34R2 fB.3ää7 fs .95
x~t~

e i R.4795-5 1-54-6 3 .f,S2-5 1-3äfs6-6
aax~e t 4 .fib13R 4.2498 5-268R 4.fs411
¬ ss~e c b.03ä7 C} .7$fi9 6.9758 Ce .741
¬ ~ ~`Xe c 5.75RR 7 .6R25 7.38E 8.1äR1
¬ 3s~e i (-3374 ä .2541 1 .1517 i1 .22ß23
a~s~e c fB .1971 6.(st123 7 .4524 7-1792
a~s~e c 6.7934 6.2701 ¬s-~`s153 7.2R71
t~~ C . s i 3,h99R-5 S.äR-5 1 .61-5 4.302-7
a ~a~;s i 1 .1969-3 3.57-5 4.61-4 3.5416-5
~ ~ s %s c (s .l 6.45 7.22 7.$
¬ ~ ~r

(;s c b.788~ fi .2CB9 6.6834 fi .69$
¬ a~~

a k 5-8863 6.8272 5.7173 6.4446
z3g 1 .~n k 5.8$5 6.4933 5.fi456 fB .22R3
a~o~-e t 6.4334 b-3229 5.5751 5.894
a~i~e 6.24 5.73 fB .i 1 6.11
a ~ xC;e c b.63ß4 5.9247 5 .ä 173 4.815
t a~ ~C"e 4.5117 5.9(s2 4.4514 4-8644
t4a fB r t fi .rB224 5.8929 5.3FB34 4.8534
¬ ~.

3 Ps c 5.8513 5.971 4 .5613 4.Sä17
~~z~

a ßo {i.fiElß {l .äää9 ß.iißfl9
¬ ~3~

d i 2.4799-$ ß.5-11 4 .9-3ß 1 .21f16-Iä
t~a

.Nd t 4.fi4ß5 5.4523 3 .R34 4.15fs4
1~s~

c4 t 3-424R 3-9339 3 .ä$33 3.2ä146
¬ ~s~d t 2.Sß73 2.9912 2.5333 2.7411
¬~~RId 1 1 .2R67 I .fB9 I .fBß$2 i .ß257
¬ s®~~ c (1 .49R41i {1 .f~4593 {1 .ß945t 1-19fB
¬ ~a i,~ c 1-7753 2.27191 2 .i17C}9 2.26E 1
¬ 4~

i 2.789E-5 7.49-7 2 .f19-fs ti .41.25-7
a ~. ~ 1'nr'±ä

f B pYa, .~
's 9.4395-7 5.73-6 2.ä9,fs 5.4125-7

¬ ~ s 1B~ ä.7fs953 3 .1iRR$ 1 .2617 1 .4 ¬x35
¬ s x 1'rYa ä.322ß3 ti.42ä44 ä.7772 ä.9ä238
a c~

7 S rri i 2.ßß99-Iä ä . 2.43-12 ä .
¬ as~~ 1 1 .79ßß-R fs .95-11 2.4-10 4 .272-11
¬ a s~rYt ä . 0 . fl . ä .
t s °~rre c 2 .5782-3 S.4t 3-4 1 .7009-3 3 .9438-4
15I~~ 0 . 0 . 0 . ä.
a s x~~ k ä .2ä7$4 ä .27ä57 f1 .59fB1$ ß.717{14
ss~~m k ä.ä455$ ä.{1746R9 ä.276R2 ä.37ß79
a s ~ F - ia 1 ä .1äfBRfs ä . I rB2r>4 0.37224 {t.S2815



IS4
~is

zss~;u

1 5
~ ~i f'~

1 5 5 Cid
2 55Cjd

z

	

s ~C.; cf
1 5 F3~id

z s ~~t b

t

	

rradepcrsdent r(SS9F)fl yield -
c

	

~,uef+ulative 1 -rssäors yieiei
t

	

[`crt~l el~zirf yield

Y'serds fe~r ~eca~mtzial,ed f isslon F~rncirzc$r5

1 . is~, i'cod . 44
" 39

34
29

z ~ z ~~ (C;h~in 29)

142 V'~C)['94

3.1 e

	

i~rte~at~rt~ a T'i-~Eltli~it3~-L,iE~a~° ry ~y i!'le~ s c~f TTT'~`

"hhe basic therrrtal literary sri ~i~C3~' is given ist 9~ thersna} energy grains ranging lzet~een

~~ ancä 2.(}5 eV. (t is made in the structtare of the zera-dirs~ertsiana} therrrtai s~tectrttrrs cede

'(~61[:[t}1~1~i_6~~`}'1C3~ which rx~as a ~rrccursor ol`the C~~,Tit 'R code . In ~IS~~ff't}t~tt wart

of s~eetrurrt ca}eu}adore has been rel?(aced by the "Ff IC;I~IEIC)S cede her%rrnirlg thersrlal

c;cl} ca}e ¬tlation ire orte dimeslsion and ist ~(~ energy growls .

`l~lil?~~4C~~ reyuires a sl?ecilic :~(~ grou~s literary' . This c;ast hc generated hy ccaslderlsing

the r1C, grcaugss ~ -11~;it}4~t/~1 .1T11 "}~IC~~Wii}~rary svitFt t}ae neutron ?rax he~ataging ta t}ae

coresicicred ~rz~Yslcsn . I"ar that ~larg~®Se t}ac ~~S(7 itl~?rflt tlaust hc ~re~ared %sr t}te res~sec-

tive reactar design case wit}1 one rel?resentati~~e s~eetrurrt ~one. C3st ttte card C~ I the ~vorci

11~"C`Cf} ;i~ = Cl tc}ls the cac}e ta rutt T'IiF~}vi~l,i~lt"h1C~I~ iststcacl c~f Ttil:itNiC~~, and

t}te t}tersrral stetxrrat~ s~sectrusxr is ~reserved %r the ccsndensatian cai' thc err~ss sectians

(see irt~s ¬at descri~ti®n a~ section 2.4 . }~j .

'[ °he grotl~ structttre ~sf '1'}I~;R1~if~Li~~"1-l~~ is gi~etl }~y t.he rc~rescrltative energy

~Soints i~i[j ol" the gr ¬~u~ss 1 . T'}ley are given in ustits '"eÖr" . The grcau~ 1~ousadaries arc in

t}tc snicid3c t~etwccn the re rescsttative cnergy ~SOints. IOt t}ae -h11~; ?~~3 -1i}trary Chc

~~a~ 2~s~ z3q~u z~z~u

¬ f2 .3 g4.76 rls.6 r ¬ (1 .4
i 54 . I i 32.4 i 59 .(1 r 5f).9

2t1$ .2 I R3.9 27Cs .2 2fs6 .41

299.57 2f~f~.42 39R.82 3RA.r7

3 .7it89 2-8325 3 .738 3 .1411

3 .7B9A-5 1 .63-f, 3.54-~ %.5F>2h-F,

c t? .l12i 252 (1 .(i33(i25 Cr .l 7QR2 t7,231 Rr

~. ~.

i 3 .hi 4R-7 4.41 -9 2.R3-7 ~ .9r f~9-fe

c .¬ttr737 ra .nr35r7 n.rr~~~ n .t ¬}~ss
t 6 .7747-3 f, .465r-3 fi .n76297 [9 .l?I53

t 2 .229£d-3 3.21 fi3-3 (1 .t14[1955 l1,OR67E17

t 9-231 9 -4 ¬ .(i394-3 rr .cr2r 2lls !B .(946741



group structure is given by the groin bnundaries ~r'(_i~ of vclocity grc~tflps .! its units
�~

« ¬ Z2F3(} t~;`sec) �. ~fhe representative mints '~if{.l} arc the rr~icllsoirtts sF the gratrps .i .
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l~tilat~®

S~SeetrtEtn calculati®tts are rnarle I,y the ccsdes Ci1i~f-! 1!2/ arrd "I`FIl?ILI~fC~S /13,14/. ~3'hey

are allnwcd fnr an unlimited rturni~er nF speetrrartt annes.

C~f~R~l-l perfarrns neutron flux e~°alrrati ¬~n in C~~ energy grnu~as ranging Frarr~ 1fi ~le~ to

t~ .414 etl. It ases thc rtiaterials Itarnngeneargsly distrihuted and aIS~SIies the I'!-appraxr

rrsaticsn. I leterogencity efI`ect.s can I"Se included by de6ning seI!'sltieldirtg Factars as deri~°cd

Frorrr ather codes . (.."ross sections of thc resalvecl and unrescsIved rcsonances can he gen-

cra¬ed Frsr z3z.hh artd ~38 t1 hy the ~i1T-i~Cil . cnde ;'4, .5/. l,cakage oF neutrans Frorra/tn thc

adjacent spectrur~ ~rsncs is included hy uekling terrns which are gcraer-ated Frore~ thc

~liiil~sion calculationt nver thc whale reactor.

'flee Ti1El~I~C~S code ~SerFarms I-dimensional cell calculation in 3~ energy groups

ranging From (I to 2 .0~ e~'. again in~sut of selfshieldirtg factors allows tc~ accnunt for

additional heterogeneity. ~fhe efT'ect of coated particle grain structure can be included

by evaluation of the cnllisinn prahahiIity fcsr a neutron which travels through a coated

particle. ~nc¬ neutron exchange with the other s ectrurrr znnes is accounted f©r try de-

ffinir~g altecdos out of the Ieakagc tetras /21/.

">'"he resulting neutron Piuxes are ap~slied to Forrrr broad groin cross sections for the

st~hsc~uent di(iusian calculation . Tlte n~arnber of hrnad grc~u~ss should be selected be-

tween 2 and ~, which is adequate fnr the output %trust nC the ccsrle . In the thermal en-

ergy range only one hr¬~ad growls is ~SOSSihle to choose because upscattcring is not in-

cluded in the cross sect ¬on tr~rnsf'er .

.2.1 1te attce t~ r~l[~

l~or tlse isotopes
X32-hIS and ~~~[I resonance integrals are evaluated by tlgc ?,~J'1~..Ilf~I .

code . `flee cnrrcs~srsnding ahsesrl-stion cross sections cats he turned to the ~"s101Vl . ~i~hey are

~rddccl to tlse haekg;raurtd al?sor~?tinn cross ccctions of the Cslt~t-library . `Fhat l?ack-

ground is indelsendent of lurrt~sing etTccts and temperature. (?dote, For the u~~resolved

resonances of 2311 (4.4 ICe~I to ¬ I . i Nie~} the present ~lEi~l-literary ([L3 = 5(3!S) con-

tou~s the full ¬n~nitely diluted resonance integral as a ~saekground. In case aF high

lutrt~sing of the fuel this I~ackgrotmd needs to Ise corrected by adecgt!ate cross scction-

selfshielclirag factnrs.~

t~sef¬sI C'c~rra¬~crzts
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Prior to running a VSOP problem, the resonance absorption cross sections must be

prepared for the considered fuel assemblies and for different temperatures . They are

stored at a permanent unit 3(i . The VSOP applies these sets for the different spectrum

calculations during the follow of the reactor at its normal operation or accident sirrtu-

lation . The dependence of cross sections on the temperature is achieved by linear in-
tcrpolation between the respective cross section sets .

3 .2.2

	

Coated Particle Grain Structure

/!t energy ranges with 1,11
a
(1 :) smaller than the mean cord length i of a coated particle,

the grain structure is of importance in spectrum evaluation . whir is due its the resonances

and at the lower end of the thermal spectrum . Therefore, the capability of grain structure

effect has been included in the TUT and THERMOS codes .

The resonance integral calculation of the standard 7UT code is made for a homogeneous
distribution of the resonance absorber in the finite volume of a lump. The transport

equation is salved in very fine groups over the energy range of each resonance . The
calculation also includes the neutrons which are barn in the lump, leave it, and are ab-
sorbed or scattered down in any other lump of the same configuration . Excluded are
those neutrons which leave the lump and undergo scattering reactions outside . Nord-
heim excludes these neutrons by the geometric escape probability

144 VSOP94

PJE)-(I - C)
(

_
I """' (I """" I ljn I'13(Fl)

in which C is the Dancoff factor and P,(E) is the probability for a neutron to escape the
lump of its birth . This method has proven to be a good approximation for lumps oral]

degrees of grayness .

In case of coated particles inside a fuel clement the absorber lump is the inner kernel of

a representative coated particle . because of the smallness of a particle, the escape prob-

ability is close to 1, even for neutrons with energy close to the peak of strong res-
onances . The neutron can travel through marry coated particles without collision,

whether through the coatings or stripping through the kernels . It can meet the boundary

of the fuel matrix, pass through the outer shell of the fuel element, enter another matrix,

and undergo collision in any of its coated particles or somewhere between there . Figure

5 gives the different possibilities of escaping from a coated particle .



For such "double heterogeneous" composition or the absorber lunips a DancofT factor
is hard to define, therefore in ZUT-DG 1, the escape probabihty fE) is directly evaluated
by a numerical method,

The possible path of a neutron is subdivided into parts for which the probability of
traversing or not traversing can ngoroudy be evaluated by a numerical treatment. This
require ,,; the evaluation of 8 different probabilities W, - TV, as indicated in Fig, 5 . For
instance, W, is the probability for a neutron to undergo a collision in the coating of the
cmited particle in which it was borne, Finally, the geometric escape probabifity is

P(TI) = -4-

	

IUW3 + IV4) +

	

W2 W.1~

	

"V6 + 11`~7
( - fVs

This formula can replace the P(h) of Nordheirn in the version ZIJT-1)(;I, . It has been
derived for spherical and for cylindrical elements, The outline ofthe numerical treatment
is given in ReE /5/,

Fig . 5 .

	

Break Down of the Nentron fuwape Probality

in thermal energy range - i .e . in the TIIFRMOS code - the grain structure is treated
analogeously : In the fuel matrix the mean path of a neutron from one Coated particle to
the next one he L. Its magnitude results horn the diameter and from the volumetric fill-
ing of the particles in the matrix . For a neutron at the energy F the probability Wff,,~
of traversing one coated particle and the corresponding amount of matrix material is
calculated by a direct numerical integration as outlined in Rer. /141 . '['hereupon, IV(
is used to define an effiective macroscopic total cross section

	

by the equation

Useful C.ornments
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Y_*(I:~ is used to replace the homogenized E(n or the mixture or matrix and coated par-
ticles in the T1 IF,RMOS run . The individual reaction rates or the difTerent materials are
defined correspondingly . The computer time of the THERMOS run is increased by a
fraction of a second .

3.2.3

	

Selfshielding Factors in Epithermall Energy Range

The GAM code performs epithermal spectrum calculations for the FILIClide COMPOSitiOTIS

homogenized over the respective spectrum zones . Self'shielding factors, can be applied for
the many nuclides . They can be given in coarse energy groups or in the 68 group struc-
ture of the GAM library .

Two types of selfshielding factors can he submitted :

!jC- Cross section- sel fls hielding factors allow modification of the microscopic cross sec-
tions of the library . This might be desired to account for resonance shielding effects, for
changes of the neutron energy spectrum within any fine energy group g, or for improved
measurements of cross sections, respeaively . The code allows input of LSUB different
subsets of cross section-sel fsh iciding factors SC, They can be applied for any nuclide in
any spectrum zone . The SC, are multiplied to the respective cross sections a, of the en-
ergy group g,

M Neutron flux-self'shielding factors allow to bring the cell structure local neutron flux
in relation to the average cell flux .

When assurning a space and energy dependent cell calculation, the reaction rate per
volume V, of the cell is given by

with

g, NG

	

energy groups of the GAM library
k, NK cell zones

(7, SC,

	

cross section and corresponding selfshielding factor
/Vk

	

atom density of considered nuclide in cell zone k
V,

	

volume of cell zone k

146 VSOP94

RR =

W(n = C_
E. (F,) - t,

Nk Vk q5k~



neutron flux

(Note: RR is due for any nuclide in any spectrum zone . Rcspective subscripts have been
dropped,)

In view of the homogeneous treatment or the cell in the GAM code, the reaction rate
per cell volume can be formed in terms of the average cell nux 0., :

RR =

Vk

-Sc~
g =

with the following cell zone averagings applied

k = I

In the form of RR the last term can be written as

NK

Z ANTk - SFk~
k = i

which contains the neutron flux-scifshielding factors of the different cell zones

(h
sr~~W =

and the fractions of the atom density IV,, which are located in the respective cell zones

A N7'

	

=

	

Nk "k

1~

RR =
MG,

NK

-SO-2, ANTk - SFk4

	

.
k =

Applying said forms the reaction rate can be written in the homogeneous form

9 =

with the cross section being modified by the selfshielding factor-, SC and SF:

WWI Comments
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'I'hese t~ac{ifiecl cross sectic~ns rrR ° are a~~?lieci tr~ the ~7~Nf sllectrutn calculatiano "I'hey

are C~trther a~plied to forrr~ tile f~raacf grou~ crass sectio~ls wfticll are t~,rtled to the dif=

Ctasion anci hurnu~ calculatians .

Wail

c¬~t ¬

	

t~av~~rflc~

	

c~ ¬. ¬. z

iFe~ . E~_

	

~gsac~c ~)c

	

r¬d~~ak I~Crt~krestl " ~i~c frf fwa~ ~tiq~~c°K~k F'rw~i ~.I~ eni5

flr~der givea~ deCtnitian of the ,Sl-kg =

	

~~~ , the rteutran flux in the reactian rate has the

trtea~lir~g csC the average sell flax ~~ n~ .

	

C',ansequerltly, the neutran flux aC the stahsequent

cliff%sicln calct~latic~n has alsc~ the rrteanir~g aC the average cell flux . In rr~t~lti-regic~rl cüf=

Cusitln calc~~latiar~, llawevcr, ttte rnGarting ¬aC the neutratl flax must lie the flux at the

eater edge c~C the cell . "f'his is heca~se salution csfthe cüC%~sion ecft~atiott äs based ul?c~rG

steady ccsr~~ling of the neutro~l flux at the intcrCace ~Set~veen neighhauring s~sectrtarrt

panes . end steadiness is given Car the flux at the eater edge of the colt, Drat ¬pat Car the

average cell fluxes, as indicat,ect in F`ig° C .

	

'1'he t¬eutrara ilex at the eater edge aC the cell

is afs~rc~ximately equal to the ~aax aC the eater cell ~ar~e ~N~, ~ . ~e can acccltt~lt Car this

by rewriting the reaction rate

~4& ~r"~i)P~4

0

N~F

k=t

I lerc, t}~e rtetttrc~t~ fiux-selfsPtied<lis~g Cactar is mclcüflecf inta

!~ I41 ~'~ " ~~'~~



3.2.4

	

Leakage Feedback in the VSOP

NK,g

	

0NKg

When defining wiEshic1ding factors in this way, the code applies the modified cross sec-
tions rr, - , and the neutron flux has the meaning of' the flux in the outer cell zone . This
is more adequate f*or the difTusion calculations .

The selfshielding factors SC, , SF,, (or SF,,'), and the fractional density distribution
,4 NA are given at the input cards G9 - (311 .
groups .1 . The code books them into the respective fine groups g,

y can be given in few broad energy

Further, the NXS different spectrum zones can be supplied with difficrent sets of sell=
shielding Actors . Fvery set must be defined by the set of card-, G7 - G 11,

The 2 dimensional diffusion run by the CITATTON module provides leakage terms 1,1
for the difTerent spectrum zones S and coarse energy groups I (option MUCK > 0 on
card V2) . They are available for the subsequent spectrum run . For the first spectrum run
at the beginning of the reactor life all leakage terms are given as L .Tj = 0. Startup leakage
terms can be generated by running a dummy initial burnup cycle of a very short time
interval, e.g . I minute .

For the epithermal coarse groups the leakage terms are transformed into bucklings

which are needed by the P1 appmximation of the (;AM code . Under the option IBUCK
= I thc bucklings are directly booked into the corresponding fires groups . Under the

option lBUCK = 2 the code prepares one average epithermal buckling to be booked

into all fine groups of the GAM . In some cams the use of 3 coarse group bucklings led
to unreliable results, being strongly dependent on the coarse energy group structure . But
stable results are obtained by application of' one single averaged buckling,

For the thermal cell code THERMOS the thermal leakage is transferred into the albedo
at the surface of the cell /21/ .

.L
T,

Useful Comments
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This is the ratio or the current J

	

of neutrons entering the cell divided by J, leaving the
cell . The partial currents are given 4

in which J., = J, - .1 is the net current leaving the cell per cm' /22,1 .

The net current of the cell is equal to the ratio of the leakage Q of the cell per surface
SC .

Tile leakage of one cell is equal to the leakage L, of the whole spectrum zone divided
by the number of cells in the spectrum zone, as given by the ratio of the volumina
1/'5/ V, or spectru ni zone a nd cell .

3.3

	

Design Specifications

150 VSOP94

Further the neutron flux (D, at the surface of each cell is equivalent to the average neu-
tron flux ~, of the whole spectrum zone . As a result the albedo is

1 -2

	

Ls
Os - ~s

VC
SC

VC
SC

In the case of a spherical cell of the pebble bed the V, includes the volume of the void
per cell, but S, is just the surface of` the cell .

The aim of the VSOP is to allow simulation of all types of thermal reactors and of their
Puel cycles, Therefore, high flexibility is required for the design of fuel elements, of the
reactor lay-out and of the fuel management. This has been achieved in the past by the
adaption of the code to various reactor systems with specific lay-out requirements . Es-
pecially, tile studies of pebHe bed reactors with many choices of operation caused us to
Wroduce flexibiJiVies in treating mixture-, or fuel elements, onload fuel shuffling, and



sirztulatiozz of clcssecl cycles . °hhe design features included are a~.~to

	

atically turned to the
different code rs~serrthers .

1$a.,sically the ~S[7F' requires atozt~ densities hozr~ogezaeously distributed f®r the r~iarty
dil~ercnt l°Satches in the reactor. hor spectrums cell calculation tire 'f1-il;Ri~f()S code re-
quires irzforz~ation how tcs forzt~ a cell can~gtrraticsn and how to cüstril-sute the different
nuclides in the cell (cards ifs - "I`lf~ . further sell cone and fuel elertsent instructions are
needed for the epitherrrsal selfshieldirsg factors, for resarsamce integral ealculaticsn, for the
tlscrzs~al hydraulics part, and fcsr the cost calculations .

T~or the [tigh "Temperature Iteactc~rs both with spherical and priszs~satic fuel elements the
designs of the elers~sczsts is more cssrrag~lex than for tl~e other reactors because the fuel is
contairseci in coated particles which are embedded in a graphite rrsatrix fcsrmizsg the fuel
gone of the f¬zel elements. 1lere, the auxiliar~r program 1711T!4-2 cars lie applied prior to
a VSf;31~ rrsn . It ¬s fed with basic design data and delivers all relevarflt fuel clerrtent infor-
msatiQn to a data set unit . Data can be prepared for different types and variants of fuel
eicrrflents, and they are ready for use in dilT`ererst penis of i1S~I' instead of giving then
in an explicite input.

3.3.2

	

i~~ ~~ sr [, y®c~ t (6y ll3 Ft~f°lf, 'f t~t't~

Cieor etric design of tl7e reactor is provided ins an auxiliary code narxaed I3IIZ~iIi' (2-d)
csr "TRICi I'1- (3-d~. 'fhe input of ~i~~)f only requires the material data to 1-Se loaded into
that geozssetry . `I`he 131I~~~1`l" code ztsust be run prior to the V~~)f. Cieon'tetric data can
he stored at a perzrtanent elate sot thus saving repeated rursrtsrsg of the 131IZ(:xl . I` .

Izs tlsc ~~{if the basic uzsit of react®r zrsaterial coz~spositions is named a °'hatch'° .

	

hor
the first cows loading the reactor desigts must he subdivided into batches. "fhe5 afl rrttast
he loaded with fuel t~saterial or, at the osztside, with tlae rraaterials csf the reflect®rs etc.
'flse calctilational follow is individually perforrr~cd for every hatch : 'bleat is the follow
of the hurnup, of fuel shc~9`i~ing, asst evaluation, azsd of the aftcrlseat production in ac-
cident sirz~ulatiozss .

In zs~any eases different types of fuel elerrlents, or elements csf different irradiaticar~ ages
are rrsixeclly inserted in the reactor. '1`hey are exposed to the earns lcscal neutr®zs flux . ~~or
that pz.~rposc a nsix c~f the restscetive Isatclses can lie put together forming a "}aver",
~l -hese la~fers really present partial ~rcslunaes V(~ of the reactor, which provide the dis-

t?seful C~csrr~mess8s
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tributioit of' materials (and their cross sections) for the 2-dimensional calculation of the
neutron flux Jig. 7),

	

Further, some larger nurnbcr or batches are grouped together

Forming "spectrum. zones" .

	

Spectrum calculations are based on the averaged atom den-
sities of' these zones . They provide the broad group cross sections for the respective
batches.

In the pchble bed reactor the fuel elements move downward in a given now pattern
which is gained from the experimental research on test facilities . I here, the shape of the
layers and their shuffliling must lit into the flow pattern. On the other hand the calcu-
lation of the neutron flux k performed by the C:l TATION code / 15 1', and this is confined

to a pattern of "CITATION-compositions" W(J) with perpendicular boundaries in r-z
coordinates. Similarly the thermal hydraulics code member THERMIX 1 17/ is subject
to a mesh lattice of perpendicular r-z coordinates. Transfer of the relevant data rrom the
VSOP-layers to CITATION and back is provided by a volume matrix being generated
in the auxiliary code BIRGIT prior to the VSOP run.

152 VSOP94

VSOP

	

CRAMN

	

oveocy

L"WS

	

coMposit iOns

W(i)

Fig. 7. Overlay of VSOP-Layers and CITATION-Compositions

VW(hi)



The BIRCTIT code generates both VSOP Payers V(1) and CITATION compositions
W(J). llercCrom it synthesises a matrix of volumes VTV(I,P, which is the overlapping
set of the V(I) and W(J) as shown in Fig. 1 .

The transfer ofdata between VSOP and CITATION proceeds as follows:

Macroscopic cross sections Z are made for the VSOP batches, and thereafter for the
VSOP layers : E(O.
The EU) are converted into macroscopic cross sectionq E(f) nr the ('!TAT!ON
compositions by

41) =

E(I) - VW(1"1)

W(.1)

CITATION provides criticality and neutron nux calnulation .
Neutron flux" (D(J) of the C71TATION compositions are transformed to fluxes
(D(l) ofthe VSOP layers by

(D(j) - VfV(I, .f)

and this is applied for the further hurnup calculations of the VSOP batches,

Analogeously the BIRGIT provides a transfer matrix VW(I,K) between the VSOP layers
V(1) and the fine mesh volumes W(K) of the code member TITERMIX (Fig . 8) . Here,
the power distribution, fast neutron dose, local decay heat function, and spectrum zones
identification numbers are turned to the TTIERMIX . The temperatures of the rue] and
moderator of the different spectrum zones are turned back.

A, seen from Fig. 7 . the two different mesh grids overlap in the area of the core .

	

But
they are congruent in the reflector .

An overall coarse mesh design of the reactor is defined by the cards 1310 - B18 . The
compositions of the reflector are marked by preliminary identification numbers, whilst
the core area is marked by zeros.

For the VSOP the cards B13 - B15 define the flow channels of the spheres in the core.
The limiting curves of the channels are defined by few coarse points, and the curves are
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VW(I,K)

gained by interpolation . The radial position of the coarse points care internally be mod-

ified in order to adjust the channel volume to a given value. Each channel is subdivided

into layers V(I), which are numbered by the code from top to bottom starting with the

first inner channel . Subsequent aeon the highest layer number of the core the reflector

layers are renumbered in the order as given on the card i3IR .

For the CITATION layout of the core a finer mesh pattern is defined by the cards 1319,

f lß . Every coarse mesh represents an individual CITATION composition W(J) . They

are numbered by the code from top to bottom starting with the first inner column .

Subsequent upon the highest number new numbers are assigned to the reflector com-

positions just in the order as given on the card 1315 . It is important to note that the

number of CITATION compositions is limited to ISIS .

The matrix of volumes VIV(I,J) is derived in the following way: A very fine mesh grid

of an elementary volume of few em3
is superposed over the given grids (card 1312). For



every Cittle mesh t}te code ide~~tifies the respective ~(]~ ancC ti'(,I} in whic}t it is located.

I t adds the etcr er~tary volurrre to the corresponding elerr~ent of the f~W(I, .i) volurrae

rrratrix . l°or a very srnaCC elerrrentary volume of few crrr3 the comptrtit~g tirrre comes into

the order c~f 1 /2 C7o~xr . There%re the rttatrix can Cue stored on a pcrznartectt data set for

the use in Cater runs of the identic layout .

"hhe automatic assignert~ent of ~SCi~' layers and C:}`f~TIC)~ compositions can also he

app}ied for parts of tire reflector. C~r~ card }3}~ these parts must he marked by �-1 " instead

of `Ef" i~~ order to in~orrrt the program that the area i.s nan power gcr~cr<~ting .

For the T}1C C~.f~i~ code tC~e over}ay can he def}ned its the same ~a~r . 13ut it is easier to

define the overlay only far tC~e area of the core, in which the power ~arocirrction takes

place . '1~}re return c~f terx~peratures to tire reflector spectrum a.ones is made }~Y the code

inde~senderrt}y from the volume transf~srrnation of the iitRC~T '.

Sirt~ilarCy TRIC~C
.
}- preparcs the georr~etric desigrt it~ 3 ditnensions (x ..y-z). (- Iere, of

course 9 ~SC~h Cayers and CwtT~'fCC~?~1 cort~positiotts rrrust he identic, and t}te volume

rrratrix is VW(I4.~ -- V(1~ when ~ --- .I or - f} when i ~ .1 . For the 3-dirra. versiora the pos-

si~ste nurrtl"Ser of C'ITftT1C"1t~ eompositions has heen extertded up to 9944!

3.3.3

	

~rr~a~p 'är~~ S ep~

'The reactor Cife tirrte sirrtulation is ~rr a}terrration }~etweerr burnup catculation ctf the

hatches and t}~eir shttfilirrg . C)ne hurr~up cyc}e is the phase between two shuf~lir~g steps.

It is subdivided into .}}VS`i'C)t' "Came burnup Citne,_steps" at which t}te di~i`usion caCcu-

lation can he repeated . C~ tic~rtaCCy spectrum catculations and/or control poison adjust-

rrrerrts can a}so he repeated .

~6~he Carge tirrte steps are subdivided into DäI~ItJ ~C "aural} time ate s'°,

	

f1t these steps the

iietcl of~ neutron flux is kept unchanged, but its ahsoCute va}ue is readjusted to the given

1'o~~cr production of the core, thus coaxtpensating for the depCetion of the fissiCe isoto¢~es .

3.3e

	

f~ ~ ~f P~1~ IIE~eI Ipe~sf~~~~s

t~cflrirrg the htrrnup cycCe the rrrany hatches oE't}te reactor score, reflectors etc.) are stored

in an array in the t"(~'~ I~fC~hl . The atctn densities are subject to hurrtup.

}prior tc~ shufilir~g the content of alt hatches is copied t¬~ the data set unit } C being dcfäncd

ire direct acs;ess . ~l°C~e c®ntainecC material is identified by its fuel type id.nurriher, `=olurrre,

L.i sefcr[ i~nrnrrtents
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residence time etc. From here the batches are shuffled into their new hatch positions in
the array as specified on cards 1 .24.

Beyond the hatches of the reactor there are numerous further positions reserved, which
represent Out ofPile Fuel Positions . They serve as storagce for the fresh fuel, and for the
unloaded fuel which can he reinserted into the reactor, or stored, or reprocessed, or re-
moved and sold, respectively . Four difcrent types of Cut of Pile Fuel Positions can be
defined (see Fig . 9) :
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Fuel types -- burnup classes

2

Storage boxes:

intermediate boxes :

Reprocessing mixture

Fig. 9.

	

Out of Pile Fuel Pasitions

class i fresh fuel

Class ß scrap fuel

Aging boxes

	

Jumble box



-Fuel types and their pornop classes" . In course of the shuffling the reactor batch"
can be loaded with fuel from these Fuel Positions . They can be defined for I to 10
different fuel types,

'['he hurnup class I represents the storage of the fresh fuel for every fuel type . The
higher burnup classes contain the unloaded fuel of the preceding shuffling step, The
burnup class 0 contains scrap fuel .

A Rer the shuffling or the batches of the reactor iF Finished, the rcmnaining fibc! 011- thic
hurnup class 0 is removed . It can be sold or transmitted to a reprocessing mixture,
After that, the remaining fuel or the higher burnup classes (> 2) is filled into this
hurnup class 0 . Also crashed fuel elements are turned to the class 0 . After that, all
Eras! or the reactor is considered which has not been used in the shuffling specifica-
tions of the reactor batches . It is loaded into the respective burnup classes, and here,
it is ready for use in the next shuffling step .

2,

	

"Storage~aoxes" .

	

Shuffling specification of the cards R24 can also direct fuel into
storage boxes . Temporarily it is stored in intermediate boxes, because the content
of the storage boxes stems, from the preceding shuffling and is available for rein-
sertion at the present shuffling .

After the shuffling is finished the remaining fuel of the storage boxes is turned to the
scrap rue) (class 0) of the respective fuel types . Thereupon, the content of the inter-
mediate boxes is directed into the storage boxes, being ready for use at the subse-
quent shuffling .

The scrap fuel (class 0) of one or more fuel types can be
directed into a reprocessing mixture . I lets, the amount or fuel adds up from cycle
to cycle, and parts of it can he used for recycling . Re-use of the fuel can be defined
with reprocessing and relbrication of new flue! elements .

4 .

	

"AW. Wxcs", This is an extension of the reprocessing mixture option, which sim-
ulates at) intermediate storage for isotopic decay. This option allows real book-
keeping of the out of pile fuel inventories with given decay periods prior to reproc-
essing, It has been developed for simulation of closed fuel cycles .

The scrap fuel is firstly turned to a sequence of aging boxes in which the decay
proceeds over a givers period of time . For that time the fuel is bound to the out of
pile storage and not available for re-use . The last box (named jumble box) is reserved
for accumulation of the fief which has gone through the aging period. At every
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shuffling step its content is turned to the respective reprocessing mixture for the
purpose of re-use . After the shuffling is finished the amount of unused fuel is turned
back to the jumble box .

3.4

	

Reactor Operation

As seen from the input manual, the design of reactor life time follow requires informa-
tion of many different physical events which are mutually coupled with each other (cp.
Fig. 1) . The user should be familiar with the respective physical laws and with their

calculational representation . For the design of a new case it is a great help to start from
the input listing of a similar design case . Beyond the input description, however, the
following comments might give a further hells in setting up a reactor simulation .

3 .4.1

	

First peps o a Life Time Follow

Startup of reactor life simulations begins with spectrum calculation followed by a dir-
fusion run and subsequent burnup cycle. Actually, the spectrum calculation requires
information of the neutron exchange between the spectrum zones, which results from

leakage evaluation of a forgoing dif"usion run . Further, it requires the 135Xe-

concentration of a relevant burnup evaluation . The code does not contain an iteration
on these features, but such iteration can be simulated by a short startup cycle of 2 or 3

time steps with repeated spectrum and diffusion calculations . The length can be selected
few seconds (e.g . DELDAY = 0.0001 on card V15), which keeps the burnup neglegible .
135Xe buildup must be defined by the equilibrium option (IXIaN = 0 can card VIED, That
cycle can be followed by a first shuffling step which leaves all batches in their position

(NKEF1' = 2 on card R9). 13y this way startup conditions are readily prepared .

For the repeated calculation of the thermal neutron spectrums an efficient acceleration

is included in the code : It just. preserves the field of neutron flux and provides it as
startup guess for the subsequent calculation . The same idea is followed for repeated

diffusion calculations . If during the burnup periods in between the isotopic concen-

trations change only slightly, the number of iterations is reduced by that measure about
90% or more.

Another acceleration of the burnup calculation is left to the user . If for some period of
reactor life the demands upon accuracy are less stringent, he can decide to drop spectrum

and diffusion calculations for that period at all . Burnup calculation (of- course with re-

peated renormalization of the flux level) and shuffling performance proceed very fast .
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3 .4.2 Restart

When the option of'preparing restart data is dcfned (YFPl"9 > rä on card V2), the code
prepares two difTerent data sets for the use at restart :

Unit 20 will be loaded with the basic inforniations of the spectrumn calculation, i .e .
libraries, group structure . cell structure etc . It will be written at the end of' the first
burnup cycle .

[ .knit 15 will be loaded with the information of ate individual status of reactor life, i .e .
broad group cross sections, atom densities of the hatches, shuffling scheme etc . It
will he written at the end of the last burnup cycle of the run . The code stilt performs
the specified shuffling and sets all definitions for the next cycle . Thereupon, instead
or starting the next cycle, it writes the relevant information to the unit 15 and turns
to the end of the run .

When performing the restart, the code reads the units 20 and 14 . The unit 14 must
contain the information formerly being written on unit 15 . By this way writing or an-
other set of restart data is possible on unit 15 at the end of this restart run .

After reacting the two data sets the code follows the burnup cycle as defined before . Prior
to the first diffusion calculation, however, the code again requires the full input of Cl-
TATIC)N (cards C0-1 - CX-1), because the diffusion calculation starts from scratch . y
this way it is possible to provide a modified mesh structure for the diffusion calculation,
or a modified output option, or even a modified geometric design of the reactor layers
if desired by the research plan, respectively .

As an option card R8 allows to change various informations for the first cycle of the
restart . This can favorably be used to direct the reactor into a special status for detailed
research .

For parametric research at restart, precursory steps are recommended as follows:

1 .

	

Directing the reactor into the status or consideration .
2 .

	

Performing a shuffling which keeps all batches in their positions (NKEEP = 2 on
card i19) .

3 .

	

Defining a short (dummy) burnup cycle (e.g . DELDA"Y = 0,0001) of 2 or 3 time
steps with repeated spectrum and diffusion calculation, and with 135Xe-equilibrium
option IXFN = ß. By this way leakage feedback and Xenon distribution will be
stabilized .
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4, Performing of another shuffling with unchanged hatch positions arid defining
explicate follow of the 135 1- 135Xe concentrations by IXF :N = 1 . By this way Xenon
concentration remains almost unchanged over following short tune Steps, ever when
neutron flux or power is considerably influenced by given operational charges .
Additionally in this shuffling step the changes can be defined, which are the matter
of research .

y this way parametric research cars easily be made at different time steps of the reactor
life history, i .e . Eat sesecteu unte siePS crr Ufe ruiiüirIg-iii PCT"1QU Of' ät CIMC;CLHL ti[11C stq`is
of an annual loading cycle . Research can be applied for simulation of load follow, per-
formance of the control system, reactor shut drawn, temperature coefTicients, water
ingress aft 1! "hR systems, thermal evaluation, for the follow thermal transients at acci-
dents etc .

3.5

	

Fuel Cycle Costs

Evaluation of fuel cycle costs is based on the present worth method . It is perforated by
the cost calculational modus K PI) /181 which is also available in a stand-alone version .
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Scheme of the Pmsiblc Variants of the Out-of-Pile Fuel N1anagernent

Before and after every step of Wel shuffling, the code accepts the inventories of the heavy
metal isotopes of all in-core hatches and of the out of pile fuel types. 1111 fuel which en-



ters the system is regarded as bought, and the fuel leaving the system is regarded as sold
(Fig. 10 .) . Basing on that knowledge the code evaluates expenditures and revenues indi-
vidually for every burnup cycle . 6ferefrom it prints the fuel cycle costs of even= cycle,
being dated to the beginning of the cycle .

Life time - fuel cycle costs are derived from the individual cycle - fuel cycle costs being
re-dated to the startup of the reactor operation . For that evaluation the last cycle of the
runt is considered as an equilibrium cycle . It is considered to be identically repeated up
to thc ..aneY mand o f rea-<,e
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An important role play the delay times of payments and revenues . especially for the costs
of fabrication and spent fuel storage . The many choices of lead and lag times are shown
in Fig . 11 . They are grouped together as also shown in that figure .
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Actual Cash Flow during Lifetime

	

Simplified Cash Flow in KPD
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Fig, 11 .

	

Lead and Lag 1-imes of Payments

Break down of the fuel cycle costs is givers in four difT'erent terms:
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I .

	

Fuel costs include the expenditures for the fuel and working capital costs.
2.

	

Revenue far the spent fuel assumes reprocessing . In case of final storage it can be
nullified by depreciation factors on card K8,

3,

	

Fabrication costs, which also include the refiabrication in closed cycles .
4.

	

Reprocessing cos", which more accurately should be named "spent fuel handling
costs", because it could also be the costs of Final storage if an adequate figure is
given for the input of CAUF on card K7.

The whole 'history of the reactor life dme can be gWen to a cost Mary (see K,
it is available for the stand-alone version of the KPD code. By this way parametric re-
search is possible for the many cost input data. The running time of one case is in the
order or few seconds.

16

	

Thermal Hydraulics by the TFIERMIX Code

The T1lFRMIX-KONVEK code has been developed for thermal hydraulics evaluation
of the pebble bed

I
TTR in two dimensions, r-z geometry ,'17,23,24/. The code calculates

Neutron spcctrurn -diffusion
K-eff (steady state)

Power density distribution

Suraup, 1-135. Xe-135
normalization of flux
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Coupling between Nentronics and Therinal Hydraulics

2ii-Power density

2D-Decav power

'temperature in fuel
elements and Helium
(transient)
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the temperature and flow conditions for steady state conditions and for transient condi-
tions which follow shutdown of the reactor .

The code is linked into the VSOP as to Fig.t . At given timestep it receives the power
distribution of the reactor from the nuclear code modules. It returns the corresponding
temperatures of the fuel and moderator averaged over the volumes of the reactor spec-
trum zones, being ready far further neutronics evaluation (Fig . 12) .

3.6.1

	

Basic Equations

The calculation of the overall heat transmission is synthesized of the coupling of differ-
ent physical equations which represent conservation laws . The equations are solved in-
dividually and the synthesis is made by a superposed iteration (Fig . 13) .

a
m
h

Givers distribution of temperature
and power over reactor and fuel

elements

Mass flow of the cooling gas

Pressure field

Temperature of the cooling gas

i___ -. . ._____-___
when steady state

Temperatures of fuel and modera-
tor averaged over °SOP-spectrum

zones

Fig . 13 .

	

Flow Scheme of the THERMIX
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The conservation of mass of the _co"g gas in quasi-static representation yields the
mass flow vector G = p, j over the circuit . It is given by

where

p, = density of the cooling gas [kgjm 3]
j

	

= velocity [M/S]

q

	

= mass source rate density [kg/s/m']

The conservation of momentum quasi-static representation yields the pressure field P
over the circuit . It is given by

where

p = static pressure
= gravity
= frictional force

Eq . (2) gives the balance of the gradient of the pressure, the hydrostatic force of the
gravity, and the frictional force per unit volume. The spatial acceleration and inertia are
neglected . According to Ref./25/ the frictional force is giver! by

where
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Vp - pu, g + R = 0

	

(2)

Vp,,v =q

pressure loss coefficient for Row through pebble bed
(given in Ref./25/ as a function or the Reynold number)

d

	

pebble diameter

Evaluation of the equations (1) and (0 is done in the subroutine STROEM .

The conservation law of the energy in quasi-static representation yield-, the gas temper-
aawe field 7C ~



where

The conservation law of eher
sentation . It yields the temperature field T,

where

V~ G VTc, - V(p(-, -v cr T(;) + oc

	

(T- T(7 ) = 0

r,

	

= gas specific heat capacity
~(,

	

= effective thermal conductivity of the gas due to dispersion
T = temperature of the solid, e.g. at surface of the fuel elements

coeffilcient or heat transition between the ~ofid and gaF

In eq .(3) the first term gives the heat transport in the gas by thermal conduction, The
second term is the heat transport according to the mass now of the gas. The third term
is the heat source or sink due to heat transition between the gas and the fuel elements .
The compressive work term and time dependent energy storage are neglected . Fq .(3) is
evaluated in the subroutine GASTEM .

For given temperature Field T of the solid material, the quasi-static status of the gas is
derived by the code member KONVT7,K . It contains an iterative procedure between the
subroutines STROEM and GASTEM .

ci(p c 7)

	

=We VT+ ct(T - 7) + Qat

	

ff G

ial is evaluated in the dynamic repre-

7"(;, 1) temperature of the solid, ix . a t the surface of the fuel elements, in reflectors,
etc .

P

	

= density of the solid
C

	

= heat capacity
A, efActive thermal conductivity, MAch includes thermal conduction and radiation
a

	

coefficictit of heat transition between gas and solid
Q

	

Q(i, i) nuclear heat source

In eq.(4) the time dependent change or the energy per volume results from the balance
or heat transport by thermal conduction (first term), from the heat sink due to the heat
transition to the gas (second term), and From the heat source due to the nuclear power
production and decay heat (third term) .
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er of the fuel element! the temperature distribution TrIn the
conservation law o f energy in time dependent representation :

also given by the

= VA VTF + Q

	

(5)

where c and :i are dependent on the local temperature T, At the surface of the fuel ele-
ment the temperature T, is equal to T of the eq.(4) at the respective position in the re-
actor.

Both eq .(4) and (5) are solved in the subroutine TFELD. tinder steady state condition
an iterative procedure is between the TFELD and KONVEK routines, which yields a
consistent solution for the temperatures of the solid and gas . Under dynamic condition
the time dependent changes of 7' and T, are explicitely followed . Here, the time de-
pendent changes of the heat source Q are also included which are due to given changes
of the power or of the isotopic decay heat . At any time step the status of the gas is
solved in the static representation,

3.6.2

	

Coupling with Nuclear Routines

In V SOP the included TI IERM IX is operated by its own input section . By far, the input
is that of the stand-alone version . Major changes have been made for the geometric de-
sign and for the data to be transmitted between the code members . The transfer is made
via the -matrix of partial volumes VQIP as explained in section 3.3 .2 (see Fig . 8) .

The transmission from VSOP to TIERMIX is made for the following data Fields :

Power density of VSOP batches is transformed to power density or layers . Ap-

plying the matrix VfV(I,K) it is converted into power density of the Tl IERM IX
mesh grid . I lere it is normalized to given integral power or, by option, to any
other integral value .

Fast neutron dose is transformed analogeously . It is applied in calculation of
thermal conductivity in the fuel elements, which can be given as a function of
temperature and fast dose .

Decay power can be individually evaluated for every VSOP-batch during a
thermal transient follow (section 3.7) . The transformation is made analogeous
to the power density .



-

	

Assignement of spectrum zones of VSOP batches is also transmitted in that
way.

Out of the local heterogeneous temperature calculation the THERMIX prepares the
temperature of the fuel and moderator Or each mesh. Average values are prepared over
the areas of the spectrum zone assignments . They are returned to VSOP Or subsequent
neutron spectrum calculations (see Fig, 12) .

3 .6.3

	

Thennai Conductivity of Graphit and Pebble Bed

Thermal conductivity ) of graphite is a function of four parameters -

1 .

	

Type of graphite material due to its fabrication techniques,
2 . Temperature T,
3 .

	

Fast neutron exposure 1),
4 .

	

Temperature at which the fast neutron exposure occurred .

X(NUKEM/A3-3)

X-effective in pebble bed

500 1000 1500 2000

Fig, 14 .

	

Thermal Conductivity.
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11 A W - Gias

Kugelschüttung

	

Schürenkrämer (11.84)

Kugelgraphit, Binkelel'A3 -(3rapitit"Femp .-Dosis-Abhängigkeit explizit

LAMBDA-eff. KugeischWtung

LAMBDA-eff. Kugelschfittung

LAMBDA-eff. KugelscWttung

A1 201
(rdsonitkoks (AGLAE 1-24)

Tabe X: Possible Formula of Heat Capacity

'Femp.-Dosis-Abhängigkeit (Rohold)

Tenip,-Do-qis-Abhängigkeit (Zehner-Schlünder)

'I-emp--Do%i->-Abtiängigkeit (Roboid u. Zehner-Schlünder)

linear (Salmang/Scholz 'Keramik')

bestrahft bei 760'C (Binkele)

The heat transport through the bed of pebbles takes place partly by thermal conduction
through the pebbles partly by thermal radiation from one pebble to the other. Theore-
tical models have been developed for describing the mechanism ofhcat transport . At the
end an efrective thermal conductivity ~,fr~ T, D) is defined which can be applied in the
normal equation (4) of thermal conduction .

The model of Zehner-Schltinder accounts for the heat transport from one pebble to the
next one according to figure 14 . His finding is represented in the heat atlas /27,/ . It has
been verified in experiments, and it is recommended for the pebble bed at low and me-
dium temperatures .

The model of Robold /28/ takes special care of the radiational heat transport through
the openings between the pebbles of the bed. Again it derives an 4 T D) which is pre-
ferred at higher temperatures, i.e . for T> 1400'C .
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Id .no, Material function of temperature dependent heat capacity

6 Steatit (Magnesium-Silikat)

7 Reaktorgraphit (IIRB), Dichte = 1 .75 gr/cm 3

Kohiestein (wie Reaktorgraphit), Dichte = 1 .55 güern3

V2A - Stahl (IIOESC,1f) DIN 4541

12 Thermischer Schild (IIRB)

13 Reaktorgraphit (11 R 13), Dichte = 1 .70 gr/cm 3

14 Reaktorgraphit (HR13), Dichte = 1 .60 gr/cm 3

15 Reakirorgraphit (HRR), Dichte = 1 .80 gr/cm 3

1.6 A'um'n'um-Oxyd 'A'20r1 ) temperaturunabhängig



I %cove thermal conductivity of both models is given in Fig . 14 . It is drawn both for
the highest neutron dose and for the lowest one, and the hatched area between corre-
sponds to the hatched area ofthe function A(T, 1)) of the graphite . In current calculation
the code evaluates both models of 7ehner-Schhinder and Robold, and it applies the re-
spective maximum of the two models .

3.6.4

	

Local Decay Power for Transiental Accident Follow

The reactor power density is turned to the I"itERM IA 1n a. 2-d[mensiona1 cistrioutlon,
i .e . in r-z geometry . Calculation of the time dependent follow of the temperature dis-
tribution must be fed with the 2-d power density field in its dependency on time, which
can be generated by the VS()h .

In case of shutdown . under accidental condition the power density reduces to the decay
power, which is also a 2-dimensional function . The T I RMIX code has been made to
understand the LIFE library (see Section 3.7.1) . -Ierefrom it evaluates the decay power
for every batch and fortes it into the local decay power distribution at any time step after
shutdown .

WOMMUMMUMN
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Fig . 15 .
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The ratio of the local decay power at given time step divided by the local nuclear power
at time to of shutdown is the relative decay power. The variance of this function over the
core is outlined in Fig . 15 . It appears that the son between maximum and minimum
(the hatched area) is considerably large . After 12 hours it becomes larger than the aver-
age over the care . There%e, considerable efrect on the heating of the fuel elements, must
be expected from an application of the correct 2-d-distribution of the decay power
function .

3.7

	

Fuel Life History and Local Decay Power Evaluation

The core of a reactor is subdivided into layers being composed out of a mix of one or
more batches (Section 3 .3.2) . These batches go through burnup and fuel shuffling, For

the accident analysis the decay power of every batch is required as a function of its
preceding life history .

In a VSOP run the data of the lire history can optionally be preserved on data set unit
60 (NKUUP on card R9) . From these data the auxiliary program LIFE prepares a I.IFU
library which is basic for the local decay power evaluation ofthe THFRMIX . The LIFE
library contains the relevant data of the prehistory of every batch in coarser time inter-
vals, i .e . the power, burnup, fraction of fissions of 233 u9 235U, 239 Pu, 241 Pu, 238 U, and
capture of 232-17h, 238 U .

3.7.1 LIFE-Library

Most complex is the compiling of the life history for the multiple passes of the elements
through the reactor. It is made by analogy with the fuel shuffling .

As an example a coarse shuffling scheme has been designed ofonly 2 flow channels and
I passes through the reactor (1 71 . 16) . Every layer is filled with the rnix of three batches,
which is indicated by the dotted partition curves . In the second layer of the first now
channel the mixed batches are named A, B, C. Their power production Q (luring their
pre-history is given in big . 17,

[latch A stayed in the present position for a half burnup cycle, and it was in the previous
position for one full cycle . Before that it was loaded as fresh fuel .

For the batch B, the loading came from the storage box I containing the elements which
have made before one pass through the core .

	

Their pre-history is an average or the his-
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tones of the elements which already made one pass through the core in the inner or
outer now channel, respectively .

Similarly, the batch C contains the elements with two previous passes . Their synthesized
power history is outlined in the third diagram of the Fig . IT

The last diagram presents the average of these pre-histories . It represents the pre-history
of the whole layer which is formed out of the mix of the batches A, B, C .

In calculational cases the cycle length can be different from cycle to cycle, shutdown
periods can be included, and the residence time in the out or pile boxes normally is dif-
ferent from the cycle length . For forming averages of different pre-histories a standard-
ized set of time intervals must be defined . The code transforms the life time data from
the given pattern of time steps into the standardized time intervals . This transformation
is made for the pre-history of every storage box, and at the end it is also applied to the
life history of every batch .

The present version of the code allows to subdivide the whole burnup period into 49
intervals of graded length . The first interval DT should be selected as short as the last
cycle was prior to the shut down at the time t, . The time steps are made from a ge-
ometrical progression for the intervals 1 :

El is an incremental parameter being derived iteratively by the condition

with

TG(I) = TG(I - 1) + DT- (1 + EI) 1
- 1

7'CY(i117'AIAX) - TN
DI-

M TAfAX

	

Given number of graded time steps (<_ 49) .
TN

	

Span of time to be covered by the graded time steps (~ maximum fbel ele-
ment residence time) .

TEP~

	

Criterion of convergency (e.g . = 0.1) .

By this way the last intervals are fine, and the very early intervals with low importance
to the decay power are broad,
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The LIFF code prepares the life history library of any fuel management scheme being
followed in the VSOP . It can evaluate the running-in periods and any load follow prior
to the shut down time t,,

By option it is also able to evaluate an equilibrium cycle . In that case it prepares an
equilibrium life just by copying one designated cycle many times, and then it proceeds
as described above .

3.7.2

	

Decay Power Evaluation

The waltzes of the afterheat production of the nuclear fuel for use in THERMIX are
calculated by means of the subroutine NACIIW, which also exists as stand-alone version
NAKURF 129/, It employs the calculational methods of the German Standard DIN
25485 /30/, which was established for the evaluation of the afterheat production of
I ligh-Temperature- Reactor fuel .

The main part of the data input necessary for this procedure is the power history of the
fuel as it is described above and as illustrated in Fig . 17 .

3.7.2.1

	

Decay Power of the Fission Products

The contribKon P, of the fission products to the decay power calculated as the sum of
the separate contributions of the considered fissile isotopes i is given as :

174 VS01194

Tbeing a time pcriod of reactor operation and i being the cooling down time .

In 1 30/ the decay power X of the Mon products resulting front Fissions of each rissile
isotope i is approximated by the sum of 24 exponential functions .
The energy release rating f(T) of the fission products of one single Fission of isotope i is
calculated as :

pdt,")

where -r is the time elapsed since the fission occured . The coefficients a, and ~,j for fis-
sions

	

of 2$ßt:,

	

238u< 239 Mi and 241 Iu are listed in /30,1 .

	

In

	

case of fuel containing



thorium, the coeffcients or the

	

235U are also applied for the bred 233U in subroutine
NACI l W,

Subdividing the power history of the Reel into a series of small time periods K with the
length 7k, the afterheat rating of the fission products related to one fission per second
is calculated as :

r rk

FN,Tk) =

	

f(Tk - T ' + tk)d7"
c)

with t, being the cooling down time, i .e . the elapsed time since the end of time interval
7" .

Integrating equation (2) using equation (1) for,f results in

with

"Pk.7O

24

i _ e- x� . T"l ® e_ x~r .

and the contribution of the fission products to the decay power at time i after reactor
shut down amounts to

Pik
rz

	

. F(tk,Tk)

k

Pa

	

Thermal power of the fissile isotop i during the time interval äk .
Q;

	

Total thermal energy release of one fission of the fissile isotope i .
T

	

-hotal time of fuel operation in the reactor from the initial loading until the last
considered shut down .

3.7.2.2

	

Decay Power of Tb-233, 'a-233, IJ-239 and

	

p-239

The decay power Ph of these isotopes as precursors ofthe bred fissile materials 233 [J and
2391,u, respectively, is shown to be /30/
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Neutnm Capture in Fission Products and in Actinfill"_

The contribution of the decay powr due to neutron capture in Fission products (P,) is
calculated as a Onction of the decay time :

P,(t , 7) =

	

171 , 7) - I/(t)

using table 4 of /30/ for 11(f).
Excluded hereby is the contribution of the long-lived 134Cs. This is calculated as P,, ac-
cording to equations 32 - 38 of /301f,

The contribution to the decay power due to neutron capture in heavy inetal nuclides,
P~, is calculated using equation 19 and table 3 of /30/ -

Pjt, 7) = P

	

vy metal hurnup, power density, t)141,1) . f(heavy metal density, heav

The total decay heat is finally summed up to be

P, = I'S + P~ + PP + P,., 4- Pa
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