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ABSTRACT

V.8.0.P. (Very Superior Old Programs) is a system of codes linked 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 thermai hydraulics (at present restricted to HTR'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 Reactors, Heavy Water Reactors, and hybride
systems with different moderators.
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Preface

Development of the VSOP code system resulted from continuous work over decades. It
was stimulated by numbers of problems of reactor development and safety research. An
intimate coupling existed between the developmental work, application of the code, and
comparison with findings cbtained 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-II code being developed by .. Massimo.
in the early years variocus useful contributions in view of {leavy Water Reactors and
High Temperature Reactors have been included by T.Babac, J.Darvas, and V.Maly. In
the scope of the European HTR-DRAGON Project, U.Hansen essentially promoted the
development of the neutronics, {uel management, and economics evaluation, which led

to a {irst completed version of the VSOP code as edited in the year 1980

Since that time the development of modular reactors by the INTERATOM-
SIEMENS-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-
ler as directors of our Institute. Their suggestions and ideas stimulated strong promotion

in the developmentai work.

And further, the authors would like to address their thanks to the Central Institute of
applied Mathematics and to its crew who operates the IBM computers. Their cooper-

ative help was really instrumental in setting up this second edition of the VSOP.
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1.0 Synopsis

i.1 Introduction

V.S.0.P. (Very Superior Old Programs) is & system of proven computer codes iinked
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 developmentai work of the Iligh Temperature Reactor with
spherical fuel elements, it has preferably been extended to cover the specific {eatures of

this type of reactor.

The calculation comprises the processing of the cross sectiens, reactor and fuel element
design, neutron spectrum evaluation, 2- or I.dimensional diffusion calculation, burnup,
fuel shuffling, control, and - just for the pebble bed ITTR - 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 different physics fea-
tures ensures consistency in their feedback effects during the different burnup periods,
fuel shuffling, and changes of power rating, which can 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 fucl elements. Explicite cvaluation of fuel cycle costs over the reactor life time 18
madc by the present worth method. Further, reprocessing and closure of the fuel cycle
can be followed under consistent controi of the fuel mass flow, including times of inter-

mediate storage {or the isotopic decay.

Over the last ten vears new demands came up upon the VSOP code: ffor example the
conception of smaller reactors, research of inherent safety features, explicite follow of
accidental tramsients, improved accuracy of the results, adaption to new FORTRAN-
compilers and the need of easy handling of the code by less experienced users. Conse-
quently, many changes have been implemented over the years. This report explains the

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

The full size of the VSOP comprises about 60000 FORTRAN statements requiring the
storage capacity of 17 M-Bytes. The running time of reactor life from start up to equi-
librium ranges between 10 and 45 minutes of CPU-time at the IBM F/9000-620 com-

puter, depending on the degree of subdivisions.
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Fig. 1.  V.S.0.P.-Physics Simulation

1.2 New Features of the Code

The older version of the VSOP code as introduced in JUL-1649 /1/ has been made to
foltow the typica! features of thermal reactors and {uel cycles. It has widely been applied
for their comparison and assessment. The new version maintains these properties. Be-
yond that, it is directed to the more sophisticated evaluation of the details ol the reactor
performance, as it is required {or the design and safety analysis. Over the last years the

following new leatures have been incorporated into the code:
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ORIGEK~ JUEL~it
BOT—4
SPTRAN

Fig. 2. V.5.0.P. The Basic Programs

Variable dimensioning for the number of isotopes, layers, batches, energy groups,
spectrum zones, storage boxes, and periods in cost calcudation

2-dimensional finite mesh dilfusion calculation in r-z

3-dimensional finite mesh diffusion calculation in x-y-z

Simulation of anv experimentaily given flow pattern of the pebbies for the follow
of burnup

I.eakage feedback for the spectrum zones

New fibraries out of ENDF/B-1V, -V, and JEI'-{

Fission yields of ENDF/B-1V, -V

Providing of selfshielding factors depending on energy and space
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¢ Temperature calculation of equilibrium or transients over the whole reactor, and
feedback to the neutromics

¢ [Jecav heat evaluation for the individual fuel batches in their local positions, ac-
cording to their preceding history of burnup and shuflling

¢ [ffective thermal conductivity of the bed of pehbles as a function of temperature
and fast neutron {lux exposure

¢ Preservation of reactor life data for the joint external evaluation

¢ Simplified input,

The way of handling these new features of the code can be perceived from the de-
scription of the input in chapter 2. A more detaiied review of the new features and the

necessary data information are given in chapter 3,

1.3 Program Organisation

Compared with the {ormer version of the VSOP, the new one is more adequately adapted
to the capability of newer computers and newer compilers. At present it 15 adapted to
the VS-I'ORTRAN-language level 66, and it 1s being run at the IBM E/9000-620. The
high storage capability of that machine made it possible to load all members of the code
simultancously, thus dropping the overlay structure of the older version. By this way the
extended shuffling of subroutines and common blocks became superflluous, which makes
the construction of the program simpler. It allows the variable dimensioning and easy
hinking 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 Fig. 2 the hasic librarics and codes are given, of which the VSOP 15 made. The
epithermal hibrary is due to the 68 group structure of the GAM-I code, and the thermal
one contams a 30 group structure of THERMOS. The library set is made of ENDF/-
B-IV, -V and JEF-.T /3/. Cross sections of the resolved and unresolved resonances are
generated by the ZUT-DGL code /4,5/ basing on resonance data by J.J. Schmidt /7/ and
ENDE/B-1V, -V, Graphite scattering matrices are based on the Young phonon spec-

trum in graphite /8,9 10/,

The auxiliary code DATA-2 /11/ prepares the fuel element input data out of its ge-
ometric design. The BIRGIT code prepares the 2-dim. geometric design of the reactor.
It 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 clements which
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stepwise move towards the disfoading tubes. Further it prepares a mesh pattern for the
2d-diffusion calculation, and it provides the transformation between the two patterns [or
the macroscopic cross sections and for the neutron {lux. Simtlarly it provides the neces-
sary transformations to the thermal hydraulics calculation. The 3-dim. geometric design

is prepared by the auxihary code TRIGIT.

Spectrum calculations are made by the GAM-1 /12/ and THERMOS /13,14/ for an un-
limited number of spectrum zones. Diffusion calculation is made by the CITATION /15/
in iis 2- or 3-dimensional version. The burnup and
further development of the FEVER code /16/ for an unlimited number of burnup

batches. Dillerent burnup chains are available. Up to 45 fission products are ncluded

S U Sy R S 2 T 7 TP Up S S
LRI JUIOL BITURLIIRIE S LUVCICU B3V d

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 hibraries, as
desired as for the detailed burnup follow by ORIGEN-JUL-1{ /20/.

The TIHERMIX 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 KPD /18/ provides the fuel cycle cost evaluation at cvery step of {uel management.
It is based on the present worth method. For parametric cost research the relevant data

of the reactor life 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 LTFE routine, which is needed [or

the explicite {foliow of reactor heatup under accidents.

The subdivision of the VS0P into seven chains CHI-CHT7 is a relic of the former overlay
structure. 1t has been rctained as a pattern of organisation for the different members of
the program, and it prints out the computing time of the individual members. It s a

useful help in optimization of the computer runs.

Internal restart factlities have been included for the THERMOS and CITATION @ Aflter
convergency of the first run of these code members the neutron fiux fields are preserved
as startup vectors [or 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 members reduces by a factor between 0.2 and 0.02, respectively,

Synopsis 5
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2.¢  Input Manual

2.1 DATA-2, Fuel Element Design. D1 - D19

Cards DI - 219

2.1.1  Specifications. D1 - D4

Card D1 Format {1814}

| KMAT Number of nuclides to be considered in the VSOP. Specified
on card(s) D2,

2 KOSTDA > O Input data for fabrication and reprocessing will be spec
ified on cards D3, D4.

< O: Drop cards 133, D4
3 NHOM = {}: Normal.
= 1: Drop heterogeneous evaluation of fuel elements. Just
read homogenized atom densities on cards D19,
Card D2 Format (1814)
! IMAT(E), GAM-library identification number for the I. nuchde in

: I=1,KMAT VSOP.

KMAT

Mote:

Nuclide id.numbers beyond the library can be used (i.c.
IMAT(IY > 184), but these nuclides must be identified on
the VSOP-card(s) V6.

input Manual 7




Cards 133 and D4 only when KOSTDA > 0 on card DI

Card 133 Format (A4,214,10F6.0)
I CURCY [iteral abbreviation for the monetary unit ML
2 NC Number of different coated particie fabrication cost data.
(< 6)
3 NF Number of different fuel element fabrication cost data. (< 3)
4 FC, FFabrication costs of the I. coated particle variant.
: =16 (MU kg, 1)
9
10 FI(IY, Fabrication costs of the . fuel element variant. (M U/ball)
: I=1.3
12
13 DK ["abrication costs of dummy elements. (MU/balh)
Card D4 Format (6E12.5)
| HK Costs of head end and transportation. (MU/kg)
2 AK Costs of reprocessing. (MU/kgy;p4)
3 EK Costs of waste treatment and disposal per 10% Fima.
(MU/kgyppp)

2.1.2 Design of fuel element-types and -variants. D5 - D19

{Limited to 27 different sets in combination with VSOP).

Card 135 Format (18A4)
] TITLE(D, Literal description of case.
: I=1,18

8 VSOPo4




Card D6 Format (614,E12.5)

1 NTYP

It

0: Ball type fucl elements.
I: Prismatic block fuel element.

]

2 NEFUTP Identification of fuel element in 4 digits LJKL:
1} : Type (characterizes design and cost data).
K1 - Variant {e.g for different enrichments).

3 NFCP Input option for the coated particle:
= 2: Cards D7 - DIIT.

= |: Card 27 only.

= O Data from preceding design.

4 NEBZ Input option for the fuel element:
= |: Cards D12 - D13 or D14 - D16, respectively.
= {1 Data from preceding design.

5 NCORE = {}: No eflect.
= 7. Reactor power evaluation, cards D17 - D18,

6 NZUS =

e

: No effect.
: Number of nuclides for which atom densities will be
specified on cards D19, (< 30}

%
&

7 FF3 = 0.: Volumetric filling {raction of spherical {uel elements in
the core will be defined as 0.61 .
> (.: New filling fraction.

2.1.2.1  Coated particles. D7 - D11

Card D7 only when NFCP = {0 on card D6,

Card 137 Format (6E12.5)
| ANR Enrichment N /Ny, . (as fraction).
2 FIMA Fnvisaged heavy metal burnup for reprocessing cost calcula-
tion. {Fima)

Input Manual




3 FRC(D,
I=1.NC

> (. Fraction of coated particle variant [ in this fucl ele-
ment.
= (.. Coated particle variant I (card D3) 15 not present.

Cards 38 - 1311 only when WEFCP = 2 on card D6

Card DR

Format {1814)

it V304

I INIBS Fuel identification:
{1 = U0, 12 = UC
13 = U{:z 4] = U()Z-'E‘h{)z
[5] = UC-ThC 6] = UC,-ThC,
|7t = Pu-O,-C_ (x, y given at card D10)
18] = Pu~()2—'§’¥\()2 9] = Pu-0,-U0,
> ; Fissile uranium = 233y,
< O Fissile uranium = 2330,
2 NCT Total number of coating lavers (< 3), to be numbered with
increasing radius.
3 NSICH Number of the 1. SiC coating laver.
4 NSIC2 Number of the 2. SiC coating laver.
5 [USTH When INDBS = 4, 5,6 |, ZUT uses:
= 0: 232Th as resonance absorber.
= 1: 2381 g5 resonance absorber,
Card DY Format (6112.5)
I RK Radius of the coated particle kernels. {(cm)
2 ROBR! Density of the kernels. (griem’)
3 ROBR2 Pensity of 2. type of kernels if present. (gr,fam3)
Only f IINDBS] = 4, 5, 6, 8, 9 on card DS,
4 BIETA Fnrichment of the uranium Nys/ (NGt Ng) i HINDBS| =
4, 5,6, % on card DB




i For INDBS < 0 program uses 233 instead of 23,

Card D10 only when INDBS = 7, 8 or 9 on card D8,

Card 1310

Format (6H12.5)

| Pr(Iy, Fraction of the isotopic composition in plutonium:
: =14 239?1}, z‘mf’tl, %zi’u, 242py,
4
5 X Oxygen in E’U—{)Xm(fy, if INDBS = 7 on card D8,
6 Y Carbon in Pu—()x—('fy, it INDBS = 7.
Card 1311 Format {(6E12.5)
1,3,3 BCTY, Thickness of the I. coating layer. {cm)
2,4.6 ROCT(I, Density of the I. coating layer. (gricm®)
=1 NCT {Numbered with increasing radius, NCT on card D8).

2.1.2.2 Ball fuel elements. D2, DI3

Cards D12 - D13 enly when NTYP = 0 and NFBZ = 1 on card D6.
Only a selected sct of the following paramecters of the cards 1212 and D13 is required.
Possible sets are given in Table |

Card D12

[Format (61112.5)

R1

R2

Quter radius of {uel zone. {cm})
(Fuel zone consists of coated particles and graphite matrix).

QOuter radius of the ball. (cm)

Input Manual I
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FIi

VMOD

INDBK

BK

Volume fraction: coat.part. / (coat.part. + matrix).
: N
Modcration ratio T\C, N”M.

= O No dummy balis.
= 1. With dummy balls.

Volume fraction: dummy halls/(fuei + dummy) bails.

Tahle [: Alternative specifications of hall shaped elemenis

No. P2 3 4 6 7 8 9 LI B
INDBK g 0 0 0 & i ] I |
R X % X X X X X X X
R2 XX X X X X X X X
Pt X X X X X
VMOD X X X X X X X
ROSM X X X X X
BK b4 X
Card D3 Format (4E12.5,416.1)
I ROSM Density of heavy metal n fuel 7one. (gr;’cm“”)
2 ROMTX Density of graphite in the matrix. (gr/cm”)
3 ROSCIT Drensity of graphite in the outer shell. (_grfcm3)
4 ROBK Only relevant for INDBK = I
> . Density of graphite in the dummy balls,
= (}.: Density of graphite in the dummy balis equal ROSCH.
4 SRO Inner radius of the mairix. {cm)
{ > 0 for shell ball design).
5 FRYY(D, = .: Fabrication costs of the [. fuel element variant {(card
=1 NF 33} are dropped.
> 6. Fabrication costs of the 1. fuel element vanant are used
12 VEOP94




and multiplied by FRE(H). (Usually = L)

UJse continuation cards, if needed.

2.1.2.3  Prismatic fuel elements. D4 - Dié

Cards D14 and D15 only when NTYP = | and NFBZ = I on card D6,

Card D14 Format {6[212.5)

H R} Radius of central graphite zone. {cm)

2 () Cuter radius of inner cooling channel. {cm)

3 REY Quter radius of inner graphite tube. (cm)

4 R{4} Quter radius of the fuel 7one. {cm)

S R(5) Outer radius of the outer graphite tube. {cm)

& R{6) Outer radius of the outer coohing channel. (cm)
IfFFUEL > 0. {(card ID15) insert “thickness” instead of "ra-
dius”.

Only a sclected set of the following parameters of the cards D15 and D6 is required.
Possible sets are given in Table 1.

Card D15 [Format (6E12.5)
} i Volume fraction: coat.part./{coat.part. + matrix).
2 VMOD Moderation ratio Neo/Nyyr.
3 BETA Volume fraction of gaps {other than cooling channels) in the
core relative to the bulk graphite volume,
4 GKAN Number of fuel clements per square meter. (Umz)
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5 FEFUEL

& ACTHV

= {}.;: Normal.
> (.: Cross scection of the fuel 7one {cmz). tise R(4) = 0. on
card D14 and insert “thickness” instead of "radius”,

Active length of the fuel rods in the core. {cm)

Card D16

Format {6E£12.5)

i ROSM

2 ROMTX
k! ROSTR
4 ROHR

Density of heavy metal in fuel 7one. (griem®)
Pensity of graphite in the matnx. (gr/cm3}
Density of graphite in the cooling channel. (gr_/cm3}

Pensity of graphite in the tubes. (gr,fcm3)

Tahle [1: Alternative specifications of rod shaped elements

No. i 1 4 5

F'E1 X negative guess
VMOD X X X

GKAN X X

ROSM X X

2.1.2.4 Core design. D17, D18

Card D17 only when NCORFE > 0 on card D6.

Card D17

Format (61212.5}

1 QK

2 01

14 VSOP94

Power per fuel element. {W/(ball or block}))

Specific power. (KW/kg,,.4)




3 o2
4 Qv
5 P

Specific power. (KWfkgﬁSS)
Power density. (MWEmB}

Power per fuel rod (W/cm). IFNTYP = 1 on card D6. Only
one of these 5 parameters must be specified.

Card D18 only when NCORE = 2 on card D6.

Card D8 Format (6F12.5)

| WE Total electric power. (MW}

2 ETA Thermal cfficiency.

3 ALFA Ratio of core height/core diameter.

4 DREF Thickness of reflectors.

5 ROREF Density of graphite in the reflector. ( griem’)

6 FF2 Volume fraction: (fuel + dummy) balls/core volume
(Gf NTYP = 0 on card D6).

2.1.2.5  Additional noclides. D9

Card D19 only when NZUS > 0 on card D6.

Card 1319

Format (144X, E12.5)

{ NRGAM

P4 DENG

GAM-lib. identification of nuclide with additionally given
atom density (e.g. Xenon, absorber, ...}

= 0. Atom density (per barn cm, 10724, homogenized.
< {.: Program makes DENG = [DENG| * DENG(Carbon).

Note: Use | card for each of the NZUS (< 30} additional nu-
clides.
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2.2 ZUT-DGL, Resonance Integral Calculation. Z1 - 220

Cards 71 - 720

Note:

When fuel element data are provided from DATA-Z and when resonance parameters are
provided from a library, the input is reduced to the cards 71 - 7Z6.

For definition of more detailed input see NNRESO = 5 and NNIDATA = § on card

VAR

For opening of a new direct access data set for storing the resonance ahsorption cross
sections read cards Z18 - £20, Z6.

2.2.1 Short-input. 71 - 76

Cards 71 ~ Z5 can be repeated for N different cases. The input stream 1s terminated by
the card Z6. 'ucl element design must be provided by DATA-2.

i6 VSOPa4

Card Z1 Format {I1,15,11,7E9.4)

i TEND 9

2 H 00000

3 KI 5 {Number of items on this card).

4 NNRIESO Data set number of the resonance parameter library:

= 26.: U-235

= 27.: Th-232

= 28.: 11-238

= 5. Read resonance parameters irom the input:
after card 74 read cards 27 - 79,
after card Z5 read card 210,

5 NNDATA = 29 No. of data set on which DATA-2 fuel element speci-
fications are provided. Only short-input Z1 - 76 is re-
quired.

= {i.: Fuel element specification to be provided by mput.
Read the cards: 71 - 72, 724 - 725, 211 - 717,




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

7 NNRESIH = {.: Normal.
= -NNRIISO: Create a resonance parameter library on data

set NNRIESO. Read the cards Z7 - Z10.
& NWINGO > (.. Drop the wing correction in the GAM-group library
because it is included in background cross sections.

= 0.: Include the wing correction,

Card 7.2 Format (6E12.5)

| TEMP Temperature of the resonance absorber, (°K)

2 ENRGU Lower energy boundary for the set of resonance data to be
respected. (eV)

3 ENRGO Upper encrgy boundary f{or the set of resonance data to be
respected. (eV)

4 SOLVE Iive digits LIKLM.0 as specification of the desired calcula-

J = I: Down scattering in the absorber based on the compu-

tion method:
I = ¢ Infinite medium, or numerical computation of the geop
metric escape probability P(s,).
= 1: Cylindrical geometry of the absorbing material.
= . §lah.
= 3: Spherical (analytic formular of P{a_}).

ted neutron flux.
= 7: NR-approximation.
= 3 {M-approximation.

K = (: Moderator no. | is not present. (The coating of the
coated particles must be defined and treated as modef
ator in the case of unresolved resonances).

= |: Down scattering in moderator no. | uses the compu-
ted neutron {lux.
= 2: Down scattering assumes /B flux.

I = 0. Moderator no. 2 is not present {cp. K).
= {: Down scattering in moderator no. 2 uses the compu-
ted neutron flux.

2: Down scattering assumes HE flux,

Input Manual 17




6

TESTA

EW(i3)

I = 1: Partial probabifities at the mesh points of the P(s_} -

M = (: Normal output option.
> (: More output.

Three digits LTK.0 for output options. {Use 001.0)
I = I: Control data of the cnergy fine structure for each reso-
nance.

calculation.

K = i: Mesh points of P(s_}, Dancofl factors and data of ho
mogenization of the matrix zone.

Number of mesh points for P(a_)-calculation. (=~ 20}

Card 73

Format (6E12.5)

FUTYP

EAMODI

ESIGMI

EAMOD?2

ESIGM?2

BCDANC

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

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

o of the moderator 1.

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

a, of the moderator 2.

Dancolf factor.

= (.. To be usged {or infinite medium or numerical computa-
tion of P(a ) for the spherical fuel clements.

> (. Dancoll-Ginshurg factor. Required for the cylindrical
fuei elements. This ECIDANC has higher priority than
the internalily calculated one, which can optionally be
ordered by the card Z1i L
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Card 74 Format (1216}
! IDENT tdentification number of data set 30, where the cailculated re-
sonance integrals will be stored in GAM-group-a_-structure.
2 HISATZ Identification number of the calculated 7 -CTOSS section set td

3 IDNUCL

be stored on data set 30 for further use in GAM-caiculations

GAM-library identification no. of the absorber nuchde.

4 LOESCH({J)Y Id.-numbers of existing resonance data on data sct 30 to be
: I=19 deleted prior to creating the new set.

12

Card 725 Format (4A3,24X,12A3)

I6

{ HEAD(),
i=14

5 HEAD(D,
: J=5,16

Literal heading, e.g. date.

Literal heading, e.g. case identification.

Termination of the input sequence by card Z6.

Card 76 Format (I11,I5,11,7£9.4)

i [HIND 9

2 DUMMY Blanc: Terminates the sequence of ZUT-DGL cases.
8
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2.2.2 Resonance parameters. 7.7 - Z10

Mote:

The input of resonance parameters on cards Z7 - 79 must be terminated by a blanc-card.
Cards 77 - 79 must be read after card 74.

Card 710 must be read after card 75,

One card 77 for every resolved resonance. In rising sequence of the energy EZERO.

Card 717 Format (11,15,11,7119.4)

1 TEND 2

2 3 GO005

3 K1 5

4 EZERO Energy at the center of the resonance. {eV)

5 GAMN I, (eV)

6 GAGM r, (eV)

7 R = (.. Mesh spacing under the resonance decided by the code
> .. Mesh spacing under the resonance.

8 N Ratio: Range of integration / effective width. Give S = 5.

Cards 78, 79 for the unresolved resonances.

Card 78 Format (1L IS1TL7E9.S
| TEND 6
2 J1 00000
3 Ki &
4 EC Lower energy of the range of unresolved resonance cvalua-
tion. {eV)
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5 GAMNO Avg. [T 77 (eV)

6 GMGM Ave. [ l'“? J {eV)

7 G Statistical weight.

R D Avg. spacing between the resonances. {eV)

g EO Upper energy of the range of unresolved resonance evalua-
tion. {cV)

Card 79 only when any of the input figures is different from the figures on cards 73 and
710.

Card 78 Format (11,15,11,7E9.4)
i TEND 6
2 1 00000
3 Ki 4
4 SIGPZ s, , Potential scattering cross section of the absorber.
5 SIGM1 o, of moderator 1.
6 SIGM2 o, of moderator 2.
7 C Dancoff [actor.
= {.: To be used for infinite medium or numerical computa-
tion of P(a_) for the spherical fuel elements.
= 0.0 Pancoll-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.

Card Z10 Format (11,15,11,7£9.4)

i i TEND ‘ !
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2 J 00001
3 K1 4
4 AZERO Atomic weight of the absorber,
5 G Statistical weight factor. {= 1| for 2327h and 2¥* )
6 SIGPZ 7, Potential scattering cross section of the absorber.
7 TEMP Temperature. {°K}
2.2.3  Explicite fuel element design. 211 - 217

Card 7211 only when Dancofl factor calculation by subroutine DANC3 is desired.

22
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Card 711 Format (11,15,11,7E9.4}

| [END 7

2 K Type of lattice:
10:  Square lattice up to the 4. neighbour.
14: 4 x 4 bundle.
I5: 5 x § bundle.
16: 6 x 6 bundle.
20 Trnangular lattice up to the 4. neighbour.
22 2 - rods bundle.
23 3 - rods bundle.
2T 7 - rods bundle.
29: 19 - rods bundle.

3 K1 7

4 A Radius of the rod.

5 B Pitch.

6 DHUE Cladding thickness.

7 nse Thickness of the gaps between the bundles (for K = 14, 15,
16},




8 SMOD L, of the moderator.
9 SHUE L., of the cladding.
ot
10 S§pP L, In the gaps.
Card 212 Format (F1L,15,11,7E9.4)
I IEND i
2 It 6010
3 Ki 3
4 SOLVE Same as on card Z2 must be given here.
5 ABAR Radius {¢m), for cylindrical or spherical fuel. Half thickness
(em}, for slab.
= (.: Infinite medium, or explicite calculation of P(s ).
6 C Dancoff factor.
= {}.: To be used for infinite medium or numerical computa-
tion of P(s_) for the spherical fuel elements.
> 0.: Dancoff-Ginsburg {actor. Required for the cylindrical
fucl clements. This C has higher priority than the inter}
nally calculated one, which can optionally be ordered
by the card ZI1.
Card 713 Format (11,15,11,715.4)
] IEND 1
2 Ji G013
3 Kl 7

4 EDZERO

5 EAMOID!

N_. . atom density of absorber.

Atomic weight of moderator no. 1
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6 ESIGMI o of moderator 1.

7 EDRIQUI N ood 1/ Nype ratio.

8 EAMOD?2 Atornic weight of moderator no. 2.
9 ESIGM2 o, of moderator 2.

Y EDIQU2 Noad 2/ Nape ratio.

Cards 714, 715 only when numerical evaluation of Plo,) ts required (I = 0 in SOLVE).

Card 714 Format (11,15,11,769.4)

i IEND 5

pA Ji 00018

3 K1 6

4 R Radius of the kernel of a coated particle. {cm)
5 R2 > (.: Outer radius of a coated particle. {cm)

= 0.: Coated particles and matrix are treated homogenized.
6 R4 Radius of the matrix. {cm)

7 RS = (. OQuter radius of a spherical fucl clement. {(cm)
= {.: Cylindrical fuel element.

& I Volumetric filling fraction coat.part. / {coat.part. + matrix}.
9 H I'raction of graphite spheres in the pebble bed.

Card 715 Format (11L,I5,11,7E9.4)

] TEND 5

2 Ji 00025
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3 Ki 4

4 812 Avg X, of the coatings.

5 Si4 L, in outer shell of a spherical ciement.

6 SIS £, in graphite spheres.

7 ALPH Ratio of densities: p{graphite in matrix) / p{graphite in coat-
ings).

Card 716 Format (11,15,11,7£9.4)

i IEND 8: Termination of ZUT-DGL input.

Card 717 Format (A3, ....)

i HEAD(E) REP: Another input case will follow.
FNI): Termination of the run.

2.2.4 Opening of a new resonance data library. Z18 - 220

Card 718 Format (1X,I5)
I il = .30 Opening of direct access data set no. 30 for the reso-
nance absorption cross sections in GAM-group-a -
structure.
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{Card 7219 Format (1216}

| IDENTI < (0 HHDENTI will be the identification number of the new

data set 34,
P IZAFIL Number of sets to be reserved for the o cross section sets.
{Use 170)

Card 7220 Format (1012)

I Ky, = -f-1-1: Special key word.

: P=173

3
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2.3  Geometric Reactor Design.

2.3.1 BIRGIT, 2-dimensional. BII - BII§

Starter card BEI

Card Bl Format (516)
1 NVSOP Data sct number for the data transfer to VSOP (use 25).
2 NGEOM > O Data set number for the data transfer to CITATION
{use 37).
= {1 Drop the VSOP - CITATION layout.
3 NTIHX > { Data set number for the data transfer to THERMIX
{use 43).
= (: Drop the VSOP - THERMIX layout.
4 IWRC = (: Volume matrix VSOP - CITATION is calculated and
used,
= {1 bt is calculated, stored to data set [WRC, and used.
< (: Tt is not calculated, read from data set [IWRC|, and
used.
5 ITWRT = {: Volume matrix VSOP - THERMIX is calculated and
used.
= It is calculated, stored to data set IWRT, and used,
< & It is not calculated, read from data set [IWRT], and
used,

Cards BIZ2 - BI1O

T NGEOM = 0 one set of cards for the VSOP - CITATION case,
iFNTHX > O another set of cards for the VSOP - TITERMIX case.

Card BI2

Format (416,1112.5,216,2E12.5)

| iPUT

=
i

Normal output,

Testoutput in addition.
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IPLGYT

IZFEIN

JRFEIN

P

KANAL

MDIREC

EPSY

RINTHIX

= {} Normal.
= O: Data set number f{or plotting.

Number of 7 meshes of a superposed [ine grid.
Number of R meshes of a superposed fine grnid.

(1.-I'P) defines the position of the reference point in a fine
mesh. (E.g. in the mesh AR * AZ a given value P = 0.]
means that the reference point is located at 6.9 * AR, 0.9 *
A7),

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.

= () Calculation of the volume matrix by means of the su-
perposed fine mesh gnid.

> & Calculation of the volume matrix by the direct method
{only when the flow channels are vertical).

Convergency criterion for the iteration on the radial position
of the mesh points defining the {low channel curves. {about
0.00003)

= (.. Normal.

> (. Inner radius of the core. Only required when the BIR-
GIT design for THERMIX (see NTHX on card BI1)
does not include the inner part of the reactor.

[or each of the KANAL

channels one set of cards BI3 - BIS required.

28
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Card BI3 Format (416,31:112.5)
1 KANTY?P = {}: This is an mnner channel of the core. Layer id.numbers
are assigned by the code.
= |: This is the outer core channel. Optionalily the design of
an outer conus can be defined below.
= .}: This is a channel of the reflector for which the layer id.
numbers are also assigned by the code. If a conus has
been defined belore, the first reflector channel adjacent
to the outer core channel applies to the conus.
2 KAN > O Number of fayers in this channch




6

IBATCIH

IR

VEKA

RKONUS

ZRONUS

= (L.: No adaption of the limiting curve.

If an inner conus and/or an outer conus 1§ present, separate
channels with KANTYP = -1 must be defined for these co-
nus areas adjacent to the core. For an inner conus, the radial
thickness RKONUS must be given by negative value. For an
outer conus, its thickness and height must be given on card
BI3 of the last core channel preceding to the conus channel.

A

Height of the conus. (cm)

0.:

0.

.

* One laver over the whole channel.

: Number of batches per laver.
: One batch per layer.

: Number of axial mesh points (= MESH) for defining

: Same axial mesh points as for the preceding channel,

: Prop cards BI4, BIS. Limiting curves of the reflector

s Only when KANTYP = 0. Ratio of the volume of

the outer limiting curve of this channel. Only for the in{
ner core channels KANTYP = 0. [JR = [ defines a
straight vertical line.

Prrop card BI4.

channel and of the last core channel are internally defi-
ned by the mformation of card Bl6.

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

Core - reflector interface is vertical. No conus is pre-
sent.

Inner conus. [RKONUS| is radial thickness of the
conus. (cm)

The subsequent channel defines an outer conus with
radial thickness RKONUS. (cm)

Card B14 only when 1IR > 0

Card Bl4

Format (6E12.5)

XWE(]},
J=1MESH

Axial position {abscissa) of the coarse mesh points for the
outer limiting curve of this channel. {cm)
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Card BIS only when IR = 0

Card BIS5 Format (6E12.5)
| YWE(, Radial position of the coarse mesh points for the outer limi-
J=1,MESH]| ting curve of this channel. {cm)} (Ordinates for the interpolas

tion). In case of an annular core, YWE(]) must be given as
the distance from the inner limiting curve of the first core
channel.

Cards BI6 - BI8 define the overall coarse mesh grid. Of course, it is only relevant for the
outer parts of the recactor, in which the VSOP layers and CITATION compositions are
congrucnt. 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 BI9 - BI10. For the TIIERMIX the definition of the grid is only re-
quired for the core, because the volume transfer matrix must only be made for the area

of the core and conus.

Radial meshes

Card Bi6 FFormat {6(13,F9.3})
| MR{D > (0 Number of fine radial meshes in the I-th coarse mesh.
= {): This radial coarse mesh is in the area of the core. Finer
subdivision to be defined on card BIS.
2 DR(D > 0. Thickness of the I-th radial coarse mesh. (cm)
= {1.: End of the input of radial coarse meshes.
i=1, The number of given radial coarse meshes defines IMAX.

Axial meshes

30 VSOP94

Card BI7 Format (6(13,F9.3})
I MZINY > o Number of fine axial meshes in the N-th coarse mesh.
= {}: This axial coarse mesh is In the area of the core. Finer
subdivision to be defined on card BLIO.
2 DZ(N) > 0.0 Thickness of the N-th axial coarse mesh. {cm)




= {}.: End of the input of axial coarse meshes.

The number of given axial coarse meshes defines NMAX.

Fach of the NMAX axial coarse meshes requires one card BIS.

Card BI8 [Format (1814)

i LAYVC > 0 Composition id.number of the radial meshes I in the
(I.N) row N. (The numbers are preliminary and will be rena
=1, med successively after the id.numbers of the VSOP lay-
IMAX ers and CITATION compositions have been internaily

defined.)

= (}; Core area. id.numbers are defined by the code for the fi

ner grid of the cards BI9, BI1O.

= -1 Internally defined reflector area. Finer axial meshes ac-

cording to card BHO.

CITATION:

THERMIX:

Cards BI9, BI10 define the mesh grid of the core.

of the neutron flux calculation.

Coarse meshes define the compositions, the fine meshes define the grid

The fine mesh grid of the core must be identic to that of the THERMIX

input on the cards TX7 - TX8, because the volume matrix 1§ made for
the transformation from VSOP layvers to THERMITX meshes.

Radial meshes

Card Bi9

Format {(6(13,FF9.3)

i MOGR{T)

2 PGR(D

=1, .

> 0 Number of fine meshes in the radial coarse mesh I.
= (1 End of the radial mesh input.

Thickness of the radial coarse mesh 1. {cm)
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Axial meshes

Card BHIO

Format (6(13 9.3}

I MGZ(N)

2 DGZ(ING

= {r Number of fine meshes in the axial coarse mesh N,
= End of the axial mesh input.

Thickness of the axial coarse mesh N, {em}

2.3.2 TRIGIT, 3-dimensional. TRI - TRS

Card TRI

Format (1515)

! INVSOP

2 NGEOM

3 N200C
4 IPL
S ICORE

[Jata set number {or the data transfer to VSOP (use 25).

Prata set number for the data transfer 1o CITATION
{use 37}

Number of layers in the power generating core.

Mote:

The TRIGIT code defines the 3-dim. pattern of compositions
in the reactor. VSOP-layer, VSOP-batches, and CITATION-
compositions must be identic. They are assigned with the
same id.numbers.

= (0 Normal.
> 0 Plotting of geometry is provided for the plane no. IPL.

= {1 Normal.

> O lust for plotting:

= 2 Input of 1/2 core-plane s transmuted to 1/1 core-plane.
= 4: Input of 1/4 core-plane is transmuted to 1/] core-plane.
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Meshes in X-direction

Card TR2 Format (6{13,FF9.3))
| MX{1) Number of fine meshes in the I-th coarse mesh in X-direction.
Pi DX = 0.: Thickness of the I-th coarse X-mesh. {cm)
= 0.: Fnd of the input of coarse X-meshes.
N The number of given coarse X-meshes defines IMX.

Meshes in Y-direction

Card TR3 Format (6(13,F9.3%)
i MY(5) Number of fine meshes in the J-th coarse mesh in Y-direction.
2 DY(H > (.. Thickness of the J-th coarse Y-mesh. {cm)
= {.: End of the input of coarse Y-meshes.
I=1, The number of given coarse Y-meshes defines JMY.

Meshes in Z-direction

Card TR4

Format (6(13,179.3)

| M7(K)

2 D7(K)

The number of given coarse K-meshes defines KMZ.

Number of fine meshes in the K-th coarse mesh in Z-direc-
tion.

# 0.0 IDZ(K)| gives the thickness of the K-th coarse Z-mesh.
{em])
< .. Core regions.
> {.: Non-core regions (e.g. reflectors).

= 0.: End of the input of coarse Z-meshes.
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Definition of the pattern of compositions:

[or each of the planes (¥} K = 1LKMZ7 one set of cards TRS.
IF'or each of the rows (YY) F = FIMY onccard TRS.

Card TRS

Frormat {1515}

i LAY LK)
I=LIMX

Only for the core:

> & Composition id.number of the {-th mesh (X} i this ro
and plane. in the upper plane the code evaluates the
maximum number NPL of core compositions.

= (: Id.no. of this composition is internally defined by add-
ing NPL to the LAY, J,K-1) of the {foregoing plane.

Only [or the non-core-composttions {refllectors ¢te b

< O 1d.no. of this composition is internally defined by add-
ing the maximum number of core compaositions
(N200C) to the absolute of [LAYXET K. Reflector id.
numbers must be given in an unbroken sequence start-
ing with -1,

2
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2.4 VSOP, Reactor and Fuel Cycle. VI - R36

Cards VI-V23, GI1-G11, TETH, CO-1 - CX-1, KI-K 12, RI-R36

2.4.1 Starter cavds. VI - V2

4 IPRIN(S}

§ IPRIN(LD)

H
@

: No effect.
: Data set refl no. of restart unit on which new burnup

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

Card VI Format (721..)
I COL.2-T2 Literal description of case.
Card V2 FFormat (1814}
i JTPET = (: Normal start,
> (: Restart. Identification number of restart data to be
read. Define IPRIN(E) and IPRIN(11). The next
cards must be: optionally R& (sec IRRY below}, R9 -
R36. (See Section 3.4.2).
P Jrriia = {: No effect.
> & Prepare restart data with id. no. JTPES from this case.
Define IPRIN(9) and IPRIN(I1). Data will be written
alter the last specified fuel management step. (1VSP(24}
on card R9}.
3 FPRIN(E) = (h No effect.
> {1 Data set reference number of restart unit from which

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

denendent data will be stored. (Normally = [5).

formation is contained. The data are written after {uel
management step no. | and they will be read in all re-
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& IRRS

7 NVSOP
& iTTT

9 1313

starts of that case. (Normally = 20, both writing and
reading}

O: No cffect.
> (: Only for restart: Card R& will be given to redefine the
options for the first cycle of the restart.

> (0 Unit number from which the BIRGIT data for the geo-
metric design of the reactor are to be read. (Use 25)
= {: At Restart.

= {): No cffect.
= (O Prepare a new 30 groups THERMOS bbrary out of the
96 groups THERMALIZATION library. (NUTTE on

card T1 must be O}

= {k Z-dimensional diffusion calculation in r-7.
= [: 3-dimensional diffusion calculation in X-y-z.
{Ignored in restart)

2.4.2 Variable dimensions. V3

Card V3 'ormat {1814)
I KMAT > € Number of nuchides {< 200). Use nuclide identification
from data set 29 prepared in DATAVL
< O [IKMAT| number of nuclides (< 200). Tdentification giv-
cn on cards V5.
2 NXS Number of different spectrum 7ones, comprising a combina-
tion of one or more batches.
3 NLB == {; No fixed cross section sets.
> { Number of fixed microscopic cross section sets defined
on cards VTA, V7B. The data are normally used for the
nuchides in the reflectors for which no spectrum calcu-
lation is carried out. The data are refered to as spec-
trum caleudation no. NXS+ 1 (1= NLRB).
4 N26 Number of energy groups in the diffusion calculation.
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N MMAF

6 MBATCH
7 MSTOBR

e JTYP

9 JCLAS

10 MRIP

it JABOX

Maximum number of burnup cvcles,
Maximum number of hatches to he filled into storage boxces.
Maximum number of storage boxes to be filled.

No. of different fuel element types in the system (< [0},
Same as in cost input (MXTYP on card K1}

Total number of real burnup classes. For every {ucl type the
code autematically adds class I for the {resh fuel and class 0
for the scrap luel.

Limitation: JCLAS + 2¥ITYP + MRIP < 40

Number of reprocessing mixtures. (< 10}

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

2.4.3 Definition of materials. V4 - V9

Card V4 Format (1814)
i NO Number of fission products (< 49). If NO < IDKET the co-
de drops the last surplus ones.
2 IDKET id.no. of fission product chain to be applied (29, 34, 39, 44,
see Table VI
3 KETT = {1 No eflcet.
> O Chain information of the last KIVTT fission products
will he defined on cards V8. This option can be used to
extend the chain structure or to define a new one.
4 NLT = (i No effect,
= (& Number of fission products, for which new vields and
decay constants will be defined on card V9.
5 NLUM Number of “lumped poison” nuchdes. (< 3)
6 NC Number of control poison nuchides. (< 2}
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Card V5 only when KMAT < 6 on card V3.

Card V5 Format (1814}
i FMAT{, Identification number of the VSOP nuchde 1 in the GAM-1i-
: =1, KMAY, brary.

KMAT Use continuation cards.

MNaote:

Nuchide id.numbers bevond the lihrary can be used {i.e.
IMAT(IY > 184}, but these nuclides must he identified on
the card{s) V6.

Cards V6 only when some nuclides of the library shall be duplicated and used with new
id.numbers IMAT{I} > 184, One card V& lor every new id.number.

Card V6 FFormat (1814}
i INEU Id.no. of the new nuclide.
2 EMAT Id.no. of the library nuclide of which the cross sections are td
be duplicated.

Cards VIA and V78 only when NLB > 0 on card V3.
For cach fixed microscopic cross section set one set of cards. 1 card V7A plus N26 cards

V7B (for each energy group).

IR

Card VIA Format (F4,6811...)

1 HA VSOP identification number of the reflector nuclide.
p LOC.5-72 Literal description.

Card V7B Format {51112.5)

| I FISIGD v * o, fission.

V8OPo4




2 TOSIGID

3 ABSIG(T
4 OUSIGD
5 XNU(H

7 transport.

s, abhsorption.
a, {I=1+1) down scattering,

v neutrons/fission.

I: Energy group index starting with 1 for the fast group.

Card V& only when KETT > 0 on card V4.
A total of KETT cards required, starting with the card for the {ission product nuclide

N = NO.KETT+I.

Card V§

Format (4112.5)

i DIRACIN, Y

2 DIRACIN,2)
3 DIRACIN3)

4 DIRAC(N4)

IFractional production of nuclide N from N-1.
> (.: By capture.

< 0.: Bv decay.

Fractional production of nuclide N from N-2.

Fractional production of nuchde N from N-3.

I'ractional production of nuchide N from N-4.

Card V9 only when NLT > 0 on card V4.
A total of NLT cards is required, one for each fission product for which the yields are

defined or altered.

Card V9

Format (16,0X,5F12.4)

| N
2 YIELDI(N)

3 YIELDAN)

4 YIELDYN)

VSOP identification no. of a selected fission product nuclide.

23311 fission vield of nuclide N.

2334] fission vield of nuclide N.

23%py fission yield of nuclide N.
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5 YIELDA(N)

6 XLAM(N)

241 P

v fissicn vield of nuclide N.

Decay constant of nuchde N, (1/sec)

2.4.4 Design and operations. VI0 - V23

2.4.4.1 Case identification. V1§

Card Vi0Q

FFormat (914,2E12.5,14)

: ISTR

2 | NRSTRT
3 NXF

4 | NKOST
5 IRUCK

46 V5OPS4

il
W

i
B et B e O

= {}

= (}
> 0 Tuel cycle cost calculations. (Cards K1-K12).

= (k

: DifTusion calculation, control poison adjustment, burn-

up.

¢ Diffusion calculation, burnup.
: DifTusion calculation.
: Same as 0, but control poison adjustment in the reflec-

tor.

: No effect.

: Fuel shuffling.
: Fuel shuffling and iteration of the enrichment. )
: Fuel shuflling and reprocessing.

: Fuel shullling, reprocessing and iteration. ’

)
"} (Cards R31 - R34).

Start with time step -1 in order to find a starting distri-
bution of Xenon.

. First step of calculation at time step 0. Starting Xe-cond

centration given at nput,

No effect.

No feedback of leakage from diffusion to spectrum cal-
culation.

: Feedback of broad group bucklings to GAM, and ther-

mal Jeakage to THERMOS.

: Feedback of an average epithermal buckling to GAM,

and thermal leakage to TITERMOS.




G

9

t

12

MU U(3)

IXTEN

LOBNEW

IBASCIY

SERCON

REFNG

IPRINZ

Convergency criterion for K i when adjusting control poison
or other atom concentrations. (= 0.0001}

>

45
. Streaming correction LIEBEROTH /34/ in power gene-

&
: Tixplicite 1331 . ¥135% e calculation (must be redefined for

EN
N

O
)

(:
-i:

: Normal.
- Life history is preserved for ORIGEN-TUL-1} on unit

Prop streaming correction in pebble bed.
rating batches (only for pecbble bed).
Xe-135 equilibrivm.

cach burnup cycle by [VSP(28) on card Ri4).

39, starting {rom this cycle.

Mo effect.
In 3-dim. design: Number of batches in the upper plane
of the core {usefu for automatic definition of KIDI8 on
card VII).

No effect.

Option for the reflector batches:

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

Print layout of batches at startup.
No ocutput,

2.4.4.2 Definition of reactor batches, Vi - Vi4d

Fach of the N200 batches requires one sct of cards V1i-V14, starting with batch no. 1.

Card VI Format (614, E12.5,14,20X,216)
| NREAD < 100: Number of atom densities to be specified on subse-
quent cards VIi2.
= 100 Read atom densities of fuel tvpe 11, variant KL from
data set 29, {Compare NFUTP on card [36).
2 NCIH > {: Number of a previously specified batch with the same
atom densitics.
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42

6

NCH3

NCIES

NLUMPS

NHOT

WPART

NITST

MULT

VS0Po4d

v
e

Al
o Bl

=

> O
> NXS (on card V3): I'ixed set of ¢ as defined by NLB on

= ()

Fraction of the volume of this batch per layer:

= (.: In the batches of the first layer the code makes

R

Drefinition of fuel type idno. of this batch. Only when fuel
is defined by cards V12, otherwise the id.no. is taken from

batch no. NCHI.

Note:

ITNREAD > 100 the id.no. is taken from DATA-2. In re-
flectors the id.no. 15 0.

= {} No eflect.
I

+ Read new atom densities from direct access unit 2§,

: Number of a previously specified batch with the same

: Number of a previously specified batch with the same

: Use data of batch no. |,
: Read card V14,

: The densities of the lumped poison nuclides {on card

Note:

If conus batches are present, they must follow behind
the core batches. For reflector batches sec the option
REI'NO on card VI0.

geometric data for lumped poison materals.  Caution!

control poison data.

V12) are lumped densities, and they will be homogeni-
zed, {(Card VI
These densitics are given homogenized.

Number of spectrum zone for this batch.

cards V3, V7A, VIR,
Use NTIOT of the preceding batch.

WPART = 1./ (no. of batches per layer}.

In the other batches of the core the code copies
WPART of the corresponding batch of the preceding
laver.

In the batches of the reflectors the code makes
WPART = 1.

Redefinition of the volume fraction of this batch. (If
redefinition is specified, it must be given for all batcheg
of this layer, and it holds for ali subscquent layers un-
il redefined).

The id.no. of this batch is defined by KBI8 = KDIS H
MULT * IBASCH (useful in 3-dim. design for the
hatches in the lower plancs),




KI318

0: No effect.

0: {d.no. of the hatch for which the information of this
card is to be applied. It will also be applied for all sub-
sequent batches until redefined. Non power generating
hatches {e.g. reflectors) are counted from 1 ... {the num
ber of core hatches is automaticaily added).

0: Last card Vil, holding for the batch [KIDIE]

Y

A

Atom densities: Card VI2 only when § < NREAD < 100. A total of NREAD cards
1§ required.

Card V12

Format (144X, F12.5)

DN

VSOP-identification number of the nuclide with atom density
= 0.

Atom density (atoms per barn cm). All densities must be giv-
en homogenized. Lumped poison materials can be given in
lumped density {(cp. NLUMPS on card VIi1}

Control rods: Card Vi3 only when NLUM > 0 on card V4, and when NCIi3 = 0
on card VIiL

Card VI3 Format (6E12.5)
The lumped poison nuclide in all batches of one layer has
the same poison-selfshielding specification.
| RODS Number of absorber rods in this layer.
? DILP Inner diameter of one rod. (cmy}
3 DOLP Cuter diameter of one rod. {em)
4 HLP Height of onc rod. (cm)
3 VLP Volume of all rods in this layer.
= 0.: It will be calculated from the other data.
> {1.: The other data are not required.
) SSLUMP Selfshielding factor of the lumped poison at the thermal en-
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! ergy group.

Control poison: Card V14 only when NC > 0 on card V4, and when NCHDS < (0 on
card V11, One card V14 for each control poison nuclide. 11 NCHS
= 0 use data of batch no. .

2 POISL

Card Vid Format (61312.5)
The control poison nuclide(s} in all batches of one laver have
the same min. and max. limitations.

I POISM Minimum atom density of control potson in this layer.

(e.g. = 0

Maximum atom density of control poison in this layer.

2.4.4.3 Data for the hurnup calculation. VI5-Vié

Cards V15-V19 only when JSER < 1| on card V1.

Card V15 Format (6E12.5)

I DELDAY Length of time steps between diffusion calculations (large
burnup time step). Days

2 POWIR Thermal core power. Watt

3 FTWATT Fissions/Ws for varying isotopic compositions according to
IDIN 25463 /30/:
= 0.: Starting value = 3.087E+ 10 (23310,
> 0. Optional starting value.

4 ZETIND End of cycle K o for burnup calculations and for control PoiA
son adjustments,
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Card Vi6 Format {1814)
l INSTOP f.ast farge burnup time step in one burnup cvcle,
(< 93 + NXE on card VI
2 INUM Number of small time steps in one large step, 1.e. between
two subsequent diffusion calculations. Renormalization of
the neuiron flux is done atl the small time steps.

2.4.4.4 Control poison search. VI7 - V19

Cards V17-VI19 only when ISER = 0 on card VI0.

FFormat (1814)

Card V17
i JISMAX
2 JSSMAX
3 ESTM
4 KS§S
5 MNPOIS(TY,
=1 KS8S

Maximum number of control poison iterations for any laver
at one time step. {All batches of the layer are treated simul-

tancously,) {= 50)

Maximum number of control poison itcrations for the total
core at one time step. (= 206)

Number of layers, for which the control poison is adjusted si-
muitancously. LSIM layers form a poison region [or simuita-
neous poison adjustment.

Length of the list of layers for control poison adjustments.
The ratio KS8/LSIM gives the number of poison adjustment

regions.

The list gives the sequence of layers in which the adjustments
are performed. Tn every poison adjustment region of LSIM

lavers the poison is adjusted simultancously. A layer can ap-
pear morc than once, i.e. it can be named in different potson

adjustment regions.

Continuation cards if required.
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Card VI8 Format (6E12.5)
i PINMIN(I}] Minimum fraction of control poison insertion in the 1. layer
: [=1KSS§ to be adjusted. (e.g. = 0.}
KsS
Continuation cards if required.
Card V19 Format {6[212.5)

I PINMAX(])
: I=1KSS
KS&

Maximum fraction of control poison insertion in the 1. layer
to be adjusted. (g, = 1.}

Continuation cards if required,

2.4.4.5 Selfshielding in lumped poison materials. V20

Card V20 only when NLUM = 0 on card V4. A set of N26 cards (energy groups) is re-
quired, fast group first. {Only for power generating batches).

Card V20 Format (6E12.5)

| AR, Coeflicients of the polynomal representation of the self-
: F=16 shiclding factor G.

5

G = (% Axs 03

=16 tot
with
St = i}'; i,NI.UMW‘“m {Iy * N{I} for each hatch
with

N(I) = lumped atom density of the . nuclide in the lump.
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2.4.4.6 Print-out options and steerings. VZI

Card V21

rormat (1814}

I IPRINGD

2 IPRIN(2}

3 IPRING3)

4 IPRIN(4)

Spectrum calculation:
= (1 Thermal seifshiclding factors, only.

I

=
= 1

Burnup calculation:
= -1: Global neutron balance.

i i

Tk P e

e

I:

4:

: Same as 3, for all materials.
: No output.

. Print layout of batches before shuffling.
: Same as 1, plus atom densities {only in combination

: Skip spectrum calculation if a set of cross sections is
: Repeat spectrum calculation as defined on card V22,
. Same as 1, but only for the thermal spectrum,

: Same as I, but not for zones without heavy metal (re-

Same as 2, but not [or zones without heavy metal {re-

Same as 0, plus averaged thermal cross sections.
Same as 1, plus fine group neutron fluxes.

Same as 2, plus broad groups averaged cross sections
for materials with concentration > .

with TPRIN{3} = 0}

Detailed neutron balance.
Same as 0, plus characteristic data for ali fuel batches.

available. Instructions on card V22 are neglected.

flectors).

flectors).

2.4.4.7 Steering the performance for spectrum and diffusion calculation. V2ZI- V23

Card V22

{'ormat (1814}

i ISPEKT()

= (& No. of the first large burnup time step in which the spect

< & Same as > 0, but only for the thermal spectrum calcu-

trum calculation is to be repeated prior to the difTusion
calculation.
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lation.

2 ISPEKT(, > 0 No. of further time steps for spectrum calculation.

: F==72,18 < () Same as > G, but only for the thermal spectrum calcu-

i8 fation.

= O H all ISPEKT = 0, spectrum calculation is performed

In cvery time siep.

Card V21 Format (1814)

I DT, Fal IDIFT) = O

: =118 Diffusion calculation is performed at every time step.

I8

If at jeast one [DIFF(D) = O
The IDITF(D give the time steps at which diffusion calcu-
lation is to be performed.

2.4.5 Fast and epithermal neutron spectrum - GAM. GI1 - Gil

Card ¢

Format (1216)

48

i IDGAM

2 D VASES

3 IDTHER

4 NGAM

3 TDESIN

6 HGM
VSOP94

Id.-no. of GAM-library. (5015}
Id.-no. of the resonance integral library. (180)

Id.-no. of THERMOS-library. (515)
= O Caleulate THERMALIZATION for TTTT. It shall be
made only [or one spectrum 7one {see Section 2.4.10).

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

Number of different fuel element designs (< 1), Only for dif
ferent resonance cross section data on cards G3, G4. The dify
ferentiation of fucl element designs {or the resonance caleula-
tion is normally the same as for the thermal cell calculation,
e, IDESIN = NBER on card TS5,

Geometry of the fuel clement:

3




10

MSTU

MGHUS

NSSS

IPRSEL

= [: Siab.
= 2: Cvlinder.
= }: Sphere.

i“ission source spectrun

= 3 3y,

= & 238,

=11: ¥9puy,

And others. (The library contains 18 different ones).

= Unit figsion source in the GAM-group no. given by
MGHUS.

= {: In diffusion calculation the fission source 1§ assigned to
the broad groups corresponding to the source spec-
trum.
I and MSTU s O Tission source is assigned just to the
first broad group.

i

i

: No selfshielding factors applied.

> (O Number of sets of seifshielding factors {cards G6-G11).
= .1: One single set of selfshielding factors to be applied in
all spectrum zones (cards GG7 - G11).

Gutput option of the selfshiclding factors:
= () Broad energy group definition.
= 1: Selfshielding factors for the different nuclides.

Card G2

Format (6F12.5}

NXS

TEMZUT(D
= [, NXS

Temperature of the resonance absorbers in the NXS different
spectrum calculations. (°C) (NXS on card V1)

Continuation cards if necessary.

Card G3 only when TDESIN > | on card G1.

Card (3

Format {1216)

|

NDES(T),
[== [, NXS

I'uel element design number in the spectrum calculation .
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i NXSi Continuation cards if necessary.

FFor each design {IDESINY a set of 2 cards G4.

Card G4 Format {12§6)}

I N7 Number of resonance absorption cross section scts to be read
from data set NGAM for this fuel element design. First card
contains information for 232Th, second card for 238U (< HE)!

2 PZUTKY, {d.-numbers of cross section sets which will be used for tem-
K=§NZ perature calculation.
[ZUT = 0: Just background cross sections {or a_ (F).

Definition of broad energy groups.

Card G35 Format (6512.5)
J CEG(1), Desired lower cnergy limit of the fast energy groupis). {eV)
[=1N26-1

1.4.5.1 Individual epithermal selfshielding factors. G6 - GI1

Card G6 only when NSSS > 0 on card G1 (see also Section 3.2.3).

Card G6 Format (1216)
1 NSET(I), Id-no. of the set of selfshielding factors to be applied in the
: I=1.NXS spectrum zone |.
NXS
Continuation cards if necessary.
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Cards G7 - G11 only when NSSS 5 O
FFor cach of the NSSS sets of selfshieiding factors one set of cards G7 - G11.

Card G7 Format (1216)
| MOBG > 0 Number of broad epithermal energy groups for input of]
selfshiclding factors (card GR). (Up to 67 groups can bg
defined).
= (: Broad encrgy groups same as defined on card G5 (the
code sets MOBG = N26 - 1),
< 0: Same broad energy groups as defined before.
2 L.SUB > {: Number of subsets of cross section-scifshielding factors
SC (cards G9}. (<9}
= {: No mput of SC.
3 NK > {: Number of cell zones for neutron flux-selfshielding fac-
tors SF {cards G10}. {<6)
= {: No input of SF.

Card G8& only when MOBG > ¢ and MOBG < 67,

Card G8§ Tormat (1216}
| MGRBN(D, Id.number of the GAM group with the highest energy in the
: J=1MOBG| broader energy group J.
MOBG,

Cards G9 only when LSUB > &
A set of (J= 1, MOBG) cards (39 must be given for the MOBG broad encrgy groups.

Card (39 Format (6F12.5)
i SCLLY, Broad energy group It
: .=1,1L8UB Cross section-seifshielding factor of subset [
LSUB |
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Cards G160 only when NK = 0
A set of (I= 1 MOBG) cards (310 must be given for the MOBG broad encrgy groups.

Card GIG 'ormat (61512.5)

f SE(K.J), Broad energy group |

: K= I ,NK Neutron flux-selfshielding factor of cell 7zone K.
NK

A card G11 1e required for each nuchide {simplification of input can be defined on the

cards).
Card Gl Format (16,212,610 10.4)
i IDG > 0 Id-no. of nuclide in the GAM library in rising sequence
Nuchides standing belore the first given id.no. are as-
signed with selfshielding factors equal 1.0,
< This is the last card Gl
2 JT = (1 Information of this card applies also for all following
nuclides, unless revised.
= |: Information of this card applies only for this nuchde.
3 LSC = {: No cross section-selfshielding factors apphed.
> { Id.no. of cross section-selfshielding factors SC(LSC, J)
to be applied for this nuclhide.
4 ANTRY, f'raction of the homogenized atom density to be assigned to
: K=1,NK the cell zone no. K {only when NK > )

2.4.6 Thermal cell spectrum - THERMOS. T1 - Til

Card T1

[Format (1216}
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i ' NKER ! Number of different scattering nuclides. {< 5)




2 NKIRAB
3 NUTTE

4 NUCT

5 Ty

6 MUP

Number of absorher materials for which a scattering matrix
is calculated (Brown 5S¢ Johnes) (£ 10}

= (: Calculate TIHERMALIZATION for preparnng of a
THERMOS library (see Section 2.4.10).

= [: THHERMOS calculation, no subsgequent calculation of
sclfshielding factors.

= 2: Print-out selfshielding factors.

Maximum number of scattering nuclide id-numbers per one
scattering nuclide to be read for temperature calcuiation
(cards T2} (< 11}

Identification of fuel element type (see card T35) of which the

geometry data are used {or streaming correction and for the

performance data list.

= : Use the first {fuel element type (for which the first set of
cards T6-Ti0 is given).

> {1 Use the TTY-th fuel element type.

= _1: Define the geometry data on card T11. This is nccessary
if THERMOS cell definition is different from fuel cle-
ment size.

: Normal.
: Number of broader thermal groups (to be read on card
T1A) for given individual selfshieldings.

}
foue e

Card TIA only when MUP > Ooncard T1.

Card TIA Format (6E12.5)
] EMU(T), Upper limit (eV) of the I-th thermal broader group for the
: =1 MUP given individual selfshieldings, starting with the lowest ther-
MUP mal group.

For cach ol the NKER scattering nuclides one set of cards T2-T3, in sequence of VSOP

nuclides on card VA,

Card T2

Format (1216)

] B IKER(D, ! id.-no. of the 1. scattering matrix which will be used in the
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: I=1NUCT| temperature interpolation for this scattering nuchide.
NUCT
NUCT] KBLIND Number of dummy scattering matrices 10 be stored on data
+1 set 10. Must be specified on the last card T2, This reserves
storage il additional scattering matrices will be given in re-
start cases.
Card T3 Format (6E12.5)
i TCELS(), Temperature of this scattering nuclide for spectrum calcula-
: J=1NXS tion . (°C)
NXS

Card T4 only when NKERAB > 0 on card TL

Card T4 Format (E12.5,1016)
! TKG Relative temperature in the calculation of scattering matrices
for absorber nuchdes. (°K/291.6)
2 {IDTAL, Identification no. of nuclide 1 for which scattering matrix is
=1 NKERAR calculated.

Card TS Format (1216}

i NGEOM = {1 Cylindrical {uel element.
= L Spherical fuel clement.

2 NBER Number of different {uel element types for the thermal cell
calculation. Normally same as IDESIN on card (1. See also
NEFUTP on card D36

3 NTYSP(1), Identification no. of fuel clement type used for spectrum cal-

=1 NXS culation 1.
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For each fuel element type one set of cards T6-T10 required.

Card T6 Format {6F12.5)

! TKG Temperature for the initial guess of Maxwell neutron spec-
trum. °“K/T0. (=~ 1.5, see also STRTO on this card).

2 FUELL Ratio: Volume of the celi / homogenized velume. (E.g. volu-
metric filling {raction of fuel bhalis in the core).

3 FUTYP > (. [uel element type identification [} to be read [rom datg
set 29 (compare NFUTP on card D6).
= {1.: All design specifications must be given on cards T7, T§

4 STRTO = ().: Identification of the most important scattering nuclide.
Its ternperature will be used as base temperature 10,
as required for TKG.

STRTO = 1., 2. ... identifies the first, second ... scat-
terer in sequence of VSOP nuclide list (cards V3, T2).

= . TO = 2636 "K.

5 PNORM = {J.: Average cross sections are hased on the average cell
flux.

> 6.0 Average cross sections are based on the {Tux at the
mesh point PNORM.

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

6 TLEAK = -1.: Isotropic boundary condition. Read card T10.
= (.. Reflecting boundary condition.
= {.: White boundary condition.
Card T7 Format (2011,212,4E12.5)
1 MTRL(TY, Cell zone no. in which mesh point I is located. E.g
: =1, 20 P1122223330000. The highest digit defines the number of
20 cell zones NCZ. (< §)

21 IRRENN Skip f FUTYP > 0.
Cell zone no. in which the fuel 15 located.

22 COAT Skip if FUTYP > 0.
> (0 Cell zone no. in which the coated particles are located.
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23

24

25

26

COA(L)

COA(Z)

COA(3)

COA(4)

= () No calculation of coated particles heterogenity.

Skip if FUTYP > 0. or [COAT = 0.
Radius of the coated particle kernel. {cm)

Skip if FUTYP = 0. or ICOAT = 0.
Outer radius of the coating. {cm)

Skip if FUTYP = 0. or ICOAT = 0.
Volume fraction: coat. part./(coat.part. + matrix).

Skip if FUTYP > 0. or ICOAT = (.
Ratio: Density of matrix/density of coating.

Card T8 only when FUTYP = §. on card T6.

Card T8

[format (6F:12.5)

RED(E+ 1},
I=1,5

Outer radius of celi zone no. I. {¢m)
Inner radius of cell zone no. 1 is set to 0.

A card T9 is required for cach nuclide. For simpilified input see below,

Card TS

Format (15,14,11,6E10.4)

56

II3SG

MUPO

¥r

VROPSe4

= € Id. no. of nuchide 1n the THERMOS-library, starting

A

: -IDISO terminates the input of cards T9.

: Normal.
- Individual thermal selfshieldings of this isotope are giv-

: The fractional densities VB specificd on this card are al-

: The VB are vahd only for this nuclide.

with absorber nuclides in sequence of increasing num-
bers. Followed by the scatterers with modified numbers
VIO A+ 1. Here, =1, 2 ... identifies the first, second ...
scatierer in sequence of VSOP nuclide list, see cards VS5
and T2

en on cards T9A.

so valid for all subsequent nuclhides, unless revised.




VB(1)
VB(L),
_=2NC7

VBINCZ+ 1)

= {.: Fraction of the homogenized atom density to be as-
signed to the §. cell zone.

< §.: Practions are read from data set 29.
= _1.: Nuclide distributed like fuel.
= .7 Nuclide distributed like moderator.

Fraction of the homogenized atom density to be assigned to

the L. cell zone. L.=72. . .NCZ.

The fraction of the nuclide assigned to the coated particle

fuel zone TCOAT on card T7 must be {urther subdivided be-
tween kernel and coating-matrix. VB{(NCZ + 1) gives the fracH

tion in the kernels.

Card T9A only when MUPO > G on card T9.

Card TOA

Format (6512.5)

MUP

SFMIUNK),
K=1MUP

Individual selfshieldings of this isotope in the MUP broader

thermal energy groups as defined on card(s) T1A.

Card T10 only when TLEAK = -1. on card T6.

Card TI0

Format {6E12.5)

30

ALBEDO(D)

ALBEDO2)

ALBEDOG(,
J=13, 30

Albedo at the outer cdge of the cell for the lowest energy
group no. 1.

= [.: Reflection.

= 0. Vacuum boundary condition.

Albedo for the group no. 2.
= 0. Use ALBEDO(1) for all energy groups.
# 0.0 Read Albedos for all groups.

Skipped if ALBEDO(2} = (. Otherwise the group dependent

Albedos must be given,

Ligse continuation cards if necessary,

Input Manual

57




Card Ti! only when ITY = -| on card T1.

Card TH1 Format (6E12.5)

i FE(D) Volumetric filling fraction of fuel elements in the core.

2 FF(2) Inner radius of the fuel zone of the clements {normal = 0.),
3 FF(3) Outer radius of the {uel zone, {cm)

4 FE(4) Outer radius of the element. (cm)

5 11(5) ['raction of graphite balls {(only spherical elements).

2,47 CITATION, Joint diffusion calculation. C0-1 - CX-1

The diffusion code CITATION is applied for calculation of criticality and neutron flux
distribution. It is fed with macroscopic cross sections being prepared from collapsed
microscopic cross sections and from atom densitics at any time step defined by the input.
Actually the input for CITATION is described in Ref. /15/. A great deal of the input,
however, is prepared internaily by the VSOP, BIRGIT (2-dim.), 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 {or the f{irst 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. C0-1 - C8-3

Card CO-1 Format (216)
| N > 0 Dimension reserved for data storage {words).
< ¢ |IN| gives the dimension in units of 1000 words,
2 NGEO > ( Unit number from which the BIRGIT data for the geo-
metric design of the reactor are to be read.
= (: Unit number = 37 {(compare BIRGIT-Input card BIl}
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Fach individual case is to have two title cards at the beginning.

Card C6-2 Format (18A4)

i B(I}, First literal description of case.
: P=118

i8

Card CO-3

Format (18A4)

| B(I),
: =118
i8

Second literal description of case.

2.4.7.2 Genersl options. Ci-1- Ci-8

Card CI-1

Format (13)

i 10PT

001

Control options

Card (C1-2

IFormat (2413)

| NGCHT
2 NGC2
3 NGC3

i

{i: No effect.

> {1 Option to write data on logical device 35 to permit re-

start.

Input Manual

59




64

6

10
i
14

15

20

22

NGC4

NGCS

NGC6

NGCT

NGB
NGCY

NGCIO

NGCH
NGC14

NGCHES

NGCT6
NGCI8

NGO

NGC20

NGC22

VS04

= (: No effect.
= }: Save macroscopic cross sections on logical device 31.

= {1 No effect.
= & Option to write neutron flux map on /G logical device
21

= {) No effect.
= |: Option to write power density map on /O logical devi-
ce 32

0

Tvpe of cigenvalue problem.
= {: [iffective multiplication factor calculation.
=.5: Fixed source (read cards C26-1, 2, 3, 6).

0

0

Termination option {applied only to the flux iteration calcu-

lation).

= {: Terminate calculation and proceed as if converged if
machine time or ieration count s exceeded {sce cards
C1-3 and Ci-4 below).

= 1 If limits are exceeded, terminate calculation and pro-
ceed as if converged only if the iterative process is con-
verging.

= 2: H limits are exceeded, terminate calculations.

0

G

Macroscopic cross section option.

= {}: No eflect.

> {1 Only macroscopic cross sections input in section 008
will he used.




23

24

NGO23

NGC24

: No effect.
: Used to force 1/O for iterative probiems, generally not

used.

: No effect.
. Define unisotropic diffusion constants on the cards

C7-1 - C7-6. This aliows diffusion calculation in void
arcas as present in the pebbie bed reactor.

Fidit Options.

Card C1-3 Format (2413)
i TEDGH 0
2 TEDG? 0
3 IEDG3 = {1 No effect.
> ) Print macroscopic group-to-group transfer cross sec-
tions.
4 IEDGA = (h No effect.
> {: Print macroscopic reaction rate cross sections.
5 IEDGS = (1 No effect.
> {: Print gross neutron balance over system by group.
& IEDGSE = {: No effect.
= 0: Print gross neutron balance by zone by group.
7 IEDGT (;
8 TEDGSR 0
9 TEDGY = 0: No eflect.
> (1 Print zone average flux values by group. (1EDG6 = 0}
10 TEDGIO = {} No effect.
> { Print point flux values by group.
1 IEDGH 0
12 (EDGIE2 = (1 No effect.
> {: Print zone average power densities.
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3 IEDGIS = {} No cffect.
> {1 Print relative power density traverses through peak.

14 IEDGH = {}: Mo effect.
> (: Print point power densities.

15 TEDGES 0

24 TEDG24 0

General Hteration Count and Machine Time Limits,

The first numbers on this card C1-4 are the iteration count limits for the varous loop
calculations. Problems are terminated when the iteration count reaches the limit and the
calculation proceeds as per NGC1S5 (see card Ci-2). For a statics problem {no depletion
or dynamics) only the items ITMXI1, ITMX19 and 1TMXZ21 appiv.

Card C1-4 Format (2413)

I ITMXI > O Maximum number of initial eigenvalue problem itera-
tion. If the demand is greater than 999 iterations, it can
be redefined:
ITMX! = [JK. IfI = 8 and IK > 0 it is redefined ag
ITMXT = | * 100 * JK.

= {} Defauit value = 200

2 ITMX2 0
I8 ITMXIR ]
The following items are the machine time limits (min) for the
various loop calculations and also total computer time limit;

generally calculations continue if time is exceeded as if con-
vergence criteria had been satisfied.

g I'TMXi9 > {k Limit for the initial cigenvaiue problem.
= {: Pefault value = 60

20 I'TMX206 > 0 Limit {or all other cigenvalue problems.
= Deflault value = 30

21 I'TMX21 > O: Limit of any reactivity loop.
= () PDefault value = 60
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22

23

24

F'TMX22

ITMX23

ITMXz24

0

0

= {: Limit of total machine time.
= {n Deflault value = 120

General Restraints

Card CI-5 Format (6E12.0)
Any calculation will be terminated if the following restraints
are not met.
| GLIMI > 0.; Maximum multiplication factor.
= (). Default value = 1.5
2 GLIM2 > 0.: Minimum multiplication factor.
= (! Default value = 0.5
3 GLIM3 0.
6 GLIM6 0.

2.4.7.3 Description of neutron flux preblem. C3-1 - C3-4

Card C3-1

Format {13)

1QPT

003

General Deseription.

Card C3-2

Format (2413)

I l NUACH l Type of [lux approximation.
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i

13

NUAL?2

NUAC3

NUAC4Y

NUACS

NUACS6

NUACT

NUACE

NUACH

NUACHO

NUACH

NUACT?

NUACTS

VEOP94

i

O0: Fintte-difference difTusion theory.

i

0: Use available flux, multiplication factor and accelera-
tion parameters from the previous calculation.

;

0

Geometry option.
= 7. Two-dimensional cylinder. (1,7}
= [ I: Three-dimensional slab. {x,v,7)

0

0

Indicator of two-dimensional diagonal symmetry {(on planes

if 3-B). Set to ¢ if NUACH = -1

= (: No eflect.

> : There is symmetry about the diagonal starting at the up
per lefthand corner and there are the same number of
rows and columns.

< (1 There 15 inverted diagonal symmetry.

Indicator of two-dimensional symmetry along column siices
for 3-ID problems only, see options above (NUACSR).

4§

Nete:
2-dim.: r = left — right

r
z = top -+ hottom

3-dim.: x = left -» right
y = front — back
7 = top -+ bottom

i

Left boundary condition (required for 1-I3, 2-D, 3-D}.
=.}: Periodic.

= (1 Extrapolated {vacuum).

= |: Reflected.

Top boundary condition (required for 2-D, 3-D).
= () {Ixtrapolated.
= | Reflected.

Right boundary condition {required for I-13, 2-13, 3-1.

3

Set to -1 if NUACIHT 15 -1




14

I8

19

20

21

22

23

24

NUACHS

NUACIS

NUACL6

NUACH

NUACIE

NUACIS

NUAC20

NUAC2Y

NUAC22

NUAC23

NEIAC24

(see NUALC20 above).

0

= {: I'xtrapolated.
= |: Reflected.
= 3. Inverted reflection (180 ° rotational symmetrie).

Rottom boundary condition {required for 2-D, 3-1}.
= (: Extrapolated.
= | Reflected.

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

Back boundary condition (required for 3-D).
< {0 Extrapolated.
= {0: 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). NUACI7 can be > 999,
since NUAC16 has been medified in its format to 2 10,

i

0: Only positive neutron flux allowed.
0: Option to allow negative neutron {lux.

v

it
<

: No effect.
: Override use of Chebychev polynomials in adjusting the
acceleration paramcters.

W
o)

= -|: Force alternating direction line relaxation on rows and
columns, and also {ore and after for 3-D.

-2: Use only on rows and columns.

: Line relax oniy on rows.

0: The code selects line relaxation on rows only with one
inner iteration [or all problems involving upscattering,
otherwise three inner iterations for 3-13 problems with-
out [/O and five with data I/O during iteration, and al-
ternating direction line relaxation for all 2-I) problems.

I

v
]

It

0

0

Specified number of inner iterations. Normally not specified
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Iteration Cenvergence Criteria,

Card €3-3 Format (6E12.0)

I FEPLI Maximum relative flux change {or the last iteration of each
initialization eigenvalue probiem. (6.0001)

2 P2 Maximum relative change in the ecigenvalue for the last itera-
tion of eigenvalue problems. This applies to the muitiplica-
tion factor calcuiation. (0.00001)

3 EP{3 0.

4 EP14 Replaces EPI for all eigenvalue problems except those for
initialization or static calculations. {0.0001)

N CPris 0.

6 EPl6 0.

Miscellaneous Data,

Card C3-4

Format (61:12.6)

| XMISI

2 XMIS2

3 XMISE

4 XMIS4

66 VS0P

External extrapolated boundary constant. )

= (.: The code will use the buiit-in value for all extrapolated
houndanes. (0.4692)

> (). Specilies the constant for all extrapolated boundaries
for all groups (see NUACIT - 16 on card (’3-2).

Internal black absorber houndary constant lor the zone

NUACIT.

= 0.: In connection with NUACI7 > ¢ on card (C3-2 the co;
de will use the built-in value for all groups and the ab-
sorber will be black over all encrgy. ((.4692)

= 0. The constant for all groups applying to zone NUACHT

Core power level. (MW}
Use 0, because the core power is an internal data transfer
from VSOP to CITATION.

Conversion factor, ratio of thermal encrgy to {ission energy.




5 XMISS

i

6 XMIS6 Initial overrelaxation factor. Normally calculated by the code
and not specified here,
o _ D d¢
P Jx

2.4.7.4 Diffusion calculation in void areas. C7-1 - C7-6

Cards C7-1 - C7-6 only when NGC24 = -1 on card Cl-2.

Card C7-1 Format {216}

I Hi Number of void areas {card C7-2). (< 6)

P kil Number of different sets of void cross sections {(cards C7-3,
CT-4) (€5

Card C7-2 Format (1814)

! [ZONE(]), Id.no. of void cross section set to be inserted into the J. void
area.

2 MBS Y, First CITATION zone located in the . void arca.

3 MIE(},2), Lag CITATION zone located in the J. void area.

T=1JH

One set of cards (7.3 - {7-6 for each of the K= |, KIT void cross section scts.

Card 7.3

Format (6F12.5)

| l SGALK,T), ! Macroscopic absorption cross sections of the energy groups
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[=1N26

I

Card C7-4

Format (6F12.5)

i SGR(K.T),
: I=1,N26

Macroscopic removal cross sections of the energy groups [

Card C7.5

Format (3E12.5,13)

i RDK(K}
2 V2K, 1)

3 V2AK.2)

4 TKEN

Thickness of this veid in radial dimension. (cm)

Factor to be multiplied to the diffusion coefTicient in radial
dimension.

Factor to be multiplied to the difTusion coeflicient in axial
dimension.

= (): No ellect.
> 0: Group dependent factors will be defined on card C7-6.

Card C7-6

Card C7-6 only when IKEN > 0 on card C7-5.

Format (6E12.5)

! FREN(K, ),
: i=1,N26
N26

Energy group dependent factors to be multiplied to the V2 of]
card C7-5,

2.47.% Fixed source. C26-1,2, 3, 6

Cards C26-1, 2, 3, 6 only when NGCI10 = -5 on card C!-2.

Card (C26-1

Format (I3)

i [OPT

026
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Card C26-2

Format (213)

H NEXI

2 NEX2

= .11 Fixed source is specified by zones (drop the cards
(026-4 and C26-3).

= ()1 Short output.
> O: Source (n/sec) will cdited by mesh points.

Card C26-3

Format (6E12.5)

| VIT(D),
: I=1,N26
N26

I'raction of the fixed ncutron source distributed into each
group starting with the highest energy group. These should
sum to unity but are normalized to unity by the code.

Card C26-6

Format (6(13,9.3})

i N2E(1),
2 V2P(1),
=1, ..

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

Fixed source. ( n/scc—cm3)

2.4.7.6 Location of the reflector edges. CX-1

Card CX-1 defines the location of the edges of the reflectors in order to print the maxi-

mum neutron dose,

Card CX-1

Format (1216)

I i ITR

l Neo. of the lowest mesh of the top reflector.
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2 IR No. of the upper mesh of the bottom reflector.

3 IRR No. of the inner mesh of the outer radial reflector.

4 JIR Na. of the outer mesh of the mner reflector column.
2.4.8 Fuel cycle costs calcddation. Ki - Ki2

Cards KI-K12 only when NKOST > 0 on card Vi0,

Card K1

Format {1014,A4,14,A4)

70

6

iDCOST

NCD

NMAF

MXTYP

ND2O

NPUFD

IPRINT

VEOPod

fdentification number for the cost library to be prepared. It
will contain the reactor burnup history for KPD-cost calcu-
lations.

= (: No cost Iibrary will be prepared.
> 0: Data set reference number for the cost fibrary. {(Sequen-

tizl data set on magnetic tape or private disk)
=40 Dhirect access data set must be /G IT40FOGGT.

Number of burnup cycles for which burnup data are supp-
lied. The length of approach to cquilibrium phase 15 assumed
to be equal to NMAF burnup cycles. NMAT may be over-
ridden by information contained within burnup data.

Number of different fuel types in the system (< 10). For
cach type a set of cards K7-K 10 is required.

= {): Normal.

> Or Heavy water moderated reactor and 1,0 expenditures
inciuded in cost calculation. Card K12 required. (This
option may be used to simulate capital costs of power
plant).

= {: Normal.

> {: Pu feed cycle, for cach period a Pu equivalence value is
calculated according to specified I'CC {or uranium feed
cycle on card K11

= (1 Print-out without materials balance for each batch,




8 ICARD

9 |18

i0 NEWCO

= 1: Print-out includes materials halance,

f
@

: Normal, only of significance for restart cases.

It

W
o

: Normal.

: Calculate average equilibrium I'CC over the last 1Q pe-
riods (Ref/ 18/, Section 3.5).Recommended when the ac
counting peried is shorter than the irradiated time of
the {uel to obtain representative FCC for the equilibri-
umn cycle,

= {: Neglect financing cost of fresh ocut-of-pile batches class
= |. (Normal when appropriate lead-times arc used).

= |: Calculate financing cost of fresh out-of-pile batches [or
the time TOUT on card K4. This option only for cases
with out-of-pite batches, 1.e. KUGL > 0 on card R3.

i 5 Monetary unit in which input is supplied. The user specifies
the 4 character alphanumeric designation to be used in print-
out, e.g. DM or USS.

I2 $X$ The energy cost is calculated in units of 3§ (see below) and
$XS is the conversion from § to $5. E.g. 100 means § = 100
$%.

13 $% Monetary unit in which energy costs is calculated and printed
in output, e.g. Dpf or Mill

Card K2 Format (6E12.5)

| I Annual Toad factor. Same as AAAA on card R2.

P HTA Net efficiency of power plant.

3 GLD > 0. Total lifetime of the power plant {(a). Average I'CC are

calculated for GLD vears assuming an approach to
equilibrium phase of NMATF periods. For the rest of
the lifetime the last (or the [Q last) calculated periods
is defined to be the equilibrium period and repeated till
the end of plant operation. For 3,0 cost calculation
GLD is taken as amortisation time {or heavy water in-
vestments.
< 0.t Drop average F'CC calculation.
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4 GM7Z Number of instalments of electricity revenues within a period
Normally = 1., but for longer operation periods monthiy or
quarterly intervals of payment should be assumed.

Card K3 Format {6F12.5)
i Z1 Pre-irradiation interest rate {I/a} on fuel expenditures.
2 72 Pre-irradiation interest rate {i/a) on fuel fabrication and

I3,0 replacement costs.

3 74 Interest rate (1/a) on all capital, incl. electricity revenues
during irradiation,

4 23 Post-irradiation interest rate (1/a) on capital to finance fuel
credit (i effect discount rate).

5 75 Post-irradiation interest rate (1/a) on reprocessing and ship-
ping costs.
6 ZL Discount rate (1/a) for present worth levelising of all expen

ditures and revenues over reactor lifetime. In most cases all
interest rates will be 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.

Card K4 Format (6E12.5)
I S8 Tax rate (l/a} on [issile investments.
2 RES Reserve factor (RES = | -+ reserve) to account for addi-

tional fabrication costs for rescrve clements in the initial co-
re. In later cycles program sets RES = 1. The capital char-
ges arising from a reserve store are contained in the appro-

priate defined lead-times TIN and TFARB on card K9.

Blanc = 1.0,

3 VIIRL Recovery factor for reprocessing. {0.97 - 0.99)
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YPA

TOUT

2331’) 233{-}

Fraction of discharged a decaying into during out-
of-pile storage (normally = 1.0}, When using VSOP and
having defined storage and reprocessing time, the amount of
23] reaching the reprocessing plant has already been explic-
itely accounted for, then YPA = (. {239?\4';1 is assumed to de-
cay completely into 239pyy,

Storage time (days) before reuse of out-of-pile batches. I'i-
nancing cost with interest rate 74 is calculated during time
TOUT. Also for fresh fuel if not NEWCO on card K1 15 spect
ified = 0.

Normaily the out-of-pile time will be the same as cycic length
and TOUT = -1. Will cause code to specify TOUT = cycle

tength for each cycle.

Card K3 is always required. The data for uranium ore and enrichment will be used to
calculate the price of #*°U for different fuel types and the changing value during de-

pletion.

If this option is to be by-passed, CUS(K) for all fuel types = 0 and CUSNK)

specified accordingly, see cards K7.

Card K5 Format (6E12.5)

| CU308 Cost of uranium ore as U,Og (§/1b U,0y). The price is given
as per Ib corresponding to common use in literature.

2 CO8F6 Cost of conversion of U,0y to U, (§/kg U). The enriched
end product is in the form UL, the costs of converting the
hexafluoride inte U0, or any other compound, are inciuded
in the fabrication costs.

3 CTRENN Separation cost. {§/SW1])

4 TAIL Tail enrichment, i.e., 2>°U content in discarded uranium from
diffusion plant; at present = 0.003, but likelv to be 0.0025 in
the [uture.

5 XLOSSH Losses in conversion of U,0, to U {typically 0.5 - L.0O%).

6 X1.0OS8S2 i.osses in conversion of enriched UF, to UO, or UC and n
fabrication {(typically 0.5 - L.0%).
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(Card K6 is always required. The costs of fresh 2327h, 231 and fissile plutonium are as-
sumed to be the same for all types of fucl. The discharge value mayv, however, vary ac-
cording to composition and subsequent utilisation and for cach fuel type depreciation
factors are specified on cards K8.

Card K6 Format (6E12.3)
1 CTH232 Cost of 23Th ($/ke), at present 10 $/ke.
2 CU233 > 0.: Cost of fissile 233U, ($/kg)

< 0. Cost of 233U is calculated relative to cost of 93% en-
riched 23U with ABS(CU233) as parity value.
Cost{333) = ABS(CU233) * Cost(93% 2331))

0.: Cost of fissile 2*7Pu and 241. ($/kg)
0.: Cost of Pu-fission relative to cost of 93% 23517 with
parity value ABS{(CPUTFIS).

3 CPUETS

=
<<

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

Card K7 Format (6112.5)
i ANSM Type of heavy metal:

boo Thimety, 2. ThOz, 3.0 ThC, 4. ThCz,
5.0 U(met.), 6. UOz* 7. UC, 8. UCZ.

2 Cus Initial reference enrichment of 233U, in uranium (next word
CUR < 0.). All cost calculations are performed with the actu-
al corichment of a batch regardless of the reference enrich-
ment for the type. Cost data on card K5 are used. Cost of
2350 {$/kg} when next word CUR > 0. Price kept constant
during calculation.

3 CUS < 0. Cost of 2% = 0., and cost of #*U caiculated from
batch enrichment and card K5,

= 0. Cost of 2¥U ($7kg). Supply 23U cost as specified
above. This aption operates only when CUSR > 0. for
all types!

4 CI'AB > 0. Fuel fabrication cost ($/kg M) excluding cost of
heavy metal. Monetary unit is § as specified on card K|
and given per kg initial 1M in fuel clement.
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5 CAUF

< {r: Use data which are given on data set 29 for this fuel
clement type.

= 0. Total costs of reprocessing, shipping and storage
($/kg FIM) pavable at tume TAUT (card K9} after dis-
charge. Cost per kg discharged 1TM.

< (.: Use data which are given on data set 29 for this fuel
clement type.

Interests on HM during fabrication and reprocessing are cal-
culated separately by the program for lead and lag times TIN
and TEX on card K9,

Card K8

Format (6E12.5)

! CHITH

2 CHIU3

3 CIHiu

4 CHIPU

= 0.: Irradiated and discharged fertile material (Th, U} has
no value.

> (.: Cost of discharged fertile material depreciated by the
factor CHITIHL

: Discharged 23U has no value.
. Discharged #**U cost depreciated by factor CITU3.

{
ot

: Discharged 223U has no value.
: Pischarged 2354 cost - for actual enrichment in deple-
ted fuel - depreciated by factor CHILUL

Vol
oo

= {).; Discharged [issile 239py and 241 has no value.
= 0.: Discharged Pu-fissile cost depreciated by factor CIII-
.

Card K¢

Frormat {61:12.5)

1 TORE

2 TIN

Lead-time (d) for payment of uranium ore for replacement
fuel. Lcad-time is counted prior to the time of loading the
fuel into the reactor and start of irradiation {typically 1 -
.5 v

Lead-time (d)} for payiment of enrichment service and con-
version costs for fuel replacement relative to (uel loading (ty-
pically 0.5 - 1.0 v}, Also lead-time f{or purchase of 233U and
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3 TEAB
4 TEX
§ TAUF

fissile plutomum.

fead-time (d} for payment of fabrication costs for replace-
ment fuel relative to fuel loading {typically 0.5 - 1.0 y). The
lead time for D,O replacement is taken the same as TFFAB
for fuel type 1.

Lag time {d} for credit for discharged {uel relative to time
of discharge at end of irradiation. No difference between lag
times {or replacement and initial Nuel (typrcally 0.5 - 1.0 v

Lag time (d) for payment of reprocessing and shipping costg
for discharged fuel relative to end of irradiation. Same for re-
mlacement and initial fuel. (Typically 0.5 - 1.6 vy},

Card K19

fformat (61112.5)

| TORE
2 TIN
3 TFAB

f.ead-time (d) for payment of uranium ore {or mital core.

Lead-time (d)} for payment of enrichment service and con-
version costs {or initial core.

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

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

Card K1l only when NPUEFD > ¢ on card K 1.

Card K11

Format {61712.5)

| UUKOST(1)
NMAH

VKO8T
{(NMAT)

Fuel cycle cost ($$/KW, ) {or the first period for the corre-
sponding uranium feed cycle. A Pu price is cvaluated for this
period to vield PCC equal to UUKOST(1)

The IFCC for the U-cycle must be specified for all periods
NMATF. This calculation aliows for NMAT < 30 only.

Continuation cards 1 necessary.
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Card K12 only when ND20O > O oncard K1

Card Ki2 Format (6E12.5)

1 DOUTIN Weight (kg) of total D,O in-pile and out-of-pile inventory.
(12,0 cost calculations may be used to simulate amortization
of capital investment for the plant. The capital is then paid 1
instalments at the beginning of cach cycle or accounting pe-
riod, in such a wav that the instalments levelised over the life
time GL.D give the total present worth value at the time of
start-up. In this case DOUTIN could be interpreted as

K W(e) of the power plant.)

2 CDNEU Cost (§/kg) of new 13,0. (Capital cost including interest du
ring construction at time of start-up i §/KW(e}.)

3 CDALT Cost (§/kg) of old D,O (0., t.e., no value of station end-of-
life).

4 7 Interest rate (1/a) on 1,0 investments {or capital costs).

5 SD Tax rate (1/a) on 2,0 investments (or capital costs).

6 Vi) 3,0 losses per year (normally 0.01). It is assumed that the

13,0 replacement expenditures have the same lead-time and
interest rate as fabrication costs.
(0.0 in case of plant cost).

2.4.9 Fuel management. RI - R36
Cards RI-R36 only when NRSTRT > O on card VI0.

2.4.9.1 General definitions, RKi- R3

Card R1 onlv when NRSTRT = 3 or 4 on card V190, i.e. for fuel management with re-
PrOCEssing.

Card RI Format (6112.5)

| i XREE’R(){I}J Reprocessing factor {for material no. [
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KMAT

F= LKMAT

The reprocessing plant is simulated by reprocessing {actors
multiplied to the different nuchides. The decay of 233pa and
239Np is calculated for period TREPRO (card R2). The re-
processing factors are defined as:

1.00 = No losses.

0.00 = Complete removal.

0.95 = 5% loss during reprocessing, ctc.
Data must be specified for all KMAT {card V3) nuchdes. Thg
same reprocessing factors apply to all batches.

Contmuation cards if necessary.

Card R2

Format (6E12.5)

&

THOWN

TSTORE

TREPRG

AAAA

BRUICEHE

AGEBOX

78 VSOPo4

> . Length of downtime during reload (davs). The decay of
233?&, 239Np and '¥¥Xe are calculated for all in-core
batches.

< 0.: The fraction [TIDOWN] of the duration of the precc-
ding burnup cycle is used as downtime.

> (.. Length of out-of-pile storage time (days) before re-
using the fuel. Decay is calculated for all out-of-pile
hatches, cxeept those of class T {{resh) and class §
{scrap). Financing costs are paid during time TSTORE
The rradiation age of a batch is tncreased by TSTORI
[AAAA, i.e in {ull power days.

< 0. TSTORE is set equal to the period between two suc-
cessive reloads, so that out-of-pile fuel is reloaded al-
ter one cycle.

Length of cooling, shipping and reprocessing time {days) of
discharged fuel. Decay is calculated during this period for
scrap [uel batches and reprocessed fuel batches.

Load factor of power plant. When fuel cycle costs are evalu-
ated, same as [' on card K2 in cost input.

Failure rate of discharged fuel {pebble bed reactor onlv). In
cach discharged batch a fraction BRUCTH is assumed non-re-
usable and added to the scrap batches.

= .. No effect.
= 1.; Aging boxes for reprocessing mixtures will be specified.




Card R7 1s required.

Card R3

Format (1814}

i KUGH

2 KELASSE(,
F=1JTYP

= {): Reactor without out-of-pile cycle.

s Htadaide bnd roactar vt oAvit_al miles ol oo oy e

b REFEXIL 10T LR RRFL WY BLRY VFRELTUR }'Ef\t kA liitlll‘&E\uiil\.ﬂilt.
Fresh fuel stores for each type, reusable discharged fuel
batches, check on discharge burnup, and handhng of
discarded scrap fuel.

= 2. Reactor with out-of-pile cycle: As above, fucl may be

replaced in any core position.

-

> {: No. of burnup classes of fuel type L. The fuel of cach
type is subdivided into burnup classes. Class 1 1g fresh
fuel. A total of 20 classes are aliowed for all 10 types,
this means that cither one type with 20 classes or many
types with a variable number of classes may be speci-
fied.

= (: Code assumes one class and defines Fima limit = 0. Ng
cards R4 are required.

2.4.9.2 Data for individual fue] types. R4 - R6

Cards R4-R6 only when KUGL > 0 on card R3. The cards are supphied as a set for
each fuel type, e JTYP sets.

Card R4 is skipped, if for this fuel type the number of burnup classes, KLASSE on
card R3, has heen specified = 0. The code assumes KLASSE = 1 and FIMAKL{1}

= {},

Card R4

Format (6E12.5)

! FIMAKLY

Upper Fima limit for burnup class 1 of this fuel type. The lo-
wer limit {or class 1 is defined as €. by the code. The Fima
values are used only to discrinminate the classes and not o
determine fuel burnup in MWd/t.

The definition of Fima in a batch at time
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2 FIMAKL(2

FIMAKL
(KLASSE)

Fima(t) = |[FEIM{) - FIM{OY] 7 TTMI(O)
Upper T'ima limit class 2.

Upper Fima limit last class, KLASSE, of this {uel type.

Format (4(16,12.5))

Bt

Drefinition of fresh fuel
Card RS

I NTPY

P PARVILI

3 NISO

4 XMARX

VROP94

Fuel type no.

Volume (cm3) of fuel store,
The choice of fuel volume is arbitrary as long as no fnancing
cost of [resh [uel store is calculated (see KPID report). In ma-
ny cases it is advantageous to define the volume equal to the
volume of one fuel element and when reloading specify the
{raction of the store as no. of elements in the batch, When
requiring more fuel from the store than actuaily present, the
store is regarded as unlimited. Fuel removed {rom the store
does not change the remaining volume, neither does the iso-
topic composition change during reactor life.

> {1 Number of isotopes on the following cards Ré. The
composition of fresh fuel 15 specified by NISO and the
cards R6. Isotopic concentrations are 7ero, except tho-
s¢ mentioned on cards Ré.

= 0: Cards R6 are skipped for this [uel type, and PARVLI
= 0,

< -10
Composition of fresh [uel store is defined in DATA-2
{cp. NFUTYP on card D6). ABS(NISO) specifies fuel
with 4 digits LIKL:
i Fuel type 1d.no.
KI. = Variant of type 1J characterizing enrichment va-

reant.

i

No. of the reprocessing mixture to which scrapped fuel of
this type belongs. Discharged fuel is combined to reproces-
sing mixtures, cach mixture may consist of one or more fuel
types. After each reload the discharged fuel is volume avera-
ged to form a mixture, which at the next reload may be re-
processed and used for refuelling. XMARX < 10.




IFAGEBOX = 0. {card R2} this reprocessing mixture is
transfered to its corresponding aging box{es). If [or all types
XMARX = 0., no reprocessing mixtures are prepared.

Card R6 only when NISO > 0 on card RS.

Card Ré Format {416, E12.5%)

i |3 Id.no. according to VSOP list of first nuclhide with atom den-
sity # {0,

P DAV{L) Atom density of nuclide L in fresh fuel store {or type NTPI.

3 L Id.no. of second nuclide.

4 DAV{L) Atom density of second nuclide.
[Jata for all NISO isotopes in fresh fuci store.
Continuation cards if necessary.

2.4.9.3 Aging boxes for discharged fuel. R7

Card R7 only when AGEBOX > 0. on card R2.

Card R7 Format (1814)

i NAJIB(E, Number of aging boxes plus one jumbie box to he defined fos

: J=1.MREP| the l. reprocessing mixture. MREP is the total number of re-
MREP processing mixtures being defined by the XMARX sequence

on card K5, NAIB < 10

MNote:

I. Discarded scrap fuel from the reactor is ioaded into the re-
processing mixture box I

2. It is transfered to the corresponding first aging box,

3. Aging boxes are stepwise transfered to the next higher
ones.
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4, Those with an age > TREPRO (card R2) are transfered to
the corresponding jumble hox J.

5. IENAIB(D) = 1, the reprocessing mixture box J i1s imme-
diately given to the jumbic box.

6. A fraction FOJB(Y) (card RI15) of the jumbie box is inser-
ted into the reprocessing mixture box I It is ready for use
at the next reload, which will be performed after the fol-
lowing burnup cycle.

7. That fraction which is not used, is returned to the jumble
bax I

2.49.4

Instructions for one burnup cycle. R8 - R36

‘These cards will be read at the end of each burnup cvcle. They define the fuel manage-
ment prior to the subscquent cycle and give some new options for the next cycle.

Card RE only when IRR9 > 0 on card V2, and only at the beginning of a restart. The
preceding run ended after a fuel management performance. The restart starts at the be-
ginning of the new burnup cycle. This card allows to change some options for this first
cycle, which have been given at the last card R9 of the preceding run.

g2

(lard R8 i'ormat (1213,3E12.5)
] IPRIN(T) Same as on card R9.
pi IPRIN(D) Same as on card R9.
3 IPRING Same as on card RY. {-2: Doesn’t work).
4 IPRIN(G) Same as on card R9,
3 NNSTOP = 6: No eflect.
> (; Number of large time steps per burnup cvcle, t.e. rede-
finition of INSTOP (cards Vi6 and R14).
[ NNUM = (}: No effect.
> 1 Number of small time steps per large time step, e re-
definition of INUM {cards V16 and R14),
7 IXEN = 0: "9Xe equilibrium.
> O Explicite 331 and 3 Xe calculation.

VSOPad




8 NIAVC
9 IBUC
10 MUTIU3
i NOCPA
12 IVSP1H
i3 XDAY
14 XPOW
i15 XKAY

= {}

[

il
e

< i)

= {};
> ik

<

MNate:

Prio

quires cards C0-1 - CX-1 (Section 3.4.2).

Sam

Same as POWER on cards Vi35 and RI14.

Sam

: No Change of the option of average fuel cycle cost cal-
culation.

: Drop average "CC calculation,

: Calculate average OO,

: Leakage feed back option unchanged.

: Feedhack of broad group bucklings to GAM and ther-
mal leakage to TITERMOS.

: Feedback of average epithermal buckling to GAM and
thermal lcakage to THERMOS.

: No feed back at all.

: Streaming correction option unchanged.

: Streaming correction LIEBEROTI] /34/ in power gene-
rating batches {only for pebble bed).

: No streaming correction at all.

: Option of control poison adjustment unchanged.
Il in the preceding cvcle control poison adjustment was
calculated, it can be stopped here, {Code sets JSER =

1.
No change of difTusion calculation option.

Repeat diffusion calculation as defined by the IDIFF
on cards V23/RI7.

. Drop diffusion calculation,

r to the first diffusion calculation of a restart the code red

¢ as DELDAY on cards V15 and Rid.

¢ as ZKEFINIY on cards V15 and R14,

Card RY

For

nat (2413}

i TVSP(1)

< |

= I

The information of this card holds enly {or this shuflling
and for the following burnup cycle.
The information of this card holds for FVSP(}) shufl-
iings and burnup cycles.
The items 2 .. 11 are kept, the others are set to .
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#4

IPRIN(E)

IPRIN(2)

IPRIN(I)

NPRINT

IPRINT

JTIK

IN2

IPRIN(4)

V&EOPo4

Cutput options:

Spectrum caleulation (same as on card V21I)
= (: Thermal selfshiclding factors, only.
I: Same as 0, plus averaged thermal cross sections.
= 2: Same as |, plus {inc group neutron fluxes.
3: Same as 2, plus broad groups averaged cross sections
for materials with concentration > 0.
: Same as 3, {or all materials.

il

it
I

.
-

k No output.

I: Printout of the irradiation time of the batches.

= 2: Same as 1, plus atom densities (only in combination
with IPRIN(3) = 0).

i

Rurnup calculation (same as on card V21):

=.2: All output dropped (submitted to a dummy data set 4}
except K ..

= -1: (Global neutronic balance.

= {: Detailed neutronic balance.

= {: Same as 0, plus charactenistics of the N200 fuel batches

Fuel management operations at this reload:

=.]: No fucl management output.

= {1 Short summary.

= I: List of all operations {(recommended).

= 2: Detailed printout including atom densities in all batches
before and after reload {verv much!}.

FFuel cycle costs calculation {same as on card K1}
= {r Printout without materiais balance [or each batch,
= |1 Printout includes materials balance.

VSOP - THERMIX:
= (: Minimum output.
= |: Thermal propertics of the VSOP - layers.

= {1 No effect.

> 0 No. of the burnup time step for which a list of perfor-
mance data will be printed.

< : Print neutron balance averaged over the cycle.

Steering the calculational performance:

= (1 Skip spectrum calculation i a set of cross sections is
available. Instructions on cards V22/R 16 are neglected.

= [: Repeat spectrum calculation as defined on cards V22
R16.




10

It

IVSP(EDY

44

NKELP

f
o]

= O
> 0 Data set number for ATLAS-library (onily for 3-dim.

NKEEP = LI L
J = O Use the previously defined {ucl management scheme.
= {: Read a new fuel management scheme on the cards

= 7 (enerate a new fuel management scheme with all

: Same as 1, but only for the thermal spectrum.
: Same as I, but not lor zones without heavy metal {re-

: Same as 2, but not {or zones without heavy metal {re-

: Drop diffusion calculation.
: Repeat diffusion calculation as defined by the [DHE

3 Generate a new fuel management scheme. Batches

4: Same as 3. Also the power generating batches stay in

5. Generate a new fuel management scheme.

= (; Normal.

I: [Fuel management is preserved for ORIGEN {equifi-
2. Lile history is preserved for afterheat calculation,

3. Stop the preservation of the data for afterheat calcu-

= (: Normal.
= 2: Life history is preserved for PRIOR/ORIGEN-JUL-

flectors).

flectors).

on cards V23/R17.
MNo effect (2-dim. cascs).

cases). It must be defined when MUTIU(R) > @ at the
end of this card.

R24.

batches staving in their position (no cards R24 are
required).

with individual fuel management instructions will be
identified on cards R24. Non identified power genera;
ting batches will be shuffled to the next layer.
Non-power generating batches (e.g. reflectors) stay in
their position,

their position.

For power gencrating batches: ['uel management in-
structions given for a batch on card R24 are due (or
all subsequent batches until redefined by a new card
R24.

Non-power generating batches (e.g. reflectors) stay 1l
their positions.

hrium cycle treatment) and explicite afterheat in
THERMIX.

starting from next cycle, on umit 60,

lation. Last preserved data are from preceding cycle.

1T on unit 39, starting from next cycle.
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13

6

18

19

RE

NCYC

IVOIiD

IREDEF

IVSP(I6)

IVSP(T)

IRETHM

NTIK

VSOTPo4

= {}:

3 Stop the preservation of the data for PRIOR/ORI-

GEN-JUL-IT. Last preserved data are from preceding

cycle.

No effect.
After this [uel management some fuel of the jumble

boxes can be loaded into reprocessing mixtures. Here it
is available for the fuel management alter the next burn-

up cycle. Read card RIS,

Redéﬁniﬁons:

= {}
= |

NTIK = [ J K:

O No effect.

0: Perform temperature calculation.

[: Read new time steps I'TEMTP on card R18, and read

K =

/

i

No effect.

Redefinition of void arcas for CITATION on card R

: No effect.
: Redefinitions of time steps, power, criticality con-

straints ete. on card Ri4,

: No effect.
: Redefinition of ume steps for spectrum calculation.

yive ISPEKT on card R16 (same as card V22).

: No efect.
: Redefinition of time steps for diffusion calculation.
Give IDIFF on card R17 (same as card V23).

: No effect.

: Redefinition of temperatures of the spectrum zZones.
Read cards R19, R20 {same as card G2 and NKIR
cards T3).

: Read new resonance integral definition on cards R21
{same as cards (G4).

. Includes both options | and 2.

2: Read new ITEMP on card R18, use previous THER-
3. Use previous ITEMP, and give new TIITERMIX in-
4: Use previous ITEMP, previous THERMIEX mput.

O THERMIX calculation.
i

new input {or THERMIX on cards TXI-TX23, KX1
- KX5.

MIX input.

put.

One single THERMIX calculation at cach tme step




20

21

22

23

24

LIB

LOB

MUTTU(T

TVSP(24)

MUTIL(R)

= {: No effect.
> 0. Write library ‘status of core’ for TINTE /6/ on data set

< ©: For each hatch write atom densities on dircct access

Pummy.

= () No cffect.
> O Tixtracted number of nuclides (< 20 for the output of

N

0: No cffect {2-dim. cases).
0: No. of burnup time step. Batch data of 3-dim. cases are

Terminate the run after this fuel shuffhing. The follow-

given by the [TEMP.

I: Time dependent THERMIX paralict to the VSOP
(input sequence: cards TXT - TX4, TX17 - TX23,
KX - KX5)

2: Apply the power distribution of the individual time
step and the afterheat.

3 Power for THERMIX is only the alterheat.

3 Same as under 2, read cards R11, R12, RI3, but
R13 only at the beginning of THERMIX. Adjust-
ment of the power for given K .

6. Same as under 35, but read card Ri3 anyway (the
counting of THERMIX runs starts again from
ITIK(I} = O}

0. No effect. Use the information of the given THER-
MIX-KONVEK input.

1: Submit new KONVEK input.

19 at time step L.IB prior to the spectrum and difTusion
calculation. Read card R35.

unit 28,

atom densities at the end of the burnup cycle. Read id.4
numbers NUPRI(I) on card(s) R36.

Note:

Printout according to the option IPRIN(2) (for all
Cases).

Transfer to unit Nd4 according to MUTIU(8) (only for
3-dim. cases).

No effect.

ing burnup cycle will be the first cycle in a restart case.

written to unit N44 which can be cvaluated in the dis-
play code ATLAS (Section 2.9). Power, burnup, and
thermal Mux are written for the given hurnup time step,
atom densities {see MUTIUKTY and weight of materials
for the end of the burnup cycle.
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Card R10 oniy when [VOID = 1 on card R9 (onlv [or the CITATION diTusion cal-

culation}.
Card R10 Format {1814)
i i Number of void-areas. For each void-arca the [ollowing set
of items:
2 IZONED, Id.no. of a void cross section sct to be inserted in the [Lvotd

ML, 1,

MI(I, 2),
=1, J1

area (the void cross section seis are defined on the cards
C7-1 - C7Z-6 of the CITATION),

First CITATION laver located in the . void area.

fast CITATION laver located in the 1. void area.

Only for the time dependent THERMIX and adjustment of the power to achieve a giv-
en K . Definition of the unit 58 is necessary.

Cards RI1T, R12 and R13 only when J = 5 or 6 in NTIK on card R9.

Card Rt Format (6512.5)
| ENDK = 0.: Target K g of the beginning of the time dependent run
is the last K o of VSOP.

> 0.0 New target K .

2 QVOILLL Power at the start of the ime dependent run. {Watt)

3 QRIEMAX Upper limitation of the power fraction in the power vartation
procedure {relative to the QVOLLL)

4 EPQ Minimum of the power fraction.

S EPe Minimum of change of K - in two subsequent time steps for
steering of recalculation of DODDC (card R12).

6 URZ = {.: No effect.
< (o Mimmum THERMIX output,

a8 VS94




Card RI2 Format (6E12.5)

i DOQDDC Starting guess for DQ/DC. DQ = Change of the relative
power fraction in two subsequent time steps, DC = Corre-
sponding change of the K _ /DELDAY. i.e. Delta K o per
dav. (E.g. -0.02}

¥ I3RS Crawbinry minoe fnw Mhalen oy dnx (2 o O O100N

Fa AR E N ’\.L{ILII%E E‘:UVOQ LTS B e A '\eﬂ' ;ﬁ\al WELE Y LR fnr SRR ANE R S F

3 PON Starting guess for (K o - K (linear extrapolation from
the former time steps)) divided by DELDAY. (Flg. 0.025)

4 POUMAX Limitation of the free internal recalculation of DQIDDC (see
Subroutine QFIX}),

5 PSPALT = {).: No effect.
> §.. Redcfinition of the pressure in the gap compositions of]

THERMIX.

6 DMOT > . Factor of maximum change of DQDDC per time step.

= 0.: Default value = 0.5.

Card R13 only at the beginning of time dependent THERMIX,

Card RI3 FFormat {213,51:12.5,16)
I JRESTW = {} No effect.
> (3 Pata set no. to which THERMIX restart data are to bd
writien,
2 TRESTR = (; No effect.
= (¢ Data set no. [rom which THERMIX restart data arc to
be read.
3 Q0 Nuclear power [raction at the beginning.
4 QM1 Minimum of the nuclear power fraction during the transient.
5 OMA Maximum ol the nuclear power fraction during the transient,
6 QRAT = (.. No effect.
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DAEM

# 0. Relaxiation for the adiustment of EPQ (sce Subrouti-

ne QFEXY.

Relaxiation for the DODDC adjustment {scc Subroutine
QFIX). (Hg 1.2%

Card R14 only when [REDEI = 1 on card RY.

Card R14 Format (413, 3112.5,4E6.0)
i INSTOP = {}): No effect.
> (¢ Redefinition of the number of large burnup time steps
per burnup cycle {card V16}.
2 INUM = () No eflect.
> 0: Redefinttion of small burnup time steps in one large
step (card VI6).
3 IVSP{Z7) = (). Streaming correction as defined before.
= 2: Streaming correction by LIEBEROTIT /34/.
4 IVSP(28) = 0: 133Xe cquilibrium.
> O Explicite P35p . 38%, calculation, to be defined in each
cycle, if desired.
5 DELDAY = (.. No effect.
> 0.: Redefinition of the length of one large time step, days
{card V15).
6 POWIER = (J.: No effect.
> 0.: Redefinition of thermal core power, Watt {card V135).
7 ZETIND = {},; No effect.
> (.: Redefinition of end of cycle - K . {card V15).
8 HNTIC = (.. No effect.
> 0. Number of new atom densities to be read on card R22.
(< 12}
g HPOS > 0. Number of batches 1o be loaded with the new atom
densities. { Read card(s) R23).
= (. Insert additional matcrials in all power generating
batches.
=.1.: Read simplified input for control rods in x-v-7 - cases
G} YSOP94
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H

XTDOWN

CONPOL

WV
=

I

a.

on the cards R23a - R234d.

: No effect.

: Redefinition of length of down time durning reload
{TIHOWN on card R2).

Set TDBOWN =

: No effect.
: Read control poison adjustment data on cards R27 -

R30. CONPOI gives the number of layers with con-
trol poison data.

: Stop the control poison adjustments (JISER = ).

Card RI15 only when NCYC = | on card R9.

Card RIS

FFormat {6112.5)

1

MREP

FOIR(T),
=1, MREP

> {.: Volumeiric [raction of the |, jumble box which shall be

< (.. Volumetric {raction to be removed from the [ jumble

loaded into the reprocessing mixture | for the use at
the reload after the following burnup cycle.

box is calculated by the code.

ABS(FOIB(I)) gives the ratio: Volume to he loaded in-
to the reprocessing mixture I/volume of the scrap fuel
being sent to the first aging box.

Card R16 only when IVSP(16) = | on card RY.

Card R16

Format (18i4)

ISPEKT(1)

ISPEKT(I),
1=12, 18

= 0: No. of the first Jarge burnup time step in which the
< O Same as > §, but only for the thermal spectrum calcu-
> {x No. of further time steps for spectrum calculation.

< (O Same as > 0, but only for the thermal spectrum calcu-

= () If all ISPEKT = 0, spectrum calculation is performed

spectrum caleulation 1s to be repeated prior to the dif-
fusion calculation.

fation.

fation.
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in every time step,

Card R17 only when IVSP(17) = | on card RY.

Card R17 FFormat (1814)

| IDIFT(i), ifall IDIFF(L) = O

: =118 Diffusion calculation is performed at cvery time step.
i8

If at least one IDIFTY{I) = O
The IDIFT(I) give the time steps at which difTusion calcula-

tion is to be performed.

Card RI8 only when NTIK (Ingit K} = 1 or 2 on card RS

Card R1§

IFormat (1814)

I8

ITEMP(L),
f=1,18

Ifall ITEMP(I) = O
THERMIX-temperature calcuiation at every time step.

If at least one ITEMP(1} = O:
The ITEMP(I} give the time steps at which temperature cal-

culation is to be performed.

A oset of cards R19, R2I0 onlv when IRETEM = | or 3 on card R9.

Card R19

Format (6F:12.5)

!

NXS

SEMZUT(IY,
[=1,NXS

= . Temperature of the resonance absorbers in the NXS§
different spectrum caicufations. "C (See NXS on card]

V3).
= {L: Temperature of the [. spectrum calculation stays un-

changed.

Continuation cards il necessary.
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For each of the NKER scattering nuclides one set of cards R20.

Card R20 Format (6E12.5}
| SCELS(1Y, = 0. Temperature of this scattering nuclide for spectrum cal
: T== [, NXS culation I. "C {See NKER ornt card Tl
NXE = {.: Temperaturc of the 1. one stavs unchanged.

Continuation cards if necessary,

Cards R21 only when IRETEM = 2 or 3 on card R9. For each design a set of 2 cards
R2I.

Card R21 Format (1216)

{ NZ Number of resonance absorption cross section scts to be reac
from data set NGAM (card G1) for this fuel element design.
First card contains information for 23¥Th, second card for
28 (N7 < 10)

2 FZUT(K]}, Id.-numbers of cross section sets which will be used lor tem-
K=§NZ perature interpolation.
IZUT = 0: lust background cross sections for o (F).

Card R22 only when HNUC > 0. on card R14.

Card R22 Format {416, E12.5))
i INEW(D), VSOP id.ne. for the I-th new matenal.
2 PNEWI( D, Atom density for the I-th new material.
P= 1, 1IN
Continuation cards if necessary.
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Card R23 onlv when TTPOS = 0. on card R14,

Card R23

Format (1216}

I

HPOS

IBAE(D),
I=1,HPOS

New materials only in the individual batches TBAE(T).
(< 999}

Continuation cards if necessary.

Cards R23a - R23d only when HPOS = -1, on card R4,

Card R23a

Format (1216}

NUCO

NUPL

NUTU

NURE

NUBPP

Number of control rods to be provided. (< 30)

Number of planes in the core for possible insertion of con-
trol rods.

Number of luel batches for which insertion of control materid
als (as given on card(s) R22) is treated simultaneously. (< 5}

= I: Control material is also inserted in reflector batches.
= {: No control material insertion in reflectors.

Number of batches per plane in the core.

Card R23b

Format {61:12.5)

FULENG

REFTI

SPRING

Height of a batch (z-direction) in which control materials
can be added. {cm)

[Teight of the reflector batch (em). (Only when NURE = |).
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.
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One card R23c for each of the [ = [ NUCO control rods.

Card R23¢ Format (1216}
I IToPrn < & ld.no. of rellector batch for insertion of control materi-
als.
FTOC(I,N]), id.no. of fuel hatches in the upper core plane for simultane-
N= |, NUFU| ous leading of control materials. The id.no.’s of the corre-
sponding batches in the lower planes (3= 2, NUPL} are pre-
pared by the code by adding (J-1) * NUBPP.

Card RZ3d Format {(6E12.5)
i DEPTINE), Insertion depth of the control rods, starting from the upper

: =1, RUCO edge of the core (em) (including the non-absorbing parts at
NUCO the tips).

When NKEEP (Digit 1) = | (on card R9) one [ull set of cards R24 - R26 for each of
the NRESIIZ different reload batches is required. This defines the IFM-scheme. When
NKEEP = 3 or 4, these cards are only required for batches with important instructions.
Batches which are only shuffled downwards (NKEEP = 3} or stay in their position
{= 4} do not need the card R24.

I'M means "Tuel management”.
TBP means “This batch position”.
OPB means "Out of pile box".

Card R24 Format (215,12,614,3E12.5}

&: Normal.

&: When NKEEP = 3,4 or 5: No. of batch position to
which this card R24 (and R25, R26) refers.

O: Last card R24 holding for the batch [IX 1.

.
I

W

A

0: Refuelling of this batch position TBP with fuel specilied
by 17, 18.

2z NRX
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NSB

IX4

MAKEUP

NSPALT

v

0: id.no. of a batch which is shuflled into TBP.

10000: Load storage box no. (NRX - 16000} into TBP.
{This storage box must have been filled up at a previ-
ous relcad!).

() New atom densities are foaded into TBP. A set of ABS(
NRX) densities are defined on cards R25. The fucl typg
identification is unchanged (not a recommended op-
ton).

v

A

0: Normal.

(: Wo. of storage box into which this batch is to be filled.
ata can be retrieved 1n all following reloads, until
over-written by data stored in same box.

W

Four digits LIKEL: IJ = MANAGE, KL = NREP.
MANAGE = 0: Load [uel without any change into TBP.
> {: Fuel of an out of piic box OPB is used and
treated (i.e. reprocessed and/or reenriched)
and loaded into THP.
NREP = : No reprocessing.
I: Reprocessing before loading into TBP. This op-
tion only when NRSTRT = 3 or 4 on card Vi0
and after having supplied cards R1.

HNREP > 0 and/or NSPALT > O:

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 imtial value of the loaded
fuel type.

IFMAKEUP = O

No material is added thus defining a new heavy metal loa-

ding.

Number of materials for enrichment or reenrichment. A card
R 26 must follow.

The following part of card R24 is dependent on the option of MANAGE:

MANAGE =

96

i7

VSOPo4

= (: Fuel type no. same as batch NRX.
~ (1 Fuel type to be loaded into TBP (only with out of pile




16

I

I8

IR

Ri

R2

M, KLIGLE > G on card R3)

IFNRX = 0, 17 =0, I§ = O
In-core fuel shuffling or loading from a storage box. The fuel
of the batch position NRX is loaded into TBP.
NRX < NRESHZ: In-core batch.

NRX > NRESHZ: Storage box.

IINRX =0, 17T >0, 8= 1
Load [resh fuel of type 17. Storage unfimited.

HFNRX =0, [7> 0, 18 » It

Load luel of type [7, burnup class I8 {defined on card R4).
Availahle amount is the distoading of the last reload. 1If more
requested than available, fresh [uel of class 1 is added.

HNRX =90, 17 >0, I8§=10
Load scrap {uel of the last reload.

= {} Normal.

0.: Tissile enrichment stays unchanged.
0.: R1 defines a new enrichment for the loaded fuel. Only
relevant if fresh fuel (class 1} is used.

Y

When NRX > 0, NRX < NRESHZ (use of in-core bat-

chesy:

= (.: New volume for TBP is given by the inserted baich
NRX.

> 0.0 R? is the fraction of the in-core batch to be inserted in
to TBP.

When NRX > NRESHZ (use of storage boxes):

= (.: The total storage box volume is used for loading into
TBP. Bv this way a new volume is assigned to TBP. A
maximum is given by filling up of the layer’s volume.

> 0.: R2 is the fraction of the storage box to be inserted intd
TBP.

When NRX = O

> 0.: Fraction of the total volume of the out of pile fuel of
type 17, class I8 to be loaded into TBP. If KUGL = |
{on card R3) the volume of all batch positions in the
upper layer is automatically limited to the laver’s volu-
me. The fresh fuel store {class 1} is unlimited. For oth-
er OPB’s the total volume reused for the present re-
load 15 limited to the volume of elements being availa-
ble. Therelore, check the sum of all volumes of a given
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class for each relead. If not enough available, addition
al fuel of the same 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 fucl. which has been left over from
the loading of preceding batch positions,

2 R3 = (.. Normal.
> . New cross scction set no. to be used for TBP. The op-
tion should be used when the fucl type in a batch po-
sition is exchanged by another type for which a diffe-
rent spectrum and cross section set 1§ required.
MANAGE = It
Treated 1s the fuel disloaded at the last reload. FEach fuel type
17, burnup class I8 forms a separate OPB. The available
amount is the disloading of the last reload. Fresh {uel clasgs 1
is uniimited. The new formed fuel type 15 also 7.
7 17 No. of the fuel type.
& I8 No. of the burnup class.
9 iR = (: Normal
16 Ri FEnrichment Nﬁss/NHM for the new formed elements.
R R2 > ¢.: Fraction of the total OPB volume to be treated and
ivaded into the volume of TBP.
< 0.: The OPB volume [raction ABS(R2) is related to that
part of the OPB volume, which has been left over from
preceding loadings during the present fuel management
step. If depletion would be necessary, the pregram re-
duces the OPB volume fraction R2 instead.
12 R3 = {1,: New volume of TBP is that one which has been made
available [rom the OPB.
> 0.0 New volume of TBP is R3 * volume of the upper layer
of the presently considered batch.
= L.: The upper layer is filled up. The new definition of the
TBP volume immediately causes a corresponding chan;
ge in the used OPB volume fraction R2.
< (.: The specified fraction of the OPB volume is reproces-
sed. No fissile material is added or removed. Only ma-
ke up material is added or removed n order to achieve
a8 VSOPao4




the required enrichment R1 for the defined fuel type 173
The presently considered TBP volume is modified. For
the presently considered TBP a volume WHRA = ABS
(R3) * volume of the upper layer is made available. 1f
the prepared new volume of fuel elements is larger
than WERA, the [raction R2? will be reduced. If it is
smaller, the WERA will be reduced correspondingly.

MANAGE = 2:

Treated is the content of a reprocessing mixture which is the
considered OPB. It can optionally be Toaded from a jumble
box {(comp. card R7 and NCYC on card R9}). The content
has been formed from the disloaded fuel of several fucl types
(XMARX on card R5} and has been summed up over previ-
ous cycies.

7 i7 fd.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.

8 I8 Id.no. of the used reprocessing mixture.

9 iR = (: Normal.

16 RI Same as under MANAGE = 1.

il R2 Same as under MANAGE = |,

12 R3 Same as under MANAGE = 1.

Card R25 only when NRX - 0 on card R24.

Card R25

Format (4(16,£12.5))

35

24,6

NPX(I),

J=1INRX|

CPX),

J=1NRX]

VSOP - id.no. of the 1. nuclide with the atom density # 0.

Atom density of the J. nuchide. If = 0. the nuclide needs not
to be specified.

Continuation cards if necessary.
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Card R26 only when NSPALT > 0 on card R24.

Format (16 E12.5)

g

Card R26
13,5 (1DTTISSOh,
I=1NSPALT
2.4.6 {IFICOMP(,
J= 1 NSPALT
IXTYPD
HIMETAV

VSOP - id.no. of the J. nuclide used for reenrichment.

Relative fraction of the J. nuclide in the enrichment compo-
sition. The sum of all 'ICOMP in the compmxt;on must be
I. Only the fissile isotopes in FICOMP are used to calculate
enrichments, so the composition may also contain lertile ma-
terials, for instance .93 2*3U and 0.07 2*¥U. The original fis-
sile/TIM ratio in the batch before reenriching be YSPALT,

the code distinguishes two different cases:

(Case 1t

R1 > YSPALT, new material with the relative composition
specified in FICOMP is added to make up the difference (Ri
- YSPALT).

Casc 2
R1 < YSPALT, the original HM composition in the batch i
unchanged, but the densities of all HM are reduced to obtain
the fissile/HM ratio R1. The out of pile volume [raction 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 FICOMP data are obso-
lete.

: Normal.

(: The fuel in this batch position 1s given a new fuel type
no. after reprocessing and/or reenrichment. Redefinition
of types may be necessary in order to use pertinent cost
data lor recycled fuel.

v

= {}.. Normal.
> (. New heavy metal density for use in this batch position,
only of significance in connection with the MAKEUP
option {(on card R24). For some types of reactors the
heavy metal loading in a particular batch position may
have to be varted during the lifetime of the reactor, for
instance during the running-in phase.

Continuation cards if necessary.
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Cards R27 - R3) only when CONPOT > 0. on card Ri4.
One card R27 for each of the CONPOT! layers with control poison data.

Card R27 Format (§12,2H12.5)

| KR Id. number of the considered layer.

2 POISIAD Maximum atom density of the first control poison nuclide.

3 POISL(2) Maximum atom density of the second control poison nuclide
(if defined).
Continuation cards if necessary.

Card R28 same as card VI7.

Card R29 same as card VI8,

Card R30 same as card V19,

2.4.9.5 Criticality search for the reloads. R3! - R34

Cards R31 -~ R34 oniy when NRSTRT = Z or 4 on card VIo.

Card R31

FFormat (1814)

I JARTTY

2 NCOL,
F=1IARIT

ITVAR

= { No iteration {or this reload, skip cards R32 - R34,

> 0: Total number of batches to be iterated, length of {cl-
lowing list of batch id.no’s. The atom densities of the
materials specified on card R33 arc iterated to give re-
activity K-search.

Batch id.no. of the 1. batch.

= () Normal.

> (: Use different sets of materials to increase resp. decrease
enrichment to obtain correct Keﬂ" Two sets of cards
R32 - R3%:
First set in case K-search > Keﬂ, core, second set in
case K-search < K, core. Code reads both sets of
cards and sclects in each case the required onc.
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= {1 Normal.
> {1 Read card R34 with new heavy metal densities for itera;

tion batches. IR 16 is the number of batches in which
ITM density is redefined and used to determine the

amount of make up material to be added. The option
may be nccessary (or reactors where the moderation ra-
tio and HM loading in the fuel types vary during reac-

tor hife, for instance during running-in phase.

ITIARIT > 0 oncard R31: At least one set of cards R32 - R33
ITITVAR > 0 oncard R3E: Two sets of cards R32 - R33,

102 V50P94

Card R32 Format (4(16,FE12.5))
i ITMAT Total number of materials iterated, i.e. length ol materials lis
on card R33 (< 13}
2 XKETF > 0. k(0), reactivity specification for iteration scarch in cyc!
fe 1.
= 0.: Use same k(o) as beginning of last cycle, ki(o} =
k(o).
< 0.. Determine a k{o) value for beginning of next cycle so
that the end of cycle reactivity k{min) is reached after
the specified number of time steps INSTOP. The extrap
polation is made from ki(o) = (k"(o) - K'TUIN-
STOP)Y) + k(min) * ABS(XKEFF) and k{min) =
ZKFIND (card V15). The value of XKEI'T" may be
used to adjust for uncertainties in k(min). This is black
magic.
3 MAKEUP Material id.no. of nuclide to adjust heavy metal density in
batches to either initial value in batch or as specified on card
R34
4 XTYPE = {.: Fuel type no. of batches is not altered (normatl).
= (0.: New fuel type no. for batches. Same no. is given to ail
hatches for which iteration is performed.
Card R33 Format (416, 212.5})
i [EDINER S Material id.no. of first nuclide used in iteration,
2 COMPIT(H  Relative [raction of first nuciide.




3 THITH Material id.no. of second nuclide.

4 COMPIT(2)] Relative fraction of second nuclide.

The relative fractions of all ITMAT {(card R32} nuchides
must be equal 1. Ifall COMPIT = 0., the existing relative
fractions in the batches remain unaltered during iteration.

Card R34 only when TR16 = 0 on card R31.

Card R34 FFormat (16,E12.5)

I IR Batch no. for which the following HM density is specified.
The specification on this card only for those batches for
which the M density differs from the initial one.

pi HMETAVY New heavy metal density in batch no. IR, to be used when
(IR} adjusting the make up material.

One card for each specified batch: [ = LIR16

2.4.9.6 “Status of core” for TINTE. R35

Card R35 only when LIB > 0 on card R9.

Card R3S Format (FTA4212)
i TITEL(, Literal description of the case to be transfered to the TINTE
: =1, 17 /6/ data set no. 19,
17
I8 MIX = 0 or I: Normal.
> 1. Number of batches in each laver. Atom densities will be
averaged and the data of the layers are given to the li-
hrary.
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2.4.9.7 Extracted nuclides for printeut and/or transfer to unit N44 (3-dim. display code

ATLAS). R36

Card R36 only when MUTTLITY > 0 on card R9.

Card R36

Format (1216}

I INUPRKD,

sT T rY

=i, MUITU(I)

VSOP id.no. of nuclide for which printout and/or transfer to
unit N44 is desired. Up to 20 nuchides can be specified.

2.4.10 TTTT, Preparing THERMOS-libvary. VI -TTTT3

Sequence of input cards:

Vi -GS

TERTTI, TERTT2:
Ti:

FPEY: - TTTT::

VSOP input of case identification, use IDTHER = 0 on card
Gl

THERMALIZATION input without seifshiciding factors.
VSOP input, insert NUTTE = 0.

Preparing new THERMOS hbrary.

THERMALIZATION: Cards TERTTI - TERTT2

Format (1216)

Card TERTTI

{ INTAPE

2 NKER

3 IDKER(LD)
4 IDKER(LD

H VE8OPy4

{d.no. of the thermal 96 groups library (THERMALIZATI-
ON).

Number of different scattering nuclides for the present spec-
trum run.

VEOP-id.no. of the first scatterer,

‘Thermal library-id.no. of scattering matrix to be applied.




I= [, NKIR] NKER different pairs of id.numbers and scattering matrices.
Use continuation cards if necessary.

Card TERTTZ2 Format (6E12.5)

1 TOM Temperature in calculation of Maxwellian neutron energy di-
stribution for starting iterations of thermal spectrum. {(°K)

2 EPSI Criterion of convergency of flux iteration. (= 0.0001)
3 WAT Acceleration of convergency: 0. = no, I, = yes.
4 SSOPT = (. No sclfshiclding factors are delined.

I'TTY: Cards TTTTIL - TTTT3

Card TTTTH Format {(716,6 X, E12.5)

i INTAPE Id.no. of THERMALIZATION library.

2 iDTP Id.no. of the THERMOS library to be generated.

3 iTTTT > {: Reduced output,

4 TEBL Nuclide no. with full output.

5 ITUTEU = O Print out of scattering matrices.

6 KERNE Number of scattering matrices to be condensed for the
THERMOS library.
= [000: Condensing of all scattering matrices.

7 ITOT > {: All absorbers.

8 T Temperature (°K) for Maxwellian flux for eventually con-
densing absorbers.
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Card T'T'TT2 only when KERNIE # 1000 on card TTTTL

Card TTTT2

Format (1216}
((IDKER(LI), 1=12), J= LKERNE)

i IDKER(Ly)

; IDKER(Z,0)

GAM-id.no. of the v-th scattering matrix.

VSOP-id.no. of the v-th scattering matrix.

Card TTTT3

Format {1015/1015/1015) (3 cards)

; NG(v)

Number of the lower fine group {or the new v-th broad group
to be formed.

HE VS(pad




2.5 THERMIX/KONVEK, 2d-Thermal Hydraulics. TX1 - KX5

Cards TX1 - TX23, KXI - KXS5

Card TXI

Format {F4.1,4X,16A4)

1 TXNEW

2 TITLIKD,
I=1,16

= 0.
= I

Literal description.

s New THERMIX input corresponding to subsequent

: (ld input cards (before the vear 1994).

input cards.

Card TX2

Format {1814)

i IFKON

pi HIMAX

3 TPRINT

4 IPUN

Steering of the calculation:

= (}:

: THERMIX-KONVEK coupling:
: Coupling between the temperatures of gas and solid mat

: Coupling via the source/sink distribution,

- Internal decision of coupling (not recommendable}.

: Temperature calcuiation m fuel clements by matrix.

: Approach by iteration (Gauss-Seidel). Not valid for gra
: Minimum output.

: Recommendable output.

: Maximum output,

: In addition distribution of heat sources.

: No effect.

THERMIX caiculation only, no KONVEK.
Note: The input of KONVEK 15 needed anyway.

terial by heat transfer coeflicient a. Recommended for
steady state calculations, not valid in transicnt runs.

elimination (Gauss).

phite spheres in transient runs.
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3]

i0

i

i2

18

iFRSTA

iINTVAL

KOMVAR

TFRED

MITMAX

IKORM

TFREL

ITLAM

VSOPa4

Vool
]

= {} Power distribution independent of the time.
: Explicite calculation of the decay heat according to the

fterations:

© Write restart on the data set no. IREST.

: No restart,
> (¥

:Time starts at T = {.
: Time scale continues.

» Time starts at T = 0.
: Time scale continues.

. Steady state run.
» Number of time steps for the transient run. (< 50}
: Coupling with VSOP: The time steps are given by the

: Normal.

: Decay heat lunction of OTTO scheme.
: Decay heat function of MEDUL or implicite formular

: Maximum number of iterations of temperature calcula-
¢ Defauit value = 2000

: Maximum number of changes of the relaxiation factor.
: Default vaiue = (00

: Inner iteration in radial dircetion (1),
: Inner iteration in axial direction (N).

: Dirop recalculation of temperature dependent material

: Default value = 10

Restart. Starting temperature distribution is read from
data set IREST. {In case IREST = 9 the code requires
the former input cards TH20 - TH22).

IHomogenized structure of fuel elements:

fleterogeneous structure of fuel elements:

VSOP-burnup scheme (JNSTOP, DELIDAY on card
R4

explicite life history of the fuel elements and to the
[DIN 25485,

0.0622 * (T2 (T+T)").

tion.

data for ITLAM—1 time steps (only for steady state
THERMIX-KONVEK iteration).




i4

s

NLOGP

IREST

TEXPR

= 0 Maximum number of THERMIX-KONVIEK {("Loop™)
iterations (steady state}).
= (O Default value = 160

Patasets:

= () No effect.

> ( Data set no. for storing the temperature {ield of steady
state THERMIX runs. Must also be defined mn tran-
sient TIHIERMIX run, starting from this temperature
field.

i

» No effect.
: ata set no. for temperature field for the 21-plots.

Y
Py
el

Card TX3

Format (121°6.1)

6

QNORM

70

ZU

FTHA

OVMAX

OVMIN

TDIFE

EFAK

> (1: Total power (MW). Input power ficld is normalized to
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}

> (1.: Convergence criterium for local THERMIX temperatuy
re field. (°C)
= (.. Default value = (.01

> {}.: Maximum relaxiation factor.
= {3 Default value = 17

> {1 Minimum relaxiation {actor.
= (. Pefault value = 0.6

= O.: Relative convergence criterium of the time independent
THERMIX-KONVEK iteration.
= 0.: Default value = 0.0005

> {.: Multiplication [actor for maximum allowable crror le-
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DTVOR

ZETTMI

vel, which stops the run.
0.0 Defauit value = [,

i

> 0. Maximum of the relative temperature change AT/ T
< DTVOR in a time interval At of a transient run.
The time mtervals At are correspondingly adapted.

0.: Default value = 0.05

Minimum length of the time intervals At in the transient run.

Card TX4 only when INTVAL » 0 on card TX2.

Card TX4 Format (3(VF6.1,212, F16.3))
| DZETT(D Length of the first little tirne interval. {sec)
2 NPRIN(I) > (r Print the fields of temperature and streaming for all
NPRIN little time steps.
= (: Default value = 50
3 NKONV{l)|{ > 0O Run the KONVEK every NKONYV hittle time step (only
when IFKON # ¢ on card TX2).
= (: Delault value = |
4 ZEH D End of this 1. large time interval. (hours)
Same for the next large time mterval
5 DZETTMVD = .. Free choice of the little intervals.

NPRIN(M)
NEKONV(M

ZEHM)

M =2 INTVAIL

< 6. Also [ree choiece, but maximum = [DZEIT(MY. (sec)
> 0. Constant length of the little time intervals. {sec)

As ahove.
As above.
As above.
Note: In coupling with VS5OP (INTVAL = 1) only the first
large time interval must be defined, and DZETT(2) holds for

the further time history, which is stecred by the VSOP burn-
up time steps.

HEG
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Card TX5 Format (2E12.5,1214)
i RAD Position of the first radial mesh pont § = 1. (cm)
{Normal = 0.},
2 PEITO Position of the first axial mesh point N = |. {(cm)
(Normal = -—height of compositions above the core).
Note: The upper edge of the core must be located at the posh
tion 0. The axial core dimension is counted {rom top to bot-
tom.
3 ITFRFT = {} Normal.
= |: Adiabatic boundary condition in the first radial mesh.
4 ITREA = { MNormal.
= |: Adiabatic boundary condition in the last radial mesh.
5 IFRFL = () Normal.
= [; Adiabatic boundary condition in the first axial mesh.
6 IFRFR 0: Normal.
= |: Adiabatic boundary condition in the last axial mesh.

Card TX6

Format (1814}

KMAX

NTIHX

IFTEST

Number of compositions to be defined on cards TX10.
(< 3

Data set no. of BIRGIT-library (sce Section 2.3, card Bil}.

= (J; Normal.

= |: Testoption. I'or checking the input, the code runs with-

out iterations.

Cards TX7 - TX9 definc the coarse mesh grid, a subdivision of the [ine grid, and the po-
sitions of KONVEK- and THERMIX-compositions in the coarse grid.

Card TRY

Format (6{13,F2.0%)

E i 10

l Number of fine mesh intervals in the |. coarse radial intervall
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2 D Width of the . coarse radial interval. {cm)

D > (1 Number of fine mesh intervals in the 1. coarse radial in-
terval.
= () End of radial mesh definition.

(D Width of the 1. coarse radial interval. {cm)
Card TXS8 Format (6{13,179.0})
I NOD Number of [ine mesh intervals in the 1. coarse axial interval.
2 (D Width of the 1. coarse axial interval. (cm)

NCD > (1 Number of {ine mesh intervals in the I. coarse axial in-

terval.
= (3 End of axial mesh definition.
(b Width of the 1. coarse axial interval. (cm)

Two sets of cards TXY:

First set with KONVEK compositions as defined on cards KX3. One card TX9 is requi-
red for each axial coarse mesh "N” {even when no KONVEK composition is present in
this mesh}.

Second set of cards TX9 is to be given subsequently, containing TIHHERMIX compositi-
ons as defined on cards TX16 - TXI3.

Card TX9 Farmat (2413)

f KOC(LN) > 0: Id. no. of composition in the . radial coarse mesh.
= {} No composition is present.

I KOC(HLN)

Y

0: id. no. of composition in the 1. radial coarse mesh.
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= {}: No composition is present.

One card TX 10 (optionally followed by TX11 - TX13) for cach of the KMAX different
THERMIX compositions,

Card TX10 IFormat (A3,713,8E6.0)
| BEM XY7: Literal description of this composition.

HET: Temperatures are calculated in the inner of the fuel
elements. Analysis of temperature/volume.
COR: Analysis of temperature/volume for this composition.

2 i Id. no. of this composition.

3 TV = .| "Solid material zone”. Temperature calculation compri-
ses the heat exchange with the coolant of KONVEK by
source/sink heat transfer.

= (: "Solid material zone”. No heat exchange with the coo-
lant is involved.

= }: "Fluid zone”. No temperature calculation is performed
for this zone. Coupled with the neighbours by the heat
transfer coefficient ALP on this card.

Nste: For instance these zones are used as the heat sink
of the liner. At the top and night of the reactor one
mesh is sufficient for this zone. At the bottom two
meshes are required.

v
o

4 TFWKT : Teat capacity given by C on this card.
: Identification no. of the material function for tempera-

ture dependent heat capacity (sce Tab. VIIH).

5 IFLT = () Thermal conductivity 1 given by LAM on this card.

> . [dentification no. of the material function for tempera-
ture and dose dependent 1 (see Tab. IX).

= 7: The temperature dependent function of id.no. = 7 uses
LAMO of this card as AT = 0°C).

= 4: In case of EPS > 0, (see below) the [unction uses
[LAMO of this card as pressure (bar) of the gas in the
gap.
In case of EPS = 0. the function uses helium at the
pressure | bar.

6 IDIR Only when EPS > 0.
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H

12

i3

NTVAR

iDUM

RIIO

LAM

LAMO

IipPs

TVOR

WPRR

ALP

= {k Radiation in radial direction.

= 1)
i:
= }i:

Fxclusively in radial direction.
Radiation in axial direction,
Exclusively in axial direction.

= {1 No effect.
> (& In case of Muid zone (IFTV = 1} provide time depen-

dent temperatures on card TX I3

Dummy.

Volumetric fraction of solid material in this composition.
RO is used for caiculation of the heat capacity.

= {}:
ESRS

= {}
> (.

i
o

Vol
oo

= 0.

Note:

When IFWKT > 0.
Hleat capacity of the solid material. (J,fcm3,’°K}

When LT > 0.
Thermal conductivity in solid matenal zones (only
when IFTV = 0 or -1). {(W/em/°K}

: Nermal.
st When IFLT = 7, LAMO is AT = 6°C

When IFLT = 4 and EPS > 0., LAMO is the pres-
sure of the gas in this composition.

1 No heat radiation.
s Coellicient of emission for the heat radiation between

the side walls of the composition. {Maximum number
of compositions with heat radiation = 19).

: Start up temperature field results from the input tem-

perature field of the cards TX14 - TX16.

. Start up temperature of this composition (°C) superior

to the startup temperatures of the cards TX 14 - TX16.

.+ Field of power density results from VSOP. It will be

normalized to QNORM (card TX3).
Power density of this composition. (W/em?)

. No eifect.
= (b

Teat transfer coeflicient in fluid 7ones (W/em?/°K)
(only when IFTV = [}

ALP ~ 0.5 Temperature at the boundary close to
that of this fluid zone.

ALP ~ 0.01: Temperature at the boundary close to
that of the adjacent zone.

il4

VEOP94




Cards TX11, TX12Z only when BEM = "TIET” on card TX10.

Card TX 11 Format (2E10.3,15)
] HEPS = (. Void fraction in the pebble bed.
= . Delault value = 1 - RO (on card TX 10}
2 HKUG Diameter of the spherical fuel element. (em)
3 NHZON MNumber of radial mesh intervals in the sphere. {< 5)

f= 1, WNIZON cards TX 12,

Card TX12 Format (F1G.3,215,E10.3)

I DD Inner diameter of the Ith radial mesh interval. {cm)
Caution: 1 = 1 ... counts from the outer shell towards the
inner!

2 NHI Id.no. of temperature dependent thermal conductivity (see

FFLT on card TX10).

3 NHXE {d.no. of temperature dependent heat capacity {see IFWKT
on card TX10).

4 XTFW(D Shielding factor of the power density in the Ith shell (in the
fuel shells normally = 1.}

Card TX13 only when NTVAR > 0 on card TXI10.

Card TXI13 Format (14F5.2)
| TV Temperature. (°C)
pA AUAYE)] Time. (h)

=] NTVAR
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Card TX 14

Format (215,6116.3 7 TEIO.3)

IPOILT

i

RE(T),
=118

= (1 Linear interpolation of temperature input of cards
TXl1s6.
' Logarithmic interpolation {radial).

i

= {: Drop reading of cards TX15, TX16.

-, L D TNUURY o SIS £ R S SO o S
TR TNUEEIMCE U Pasglad FIUSLE }_)‘UEHE.& (R0 Sialb ey

]
~
el
=
o
&
[t
ot
s
f¢t)

input.

Radial mesh points for startup temperature input on cards
TX16.

Continuation cards according to given FORMAT.

Cards TX15 - TX16 only

when £ > € on card TX14,

Card TXI1S Format (215,61010.3 / TE10.3)
i IPOLN = {1 Linear interpolation of temperature input of cards
TX16.
= |: Logarithmic interpolation {axial}.
2 NE Number of axial mesh points for startup temperature input.
3 PHIE(T), Axial mesh points for startup temperature input on cards
f=1NE TXi6.
Continuation cards according to given FORMAT.

Omne card TX16 for each of the N= [, NI axial mesh points.

Card TXI16

Format (TE1G.3)

I TLNY, Startup temperature at mesh point [N,
: f=11E
Y
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Card TX17 Format (16,213, 5E12.5)

] MZNORM = () No effect.
> { Start the time counting rom the present THERMIX-
restart.
2 MC2 = {: No effect.

> & Read card TX18 with definition of Thermix-compositi-
ons for time dependent output of the “heat storage”,

3 NGHEOM Data set no. of CITATION geometry input as prepared in
BIRGIT (normally 37).

4 CIZETO DifTerence between the axial zero points of CITATION and
THERMIX.
5 SIG = (.: Default value = L

> (.. Factor to be multiplied with the explicitely evaluated
decay heat function.

6 RIL Avg. power density. (MW/m3)

-~k

SM Avg. heavy metal content per fuel element (incl. graphite
spheres). {g/sphere}

st BURN Avg. burnup of spent fuel. (MWd/kg, 0

Card TX18 only when MC2 > 0 on card TX17.

Card TXIR FFormat {(3111)
I TKO), “Tleat storage” id.-no. to which the heat of THERMIX-com-
: i=1LKMAX position | shall be added up.
KMAX Possible "heat store” id.numbers: 5,6, 7, &, Q.
Card TX 19 Format (SE12.5,1:10.3,211)
] i DELTAT i Desired temperature interval (AT) for the numerical integra-
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2 U

3 TO

4 WRIT

5 RO

6 AO

7 ISTANZ
& IFUGRA

tion inside the fuel clements (7C). Up to 200 intervals arc pos
sthle hetween TU and TO.

[.owest surface temperature of fuel clements.
Highest temperature at center of the fuel clements.

= (. Program uses standard data of the thermal conductivi-
ty as a function of {ast neutron dose and temperature.

> (.0 Various test output of temperature integration inside of

the fuel elements.

M
o

= (}.: No effect.
> (.0 Inner radius of the fuel matry (if shell ball 15 consider-
ed).

Initial enrichment of the fuel. (%)

= () No eflect.
= ( Punch T and relative fuel matrix volume in the corres-
ponding AT averaged over the total core.

= {: Fucl element temperature calculation by direct integra-
tion.
> & Fuel clement temperature calculation from THERMIX.

. Thermal conductivity as a function of fast neutron dos¢
and temperature will be given on the cards TX20-TXZ}.

T

Cards TX20 - TX23 only when WRIT < 0. on card TX19.

Card TX?20

IFormat {1216)

i NSCT
2| KTEMN),
N= 1 NSCIH

LEAD(N),
N=[.NSCII

Number of different functions of the thermal conductivity.
(< 2)

Number of temperature mesh points [or which the thermal
conductivity will be given. (< 10)

Numbecr of fast neutron dose mesh points for which the
thermal conductivity will be given. (< 10)
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IF'or cach thermal conductivity function one set of cards TX21 - TX23.

Card TX21

Format {61512.5)

I TSTUR(K),
K=1LKTEM

Temperature mesh points.

Card TX22

Frormat {6112.5)

1| DSTUR(L),
L=1,LFAD

Mesh points of fast neutron dose.

For each of the LFFAD

Card TX23

mesh points of the fast neutron dose one card TX23.

Format (61:12.5)

i WILSTUF(K),

Thermal conductivity at the temperature mesh points.

K=I|LKTEM (W /cm/°C)
Card KXI Format {51110.3,415)
| EPSH > 6. Relative criterion of convergency for gas temperature.
= 6.0 Delault value = LI-5
? iPstz > (. Criterion of convergeney for mass {low.
= 0.0 Default value = 0.0}
3 OVMI > 6. Extrapolation factor {or itcrations on mass {low {every
10 terations an cxtrapolation is provided with 1 +
OVMIY.
= (L Default value = 0.5
4 OVM?2 = {.: Relaxation {actor for itcrations on mass [low.
= {).; Default value = 1.0
5 EPSi4 > {.: Relative criterion of convergency of the avg. gas tem-

Input Manual 119




perature in the cuter iterations between gas tempera-
ture and mass flow.
= {}: Defauit value = 0.02

jo

6 FTMI = (O Maximum number of iterations {or gas temperature.
= {: Befault value = 100

ol

7 iT™M?2 > (¢ Maximum number of iterations for mass flow.
= {}: Default value = 200

& [EM3 = O Maximum number of outer iterations between gas tem-
perature and mass flow.
= {: Dclault value = §

Card KX2 Format (58:10.3,415)

W

i PDKUG 0.: [Dhameter of the spheres. (cm)

= (.: Default value = 6.0

pi FPSH > . Void fraction in the core,
= {}.: Pefault value = (.39

3 cp > {.: Specific heat capacity of the gas. (J/Kg/°K)
= (.: Default value = 5195,

4 PRAN > {.: Prandti-constant of the gas.
= 0. Befault value = .66

5 PDRUCK > 0.: Pressure of the gas. (bar)

6 IT70R = (1 Pressure of the system is constant.
2. Pressurce changes according to temperature. GGas inven-

tory is constant.

One card KX3 for cach of the KONVEK compositions as defined on the first sct of cards
TX9.

Card KX3 Format (516,716.0})

] ‘ KR I Id.no. of this composition.
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HBO = : When IFTV = -1 on card TX10. Convective heat
source is computed in the meshes of this composition.
= .1: No convective heat source evaluation {e.g. in voids).

IFBR Type of composition:

= { No gas streaming.

= |: Pebble bed.

= 2 Vertical pipes. (< 8)

= 5: Horizontal void {no more than one mesh over its thick-
ness).

HZST = (: No time dependent mass flow.
= }: Given by input on cards KX4, KX5.
= 2. Mass flow according to conservation law.

FFZTE 0: No time dependent gas inlet temperature.
= {: Given by input on cards KX4, KX5.
PVGR > 0. Pressure at beginning of iterations. (bar)
= -1.: Pressure = pressure of the gas (see DRUCK on card
KX2)
XKON Additional pressure drop relative to computed pressure drop
over the length of the channel {only when IFBR = 2}. (}/cm
ALPIHA > 0. Cocflicient of heat transition between gas and solid
material {W/cm?K). In pebble beds « is internally cal-
culated, use ALPHA = |. as an internal multiplication
factor.
= (. Internal calculation of &, In voids (IFBR = S)usc «
= {),
FPSIL Volumetric fraction of void in this composition.
DUHYD Hydraulic diameter {em). Only when IFBR = 2
STZUK Source of mass flow. (kg/s)
TFLVOR Temperature of nlet gas. (°C)
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Cards KX4, KX5 only when at lcast one of the IFZST and/or IFZTE = | on cards

KX3.
Up to 100 time steps can be defined by cards KXS. Linear interpolation is provided be-

tween the time steps.

Card KX4 Format (4110}

1 7K1 Number of compositions with time dependent mput of mass
flow and/or gas inlet temperature. (5 3)

2 IZKOM((1, Id.no. of the I-th composition.

I=117ZKl

Card KX5 Format {81793}

1 ZVOR = 8. Time. {min}
= (}: End of the input of cards KX5.

2 ZDR Pressure. (har)

3 25T Source of mass flow of the composition no. IZKOM(I).
{kg/s) {Only when [FZST(I} = 1L

4 2T Temperature of inlet gas of the composition no. IZKOM(1).

I=1LIZK1 (°C) (Only when IFZTE(I) = 1),
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2.6 LIFE, Fuel Life History for Decay Power Evaluation. LF1 - LF4

Card LFI sets up the dimensions.

Card LT1 Format (616)

i M50 Number of storage boxes being filled in VSOP plus number
of batches which are loaded into these boxes.

2 M 200 MNumber of batches of VSOP.

3 KMAX Number of VSOP burnup cycles being required for sctting up
the full irradiation history of the individual batches {(compare
KTS5 > 6 on card LF3)

4 LMAX Number of all VSOP time steps of the KMAX burnup cycles

5 MTMAX Number of graded time steps to be generated (< 49).

6 MEDUL Number of passes of elements through the core.

Card 112 Format (816}

[ 1OUT Output option:
= 0: Short output.
= 1: Recommendable.
= 2 Additional test output.

2 HCOMPA = (& The generated library of all batches in the graded time

steps is printed out from batch no. | .

= O: Print out starts {rom batch no. ICOMPA.

3 ICOMPE = {: Print out ends at the last batch.
> O Print out ends at batch no. [COMPE.

4 N6t Id.-no. of the unit to which the new library is to be copied.
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5 MaO()

8 | M6

[d.-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.

Card LT3

Format {516)

[ K13 = {: Normal. Precursory life evaluation starts with the last
cycle of the given VSOP libraries.
> (O Number of VSOP cvcle from which the precursory his-
tory evaluation begins.
2 LTO = (: Normal. Evaluation starts {rom the last time step ol the
given cycle.
> O Time step of the given cycle, from which the precursory
history evaluation begins.

3 KTt = { Read all cycles from VSOP given on the units M60.
= 2. Drop VSOP cycles from the units M60 with cycle id.no

< KTt

4 KT5 = {1 No effect.
= |: Prescrve only the last VSOP cycle and prepare KMAX

identic cycles out of it
> 1: Preserve only VSOP cycle with id.-no. K'TS and prepare
KMAX identic cveles out of it
Card LT4 Format (4112.5)

{ ™ Time span (days) to be covered by the coarse new intervals
(> maximum fuel element residence time + out of pile
times).

2 BT First coarse time interval {davs). Normally the same as the
last VSOP time step.

3 TOOP Out of pile residence time in the storage boxes. (days)

{days}
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4 TEPS = 0. Convergency limit for iterative calculation of the incre-
mental parameter of the coarse time steps.
= {},: The code uses 0.1 .
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2.7 PRIOR, Fuel Life History for Entire Isctope Generation. P1 - P2

Used for ORIGEN evaluation.

Card PI sets up the dimensions.

126 VSOPe4

Card P1 Format (1216)
! N200C Number of batches in the core.
2 NXSC Number of spectrum zones in the core.
3 LXS Number of time steps with spectrum calculations.
4 KMAX Number of burnup cycles.
5 LMAX Total number of large burnup time steps.
6 IMAT Number of nuclides.
7 MNGRP Number of energy groups.
Card P2 Farmat (1216}
i KT3 = {): Normal. Precursory lifc evaluation starts with the last
cycle of the given VSOP library.
= (). No. of the VSOP burnup cycle from which the precur-
sory history evaluation begins.
2 L70 = {: Normal. Fivaluation 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 10OUT Output option:
= {: Recommendabie.
= I Additional test output,
4 Né1i [d.-no. of the unit to which the new library is to be submitted.




5 MEO( ) Id.-no. of the . VSOP.unit {up to 4 VSOP-units can be used
which have been prepared in a sequence of restart runs).

8 M6G(4) Id.-no. of the 4. VSOP-unit.

|
|
i
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2.8 ATLAS, Map of 3-Dim. VSOP Results. Al - A3

Cards Al - Al

Card Al Format (2413

I ISEQ = (3 Pysplay given data fields individually for every plane.

= |: Display of each data field for all specified planes in se-
quence.
Card A2 Format (2413)
! IPLAE), > (1 Id.numbers of the planes to be displayed.
T=[ KMZ (KMZ = total numbers of planes as defined in TRI-

GITY.

= {: End of the planes to be displayed.
Ifall IPL(1) = O, ali planes are to be displaved (includ-
ing reflectors).

ITISEQ = 0. One set of cards A3 for every plane.
IFISEQ = 1. The set of cards A3 1s due for all given planes.

128

Card A3 Format (316,I112.5)
1 HIR = {: End of information for this plane (ISEQ = 0) or all
planes (ISEQ = 1).

= 1 Display of general batch information (burnup, power).
= 2: Insplay of atom densaities.
= 3: Dhsplay of weights of materials (uranium and plutoni-
= 4: [Jisplay of thermal batch flux.

P ILL When 1DS = {: LL = & Burnup, LL = I: Power.
When IDS = 2: LL = VS80OP.d.no. of the nuclide.
When IDS = 3 LL = GAM-id.no. of the nuclide.
When IDS = 4: 1L =0

VSOP94




IAD

PEFAK

O

: Beyond display, preserve this data field and add it up

with the other fields with TATD = | {only for nuclides
with 112§ = 2 or 3)

Normal. Il previous ficlds have been added up, the field
of the sum is displaved prior to the present one.

: Factor of normahization to be multiphed to the field.

(E.g. avg. power / [uel element)

: PFAK = 1.
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3.0 Useful Comments

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/. They are listed in the section 1.2 and will
further be outlined here. We learnt from questions of 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

Spectrum calculations are based on the GAM-I /12/ and THERMOS /13,14/ code.
Correspondingly, the code needs the two respective libraries. They have been extracted
from the basic nuclear data sets ENDI/B-V and JEF-I. Testing has been reported in
Ref. /32/, and will be continued in PROTEUS-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 identification number 5015, It contains 181 materials.
From the listing of Table 111 the reader recognizes the source of the respective nuclides.

The TTIERMOS-library is given in 30 energy groups ranging from 0 to 2.05 eV. The
identification number is 515. The library (Tab. 1V} 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 of different scattering
iaws and {or different temperatures. The sccond part of Tab. IV gives the respective in-

formation.

Actually, the basic thermal source library is given in 96 energy groups in the group
structure of the TIHHERMALIZATION spectrum code (which is a precursor of the
GATHER). Condensing of the THERMALIZATION library to a THERMOS library
must be based on a specific thermal neutron energy spectrum being adequate for the
considered reactor and (uel elements. Such condensing can be made by the subroutine
TTTT which is outlined in section 3.1.4. An auxiliary program MAKI /19/ is available
which allows easy modification of the THERMALIZATION lihrary.
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Table III: GAM-Library
Ne.  [d.-no. No,  Hd.-no. Mo, H.-no.

{ { EE-3 Mat {31 ENDFBV &2 &2 Rh-103  Mat 1310 GENDFB-Y 122 122 Gd-157  Mat 4647  JEF-I

2 2 B2 Mat 4012 JEF-! &3 63 Pd-104 Mat 4464 FLF-1 P13 (23 Gd-158 Mat 4648 JEF.I

3 3 Be-¢ Mat 128¢ ENDFB.IV [ &4 Pd-103 RMat 4445  JEF-} 124 124 Th-159 Mat 465¢  JEF-{

4 4 B{nat} JEF-1 65 45 Pd-108 Mat 4466  JETF-1 125 12§ Au-t97T  Mat 4797 IEF.1

5 5 < Mat 1306 ENDFB.V &5, &6 Pa.10T7  Mat 4467 JEF-L 126 128 Ph Mat 4820 JEF-:

& & Th-232  Mat €902  JEF-] 67 &7 Pd-108 Mat 9386  ENDFB-Y 127 127 Bi- 304 Mat 483¢  JEF-|

7 ¥ Pa-233  Mat {391 ENDFB-V 33 L3 Pd-i10 Mat 4466 IBF-] |28 128 Li-6 Mat 4036 JEF-{

8 £ U-233 Mat 4923 JEF-| & 49 Ag-10%  Mat 1373 ENDFB-V 129 126 Li-7 Mat 4037  JFEF-1

9 ] -234 Mat 4924 JEF-§ i H En-FiS Mat 4495 JEF.© 13 1w B0 Mat 4050 JEF-I
i1 iG U-23% Mat 4925 IEF-1 H 7} <d Mat 4480 JEF-| £31 £33 Mitrogen-14 GAMEFB
i 3] E]-236 Mat 4926 JET.Y 7 72 Co-130 Biat 4483 JEF- i32 132 U237 Mat 4927 JEF-}
I2 12 U.238 Mat 4028 JEF. 73 73 Cd-111 Mat 4484 IR 133 33 Wp-237  Mat 4937 JEF-1
13 13 Np-23%  Mat 4939 IBF-{ 74 74 Cd-112 Mat 4485 JEF- 134 134 V mit Cr-Streumnatin GER
i4 4 Pi-23%  hiat 1264 ENDFB-IV 15 75 Cd-113  Mat 4486  JEF-) 135 135V Mat 4230 JEF.1
15 i5 Pu-240  Mat 4940 JEF % % Cd-114  Mat 4487 JEF-| 135 136 Nb mit Zr-Streumatrtix GER
i6 16 Pu-241 Mat 404F  JEF-I 17 77 Te-126 Mat 4525 JET- 137 137 Ti Mat 4220 JEF-1
17 {7 Pu.247  Mat 132  ENDFB.V TR 78 TFe-128 Mat 4527 JEF-I 138 138 Zry = Zr GAMIUL
iz i8 Fisvion-Product 7% T Te 130 Mat 4529 JEF. E39 139 Apl07  Mardd?7  JEF-1
19 i% Fiss Prod 11-235 GAMIUL 80 80 3127 Mal 9606 ENDFBR-V 140 140 Nb-93 Mat 4413 FEF.
26 % Fiss.Prod. 13.233 GAMIUL 81 8t 129 Mat 9608 ENDFR.V 141 14! Winat) JEF-t
2 21 Fiss. Prod. Pu-23% GAMIUL 82 22 Ke-i18 Mat 4542 SEF-1 142 142 Ru-105  Mat 4445 IBF1
22 22 N-14 Mat 4674 JEF-1 B3 px} Xe-130  Mat 4544 JIBEERG 143 H] Riv-105  bat 4455 JEF-{
23 23 0O-i6 Mat 4686  JEF-| 84 34 Ke 1310 Mat 4545 JEF-1 id44 F4d Cs-14 Mat 4554 JEF.]
4 4 Mg Mat 4128 JEF-1 8S g5 Xe-132  Mat 4346  JEF-| 145 145 Ce-144  Mat 4584 JEF-{
25 25 ALY Mat 4537 JEF-: 86 86 He-134  Mat 4548 JEF-1 t46  H46 Pr-142 Mat 4592 JEF.|
% 26 5 Mat 4140 JEP-I 87 87 Xe B35 Mat 4549 JEF-1 47T 147 m-f48 Mat 4612 JEF-1
i 27 Cr Mat 4246 JEF-| 8% 28 He-136  Mavd55F  JEF-L 148 [4% Pra-148m Mat 4613 FEF.
8 18 Mn-35 Mat 4255 JEF-1 &9 39 £33 Mat 4553 SEF. [4¢ 149 Zr-95 Mat 4405 JEF-}
Fsd % Felnaty  Mat 4260 JEF. o 90 Cs-135  Mat 4855 IEF-1 150 150 Poisor in C Dummy
3¢ 3% Co-59 Mat 4279 JEF-S 1 b4 Ce-137 Kat 9669  ENDFB.V 154 151 Ru-103  Mat 4843 JEF§

3t 3 Wi Mat 4280 JEF-{ 22 92 Ba-i34  Mat 4564 JEF-} §52 i52 Xe-133 Maz 4547 JEF:
3z k¥4 Cu Mat 4290 JEF.| 93 g3 Ba-136 Mat 4546 JEF.| I53 153 Ce-141 Mal 9725 ENDFB-V
33 33 Se-82 Mat 434F  JEF-1 24 4 Ba-137 Mat 4567  FEF-} {54 154 Pr-143 Mat 4593 JEF.]
34 34 Br-§1 Mat 4351 JEF. o3 95 Ba-138 Mat 4568 JET.1 155 185 Pm-149  hat 4614 JEF-1
38 35 Kr-B3 hEat 4363  JEF-1 %6 96 Ea-13% Mat 9707 ENDFB-V 156 156 B-E31 Mat 4336 JEF-1
38 36 KB4 Mat 4364 JEF.{ 97 97 Ce-§40 Mat 4580 JEP-E ST B0 Figt. Prod. U)-235 Chain 44
3 37 Kr-85 Mat 4365 JEF-1 98 98 Ce-142 Mat 4582 JEF-1 E58 £.13 Figs.Prod. U-235 Chain 3¢
38 3R Kir-86 bMat 4366  JEF-] 9% 'l Pr.14t Mat 9743 ENDFB-V 159 162 Fiss. Prod. U-235 Chain 34
ki kit Rb-85 Mat 4375 FEF-1 163 100 Nd-142  Mat 9763 ENDEB.V 60 ia3 Fiss.Prod.U-235 Chain 29
43 40 Rb-87 Mat 4377 JEF.1 801 |G Nd-143  Mat 4603 JET-) 161 164 B8-t1 Miat 4G5F JEF-1
41 41 Sr-88 tMat 4388 JEF-1 |{i¥] 102 Wd-1d44  Mat 4604  JEF-§ 162 165 Ef-174 Mat 4724 JEPF.
42 43 Se-9G Mat 4380 EF.1 103 1G3 MNd-145  hiat 9766 ENDFB-V 163 [66 HE-178  Mat 4736 JEF-]
43 43 Y-8¢ Rat 4399 JEF-{ 104 104 Nd-148  Mat 4606 JEF-1 164 167 HE-277  Mat 4727 JEF-{
44 44 Zr Mat 4402 IEF-3 165 105 Wd-148  Mat 9789  ENDFR-V 145 168 HE-178 Mat 4728 JEF-]
45 45 Ze-S0¥ Mat 4400 JEPF-; 105 186 Nd-156  Mat 4600  JEF-) 66 189 Hf-17¢ Mat 4726 JEF-f
44 46 Zr-9% Mat 4401  JEF-1 g7 107 Pm-147  Mat $783  ENDFB-V i67 t70 Hi-180 Mat 4720 JEF-1
47 47 292 Mat 4463  JEF-} t0f 108 Sm-[47  Mat 9806 ENDFB-V i68 17 w182 Mat 4742  JEF-1
48 48 293 Mat 4403 JEFA 0 iy Sm-148  Mat 9807 ENDFB-V 169 172 W-183 Mat 4743 JEF-}
4¢ 49 7e-94 Mat 4404 JEF-: El0 110 Sm-149 Mat 1319 ENDEFB-V {75 i73 W-134 Mat 4744 JEF
50 50 Zr-96 Mat 4406 JEF-1 (A H Tit Sm-150 Mat 9809 ENDFB-V L 174 W86 Mat 4746 JEF-)
it 5t Mo Mat 4430 JEF-| iz itz Sem-151 Mat 4621 JEF-| 112 175 Pm-151  Mat 4615 G|
52 52 Mo-93 Mat 4425 JER-I 183 113 Sm-152  Mat 9811 ENDFB-V 173 176 u-232 Mat 8232  ENDFB-V
51 53 Mo-96 kat 9383 ENDFB.V HE ST Sm-154  Mat 9813 ENBFR.V 174 177 Pu-18 hat 1338 ENDFO-V
54 34 Ko-97 Mat 4427 JEF-I 15 its Eu-151 Kat 4631 JET) {75 178 Am-241 Mat 1361 ENDFBR-V
35 5% Mo-9% Mat 9285 ENDFB-V 176 116 Bu-153 Mat 4633 JEF- 116 79 Am-242  Mat 8542 ENDFB-V
36 56 Mo-100  hat 9287 ENDFB-V 1r 17 Eu-184  Mat 4634 IEF-L 77 180 Am-24Tm Mat 1369 ENDFB.Y
57 57 Te-99 Mat 1308 ENDFBV 118 [} Bu-133 Mat 9832 ENDFEV 178 181 Am-243  Mat 1363 ENDFB-V
52 58 Ru-100  hat 4440 JEF.$ 1 g Gd-154  Mat 4644 JEM 179 i82 Cmi-242 Mat 8642 ENDER-V
& 59 Ru-10F  Mar 4445 JEF! i20 120 Gd-155 Mat 4645 JER 18 83 Crm-243  Mat 1343 ENDFBR.V
G0 &0 Ru-i02  Mal 4442 JEF.1 (2t 12F Gd-15 Mat 4646 JEF? iR} i84 Cm-244  Mat 1348 ENDFB-V
&1 &1 Ru-{04  Mar 4444 JEF-}
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Table IV: THERMOS-Library

id.-no.  Absorber fd.-no. Absorber
4 Boron {(nat) JEF-1 Mat 4050/51 a1 Todine-129 FNEBFB-V  Mat 9608
(20% B-10 + B0% B-11) 82 Xenon-i28 JEF-1 Mat 4542
6  Thorium-232 IEF-1 Mat 49G2 83 Kenon-130 JEF-1 Mat 4544
7 Protactimium-233  BENDFB-V Mat 1391 B4  Henon-i31 JEF-1 Mat 4545
8 Uranfum-233 JEF-1 kat 4923 8%  Xenon-132 JEF-1 Mat 4546
G Uranivm-334 JEF-1 Mat 4524 8  Xenon-134 JEF-1 Mat 4548
|34 Uranium-235 JEF-] Mat 4925 87  Xcenon-135 JEF-1 Mat 4549
i1 Uranium-236 JEF-§ Mat 4926 88 Xenont-136 IEF-t Mat 4551
12 Uranum-238 JEF-1 Mat 4928 89  Cesium-133 ENDFB-V Mat 1355
13  Neptunium-23%  JEF-1 Mat 4919 %0 Cesium-135 JEF-I Mat 4555
4 Plutonium-239 ENDFB.IV Mat 1264 91 Cesium-137 ENDFB-V  Mat 9669
15 Plutorium-240 JEF-1 Mat 4940 92  Banum-134 JEF-] Mat 4564
6 Plutenium-241 JEF-1 Mat 4941 %3 Banum-136 JEF-1 Mat 4566
17 Phatonium-242 ENDFB-Y Mat 1342 94 Barium-137 JEF-] Mat 4567
22  HNiwogen-id4 JEF-1 Mat 4074 %5  Barium-138 JEF-] Mat 4568
4 Magnesium (nat) JEF-| Mat 4120 96 Lanthanum-139 ENDFB-V  Mat 9707
25 Aluminium-27 IEF1 Mat 4137 97 Ceriwm-140 JEF-1 Mat 4580
26 Siticon {nat} JEF-1 Mat 4143 98 Cerium-142 JEF-1 Mat 4582
2 Chromium (nat)  ENDFB-TV Mat 191 99  Praseodymium-141 ENDFB-V  Mat 9742
28 Manganese-55 JEF-1 Mat 4255 00  Neodynuum-147 JEF-{ Mat 4662
29 Irom (nat) JEF-1 hat 4260 10!  Neodymium-i43 JEF.1 Mat 4603
30 Cobalt-5% JEF-1 Mat 4279 {02  Neodymium-idé ENDFB-V Mat 9765
3F Nickel {nat) JEF-) Mat 4280 103 Neodymium-i45 ENDFB-V Wal 9766
32  Copper {nat} JEF-¥ Mat 4290 104 Neodymium-146 ENDFB-V Mat 9767
33 Sefenium-§2 JEF-1 Kat 4342 105 Neodymium-148 ENDFB.V  Mat 9769
34 Bromine-8i JEF-§ Mat 4358 106  Neodymiwm-150 JEF-} Mat 4600
35 Krypton-83 JEF-1 Mat 4363 107  Promethium-147 ENDFB.V  Mas 9782
36 Kryplon-84 JEF-1 Mat 4364 108  Samarium-147 ENDFB.V  Mat 9806
37 Krypton-85 JEF-1 Mat 4365 109 Samariwm-148 JEF-1 Mat 4628
38 Krypton86 JEF-1 Mat 4366 116 Samarium-149 ENDFB-V Mat 1319
3%  Robidium-85 JEF-1 Mat 4375 111 Samarium-1350 JEF-1 Mat 4620
40 Rubidium-87 JEF-1 Mat 4377 112 Samarium-151 JEF.1 Mat 4621
41 Swontium-88 JEF-1 Mat 4388 113  Samarium-152 ENDFB-V  Mat 9811
42  Strontium-90 JEF-1 bat 4380 114 Samarium-]1354 JEF-i Mat 4524
43 Ytrium-89 JEF-| Mat 4399 115 Europium-151 JEF-} Mat 4631
44 Zircomum (naty JEF-1 Bat 4409 116 Europhom-153 JEF-1 Mat 4633
45  Zirconium-90 JEF-1 Mat 4400 P17 Ewopium-154 JEF-1 Mat 4634
46  Zircorium-91 JEF-1 Mat 4401 {i8  Europium-15§ ENDFB-V Mat 9832
47 Zirconium-92 JEF-1 Mat 4402 §19  Gadolinium-i54 JEF-I Mat 4644
48 Zirconium-93 JBEF-1 Mat 4403 120 Gadolimum-155 JEF-I Mat 4645
4% Zirconium-94 JEF-1 Mat 4404 12} Gadolipium-156 JEF-1 Mat 4646
50  Zirconium-%6 JEF-1 Mat 4406 122  Gadolimium-157 JEF.] Mat 4647
51 Molybdenum (nat) JEF-} Mat 4420 123 Gadolinfum-158  JEF-I BMat 4648
52  Molybdenum-95  JE¥-i Mat 24425 124 Tertnum-159 ENDFB-V Mat 9857
51 Molybdenum-96¢ JEI-| Mat 4426 125  Gold-197 IEF-1 Mat 4797
34  Molybdenum-97  JEF-| Mat 4427 126 Lead (naf) JEF-1 Mat 4820
55  Molybdenum-98 ENDFB.V  Mat 9285 127 Bismuth-209 JEF-1 Mat 4839
56  Molybdenum-100 ENDFB-V  Mat 9287 128 Lithizm-& IEF-§ Mat 4036
57  Technetiwm-99 ENDFB-V Mat 1308 129 Lithism-7 JEF-i Mat 4037
58  Ruothenium-100  JEF-| Mat 4440 13¢  Boron-10 JEF-¥ Mat 4030
59 Ruthenium-[0E JEF-1 Mat 4441 131 Nitrogen-14 ENDFE 68 XA = L.B85*(VO/V)
50  Rutheniom-102  IEP-] Mat 4442 K= 103
61 Ruthenium- 104 JEF-1 Mat 4444 137 Uraniom-237 JEF-1 Mat 4927
62  Rhodium-103 ENDFB-V Mat 1310 £33 Neptunium-237  JEF Mat 4937
63 Paliadium- {04 JEF-1 Mat 4464 135  Vanadium {nat) JEF-I hat 4230
64 Palladium-105 IEF-| Mat 4465 £37  Titanium (nat) JEF-| Rt 4220
65 Pailadium-106 JEF-1 Mat 4466 [38  Zircaloy-4 XA nach GEMP-346 zus.gest.
56 Palladium-107 JEF-1 Mat 4467 XS con Lircon Teu HIG8
67  Palladium-108 ENDFB-V Mat 9386 139 Silver-107 JEF-1 Mat 4477
68  Palladium-119 ENDFB-V Mat 9389 140 Niobium-93 FEF-1 Mat 44112
&9 Silver-10% ENDFB-YV  Mat 1373 141 Woliram nach Resonanzd, BNL-325 mit Genex
T8 Indium-1i5 JEF-F Mat 4495 Y-Ant, Nuklidk, 21.5.69 Bonka
71 Cadmium (nat}  JEF-1 Mat 4480 14 Rutherdum-105  JEF-i Mat 4445
72 Cadmium-110 JEF-] Mat 4483 143 Rhodium-i05 JEF-i Mat 4435
7% Cadmium-i1i JEF-| Mat 4484 144 Cesiumn-134 IEF-t Mat 4554
74 Cadmium-112 JEF-1 Mat 4485 {43 Cerinm-144 JEE-1 Mat 4584
75 Cadmiun-i13 JEF-1 hMat 4486 i46  Pragecdymium-142JEF-[ Mat 4592
76 Cadmium-itd JEF-1 Mat 4487 147 Promethinm-t48  JTEF-! Mat 4612
77 Tellunium-126 JEF-i Miat 4523 148 Promethiven-148m JEF-1 Mat 4613
78 Telluriem-128 JEF-| hiat 4527 149 Zirconturn-95% JEF-{ kdat 4405
79 Tellurium-130 JEP-T Mat 4529 150  Poison i C Nukern A3,A2-B. Teu. £.70
80  lodine.127 ENDFB-V Mat 9606 B.UALSLCr.Mn, Fe,Co NiCu etc.
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fd.-no.  Absorber ld.-no.  Absorber
151 Ruthenjum-103 JEF-1 Mat 4443 170 Hafnium- 180 JEE-| Mat 4720
152 Xenon-133 JEF-1 Mat 4547 171 Tungsten-182 JEF-1 Mat 4742
153 Cenum-141 ENDFB-V  Mat 9725 172 Tungsen-183 JEF-1 Mat 4743
154  Praseodymium-143 JEF.1 Mat 4593 I73  Tungsten-184 JEF-1 Mat 4744
155 Promethiwmn-149  JEF-| Mat 4614 P74 Tungsten-186 JEE-1 Mat 4744
156 Iodine-131 JEF-1 hat 4536 178 Promethjum-151  JEF-1 Mat 4615
E60  Fiss. Prod U235 Chain 44 176 Uranium-232 ENDFB-V Mat 8232
16F  Fiss.Prod. U235 Chain 3% 177 Plutoninm-238 ENDFB-V Mat 1318
162 Fiss.Prod U235 Chain 34 178 Americium-24!  ENDFB-V  Mat 1361
163  Fiss.Prod.U235 Chain 2§ 179 Amencium-242  ENDFB-V  Mat 8542
164  Boron-11 JEF-t wiat 405] 180 Americum-24im ENDFB-V Mat 1363
165  Hafnium-174 JEF.) Mat 4724 18] Americium-243  ENDFB-V  Mat 1363
166  Hafrdum-176 JEF-{ bat 4726 182 Cunum-242 ENDFB-V Mat 8642
167  Hafmjum-177 IEF-1 Mat 4727 183 Curium-243 ENDFB.V Mat 1343
[68  Hafnium-178 FEF-1 Mat 4728 i34  Curium-244 ENDFB-V Mat 1344
169 Hafmium-179 JEF-1 Mat 4729
id.-no. Scatterer
1301 Carbon 300K PO & PI Summit to 1eV & Gas 739.32K 1/V 3.88mb
1832 Carhon 606K PO & P! Summit to leV & Gas 850.98K 1/V 3.88mb
1803 Carbon $00K PO & P! Summit to leV & Gas 11I0.5IK 1V 3.88mb
1004 Carbon  1200K P0 & P! Summit to 1eV & Gas 1363.14K 1/V 3.88mb
05 Carbon 1350K PO & P! Gas kernel |/V Absorption Sigma0 = 3.88mb
HO06 Carbon 1500K PO & P1 Gas kernel 1/V Absorption Sigma0 = 3.88mb
1067 Hydrogen 300K PO & P1 Gas kernel 1/V Absorption Sigmal = .33Zb
1008 Hydrogen in H,O 300K PO & Pl Gaker to leV & Gas 1153.26K 1/V .33Zp
009 Hydrogen 589K PO & Pl Gas kernel 600F 1/V 3336
FGED Hydrogen in H,0 589K 600F PG & Pl Gakerio 1eV & Gas 1269.3TK. [V .33
101 Hydrogen 1200K PO & P! Gas kemel 1/V Sigmal~.332b
Hilp Beryllitrn 980K PO & PI Gas kemnel 1/V Sigmal~ i0mb
EOi3 Beryllium 1366K. PO & Pl Gas kernel 2000F 1/V Sigma0 = 10mb
0t Beryliium 1422K PO & Pl Gas kemel 2100F 1/V SigmalO=10mb
I0ES  Oxygen S8%K PO & P! Gas kernel 800F
[0i6  Deuterium Gas-Kern T=291.4K Teuchert 18.5.1967
1017 Deuterium  Gas-Kern T=493.4K Teuchert 1§.5.1967
1018 Deuteritin Gas-Kern T=503.4K Teuchert 18.5.1967
1019 Deuterium  Gas-Kem T=6%93.4K Teuchert 18.5.1967
1030 Deuterium 593K Gaker-Kira for Gr.1-55 22-75 & Gas kernel Teu/Ha 67
1021 Sauerstofl Gas-Kern mit BASK bei T = 300K
1022 Heryilium in BeQ 900K Sumunit-BeO-Matr, minus O-Matr. Rest von 1012
1023 Beryliiumoxyd 900K Surmmit-BeQ-Matr, XA =001/V XS5=9.6% 3~8%0} & 5(Be}
1i08 Hydrogen Nelkin-Kern (Gaker-Kira) 293.6K 1X.68 Darvas
£i02 FHydrogen Nelkin-Kern (Gaker-Kirs) 323.6K IX.68 Darvas
L1103 Hydrogen Nelkin-Kem (Gaker-Kira) 373.6K IX.68 Darvas
114 Hydrogen Nelkin-Kem (Gaker-Kira} 473.6K IX.68 Darvas
1105 Hydrogen WNelkin-Kemn (Gaker-Kira) 573.6K [X.68 Darvas
SRR Denterium  Nefign-Kemn (Gaker-Kira} 293.6K [X.68 Darvas
11z Deuterium Nefkin-Kern {Gaker-Kira} 323.6K [X.68 Darvas
1113 Deuterium  Nelkin-Kem {Gaker-Kira} 373.6K IX.68 Darvas
Hi14 Dreuterium Netkin-Kern {Gaker-Kira} 473.6K [X.68 Darvas
1S Deuterium Nelkin-Kern (Gaker-Kira) 573.6K TX.68 Darvas
1 3Fi Creygen  Brown-St-Johm-Treigas  293.6K 1X.68 Teuchert
1122 Oxygen Brown-St-John-Freigas 323.6K IX.68 Teuchert
1123 Cuxypen  Brown-St-fohn-Freigas  373.6K IX.68 Teuchert
1124 Oxygen DBrown-St-John-Freigas 473.6K IX.68 Teuchert
1125 COreygen Brown-St-John-Freigas  573.6K IX.68 Teuchert
1126 Oxygen Brown-St-John-Freigas 900.0K X11.70 Teuchert
1127 Osygen  Brown-St-John-Freigas [1200.0K XIL70 Tenchert
1178 Oxygen Brown-St-John-Freigas [350.0K XIL70 Teuchert
1500 Weister Riese 1000K Atomgewicht 1000000 22.XH.70
1600 Carbon 300K Young Phon.-Spekw. Colii Punktwerte ZeV Schroeder 4.7.70
1661 Carbon 400K Young Phon.-Spektr. Colff Punktwerte 2eV Schroeder 4.7.70
1602 Carbon  SO0K. Young Phon.-Spektr. Coll Pumktwerte 2eV Schroeder 4.7.70
1663  Carbon 600K Young Phon.Spektr. Colli Punktwerte 2eV Schroeder 4.7.70
1604 Carbon  700¥. Young Phon.-Spektr. Colli Punktwerte 2eV Schroeder 4.7.70
1605 Carbon 800K Young Phon.-Spektr. Collt Punkiwerte 2eV Schroeder 4.7.70
1606 Carbon 900K, Young Phon.-Spekir. Cofti Punkiwerte 2eV Schroeder 4.7.70
1607  Carhon 1000K Young Phon.-Spektr. Cobli Punliwerte eV Schroeder 4.7.70
1608 Carbon  [I00K Voung Phon.-Spektr. Colii Punkiwerte 26V Schroeder 4.7.70
1609  Carbon (200K Young Phon.-Spekty. Colti Punktwerte 2¢V Schroeder 4.7.70
1610 Carbon 300K Young Phon.-Spektr. Colli Punkiwerte 2¢V Schroeder 4.7.70
1613 Carbon  [350K Young Phon.-Spekir. Colli Punktwerte 2eV Schroeder 4.7.7¢
16412 Carbon  1500K Young Phon.-$pekir. Colli Punktwerte 2¢¥ Schroeder 4.7.70
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Table V: Seguence of Nuclides

VSOP-id.no. GAM-Id.no.
I, | Heavy metal izolopes are firmly assigned:
! 3y 6
2 Bpy 7
3 3y 8
4 Py 9
s 3y {6
s 236y ¥
7 iy 12
8 B%p 13
9 9py 14
1o H0py 15
' #ipy i6
12 Hlpy 17
13 BTNp 133 Inserl what you consider to
or **Am 181 be more important for your
study.
2. | Fission products of any chain definition:
14 xe
15 Naon-saturating fission product
i6 .. Further isotopes of the chain
NGO < 49 fission products are allowed,
3. | Lumped poisomn:
subsequent NEUM =0-3 different nuclides are possible with seifl
shielding factors depending on their con-
centration
4. { Control poison:
subseguent NC=10-2 different nuclides are possible with concentra|
lions adjustable o achieve given K
5. § Non burning absorbers:
subsequent Ahsorbers for which concentrations remain unchanged
during burnup, e.g. sttuctural materials
6. | Scalterers:

suhsequent

NKER = {-5 scatlerers must be given af the end
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3.1.2 identification Numbers of the Nuclides

In spite of variable dimension, in VSOP the number of materials (KMAT) is limited to
KMAT < 200, That limitation is due to the dimensions of some data sets and can easily

he extended, if required.

Tdentification of the nuclides is defined by the cards 132 (Section 2.1) or by the cards V5
(Section 2.4.3). Lvery nuclide I of the VSOP run 15 defined by the number IMAT(IY,

which is its Id.-no. at the GAM.library, as given in Table 1L
CHAIN 44 CHAIN 39

Xe-;§35 (o 1-135}
Xm:iﬁa

FP- &4

K83

Ir—-95 Yo-86

Ho--87
Te—BE
Ru-101
Ru—103 e Rh—103
Rb 105 ——— PA-105
Pa-108
\\‘ hg-108
Cd-113
=131 e a—13%
Ko 138 v Caor133
C&-{i&t
Pr-141
Pro143 < NA-143
% Rg-144
Hé—145
H

Hd-~146
—
e

Fig. 3.

T P47 e Sm-- 147
E‘ ?m-{iiﬁm

Pmiin&&g e S~ 148

é' P48 ——— Sm-—148

Sm—158

Pm— 151 — Sml-iﬁl

Sm—i52

Xe—t35 (o |—135}

PP-38
Kr-83
Te -8 Ho—85
fe-B%
Bu-10%
Ry~ 103 Fh103
Rh—~105 Pd~10§
Bd-108 -

. 4g— 108

1~131 s Xs—131
Xa—133 —— Cg-133
£so134

Pr—141
Pr-143 e Ki-143
" R 144
Hd~145

N 146
.

T Ru-353

Bu—-154

T P 149 —— Sto-147
¢ Po~146m

LL me«:&&g ::E Sm-148

le P 145 e Sm—148

Sm«;lsﬂ

P 151 e Sm—;151

S 152

—~—

By 1588 —— Gd-158

—

e Gt § 56

+
Gd— 157

Fission Product Chains 44 and 39

T Ewe- 153
Eu-184

By 155 e Gd—- 158
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A certamn sequence must be observed for the designation of the nuclides. which is out.
lined in Table V: The first 13 nuclides must be the fissionable heavy metal isotopes in
the given order. They are followed by the fission products, with 5Xe and cumulative
fission product in the positions 14 and 15, respectively. The order of the explicitely

treated fission products must correspond with the chain definition {(Tab. VI

Subse-

quently, lumped poison and adjustable poison represent absorbers of variable concen-

tration. Theyv are foilowed by absorbers of fixed concentrations.

Xe~135 (= I-135}

FP-34
Kr-8&3

A8 lio—68

Te—-88

Ru~1&1

Ru—108 ~e Rl 103
Rl 105

e b B -2 )

Xe—-138 ——— 133

i
Ce~34

Pr-143 Hd—143
t Ndit&s
Hdilﬁ
Hd~ 146
T Pra-14% —— Sm-147

?m:i&&m
S Pr—148g .+ Sm-148
i

» Pmi148 ——— Sm—149

CHAIN 28

Xe-135 («—— I—-135)

Te—-98

Bu—103 ———— Rh-103

Ru~ 105

Ko 131
Xe—~133 ——— (3133

Ca—134

Pr-143 Hd-143
Y Nd-—é- 144

Ndi i45

Nd-146

P47 ——— Sm-147
-

E‘ Py t 48m N

Pm;l{ﬂg _..\: Sm-z tag

Py~ 148 —— Sm—148

Se-150 Sm-160
Pmy—18] — Sm-—151 Pm~—18) - Sm-§51
)

S £52 Sme- 153

- zuzzss e 183
M i
Bu~ 154 Eu:!ﬁ-&
Eu—155 B 188
Fig. 4. Fission Product Chains M and 29
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Table V1: Fission Product Chains
Chain 44 Chain 39 Chain 34 Chain 29
VSOP-id.no. GAM-Id. GAM-Id. GAM-1d. GAM-Id.
14 135%, 87 | 13¥%Xe 57 P35xe 87 135%e 87
15 Fp-44 160 FP-39 161 FP-34 162 FP-29 163
16 136y 88 83K, 5 83Ky 35 i 1 s7
17 83y 35 337« 149 57 149 | 1%3py 151
18 57y 149 ¥SMo 52 *5Mo 52 163RR 62
9 *5Mo 52 3T 57 #37¢ 57 t45pp 143
26 * TMa 54 1efpy 59 1oty 59 P3ixe 84
2t b 51 193py 151 1%3py 151 133x%e 152
22 PO lpu 59 H3nh 62 13ph 62 1330 9
23 19%py 151 195 ah 143 PeSRR 143 PRk 144
24 103ph 62 L8 5py 64 131y 156 Lhdp, 154
25 195gh 143 168p, 67 13iye 84 Te3ng 101
26 195pyg 64 19%Ag 69 1335 152 L N 102
27 198py 67 13ty 156 133¢ 89 LRd N 103
28 L.t 69 | '*'Xe 84 | s 144 | 1“SNg 104
29 LEES. | 75 F3%%e 152 1e3p, 154 4T pm 107
30 P2y 156 PRS0 89 B4 3Nd 101 1%8pmm 148
3 Erlve g4 138es 144 LR b 102 | **“®Pmp 147
12 133%e is2 ] **'pr 99 1%5Nd 103 | **7Sm 108
33 1330 89 le3p, 154 | **%Nd 164 | *“®*Sm 109
34 L34 144 | 14%Ng 10y t47pm 197 | 4% pm 155
35 14lp, 99 Lebng 102 | *“®Pm/m 148 | '*®Sm 110
36 Le3p, 154 eSS NG 103 Y“8pmg 147 t3%m 11
37 PeIng 101 1o 819g 104 | '%78m 108 | Pipm 175
38 Bhbgg 162 167 by 107 LeBgm 109 15igm 112
19 TS ng 103 T48bmm 148 Lo by 155 | '%%Sm 113
40 TR6Ng w4 | *%pmig 147 | '*7Sm 110 | '3%Lu 116
41 1eTpm 167 | '“7sm 108 | '°%Sm i1 1hpy 117
42 Ye8pm/m 148 | '8gm 109 | '*'Pm 175 | 137Eu P18
43 Ye8Pmjg 147 1% pm 155 3 igm 112
44 HelSm 108 Pe96m 19 | %%sm 113
45 Tetom 09 1208m 1 1335y 116
46 TeSom 158 PSipy 175 L5bry 7
47 1e%gm 119 E3igm iz | 3oy P8
48 1208m i Ei2em kK
49 LERY 178 | P PEu e
50 P5lgm 112 1S4gy P17
5 5 25m 113 185y 118
2 153gy 16 t53Gd 120
3 E3hEy LE7
54 53¢ 118
55 155Gd 126
56 136G 121
57 12754 122
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The scatterer nuclides must be given at the end. Here, they are also identified by their
GAM-Id.numbers. Note, the code accepts scveral scattering matrices from the
THERMOS-library for one and the same scattering nuclide, being due to different tem-
peratures. That information is given at the cards T2 and T3 of the THERMOS mnput.

3.1.3 Fission Products

The library contains cross sections of 116 fission products {Tab. IILIV). Yields are in-
cluded in the code for &7 fission products {Tab. Vi), They have been taken partly from
ENDI/B-TV, partly from ENDEF/B-V, Four different fission product chains are also in-

ciuded which are given in Fig. 3 and 4. The sequence of identification numbers is given

m Fab. VI

The first member of every chain is B5%e. Normally the code calculates equilibrium
concentration of the '>°Xe for every batch. By an option {card V10 or card R14) the time
dgependent history of P51 and "Xe 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-
sited between spectrum and diffusion calculation without changes of nuclide concen-
trations. In that case the burnup time step DELDAY (card VIS5 or card R14) must be
given so short (e.g. T days) that the concentrations of B351 and 'Xe 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 of the non saturating fission products of the chains 44 and 29 have
recently been re-adjusted by comparison with the ORIGEN-JL-1I code /20/ which
comprises 821 fission products explicitely. In a follow of the HTR-MODUL (with
burnup of 80 MWd/kg“M) the 43 explicite fission products of the VSOP have heen
found to cover 98.02% of the total fission product absorption found with ORIGEN. The
vields of the non saturating FP-44 have been adapted to cover the remaining 1.98% of

the absorption.

[t is possible to extend the fission product chains by defining new isotopes, new yields,
and new chain informations at the cards V8,V9, Similarily the chains can bhe shortened,

maodified, or even [ully replaced by the user of the code.
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Table VIE: Fission Product Yieids (Values given in percentages)

{40 VS(a4

sotope Type 233y 3%y 23%py 2elpy
B2ge t 0.36262 0.33405 (1.21092 01602
&lpy i 0.31171 0.21005 0.1768 0.06469
E3Kr { 1.0178 0.53076 0.29608 020498
BEKr 1 1.7034 0.98786 0.48029 .35393
85k, c 2.1946 1.314 1.56834 039618
SRy N 2.85R1 1.9528 0.75863 0.61392
B3 Rb i 6.5296-5 R.23-5 5.R5-5 5.3024-7
87Rb t 4.008%8 2.551 (.94936 (.75709
BESr ¢ 5.4953 36228 3703 (197473
Rt c 6.7952 29137 21134 1.5363
8%y t 6.2568 48469 1.7075% 1.2146
e 6.4467 5.803 2.6405 2.645
507, i 0.05 0.047 0.0164 00164
*lzr t 6.5194 5926 2.4941 1.8315
$27r t 6.5949 5.966 3.018 2.2781
37 ¢ 7.011 6.3703 1.9031 2.9643
58y e 6.8076 6.4228 44431 3.4018
$57¢ ¢ 6.2478 6.4678 49212 4.0456
$67s t 5.6694 6.2506 50958 4.4232
Mo ¢ 9.5909-4 1.641-4 1.492-3 1.2927-5
?$Mo i 6.5-3 S.85-4 7.7-4 7.7-4
* Mo t 5.4533 5.96 5.608 4.820%
?BMo t 5.1587 $.7787 5.8542 5.2217
LAY PN t 4.4094 6.3096 6977 6.2311
*% e c 49573 6.1284 6.1405 62085
1% 1py ¢ 3.2258 5.0501 59133 6.0948
19Ru t 2.4492 42032 60201 6.4843
193y c 1.7066 31411 6.9845 6.2611
i 1 t 10276 1.8239 59539 6.9764
185ny 0.4% 0.9 5.47 5.47
13nh i 1.4219-9 § RS89 1.358-7 5.6028-5
195a " (.47126 1.0199 5.4261 6.2183
1%5pg i 3.4998-11  9.83-11 263-8 P.6908 -6
R 1 01.24063 $0.37759 46234 46314
10Ty c 011417 416317 3.2361 5.3339
198y ¢ 0.061481 0.07:1032 2.2319 40191
TR0 py t 125376 0022338 0.62204 1.2091
10%Ag t 0.043363  0.029903 14115 2.2836
T1leg t 0020268 0019714 0.27428 157261
1120y t 0014602 0012802 010707 0.23001
P13y ¢ 0013152 0.012425 0.078216 0.15494
Lidey t 0.012268 0011256 0.046789 0.075514




L5,
tz6p,
iZS-re
130y,
127[
129;
131!

}35E

i3i§(e
132}(6
133Xe
13&Xe
135Xe
£3Sx€

136Xe
133(.‘8
1314(:8
135(:5
137¢
13383
i391‘:1

16
Ce

141,
182¢e
Lake,
teip,
l&vapr
1azy
Ly
Ladp g
LNy
1864
La8y

1500y
a7
“'al’rm'm
lkgpm.’g
LR
151,
tevg
Ekssm

&9
1 9Sm

ISOSm

1515m

iSZSm

IS&Sm

153y

0.020052
6.24081
(1.94552
23671
4.67853
1.6l6
37089
4.8597
8.4795-5
4.8038
601307
5.7588
1.3374
61971
67934
31.6998-5
[.1969-3
6.1
6.7889
5.8863
5.885
6.4334
6.24
6.6304
45117
6.6224
583513
.
2.479%-%
4.6495
34248
2.5973
i.2867
(149846
1.7753
2.7899-%
$9.4395-7
0.76953
1.32293
2.0099-10
1.799%-8
0.
2.5782-3
g.
1.20784
0.04358
3. 10686

§.9367-3
§.037818
(3.35046
|.4466
0.13637
B.65911
2.8325
6.3482
.54-6
4.2498
67859
7.6825
{1.2541
6.6023
6.2701
308-5
3.57-5
645
6.269
6.8272
6.4933
63229
573
5.9247
5962
5.8929
5974
4.609
8.5-11
54523
39339
29912
1.69
.64593
.27
7.49.7
5.73-6
1ORRE
0.42044
6.
69511
1.
54134
.
0.27057
6.0374689
i6264

0.040467
1.19996
0.85079
2.4971
149173
1.5039
3.738
6.3007
16325
5.2688
6.9758
7.389
11517
74524
6.6153
1.61-5
4.61-4
7.22
6.6834
3773
5.6456
5.5751
6.11
50173
£.4514
5.3634
4.5613
0.0669
4.9-10
3834
30833
2.5333
F.6982
(1.99451
20769
2096
2.09-6
F.2617
0.7772
2.43-12
28-10
0.
1.7069-3
0.
.59618
6.27682
0.37224

0.040537
0.077127
.35555
b.6617
0.23046
3.77864
3.1411
695
i.3066-6
4.6411]
6.741
81087
§.22923
78792
7.2871
4,302-7
1.5416-5
7.8
6698
6.4446
6.2283
5.894
6.11
4.815
4 8644
4.8534
4.5017
6.060G9
F.2106-
4.1564
3.2046
2. 7401
1.9257
L1196
2.2601
R4125-7
5.4125-7
t.44835
3.90238
0.
4.272-11
.
394384
f1.
0.71704
06.37979
§.528158

b
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L ofF i 3.7198-5 1636 3.54-5 5.5626-6
13550 c na2E252 (1.633025 0.17082 02318}
15454 0. 13 0. a.
E55¢54 i 361987 4419 2.83-7 191098
158504 t 6.011737 0.013517 0.1198¢ 016955
15764 t 6.7747-3 6.4651-3 0.076297 013183
1585y t 2.2298-3 3.2163-3 0.040955 0.086707
5%, { 9.2311-4 1.0394.3 5.021205 0.046741

i Independent fission yield
¢ Cumulative fission yield
t  Total chain yield

Yields for Accumulated Fission Products

233U ZSSU 239‘)0 Zlc»lpu
Fiss.Prod. 44 112.3 94.76 115.6 110.4
. 39 i54.1 132.4 159.0 150.9
" 34 2052 [R3.9 276.2 266.0
’ 29 299.57 268.42 398 82 IRR.17
F31xe (Chain 29) 37089 28325 3.738 3.1411

3.1.4 Preparing a THERMOS-Library by Means of TTTT

The basic thermal library of VSOP 15 given in 96 thermal energy groups ranging between
¢ and 2.05 eV. It is made in the structure of the zero-dimensional thermai spectrum code
THERMALIZATION which was a precursor of the GATHER code. In VSOP that part
of spectrum calculation has been replaced by the THHERMOS code performing thermal

celi calculation in one dimension and 1 30 energy groups.

THERMOS requires a specific 30 groups library. This can be generated by condensing
the 96 groups TIHERMALIZATION-library with the neutron flux belonging to the
considered problem. For that purpose the VSOP input must be prepared for the respec-
tive reactor design case with one representative spectrum zone. On the card GG the word
IDTHER = 0 tells the code to run THERMALIZATION instead of THERMOS, and

the thermal neutron spectrum is preserved for the condensation of the cross sections

(see input description of section 2.4.10).

The group structure of THERMALIZATION is given by the rcpresentative energy
points (I} ol the groups 1. They arc given in units "eV". The group boundaries arc in

the middle between the representative cnergy points. At the THERMOS-library the
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group structure 1s given by the group boundaries V(I) of velocity groups J in units
"VG(‘ZZ(}(} m/sec)”. The representative points YV(I) are the midpoints of the groups 1.

3.2 Neutron Spectrum Calculation

Spectrum calculations are made by the codes GAM-I /12/ and THERMOS /13,14/. They

are allowed for an unlimited number of spectrum zones.

GAM-1 performs neutron flux evaluation in 68 energy groups ranging from 10 MeV to
(1414 eV. It uses the materials homogeneously distributed and applies the Pl-approxi -
mation. Heterogencity effects can be included by defining selfshiclding factors as derived
f[rom other codes. Cross sections of the resolved and unresolved resonances can be gen-
erated for 2>2Th and 2% by the ZUT-DGL code /4,5/. Leakage of neutrons from/to the
adiacent spectrum zones is included by buckling terms which are generated from the

diffusion calculation over the whole reactor.

The TITERMOS code performs I-dimensional cell calcuiation in 30 energy groups
ranging from 0 to 2.05 eV. Again input of selfshielding factors allows to account for
additional heterogeneity. The effect of coated particle grain structure can be included
by evaluation of the collision probability for a neutron which travels through a coated
particle. And neutron exchange with the other spectrum zones is accounted for by de-

fining albedos out of the leakage terms /21/.

The resulting neutron fluxes are applied to form broad group cross sections for the
subsequent dilTusion calculation. The number of broad groups should be selected be-
tween 2 and 8, which is adequate for the output format of the code. In the thermal en-
ergy range only onc broad group is possible to choose because upscattering is not in-

cluded in the cross section transfer.

32,1  Resonance Integrais

I'or the isotopes 2321h and 2*U resonance integrals are evaluated by the ZUT-DBGL
code. The corresponding absorption cross sections can be turned to the GAM. They are
added to the background absorption cross sections of the GAM-library. That back-
ground is independent of lumping effects and temperature. (Note, for the unresolved
resonances of 20U (4.4 KeV to 0.1 MeV) the present GAM-library (ID = 35015} con-
tains the full infinitely diluted resonance integral as a background. In case of high
lumping of the fuel this background needs to be corrected by adequate cross section-

selfshielding factors.)
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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 temperaturcs. They are
stored at a permanent unit 30. The VSOP applies these sets [or the different spectrum
calculations during the foliow of the reactor at its normal operation or accident simu-
lation. The dependence of cross sections on the temperature is achieved by linear in-

terpolation between the respective cross section sets.

3.2.2 {oated Parlicle Grain Struciure

At cnergy ranges with E,’Ea(fi) smaller than the mean cord length [ of a coated particle,
the grain structure is of importance in spectrum evaluation. This is due in the resonances
and at the lower end of the thermal spectrum. Therefore, the capability of grain structure

effect has been included in the ZUT and THERMOS codes.

The resonance integral calculation of the standard ZUT code is made for a homogeneous
distribution of the resonance absorber in the finite volume of a lump. The transport
equation 1s solved in very [ine groups over the energy range of each resonance. The
calculation also includes the neutrons which are born in the lump, iecave it, and are ab-
sorbed or scattered down 1n 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

PAE)« (1~ C)
L= (1 ~IE(E) P(F)-C

() =

in which C is the Dancofl factor and P,(F) is the probability for a neutron to escape the
lump of its birth. This method has proven to be a good approximation [or lumps of all

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 smaliness of a particle, the escape prob-
ability P(F) is close to 1, even for neutrons with energy close to the peak of strong res-
onances. The neutron can travel through many 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 them. Figure

5 gives the different possibilities of escaping from a coated particle.
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For such "double heterogencous” composition of the absorber lumps a DancofT factor
is hard to define, therefore in ZUT-DGHL the escape probability P(E) 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 rigorously be evaluated by a numerical treatment. This
requires the cvaluation of 8 different probahilitics W, — W; as indicated in Fig. 5. For
instance, I, is the probability for a neutron to undergo a collision in the coating of the

coated particie in which it was borne. Finaily, the geometric escape probabiiity is

W+ W,

PE)y = W, + W, (W, + W) + W,W, —t—l
- 3

This formula can replace the P(F) of Nordheim in the version ZUT-DGL. It has been
derived for spherical and for cyvlindrical elements. The outline of the numerical treatment

is given in Refll /5/.

Fig. 5. Break Down of the Neutron Escape Probality

fn thermal energy range - 1.¢. in the THERMOS code - the grain structure is treated
analogeousiy: In the fuel matrix the mean path of a neutron [rom one coated particle to
the next one be L. Its magnitude results from the diameter and from the volumetric fill-
ing of the particles in the matrix. For a ncutron at the energy I the probability (F)
of traversing one coated particle and the corresponding amount of matrix material is
calculated by a direct numerical integration as outlined in Ref, /14/. Thereupon, V()

is used to define an effective macroscopic total cross section (7)) by the equaticn
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W(E) = e~ TRy L

L(F) is used to replace the homogenized Z(F) of the mixturc of matrix and coated par-
ticles in the THERMOS run. The individual reaction rates of the different materials are
defined correspondingly. The computer time of the THERMOS run is increased by a

fraction of & second.

3.2.3 Selfshieiding Factors in Epithermal Energy Range

The GAM code performs epithermal spectrum calculations for the nuclide compositions
homogenized over the respective spectrum zones. Selfshielding lactors 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 selfshiclding factors can be submitted:

SC: Cross section-selfshielding 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, respectively. The code allows input of LSUB different
subsets of cross section-selfshielding factors SC,. They can be applied for any nuclide in

any spectrum zone. The SC, are multiphed to the respective cross sections o, of the en-

ergy group g.

SF: Neutron flux-selfshielding factors allow to bring the cell structure local neutron flux

in relation to the average ccil flux,

When assuming a space and cnergy dependent cell calculation, the reaction rate per

volume V, of the celi is given by

NG

NK
RR = 3 aye8Cye Y. Ny Vi,
=1

g=1

with

g. NG energy groups of the GAM hbrary

k. NK cell zones

o, SC, cross section and corresponding selfshielding factor
N, atom density of considered nuclide in cell zone &

[ volume of cell 7one &
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Py neutron flux

{Note: RR 1s due for anv nuclide in any spectrum zone. Respective subscripts have been

dropped.)

In view of the homogeneous treatment of the cell in the GAM code, the rcaction rate

per cell volume can be formed in terms of the average cell (lux ¢, :

NG Vi i ¢
Np Vi Prg
RR E ,.IE.S(:(E-NO VO¢[)23 .._m?___;?__._
g=1 et

with the following cell zone averagings applied

NEK NK NK i
Vi Ve
Vr)m Z Ve N, = ZNIC"T (f}ogz qu'kg"w
k=1 B ¢ k=1 2
In the form of RR the last term can be written ag
NE
> ANT, - SF,
E=1

which contains the neutron flux-selfshielding factors of the different ceil zones

D

5;!?;?,2 -

and the [ractions of the atom density N,, which are located in the respective cell zones

Ny Vy
No Vo

ANT, =

Applying said forms the reaction rate can be written in the homogeneous form
NG
RR = Z Gg = N, ¥, (bog
g=1

with the cross section being medified by the selfshielding factors SC and ST

NKE
6y = ayeSCye ) ANT,-SF,

2
ko= i
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These modificd cross sections o, are applied in the GAM spectrum calculation. They
are further applied to form the broad group cross scctions which are turned to the dif-

fusion and burnup calculations.

g.ir2 6,iR)

7
L L

R R

CELL INTERFACE CELe 2

Fig. 6.  Space Dependent Neutron Flux of two Adjzeont Fuel Elements

Pu
Pox

meaning of the average cell flux ¢,, . Conseguently, the neutron flux of the subsequent

{nder given definition of the SF, = , the neutron flux in the reaction rate has the
diffusion calculation has also the meaning of the average cell flux. In multi-region dif-
fusion calculation, however, the meaning of the neutron flux must be the flux at the
outer edge of the cell. This is because solution of the diffusion equation is based upon
steady coupling of the neutron {lux at the interface between neighbouring spectrum
zones. And stcadiness is given {or the flux at the outer edge of the ccll, but not for the
average cell fluxes, as indicated in Fig. 6. The neutron {lux at the outer edge of the cell
is approximately equal to the flux of the outer cell 7one ¢yx, , . We can account lor this

by rewriting the reaction rate inte

N{F

RR = ) 6" eN, ¥, rx,
g |
with
TS * d)og N ®
g, = Og ¢ : = ”g”SCg‘Z ANT,« SF,,

d)N‘RF,g

=1

Ttere, the neutron flux-sclishiclding factor 18 modified into
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(f)og (f}kg

ot Gy "

SE,,
# d’NR’,g

When defining seifshielding factors in this way, the code applies the modified cross sec-
tions o,”, and the neutron flux has the meaning of the {lux in the outer cell 7one. This

i3 more adequate {or the difTusion calculations.

The selfshiclding factors SC,, SF, {or SF.’), and the fractional density distribution
ANT, are given at the input cards (69 - G, They can be given in few broad energy

groups 1. The code books them into the respective fine groups g.

Further, the NXS different spectrum zones can be supplied with diflerent scts of self-

shielding factors. Every set must be defined by the set of cards G7 - Gil.

3.2.4 leakape Feedback in the VSOP

The 2 dimensional diffusion run by the CITATION module provides leakage terms L
for the different spectrum zones S and coarse energy groups / (option IBUCK > 0 on
card V2). They are available for the subscquent spectrum run. For the first spectrum run
at the beginning of the reactor life all lcakage terms are given as Lg, == 0. Startup leakage
terms can be generated by running a dummy initial burnup cycle of a very short time

mterval, e.g. | minute.

For the epithermal coarse groups the leakage terms are transformed into bucklings

LS?

- —r ] S—
S Dgpe®ge Vg

which are needed by the Pl approximation of the GAM code. Under the option IBUCK
= | the bucklings are directly hooked into the corresponding fine groups. Under the
option [BUCK = 2 the code prepares onc average epithermal buckling to be booked
into all {ine groups of the GAM. In some cases the use of 3 coarse group bucklings led
to unrcliable 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/.
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This is the ratio of the current J of neutrons entering the cell divided by /. leaving the

cell. The partial currents are given hy

J_=

)
—f“fn

4
2

(DO
J m“’"&“

I
+ '{""’5‘.!{}

tn which J, = J_ — J is the net current leaving the cell per ecm? /22/.

The net current of the cell is equal to the ratio of the leakage L. of the cell per surface

Se .

Le

Jo ﬁ‘g‘;‘

The leakage of one cell is equal to the leakage Ly of the whole spectrum zone divided
by the number of cells in the spectrum zone, as given by the ratio of the volumina

Vs/ Ve of spectrum zone and cell.

Ve
Vs

{"C - i;s *

Frurther the ncutron flux @, at the surface of each cell is equivalent to the average ncu-

tron {lux @; of the whole spectrum zone. As a result the albedo is

L V

{3 —0 &
‘DS‘VS Sc

A= I v
S <

(E)s L V_{; ¢ —g“;

In the case of a spherical cell of the pebble bed the Ve includes the volume of the void

per cell, but S is just the surface of the cell.

3.3 Design Specifications

The aim of the VSOP is to allow simulation of all types of thermal reactors and of their
fuel cycles. Therefore, high flexibility is required for the design of fuel clements, 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, the studies of pebble bed reactors with many choices of operation caused us to

introduce flexibilities in treating mixtures of fuel elements, onload fuel shuffiing, and
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simuiation of closed cycles. The design features inciuded are automatically turned to the

different code members.

3.3.1  Fuel Element Design (by DATA-2)

Basically the VSOP requires atom densities homogeneously distributed for the many
different batches in the reactor. For spectrum cell calculation the THERMOS code re-
quires information how to form a cell configuration and how to distribute the different
nuchides in the cell {cards T6 - T10). Further cell zone and fuel element instructions are
needed for the epithermal selfshielding factors, for resonance integral calculation, for the

thermal hydraulics part, and for the cost calculations.

For the [Tigh Temperature Reactors both with spherical and prismatic fuel elements the
design of the elements is more complex than for the other reactors because the fuel is
contained in coated particles which are embedded in a graphite matrix forming the fuel
zone of the fuel elements. Here, the auxiliary program [PATA-2 can he applied prior to
a VSOP run. It is fed with basic design data and delivers all relevant fuel clement infor-
mation to a data set unmit. Data can be prepared for dilferent types and variants of {uel
clements, and they are ready for use in different parts of VSOP instead of giving them

in an explicite input.

3.3.2 Reactor Lay-out {by BIRGIT, TRIGIT)

Geometric design of the reactor is provided in an auxiliary code named BIRGIT (2-d)
or TRIGIT (3-d). The input of VSOP only requires the material data to be loaded into
that geometry. The BIRGIT code must be run prior to the VSOP. Geometric data can

be stored at a permancnt data set thus saving repeated running of the BIRGIT.

In the VSOP the basic unit of reactor material compositions is named a “"batch”. For
the first core loading the reactor design must be subdivided into batches. They all must
be [oaded with fuel material or, at the outside, with the materials of the reflectors cte.
The calculational follow is individually performed for every batch: That is the follow
of the burnup, of fuel shuffling, cost cvaluation, and of the afterheat production in ac-

cident simulations.

In many cases different types of fuel clements, or elements of different irradiation ages
are mixedly inserted in the reactor. They are exposed to the same local neutron flux. For
that purposc a mix of the respective batches can be put together forming a “laver”,

These lavers really present partial volumes V{/) of the reactor, which provide the dis-
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tribution of materials (and their cross sections) for the 2-dimensional calculation of the
neutron flux (Fig. 7). Further, some larger number of 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 pebble bed reactor the fuel elements move downward in a given {low pattern
which is gained from the experimental research on test facilitics, Iere, the shape of the
layers and their shuffling must iit into the fiow pattern. On the other hand the caicu-
lation of the neutron (lux is performed by the CITATION code /15/, and this is confined
to a pattern of "CITATION-compositions” W{(.J) with perpendicular boundaries in r-7
coordinates. Similarly the thermal hydraulics code member THERMIX /17/ 15 subject
to a mesh lattice of perpendicular r-z coordinates. Transfer of the relevant data from 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.

VSoPp CITATION R Overlay
- it
L] iy
—-L —_—
[ /L
2 £
b oy Bt
19
- 1
f
H
Layers Compaositions
) Ww(J) —_— VWi )

Fig. 7. Overiay of VSOP-Layers and CITATION-Compositions
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The BIRGIT code generates both VSOP lavers ¥(5) and CITATION compositions
W(J). Herefrom it synthesises a matrix of volumes VH/{/.J}, which is the overlapping
set of the V{/) and W(J) as shown in Fig. |.

The transfer of data between VSOP and CITATION proceeds as follows:

¢ Macroscopic cross sections I are made for the VSOP batches, and thereafter {or the

VSOP layers: Z(/).
¢ ‘the Z(N) are converted into macroscapic cross sections (S} of the CITATION

compositions by

PR LN
i

2 = Wi

s CITATION provides criticality and neutron flux calculation.
¢ Neutron fluxes ®(J) of the CITATION compositions are transformed to fluxes
©(]) of the VSOP layers by

> @) - vl
5

0 = 0

and this 1s applied for the further burnup calculations of the VSOP batches.

Analogeously the BIRGIT provides a transfer matrix VIW(/,K) between the VSOP layers
V(1) and the fine mesh volumes W(K} of the code member TIHIERMIX (Fig. 8). llere,
the power distribution, [ast neutron dose, local decay heat {unction, and spectrum zones
identification numbers are turned to the THERMIX. The temperatures of the fuel and

moderator of the different spectrum 7ones are turned back.

As seen from Fig. 7, the two different mesh grids overlap in the arca of the core. But

they are congruent in the reflector.

An overall coarse mesh design of the reactor is defined by the cards BI6 - BIS. The
compositions of the reflector are marked by preliminary identification numbers, whilst

the core area is marked by zeros.

For the VSOP the cards BI3 - BIS 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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Fig. 8.  Overday of VSOP-Layers and THERMIX-Meshes

gained by interpolation. The radial position of the coarse points can internally be mod-
ified in order to adjust the channel volume to a given value. FEach channel is subdivided
into fayers {7}, which are numbered by the code from top to bottom starting with the
first inner channel. Subsequent upon the highest layer number of the core the reflector

layers arc renumbered i the order as given on the card BIS.

FFor the CITATION layout of the core a finer mesh pattern is defined by the cards BI9,
BLIO. 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 BIS. It s important to note that the
number of CITATION compositions is limited to 1515

The matrix of volumes VW A is derived in the following way: A very finc mesh grid

ol an elementary volume of few cm’ is superposed over the given grids {card BI2). Tor
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every hittle mesh the code identifies the respective V(1) and ¥(J/) in which it is located.
It adds the elementary volume to the corresponding clement of the FIW([./) volume
matrix. For a very small elementary volume of few em® the computing time comes into
the order of 1/2 hour. Thercfore the matrix can be stored on a permanent data set for

the use in later runs of the identic layout.

The automatic assignement of VSOP layers and CITATION compositions can also be
applied for parts of the reflector. On card BI8 these parts must be marked by "-1” instead

of 0" in order to mform the program that the arca is non power generating.

For the THHERMIX code the everlay can be defined in the same way. But it is easicr to
define the overlay only for the area of the core, in which the power production takes
place. The return of temperatures to the reflector spectrum zones is made by the code

independently from the volume transformation of the BIRGIT.

Similarly TRIGIT prepares the geometric design in 3 dimensions (x-y-z). lere, of
course, VSOP layers and CITATION compositions must be identic, and the volume
matrix is VW(I.J) = V{I) when I = J or = 0 when I # J. For the 3-dim. version the pos-
sible number of CITATION compositions has been extended up to 9999!

3.3.3 Burnup Time Steps

The reactor life time simulation is an alternation between burnup calculation of the
batches and their shuffling. One burnup cycle is the phase between two shuffling steps.
It is subdivided into INSTOP “large burnup time steps” at which the diffusion calcu-

lation can be repeated. Optionally spectrum calculations and/or control poison adjust-

ments can also be repeated.

The large time steps are subdivided into JINUM “small time steps”. At thesc steps the

ficld of neutron flux is kept unchanged, but its absolute value is readjusted to the given

power production of the core, thus compensating for the depletion of the [issile isotopes.

3.3.4 QOut of Pile Fuel Positions

During the burnup cycle the many batches of the reactor (core, reflectors ete.) are stored

i an array in the COMMON. The atom densities are subject to burnup.

Prior to shuffling the content of ail batches is copicd to the data set unit [ being defined

in direct access. The contained material is identified by its fuel type id.number, volume,
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residence time cte. I'rom here the batches are shuflled into their new batch positions in

the array as specified on cards R24.

Beyond the batches of the reactor there are numerous further positions reserved, which
represent Gut of Pile Fuel Positions. They serve as storages for the {resh fuel, and for the
unloaded fuel which can be reinserted into the reactor, or stored, or reprocessed, or re-
moved and soid, respectively. Four different types of Out of Pile Fuel Positions can be

defined (see Fig. 9):

@ Fuel types — burnup closses

2 - e

class 10 fresh fuel

ciass & scrap fuel

@ intermedicote boxes:

Storage boxss:

@ Reprocessing mixture @ Aging boxes  Jumble box

7 [FErE

5 (o7

fig. 9.  Out of Piie Fucl Positions
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"Tuel types and their burnup classes”. In course of the shuffling the reactor batches

can be loaded with fuel from these Fuel Positions. They can be defined for 1 to 10

different fuel types.

The burnup 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 O contains scrap [uel.

After the shufTling of the batches of the reactor is finished, the remaining fuel o
burnup class 0 is removed. It can be sold or transmitted to a reprocessing mixture,
After that, the remaining fuel of 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
fuel of 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 shuflling step.

“Storage boxes”. Shuflling 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 fuel (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-

gquent shuflling.

“Reprocessing mixtures”. The scrap fucl {class 0) of one or more fuel types can be

directed into a reprocessing mixture. Here, the amount of fuel adds up from cycle
to cycle, and parts of it can be used for recycling. Re-use of the fuel can be defined

with reprocessing and refabrication of new fuel clements.

“Aging boxes”. This is an extension of the reprocessing mixture option, which sim-

ulates an 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 cycies.

The scrap fuel is firstly turned to a sequence of aging boxes in which the decay
proceeds over a given period of time. For that time the fuel is bound to the out of
pile storage and not available {or re-use. The last box (named jumble hox) is reserved

for accumulation of the fuel which has gone through the aging period. At every
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shuflling step its content is turned to the respective reprocessing muxture for the
purpose of re-usc. After the shuflling is finished the amount of unused fuel 15 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. ). The user should he familiar with the respective physical laws and with their
calculational representation. I"or 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 help in setting up a reactor simulation,

3.4.1 First Steps of a Life Time Follow

Startup of reactor hfe simulation begins with spectrum calculation followed by a dif-
fusion run and subsequent burnup cycle. Actually, the spectrum calculation requires
information of the neutron exchange between the spectrum zoncs, which results from

I3SX€_

leakage evaluation of a forgoing diffusion run. Further, it requires the
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 calculation. The length can be selected
few seconds (c.g. DELDAY = 0.0001 on card V15), which keeps the burnup neglegible.
133% e buildup must be defined by the equilibrium option (IXEN = 0 on card V10). That
cycle can be foliowed by a first shuffling step which leaves all batches in their position

(NKEP = 2 on card R9). By this way startup conditions are readily prepared.

i'or the repeated calculation of the thermal neutron spectrum an efficient acceleration
is included in the code: It just preserves the field of neutron {lux and provides it as
startup guess for the subsequent caiculation. The same idea is followed for repeated
dilfusion calculations. Il during the burnup periods in between the isotopic concen-

trations change only slightly, the number of iterations is reduced by that measure about

8% 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 defined (I'TPE9 > 0 on card V2), the code

prepares two different data sets [or the use at restart

¢  Unit 20 will be loaded with the basic informations of the spectrum calculation, i.e.

libraries, group structure, cell structure ete. [t will be written at the end of the first

burnup cvcle.

¢  Unit 5 will be loaded with the information of an individual status of reactor life, i.e.
broad group cross sections, atom densities of the batches, shuffling scheme ctc. It
will be written at the end of the last burnup cycle of the run, The code still performs
the specified shuffling and sets all definitions [or the next cycle. Thereupon, instead

of starting the next cycle, it writes the relevant information to the unit 15 and turns

to the end of the run.

%

When performving 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 of an-

other set of restart data is possible on unit 15 at the end of this restart run.

After reading the two data scts the code follows the burnup cycle as defined before. Prior
to the first diffusion calculation, however, the code again requires the full input of CI-
TATION {cards CO-1 - CX-1), because the diffusion calculation starts from scratch. By
this way it is possible to provide 2 modified mesh structure for the diffusion calculation,
or a modified output option, or even a modified geometric design of the reactor layers

i 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.

F'or parametric research at restart, precursory steps are recommended as [ollows:

I.  Birecting the reactor into the status of consideration.

2. Performing a shuffling which keeps all hatches in their positions (NKEEP = 2 on
card R9).

3. Defining a short (dummy)} burnup cycle (e.g. DELDAY = 0.0001) of 2 or 3 time

h 135

steps with repeated spectrum and diffusion calculation, and wit Xe-equilibrium

option IXEN = 0. By this way leakage feedback and Xenon distribution will be

stabilized.
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4. Performing of another s}mﬁﬁng with unchanged batch positions and defining
explicite lollow of the 381 13%%e concentrations by IXEN = 1. By this way Xenon
concentration remains almost unchanged over {oilowing short time steps, even when
neutron [lux or power is considerably influenced by given operational changes.
Additionally in this shuffling step the changes can be defined, which are the matter

of research.

By this way parametric research can casily be made at different time steps of the reactor
fife history, te. at sclected time steps of the running-in period or at different time steps
of an annual loading cycle. Research can be apphied {or simulation of load follow, per-
formance ol the control system, reactor shut down, temperature coeflicients, water
ingress in [I'TR systems, thermal evaluation, for the {ollow thermal transients at acci-

dents etc.

3.5 Fuel Cycle Costs

valuation of {uel cycle costs is based on the present worth method. It is performed by

the cost calculational modul KPD /18/ which s also available in a stand-alone version.

[caamﬁ T 7 " \
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Fig. 10,  Scheme of the Possible Variants of the Out-of-Pile Fuel Management

Before and after every step of fuel shuffling, the code accepts the inventories of the heavy

metal isotopes of all in-core batches and of the out of pile {ucl types. All fuel which en-
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ters the system is regarded as bought, and the fucl 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. Herefrom it prints the fuel cycle costs of every 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

An important role play the delay times of payments and revenues, especially [or the costs
of fabrication and spent fuel storage. The many choices of lead and lag times are shown

in Fig. 1. They are grouped together as also shown in that figure.

Actual Cash Flow during Lifetime Simplified Cash Flow in KPD
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Fig. 11. Lead and Lag Times of Payments

Break down of the fuel cycle costs is given in four different terms:
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Fuel costs include the expenditures for the fucl and working capital costs.

2. Revenue for the spent fuel assumes reprocessing. In case of final storage it can be
nutllified by depreciation factors on card K8,

3. Fabrication costs, which also include the refabrication in closed cycles,

4. Reprocessing costs, 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 time can be given to a cost library (see Fig. 1), Tlere
it is available for the stand-alone version of the KPD code. By this way parametric re-
scarch is possible for the many cost input data. The running time of one case is in the

order of few seconds.

3.6 Thermal Hydraulics by the THERMIX Code

The THERMIX-KONVEK code has been developed for thermal hvdraulics evaluation
of the pebble bed HTR in two dimensions, r-z geometry /17,23,24/. The code calculates

V3OP THERMIX

Library 4 . Library

T \(/
2D-Power density l ———

Neutron spectrum. -diffusion
K-eff {steady state]
Temperature in fuel

elements and Helium
{transient)

auny

Power density distribution

Burnup, i~135. Xe-135.

normalization of fiux 2D~lecav power

Spectrurn. diffusion, K-eff
Control of reactor power

Burnup etc

New time intervails

Fig. 12, Coupling between Neutronics and Thermal Hydraulics
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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.1. At given timestep it receives the power
distribution of the reactor [rom the nuclear code modules. It returns the corresponding
temperatures of the fuel and moderator averaged over the volumes of the reactor spee-

trum zones, being ready for further neutronics evaluation {Fig. 12).

3.6.1 Basic Equations

The calculation of the overall heat transmission is synthesized of the couphing of differ-
ent physical equations which represent conservation laws. The equations are solved in-

dividually and the synthesis is made by a superposed iteration (TFig.13).

MAIN
Given distribution of temperature
and power over reacior and fuel L srRURR
elements
I
- KONVEK
J
W
_g Mass flow of the cooling gas - STROEM
o
A Pressure field
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2
=
i
o
=
- GASTEM
,§ Temperature of the cocling gas
&
5 Convective sources and sinks
- i
——————————————— ¥
A - TFELD
S ué: Heat transport in solid materiail
= e
§ ;;: over reactor and fuel elements
-t =i
e e e e p
| when steady state
[
Temperatures of fuel and moders-|
i tor averaged over VSOP-spectrum
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i

t

Fig. 13.  Flow Scheme of the THERMIX
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The conservation of mass of the cooling gas m guasi-static representation yields the

mass flow vector G = ps v over the circuit. It is given by
Vogv =g (1
where

pe = denstty of the cooling gas [kg/m?]

#

v velocity [mys]

g mass source rate density [kg/s/m?>]

The conservation of momentum quasi-static representation yields the pressure field p

over the circuit. [t is given by
Vp~pgE + R=0 (2)
where

p = static pressure
g = gravity
R = {rictional 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 [rictional force is giverni by

¥
R=-7

where

¥ = pressure loss coeflicient {or flow through pebble bed
(given in Refl/25] as a function of the Revnold number)

d = pcbble diameter
Tivaluation of the eguations {1) and {2} 15 done in the subroutine STROEM.

The conservation law of the energy in quasi-static representation vields the gas temper-

ature field T, :
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r

VigVTs— V(p(;? e, Tgl + a " (I — 15 =0 (3)

¢, = gas specific heat capacity
Ae = eflective thermal conductivity of the gas due to dispersion

T = temperature of the solid, e.g. at surface of the fuel elements

In eq.(3} the [irst term gives the heat transport in the gas by thermal conduction. The
sccond term is the heat transport according to the mass flow 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. Eq.(3) is

evaluated in the subroutine GASTEM.

For given temperature ficld T of the solid material, the quasi-static status of the gas is
derived by the code member KONVIEK. It contains an iterative procedure between the

subroutines STROEM and GASTEM.

The conservation law of energy in the solid material is evaluated in the dynamic repre-

sentation. 1t yields the temperature field 7.

3
ééf’_ﬁﬂ“ =V VT + a(Tg— 1)+ Q (4)

where

T = Tir, fy temperature of the solid, i.e. at the surface of the fuel elements, in reflectors,
ete.

p = density of the sohd

¢ = heat capacity

Aqr = ellective thermal conductivity, which includes thermal conduction and radiation

o = coeflicient of heat transition between gas and solid

g

O(r, 1) nuclear heat source

In eq.(4) the time dependent change of the energy per volume results from the balance
of 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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in the inner of the fuel elements the temperature distribution 7% is also given by the

conservation law of energy in time dependent representation:

dp ¢ Ty

5 = VIV, + O (5)

where ¢ and 1 are dependent on the local temperature 7, At the surface of the fuel cle-
ment the temperature 77 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. Under 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 T and T; are explicitely followed. lere, 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 VSOP the included THERMIX 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 VI¥(/ K} as explained in section 3.3.2 (see Fig. 8).
The transmission from VSOP to THERMIX is made lor the following data fields:

— Power density of VSOP batches is transformed to power density of layers. Ap-
plying the matrix VIW(I K} it is converted into power density of the THERMIX
mesh grid. Here it is normalized to given integral power or, by option, to any

other integral value.

— Fast neutron dose 15 transformed analogeously. It is applied in calculation of

thermal conductivity in the fuel elements, which can be given as a lunction of

temperature and fast dose.

-  [ecay power can be individually evaluated for every VSOP-batch during a
thermal transient {ollow (section 3.7). The transformation is made analogeous

to the power density.
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—~ Assignement of spectrum zones of VSOP batches is also transmitted in that

Way.

Out of the local heterogencous temperature calculation the THERMIX prepares the
temperature of the fuel and moderator for each mesh. Average values are prepared over
the areas of the spectrum zone assignments. They are returned to VSOP for subsequent
neutron spectrum calculations {see Fig. 12).

3.6.3 Thermal Conductivity of Graphit and Pebble Bed
Thermal conductivity 4 of graphite is a function of four parameters:

I, Type of graphite material due to its fabrication techniques,
2. Temperature T,

3. Tast neutron exposure /2,

4

Temperature at which the fast neutron exposure occurred.

* (NUKEM/A3-3)
W/ emtK ‘ e o

i 1 L] T 3 ¥ T

1 t 4 4
500 1000 1500 2000 *C

h—effective in pebble bed

W/ cm*K

1 T H 1 ) 13
1060 1500 2000 °C

Fig. 14,  Thermal Conductivity
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Broad experimental research on that has been performed by L.Binkele /26/.

As an example Fig. 14 gives (T, D} for the NUKIEM/A3-3 graphite being exposed to
fast flux under the temperature of 950°C. Measurements have been made at 10 different
temperatures (100 ... 10600°C ) and for 5 different status of fast neutron exposure (0 ...
6.09 * (021 {cm"z} [E > 0.1 MeV]). For T > 1000°C experimental values are missing,

therefore 4 is assumed to be constant. That function A(T, D) is included in the code, but

it can be replaced by any other field to be given as input.

For many other materials the functions A(7) are contained in the code. An overview of

the contained functions is given in Tab. VHI. IFor more detailed information we would

iike to refer to the subroutine XLAMT. Similarily, the contained functions of the heat

capacity {Tab. IX) are given in the subroutine WKPT.

Tabh.VIil: Possible Formula of Thermal Conductivity
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Id.no. Material function of temperature and dose dependent 4
] Natrium (flissig)
2 Matrix-Graphit, T = Bestr.Temp.
3 Reflektor-Graphit, Interpolation aus Wertetabellen (siche Subroutine GFIT)
4 EPS > 0. Helium LAMO = Druck (har)
EPS = 0. Stagnierendes Hefium 1 bar
3 Kugelschittung Extrapolation aus neuen Barthels-Exp. mit korr. L-Matrix
6 Zehner -Schiiinder fir Steatit Experiment (K. Verfondern)
7 Reaktor-Graphit LAMBIIAD) = LAM({Komp.)
] Kohlestein nach Lukascewicz
9 Stagnierende Lufl | bar
1t Thermischer Schild (JHIRB)
1 V2A - Stahl (THYSSEN) N 4541
i2 Kugelschiittung Breitbach / Barthels
b3 Steatit firr heterogene Berechnung
14 Graphitkugeln {Abb. 6.2 b) Experiment {Robold)
I5 Stahibeton
16 Prismnatisches Core axial
17 Kohie- und Graphitfilz in Vakuum
18 Kohle- und Graphitfilz in Ar- oder Ny-Atmosphire
19 Wilzlagerstahl 100CR6
20 Stagnierender Stickstofl




21 Kaowool-Matten ir Fusft {}GL—992RB}

22 HAW- Glas

23 Kugelschiittung Schirenkramer (1.84)

24 Kugelgraphit, Binkele/A3-Graphit Temp.-Dosis-Abhéngigkeit explizit

25 LAMBDA -eff. Kugelschitttung  Temp.-Dosis-Abhiingigkeit (Robold)

26 EAMBDA -eff. Kugelschuttung  Temp.-Dosis-Abhdngigkeit (Zehner-Schitinder)

27 LAMBDA off. Kugelschittung  Temp.-Dosis-Abhéngigkeit (Robold u. Zehner-Schlinder)
28 ALLG linear (Salmang/Scholz "Keramik™)

29 Crilsonttkoks (AGL-TE 1-24) bestrahit bei 760°C (Binkele)

Tab.IX: Possible Formula of Heat Capacity

fd.iro. Material function of temperature dependent heat capacity
6 Steatit (Magnesium-Silikat)
7 Reaktorgraphit (1HIRB), Dichte = 1.75 gr/em®
8 Kohiestein (wie Reaktorgraphit), Dichte = 1.55 gr:’cm3
1 V2A - Stabl (HOESCH) PN 4541
12 Thermischer Schild (HRB)
13 Reaktorgraphit (HRB), Dichte = 1.70 gr/em®
14 Reaktorgraphit (FIRB), Dichte = 1.60 gricm’
15 Reaktorgraphit (FIRR), Dichte = 1.80 gr/em’
16 Atuminium-Oxyd (A1,0,), temperaturunabhingig

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 of heat transport. At the
end an eflective thermal conductivity 44T, D) is defined which can be applied in the

normal equation {4) of thermal conduction.

The model of Zehner-Schliinder accounts for the heat transport from onc pebble to the
next one according to figure 14. Ilis 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 Roboid /28/ takes special care of the radiational heat transport through
the openings between the pebbles of the bed. Again it derives an LT, D) which is pre-
ferred at higher temperatures, te. for T > 1400°C.
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Fffective thermal conductivity of both models is given in IFig. 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 of the function A{T, D) of the graphite. In current calculation
the code evaluates both models of Zehner-Schliinder and Robold, and 1t applies the re-

spective maximum of the two models.

3.6.4 Local Decay Power for Transiental Accident Follow

Ty R W

The reactor power density is turned to the THERMIX 1n a2 2-dimensional distribution,
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 VSOP.

In case of shutdown under acaidental condition the power density reduces to the decay
power, which is also a 2-dimensional function. The THHERMIX code has been made to
understand the LIFE library (see Section 3.7.1). Herefrom it evaluates the decay power

for every batch and forms it into the local decay power distribution at any time step after

shutdown.
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The ratio of the local decay power at given time step divided by the local nuclear power
at time 4 of shutdown is the relative decay power. The variance of this function over the
core is outlined in Fig. 15. It appears that the span betwcen maximum and minimum
{the hatched arca) is considerably large. After 12 hours it becomes larger than the aver-
age over the core. Therefore, considerable effect on the heating of the fuel elements must

be expected (rom 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 ife history.

In a VSOP run the data of the life history can optionally be preserved on data set unit

60 (NKELEP on card R9). From these data the auxiliary program LIFE prepares a LIFE

library which is basic for the local decay power evaluation of the THERMIX. The LIFE

library contains the relevant data of the prehistory of every batch in coarser time inter-
. : : 233 238,, 239 241 238

vals, 1.e. the power, burnup, fraction of fissions of “" U, U, Pu, Pu, U, and

capture of 232Th, 238,

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 1s made by analogy with the fuel shuffling.

As an example a coarse shuflling scheme has been designed of only 2 flow channels and
3 passes through the reactor (Uig. 16). Every laver is filled with the mix of three batches,
which is indicated by the dotted partition curves. In the second laver of the first flow
channc! the mixed batches arc named A, B, C. Their power production Q during their

pre-history is given in Fig. 17

Batch A stayed in the present position for a half burnup cycle, and it was in the previous

positiont for one full cvcle. Before that it was loaded as fresh fuel.

For the batch B, the loading came from the storage box 1 containing the clements which

have made before one pass through the core. Their pre-history is an average of the his-
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torics of the elements which alrcady made one pass through the core in the inner or

outer flow 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. 17.

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 hatches 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 of pile boxes normally is dif
ferent from the cycle length. For forming averages of different pre-histories a standard-
7ed 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 ¢,. The time steps are made from a ge-

ometrical progression for the intervals [
TGN =TG- 1)+ DT (1 + ED ™!
F1 is an incremental parameter being derived iteratively by the condition

TGIMTMAX) — TN

57 < TEPS

with

MTMAX  Given number of graded time steps (< 49),

TN Span of time to be covered by the graded time steps (> maximum fuei ele-
ment residence time).

TEPS 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 LIFE 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 joad follow prior

to the chut down time &,

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 values of the afterheat production of the nuclear fuel for use in THERMIX are
calculated by means of the subroutine NACHW, which also exists as stand-alone version
NAKURE /29/. It employs the calculational methods of the German Standard DIN
25485 /30/, which was established for the evaluation of the afterheat production of

High-Temperature-Reactor {uel.

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 contribution P, of the fission products to the decay power calculated as the sum of

the seperate contributions of the considered fissile isotopes i is given as:
Ty =) PeT)
i

T heing a time period of reactor operation and ¢ being the cocling down time,

In /30/ the decay power P, of the fission products resulting {rom fisstons of each fssile
isotope i is approximated by the sum of 24 exponential functions.
The energy release rating f{r} of the (ission products of one single fission of isotope i 15

calculated as:
24
ﬂ(f)mzagj‘emiﬁw {1}
F=1

where 7 is the time elapsed since the fission occured. The coeflicients a; and 4, for fis-

235U 238{[ 239

sions of Pu and *Y'Pu are listed in /30/. In case of fuel containing
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thorium, the coefficients of the = U are also applied for the bred 23310 in subroutine
NACHW.

Subdividing the power history of the fuel into a serics of small time periods K with the
fength 7}, the afterheat rating of the fission products refated to one fission per second

is calculated as:

7
It T mJ AT =T+ 1)dT”’ (2)
4

with 1. being the cooling down time, i.e. the elapsed time since the end of time interval
T

Integrating equation (2} using equation (1) for £ results in

I(tk‘ k) Zm(i"’ ?k) .o = Aoty

and the contribution of the fission products to the decay power at time 1 after reactor

shut down amounts to

Plt,T) = Z Z « F{4, Ty)

Py Thermal power of the fissile isotop i during the time interval 7.
¢ Total thermal energy release of one fission of the fissiie isotope 1.
T Total time of fuel operation in the reactor from the initial loading until the last

considered shut down.

3.7.2.2  Decay Power of Th-233, Pa-233, U-239 and Np-239

The decay power P, of these isotopes as precursors of the bred fissile materials 2315 and

23(}{’5, respectively, is shown to be /30/
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1)
Pt.T) = Z[ e Zfﬁm,m]
7

k

being
Le N T
0 /)0

239

and I = 233}‘%}, 233?3, 2390 and Np, respectively.

Where 15

F(]{fk!Tk) == EUQ Rvk e (E j— e_ ’%U“ ?}) . e-— AU“".’;

A . A .
Falti Tid = Enp « Ry A (1 e A * Tyeg™ et _ _____.ffm(l — e A 7&) eo” Mt
Au— Awp Ay = Anp
The same equations hold for the decay power of Th and Pa when using the indices Th

and Pa instead of U and Np.
The meanings of the vanables are:

£y mean decay energy of 239y {0.474 MeV)

v mean decay energy of szp (0.419 MeV)
o mean decay energy of 23h {0.442 MeV)
Er, mean decay energy of 233pg {0.408 MeV)
4, decay constant of 2°U (4.91 E-4/s)

Aw, decay constant of 239Np (3.41 E-6/5)

i decay constant of 2 Th (5.18 F-4/s)

Ar. decay constant of 233pa (2.97 E-T7/s),

R and Ry are the capture rates of 238y) and 2321’?‘1, respectively, divided by the total

fission rate during time interval K.
3.7.2.3 Contribution of Neutron Capture in Fission Products and in Actinides

An example for neutron capture in fission products and in the actinides is given in Fig.

18 Of course, the P, actinides are treated according to Section 3.7.2.2 .
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Fig. 8. Neutron Capture in Fission Products and in Actinides

The contribution of the decay power due to neutron capture in fission products (P} is

calculated as a function of the decay time:
PALT) = P(T)« H)

using table 4 of /30/ for Hir).
Excluded hereby is the contribution of the long-lived 134Cs. This is caleulated as £, ac-

cording to equations 32 - 38 of /30/.

The contribution to the decay power due to neutron capture in heavy metal nuclides,

P, is calculated using equation 19 and table 3 of /30/:

P (e, T) = P{:,T) « f{heavy metal density, heavy metal burnup, power density, t)

The total decay heat is finally summed up to be

Pnzps'i'i)?v+ i)P+Pc.v+Pa
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