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ABSTRACT

XBWR is a FORTRAN programme for the analysis of Xenon
transients in axial geometry. It couples a two group neutron diffusion
calculation in plane geometry with a two phase flow cooling channel
calculation and the heat conduction in the typical fuel rod. The
programme allows to follow any given power time schedule, such
as shut-down and restart, day-night power variation etc., while the
reactor is being kept critical by control rod movement, variable poison-
ing of the core, or coolant flow recirculation rate. The Xenon and
Iodine concentrations variation is evaluated pointwise (up to 100 points)
by analytical solution for successive fixed time steps. At the end
of each time step a new distribution of fluxes, power, voids and
temperatures is obtained, which is consistent with the reactor critical
condition as it is got by variation of the control parameter taking
into account the feedbacks. The new flux distribution is used as
input for Xenon and Iodine concentrations evolution in the next
time step.
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1 - Purpose *)

In BWR power reactors, the axial power shape is
strongly dependent on void distribution, and this
leads generally to fairly peaked and rather
asymmetric distributions. Another consequence is
that the power shape may be significantly altered
when the total power is changed. The effectiveness
of control rod banks may be significantly affected,
up to the point that in some instances it may even
change sign (actually insertion of a rod may cause,
through void feedback, a positive net reactivity
effect). In such situation, it is clear that Xenon
spatial effects may sometimes add up to the void
effects and lead to unacceptable power peaking
beyond the safety margin.

The problem facing the power plant operator
concerning Xenon is therefore not so much that of
stability in the theoretical sense, as that of
evaluating the actual consequences of specific
operations, and therefore the operative limitations
that spatial Xenon effects may introduce.

To cope with such problems a simulation by a somewhat
detailed model is needed, and this was the motivation
for the present XBWR code, which may anyway also be
used, with or without coolant channel, for classical
stability assessment.

2 -~ Nature of the programme

XBWR is built as a succession of stationary
calculations in which the criticality of the
reactor is restored, by means of the variation
of a control parameter (see control options)
after a given time step in which the Xenon and
Iodine concentrations at every point of a
discrete meshes are obtained by the analytical
solution of the equations :
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*) Manuscript received on October 14, 1970



in which the value of the fluxes and the initial
conditions for Xenon and Iodine concentrations are
taken as given by the last time step.

When a problem is started, an initial criticality
search is made, which gives the starting conditions
as the equilibrium conditions for the reactor with
Xenon and Iodine concentrations at equilibrium for
the given power, and taking into account the fuel,
liquid coolant, and void fraction feedbacks
corresponding to the average channel conditions
evaluated by the code, according to the given
feedback coefficients. The search is made on Az —— <4
and the corresponding value found is multiplied Ke
into all the v2 . coefficients so as to make

the reactor critical in the stationary condition.
After the initialization, a space dependent
perturbation may be introduced into Xenon and Iodine
concentrations and the transient is started. The
total power of the reactor may be changed at each time
step, according to any given time schedule. If zero
power is specified for any given time interval, the
code will evaluate in a single jump the Xenon and
Iodine evolution during the shut down time.

The neutronic diffusion calculation is performed

by the finite differences direct method for the two
group time dependent diffusion equations developed
for the Costanza series of dynamic codes, to which
the reader is referred for detailed information

( EUR 3633 e - EUR 596 e, see References).

There is one difference in the present code, in the
fact that the fluxes calculated pointwise correspond
to the centre of each mesh, and not to the boundaries.
This has been found to be more quick and exact for
the problem at hand, where the calculation is finally
a stationary one. The criticality is considered
reached when the reciprocal of the period of the
reactor (without considering the delayed neutrons)
is lesser than a given amount in absolute value.
This method of treating the stationary problem as a
dynamical one has been found to be a convenient one,
as it allows to modify the control parameter at each



step, corresponding to a finite time increment, thereby

avoiding to iterate to convergence for each successive

control condition.

The thermohydraulic channel calculation is performed

according to the FRANCESCA one dimensional finite

difference model (EUR 4052 e and EUR 4241 e) which is
essentially based on Bankoff slip correlation for two
phase flow, and Bowring treatment of subcooled boiling.

The mesh description of the core is uniform, and the

same meshes apply to the neutronic and thermohydraulic

calculation. Upper and bottom reflectors of arbitrary
thikness may be represented in neutron calculation.

Three independent types of feedback are represented in

the code.

- The liquid temperature feedbadc.gkis dgiven as a
quadratic function of the difference between the
actual temperature in the point and a specified
reference temperature.

- The fuel temperature (Doppler) feedback. It is
evaluated at each axial point as function of the
average temperature across the fuel rod at each
level. Three forms are available

(ois the void fraction)

i

Sk -k (07 ’WJ_A) N

§ Ky
%)bib = O (JﬁF - {?KEE>

i

a (T-TREF) + b (T—TREF)L

- The void coefficient feedback. It is evaluated pointwise.
The form may be a quadratic in the void fraction

8\(»,: & +Eblz'

or a 20 point table may be given of gkvas a function ofx .
In this latter case the code will interpolate linearly
in the table for a given value of o .

The inlet enthalpy subcooling of the coolant is evaluated
as it results from the mixing of recirculated water and



feed water according to the formula :

‘ < wH + (A~w)xcarry under ratio x latent heat of
tﬁ“£¢¥ fdw vaporization.
where wis the ratio of feed water to total flow,

The enthalpy of feedwater is supposed to depend on powver,
according to a quadratic formula:

‘N
quw = Ho +aP 4bP

Control options

Three levels of control are available at each time step

to keep the reactor in critical conditions.

a) Recirculation flow control (optional)
If the corresponding option is checked, the recirculation
flow rate is varied between specified limits, to get
the reactor critical. The upper 1limit is fixed, while
the inferior limit is taken as a fraction of nominal
flow given by:
1. = a (1. - relative power) provided the value
obtained is not smaller than a fixed 1limit. _
If the criticality cannot be achieved within the
prescribed limits, the control search is performed
by neutronic poisoning.

b) Neutronic poisoning control - One can choose between
two alternative ways: the neutronic poison may be
diluted in the whole reactor, varying the concentration
between O and an upper 1limit, or a control rod bank
may be represented as a movable boundary between
poisoned and unpoisoned regions. If the criticality
cannot be reached by the complete extraction of the
available poison, the control shifts to the power
reduction option; if the reactor is still overcritical
with fully inserted poison, the calculation stops
with a warning.

c) Power reduction control. If at a given time the
reactivity of the reactor available is not sufficient
to reach the critical condition for the scheduled



powver, a search is made to find out the maximum power
attainable in the current conditions. By this mean, one
can evaluate, for instance, the minimum time required to
reach full power after a shut down or a power reduction
at the end of the life of a fuel charge.

4 - Output

A flexible output routine (see input key) allows to

control the display of the principal items at the different

times, so as to obtain the relevant data without having

too many prints. An example of the output for the sample

case is given in appendix.

The output includes :

-~ a map of input data

- a description of the average coolant channel

- a first complete map of results referring to a preliminary
adjustment obtained by iterating neutronic and thermal
calculation with equilibrium Xenon concentrations. This
map has no physical meaning but may be useful when
convergence problems arise

- the record of the initial criticality search and the
complete map of the converged results :

- the prints referring to the transient: average values
and complete map of results at wanted times according
to the specifications of the user

The headings appearing in the output are interpreted as

follows :

P1, P2 Fast and thermal fluxes

CI, CX Iodine and Xenon concentrations

HFL Heat flux from the average fuel rod

DK O k Feedback reactivity

VF Void fraction

TS Surface temperature of the cladding

TIC Inner cladding temperature

TL Liquid coolant temperature

TFMAX, AVTF Central (maximum) and average fuel temperatures
IT Time step numeral

INT Number of iterations for convergence
VINLET Inlet velocity of the coolant

REP Reciprocal of the period

MASSFL Mass flow rate relative to starting nominal

condition.



5 =

- 10 -

Input form

Many problems may be executed in one run. For every
problem the first input card is a title card, in which
any alphamerical information may appear in columns
from 7 to 70 included. This title will appear in the
output - a 1 in column 6 means that the problem is
the last of the run.

A vector of 3500 memory positions DATA (1) to DATA
(3500) contains all the data in floating point form
(Internal conversion is performed by the code when
needed). Since entire groups of memory positions are
zero, it is possible to read different sets of
significant data; each set must be preceded by a card
containing the integers Xi4, Ki, defining the first
and last datum of the set. XKiq and Xi, are given in
integer form adjusted to the right at columns 12

and 24. The last set of a problem is indicated by -1
in columns 1 and 2. The data of each set are all in
floating form (FORTRAN FORMAT E 12.8). Any number of
problems may be run in sequence and only the data
changing from the preceding problem need to be given.
A title card must be present for each problem. The

- key to the input is given in appendix A.

Programme's performance, computer specifications and
user's directions

The XBWR programme has been written in FORTRAN 360

and assembled in FORTRAN H level O under the IBM 360
0.S., and the total lenghth of the programme resulted
18A04 bytes.

Little can be said about the computer time required,
as it is strictly dependent on convergence rates and
thereby on physical conditions for the problem at hand.
An average case of 30 to 50 mesh points, with boiling
channel and recirculation flow control will take about
10 minutes of IBM 360 for 150 time steps. The speed
of calculation is very much increased when there is

no channel and no feedback.

In many occasions, a time step of half an hour may be
quite sufficient to give acceptable results. When the
physical situation is near to instability threshold

a quarter of an hour or 10 minutes may be required.
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The code has been extensively tested and generally performs
satisfactorily; the reader should anyway be aware that not
all the possible uses of the code, which embodies so many
options, have been explored and some difficulty may arise
in practical use. In our experience the difficulties can
be overcome, sometimes with some ingenuity on the part of
the user. Furthermore it should be remembered that the
convergence process of the iterative procedure that leads
to criticality is not theoretically proved. Actually, when
a rod bank search is made, there are cases in which the
process may not converdge. Theese correspond to the
situations in which there is a maximum of reactivity for

a certain insertion of the bank, as it was mentioned in
the introduction. In such cases, a provision is made in
the logic of the iterative process to stop the iterations
and force. the insertion to a reasonable value. The
consequence is that the configuration of the reactor
reached by the code is not really critical. Such cases

are detected by observing that the reciprocal of the
period is higher than the convergence criterium, while

the number of iterations is smaller than the maximum.

This may happen also when the iterative process is not
really divergent, but the convergence is so slow that

the code forces the exit from the iteration process to
save machine time. The user should be aware that such
occurrences do not really impair the validity of the
results, as the only consequence is that the configuration
of the reactor is not perfectly critical, but the flux
shape is nearly correct. As in the calculations there is
no representation of delayed neutrons, a reciprocal of

the period of the order of 100, as the prompt neutron
lifetime is of the order of 104 sec. corresponds to a
reactivity as low as 1000 pcm.

The same considerations apply when the maximum number of
iterations available is reached and the convergence process
is stopped before reaching the convergence criterium.
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APPENDIX A

INPUT KEY for XBWR code

TITLE CARD bbbbbb ANY TITLE to column 70 (1 in column 6 for the 1last problem of the run)

DATA n° NAME ’ Description Unit Notes
1 ICORE Number of meshes (intervals) in the core - up to 94 (98 if no reflecor)
2 NRCORE Number of regions of different compositioh in
the core - up to 10 .
3 DT " Time interval for calculation Sec 600.=10 minutes gives o
very accurate results !
4 IDST Put 1. if initialization of the problem is
required

0. for a restarted problem -

5 : IBAR 0. diffused poison control -
1. Banked rods control-Rods entering as
coolant flow
-1. Banked rods control-Rods entering
apposite to coolant

6 PEWFAC Energy release per fission Joule

7 IXE 0. Power time table given in input -
1. After equilibrium a shut down is
imposed (see DATA (35))
-1. Iodine and Xenon concentrations perturbed
in input



DATA n°

10
11
12

13

14
15
16

17

18
19

NAME

GAI
GAXE
DLI
DLXE
SAXE

SI

HC@RE
AREA
HR1

HR2

BU
DELT

Description

Iodine yeld per fission
Xenon 135 yeld per fission
Iodine decay constant

Xenon decay constant

G,

Xe o

see DATA 29 and 30 for void effects)

Total power of the reactor in the
nominal condition

Height of the core
Core horizontal cross section area

First reflector thickness (inlet of
coolant)

Second reflector thickness (outlet of
coolant)

. . 2
Radial Buckling B

Generally omitted (107% is chosen by
the code)
Time step for dynamic iterations

Xenon microscopic capture cross
section (effective thermal) (no voids -

Unit

watt

cm
cm

cm

cm

cm

sec

Notes

_?I_

put O. if no reflector

has to be represented

A smaller time step
may be required for
convergence in some
cases. A wider time
step will speed up

calculations when

convergence is good.



DATA n°

20

21

22

23

24

NAME

CHANN

IDOPP

TDOP

TREF

DINS

Description

Number of coolant subchannels (fuel
rods) in the core

Doppler feedback indicator: ™ ____

’1. -5 gkb = O (TF -TDOP) +b (TF —VTD0P>VL‘
-4 58k, = a(f'?;-J'TDEP)

Reference temperature for Doppler
feedback

Reference temperature for liquid
coolant feedback :

2
Sk = o(Tg-TREF) +b (Te~TREF)

Control poison position at the
beginning of the problem

Depth of insertion for control rod
in core (IBAR = + 1)

Insertion fraction for diluted
poison (IBAR = O)

Unit

Kelvin

Kelvin

cm

Notes

Put 0. if no chaﬁnel.

‘In this case there will

be no feedback

°C may be used for IDOPP=1
All temperatures in the
input must then be given in
° Celsius

—g'[-



DATA n°

25

26

27

28

29

30

31

32

33

34

NAME

SAP1

SAP2

SAPR1

SAPR2

ITV .

FVMAX

FVMIN

Description

Fast group poison cross section of rods
in core

Thermal group poison cross section of
rods in core

Fast group poison cross section of rods
in reflector

Thermal group poison cross section of
rods in reflector

a) in formula for void dependence of
Xenon absorption cross section

b Gy, = ko (4.+au+bo<‘)

L3

Control indicator 0. Recirculation
flow control
1. Only poison
control

Maximum mass flow for recirculation
control (relative to nominal)

Minimum mass flow for control
(relative value)

a in formula FVMIN =
= 1.+a(1 - relative power)

a should be of course negative and in
this case the minimum flow admitted
is the higher value between DATA (33)

and formula. If a is zero or positive,

the formula is neglected.

Unit

Notes

Only for banked
IBAR = + 1

Only if ITV = O.

Idem

Idem

rods

_9'[_



DATA n°

35

37

38

40

41

42

43

44

NAME

TEMPY

SI

FVIN

LF

DAFPF

ITCR

Description Unit
Time of shut down for initial shut hours
down
Total power of the reactor at the - watt

beginning of the transient

Relative value of coolant flow at -
the beginning of the transient

- Iteration process parameters -

Maximum number of iterations for
criticality

Generally omitted. The code will
take 50

Convergence criterium for criticality
(if omitted the code takes 0.01)

Second guess of -3k for initial
criticality search
if omitted the code takes + 0.01

Maximum number of steps for period
evaluation in iterations

0. No operation 1. Channel calculation
repeated in iterations

Notes

Only if IXE = 1

If omitted, nominal
values will be used

Generally omitted

Generally omitted

Generally omitted

Generally omitted

—L'[ -



DATA n° NAME Description Unit Notes

- Regions Specification -

61 Number of intervals in the succes- There must be as many data
to sive core regions as there are regions

(NR CZRE = DATA (2))

and the sum must agree with
ICORE = DATA (1)

70 (First region corresponds to entry of
the coolant)

- Nuclear constants in core -

‘regions
1
80 + 1 D1(1) D, Diffusion coefficient for Ffast cm For each region the ps
group - First zone nuclear constants are '
, . -1 given in two cards, one
+ 2 - 2q,Absorption cross section - fast cm for fast group, and the

group - idem second for thermal group.

+ 3 SSD(1) 2.4 Slowing down cross section cm Of course, for successive
. . =1 roblems, only the dat
+ 4 SF1(1) ~ ¢, Neutron production cross section - cm P ! y e data
4 changed are to be given.

fast group

+5 SN1(1) ZfiFission'cross section - Fast cm
group

+ 6 - Dummy

+ 7 DZ(1) D, Diffusion coefficient - cm

Thermal group

+ 8 SA(1) ZazAbsorption cross section - cm
Thermal group



DATA n° NAME o Description Unit Notes

80 + 9 SF(1) szz Neutron production cross section cm_1
' - Thermal group
+ 10 SN2(1) 2%2_ Fission cross section - thermal e
group
+ 11 - Dummy
+ 12 - Dummy
. : nd .
92 + 1 Same for 2 region
i=1,12
. rd .
11441 Same for 3 region
etc

- Feedback parameters -

200 - If left blank, the feedback coefficients
will be the same in the whole core.
Put 1. if they are given regionwise

..6~[..



DATA n°

201

202
203
204
205

206

207-212

etc.

1000

1001 to
1020

1021 to
1024

NAME

ALDOP

BEDOP
AVOID
BVOID
ACOCO

BCOCO

a 1in

Description

- First region -

Doppler feedback formula

(see IDZP DATA (21))

in
in

in

» o o O

in

Doppler formula
void Ffeedback formula
same formula

coolant temperature feedback

formula

b in

same formula

same for 29 region if DATA (200)
is checked

etc.

-~ Void feedback tabulations -

Put 1.

if void feedback is tabulated

O. if the quadratic formula is

values for first region (or whole
core) corresponding to = 0.05

employed

modulus 0.05 up to 1.

Dummy

Unit

Notes

Unit depend on formula

Same

Omit if void feedback
is tabulated - see DATA
(1000) -~

See TREF = DATA (23)

_02_

20 values of are
given for each table

(4 cards. The last
values of the last card
are dummy). Either one
table applies to the
whole core or different
tables for each region
are given according to
DATA (200) value



DATA n°

1025 to
1048
etc.

281

282

283

284

285

286
287
288
289
290
291
292

NAME

D1R1

SATR1

SSDR1

D2R1

SAR1

D1R2

Description

Same for second region if DATA (200)

is checked
etc.

- Reflector constants -

D, Diffusion coefficient - fast
group - first reflector

Za, Absorption cross section -
fast group - idem

2.4 Slowing down cross section -
idem

D, Diffusion coefficient -
Thermal group - idem

quAbsorption cross section -
Thermal group - idem

Dummy
D1
2 g4 same for 2™ reflector

Py

Dummy

Unit

cm

=1

Notes

First reflector
corresponds to
inlet of coolant.

* Second to outlet.

_‘[z..



DATA n°

301-=400
461—500
1401-1500
1501-1600

501-600

601=700

NAME

CI(1)
CXE(1I)
P1(1)
P2(1)

FRI(I)

FRXE(I)

Description Unit

- Initial Data for restarted problem -

. ' . . . 3
Todine concentrations in core mesh points atoms/cm

Xenon concentrations in core mesh points atom/cm3
. . 2
Fast fluxes in reactor mesh points neut/sec cm
3 . 2
Thermal fluxes in reactor mesh points neut/sec cm

- Perturbation values for Iodine and -
Xenon

Fraction that multiplies equilibrium
values of Iodine concentration in each
core point

Same for Xenon

Notes

Only for IDST = O

The first values are
always zero. If any
reflector exists
three meshes are
allocated for it

Only if IXE = -1

..zz..



DATA n°
701=-750
751=800
2201
2902
2903

NAME

NF

ISTD

ITIPY

Description

- Power Tabulation -

Times for Power tabulation

Corresponding Power values
The code will interpolate linearly
among values given., If two

successive 0, values for power are

given, the code will calculate a
shut down period in a single step
and restart at the next value of
time and power

- Cooling channel specifications -

Number of radial meshes in the fuel
rod €10.

1. Standard formulae for water are
selected

0. Heat transfer constants given in

input

0. or blank Cylindrical fuel rods
Slab fuel element
. General geometry

e
.

Unit

hours

watt

Notes

The first time must be O.
Giving two times the same
value in succession, a

step in power is introduced-
After the last time given
the power is kept constant.

_Ez_

Only 1f CHANN > O

see DATA (20)



DATA n°

2904

2905

2906

3001

3002

3003
3004
3005

3006

NAME

IVAR

JPgw

ITET

DIAF

GAPTH
CLTH
AKXF

RGAP

Description

O. Thermal conductivity in fuel
elements are constant

1. Variable conductivity (exponential
formula)

2. Variable conductivity (quadratic
formula)

0. Constant power density along the
thickness of the fuel rod

1. Power shape in radial zones given
in input

0. B calculated by the code

1. Bgiven in input

— Channel data -

Coolant cross section area (referred
to a single rod)

Diameter of the fuel rod (or thickness
of the slab)

Thickness of the gap
Thickness of the cladding

Thermal conductivity of the fuel
(at reference temperature if
variable)

Thermal resistance of the gap

Unit

cm

cm

cm

cm

wvatt/cmeC

2
cm °C/watt

Notes

See DATA (3021)to(3023)

Only if CHANN> O
+ See DATA (20)

May be taken O.
Always 7 O.



DATA n°

3007

3008

3009

3010

3011
3012
3013
3014

3015

3016

3017

3018

NAME

AXCL
FLZW

FMDFJ

TSAT

RO
ROVAP

CP
HLAT

HC
HB
AN

TAU

Description

Thermal conductivity of the cladding
(at ref.temp.)

Coolant total mass flow into core
in initial conditions

Feedwater mass flow in initial
condition

(During transient it will be
taken proportional to power)

Saturation temperature of the
coolant

Liquid coolant density
Vapour density
Liquid coolant specific heat

Latent heat of vaporization

- Heat transfer parameters -

Convective heat transfer coefficient
(omit if standard)

Boiling h%?t transfer parameter
¢ = HBAT (idem)

Exponent in the boiling heat
transfer correlation (idem)

Bowring ratio of heat transmitted
through vapour bubbles to total
heat transmitted by boiling mechanism

Unit

watt/cmecC
m. ton/hour

m. ton/hour

Xelvin

gr/cm3

gr/cm3
Joule/grecC
Joule/gr |

2
wvatt/cm °C

2
wvatt/cm”°C

Notes

Used to evaluate inlet

enthalpy of coolant

(see later)

Only if ISTD = O.

Omit if standard

Omit if standard

Omit if standard



DATA n°

3019
3020

3021
3022
3023

3024
3025
3026

3027
3028
3029

NAME

AK
ZE

TKF
AKF1
AXKF2

TKCL
AXKCIN
AKCL2

SWID
TINPUT
ELSUR

Description

Benkoff's K slip constant ( § =

Relaxation parameter for void profile in

diabatic two phase flow

- Variable conductivity in fuel -

To
in formula K

or formula X

b
for fuel conductivity

To

a in same formulae for cladding

b conductivity

- Parameters for special geometries -

AXF + a exp [(T—To)/b]
AKHE} a (T—To)+b(T—To)%J

Slab width (only for slab elements ITIPO=1)
Value of © parameter (only if ITET=1.)

Area of the heating surface per cm of height

Unit

cm

Kelvin
watt/cmeC
or °C~
°C or °C~2

Same

Notes

Omit if standard

Omit lacking
information

If To is omitted in

ore of the formulae,

-92_

the value is kept
constant to AKF =
DATA (3005)

The formula chosen
depends on IVAR =
DATA (2904)

For slab geometry

Cnly for general
geometry



DATA n°

3030

3031
to
3040

3041
to
3050

3051
3052
3053
3054

3055

3056
3057

- NAME

ACONCL

CONF(I)

FMASS(TI)

PRESS
VISC
WC@N
DIAH

HENO

Description

Thermal conductance of cladding per cm

of height

Thermal conductance from one zone to the
following in the outer direction (per

cm of height)

Mass/cm in every zone in the fuel

(Center to periphery)

-~ Data for standard water formula -

Average pressure

Liquid water viscosity

Liquid water heat conductivity

Hydraulic diameter of the coolant

channel

- Inlet enthalpy parameters -

H In formula for feed water enthalpy

subcooling

a HFDW = Ho + a P + b P

b where P is Power in MW

2

Unit

wvatt/cmecC

watt/cmeC

gr/cm

2
Kg/cm
poise
wvatt/cmeC

cm

Joule/gr

Joule/gr MW
Joule gr sz

Notes

ITIPO = -1

idem

idem

Only if ISTD=1

..LZ..

The inlet subcooling
of the coolant is
calculated as:
H. = U+« HFDW +

in

(1-0) XDR » HLAT



DATA n°

3058

1851

1852

1853

1854

1855
1856

1857-1862
etc

NAME

XDR

KTP

IMP

I2P

IDST

Description Unit
Carry under ratio, i.e. quality of coolant

in downcorner at the mixing point with feed
wvater

- Printing and calculation specifications -

Number of time steps for the first printing
pattern

Number of time steps for restricted print
(Only average values)

Number of time steps for extended print
(Complete map of fluxes, concentrations,
voids etc)

if checked 1 gives special print of
convergence
steps - generally left blank

Dummy
nd s
Same for 2 printing pattern

END OF DATA

Notes

where U is the ratio

FMDF
FLOW

between feed -

water flow and total

Flow

Any number of successive
printing patterns may

be given. The problem
will stop when the last
is completed.

A new problem is then
started unless the title
card of the problem has
1 in column 6, in which

case the run is stopped.’
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1 SAMP%E PROBLEM FOR XBWR

1
30, 2. 1800. 30. 1. 0.32 -10
1. 0.0635 0.004 0.287 -040.211 -040.2 -17
800. +06300, 60000. 40, 40,
13000. 560. 560 . 100,
N. 0004 0.005 0.0004 0.005 -0.15 -0.42 H
1. 1- 1. "2. 00. a
. 43 43 o
61 62 H
15. 15. ]
81 104 , o
2.2 0.015 0.037 0.005 0.0023 =
0.4 0.061 0.087 0.035 -
2.2 0.015 0.037 0.005 0.0023
0.4 D.061 .D87 0.035 E
1 204
0. 006 -0.175 _,=0.09 -0.1 E
2.3 0. ND0S 0.975 0.29 0.01 'y
2.3 0. 0005 0.375 0.29 0.01 s
2901 2902 S
3. 1
3001 3014 E
1.8 1.25 0.201 0.09 0.023 1.5
0.16 14000. 1000. 560. 0.74 0.0366
5.16 1500,
305 3056

-1 3! 18
20. 2e 4.

-62-
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APPENDIX ¢

gOILING CHANNEL

—TSPRA

X

o~ MO Ladmy
ld co 04
W Wi Wi
cC ¢€C cC
cC CC (=1 =]
oC CO [«]]
e €O [=1V:]
NG ON Ho
MNC g O o00OC ©OC = OO
LK B B 2K K ] o608 [ K] (N [ K]
OOOOﬂO CCOO0 ©C Cc ©O¢
ONOH OO LN VN ON OO
L N o1 X mO O~ N
- NN CC Cx
Mnm M
g ANOOM NN el O
0.0000 ﬂ W ﬂﬂ ﬂO [ =]
WL WL W w o w w: W w
cceceed Cc C cec €©C ¢©
ccCcCece c C cc C€CC C©
ccececec c © cc ©C ¢C
IMOOQ [= 3 =] mm o
OOV C (2P Mg -
L A L] ANONO el N wiC
00 000 [ X XK J (2K ] o0 o0
0000%0 cooOC Co ©o ﬂO
["s0alad al al"s} e e N NN
e V) Co.00C OO O= NN
- NN OO0 Ow
M e
NG NN N N NGOG mmn o
OWOO%O wﬂ%ﬂﬂﬁo wD [ =]
S UM W Wi W w
COCOOC0 ccCceocCoco ©OC ©
CoOCoOCO CcCCCOCO0C ©OC ©
cocCoo QCCCCCC OC C
crcocc ccceeoec CC n
[ol. sl=lli] ol w] Cu oGO Co N
MnaENINN nmnmetn 0N -
& esspoeo0 200000 o0 o 0
“00000@ 0000%00 ©co OO
x
SOOUNCE GOOVNG GO GG &
& mimiONOIN OO WO: Omi NN
(=] =N OO0 O
' N Med
ETGONU: et il mind ot g ol
woce fo TEoesce 98 oo
oW, Wi Wb LW W
MOOO cC OOOOWMO cC <
©CO OO oCCo ©c CO [«]
acco [=] CCCOCCC ©OC €O
CCo © OCOCOCC WO [=T'w)
WO OO0 ~--Onan c ©C
wd?i o O C oot MOMOG M= sipe N
Poo-nmo 90 00000 o908 oo
MOOOO © OOOO%OO o0 Qo
(7]
O~ MO =M MO am
- a0 OO0 OC Ny
AN GC O®
A Med

i O N 2L111033115 Ned
CoOCOCO COCCOCOOOOOLO0

KRN "
LLILLILL W%,WFEEEEEM%%M

EE8 oceoooescoce
o0 OWOOOOODOOOOMM

OGO CQCOCINOOONCOCO

COMOC INMNOCONGINCO
OO Mt et O et Dot U0 L =t g ot

é3e

NS
e

N
oo

M40

.l. .............
ceo cococotccooocea
.

CON NN ONNTONN GG NN
NN VOO GOBRCOC =N
-NNNOOCOCOO ®

LaTolulo ]

et A O =t S et O Oy e el Q9 N
wOOOOOOOﬂOOOOOOOO
[THTRTITTVIIET AILLIAIL [y j
oo0 0*%%0000&%0%%
[slelelelelelalalolslolwlwlol Tl e}

OCINNCNOOMMODOmN O
O & =i i N OGO NI At LA P

383856858338338838338SS8S

Sod

~—_r~n
pud

O AN 07 md g P 06 O vl gt P el it
123468899088000Hﬂﬂ
NNNOOCOOD®
NN NN ot

- 30 -



FUEL DATA

FUEL _RA ADTUS CLAD RADIUS EXT.RADTUS
0+:62500 80 6626508183 0.T1600 ©
3REGIONS IN FUEL
RADIT
0, 36084 0.51031 0.62500
RELATivg POWER
0. 33333 0.33333 0.33333

TEMPERATURE INDEPENDENT CONSTANTS

KF KCL
0+ 230000E-01 0. 160000 00

gEBhA R mASS"erou 0. 10000F 04 T8N oun

HATER SUBCOOL IN DW 0+ WER (MW)
T SuUBCOOL NG*U*HFDH*(1.-U‘*CARRYUNDFR*VAP.HEAT*—O.821 &£3F 02
HEAT T ANSFER SONSTANTS
0.44958E HB 0.25615E*01 AN 4,000
TETA 3.53 TETAF 2,56 K 0.858

HOURS 0.0 POWER 0.B0000E 09 HASSFL‘O.IOOOOE 01 ROD INSERTION 0.10000€ 03

AV?RAGE VDID FRA%TION 0.2807
f ET SUB ODLED 8OIL Ng NODE 10
M_OF CHANNEL IN CORE REGIONS

T BULK BOILING NOD
PONER éC
0.2328E 03 0.17T75E 03

-n-nm

HOURS 0.0 IF 0  INT =%sx%%  POWER = 0.B0000F 09
. p P2

2 0.10764D 12 0.787750 12
3 0.11246D 13 0.516700 13
& 0.98195D 13 0. 555650 13
5 0.159100 1% 0.869280 13
& 0.21994D 14 8119700 1%
0.28307D 14 0.15369D 14

8 0.35132D 14 0.19036D 14
9 0.428270 14 0.231670 14
0 0.51850D0 14 0.280120 14
1 0.52782D 14 0.33886D 14
12 0. 763770 14 < 412090 14

+ 0.0

*POWER*#*2 =-0,11500E 04 JOULE/GR

TAU
143

REP = 04133B7E 03

INTSE &K

0.43500
0.0

-‘[s-
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INITIAL CRITICALITY SEARCH
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03
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0. 1606E 03

0. 2496F



RESTART AFTER 100.00000HOURS
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0.T717E 11 0.4755E {3 De6TI4E 02 ~0e65923E-01 0e41T76E 00 0.5672E 03 0.6075F 03 0.5600F N3 0. 1777F
0.6626E 11 e4136E 13 Q.6TT3E 02 —0.755BE-01 0.6404F 00 0.56T72E 03 0.6078F 03 0,5600F 03 - 1788F
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O.4B16FE 11 O0e3090FE 13 0.6015FE 02 -0.8415F-01 0.4982F 00 0.5670E 03 (0.6031F 03 0.5600F 03 0.1651F
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& 8.%82310 i# 0.105280 14
5 «28938D 14 0.16182D0 14
-) 0.385240 14 0.21551D 14
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13 REP 0.1332FF 02

INT
INT

9 PONER 0.80000E 09 VINLET 0.22458E 03 ROD INSERTION 0. 18865E 03
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0.3483F 15 0.5362E 14 0.,2691F 02 -0.8713E-01 0.5486E 00 0.5656F 03 0.581
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POWER 0.80000E 09 VINLET 0,22458E 03 ROD INSERTION 0.19331F 03 INT 50 RFP-0,15%88%5FE 02
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HOURS 5.00 POWER 0.80000E 09 MASSFL 0.10000E 01 ROD INSERTION 0.18734E 03 INT 13

AVERAGE V?ID FRA TIGN 0, 2075
EXIT_QUALITY 082

F}RS SUBCODLED BOILING NDDE 13
FIRST BULK BOILING NODE

POWER/CM_OF CHANNEL IN CORE REGIONS
0.1625E 03 O0.2478E O

IT 11 POWER 0.B80000E 09 VINLET 0.,22458F 03 ROD INSERTION 0.18620F 03 INT & REP-0,27457E 00
17 12 POWER 0.80000E 09 VINLET 0.22458F 03 ROD INSERTION 0. 1B389E 03 INT 8 REP 0.56139E 00

HOURS 6.00 POWER 0.80000E 09 MASSFL 0.10000F 01 ROD INSFRTION 0.18389E 03 INT 8
AV ? AGE VOID FRACTION 0.2095%
EXIT_QUALITY
FIRST SUBCOOLED BOILING NODE 13
FIRST BULK BOILING NODE 18
POgER/CN OF CHANNEL IN CORE. REGIONS
0.13594F 03 0,2508E 0
1
-
HOURS 6.00 17 12 INT 8 POWER = 0.80000F 09 REP = 0,56139E 00 ,
Pl p2
2 0.14524D 12 0.11017D0 13
3 0.15174D 13 0. T1756D 13
& 0.13249D 14 0.76299D 13
S 0.21085D 14 0.11745D 14
é 0.282610 14 0.15710D 14
7 0.34;590 14 0.19305D 14
8 Oozg 770 14 0.22522D 14
9 0.45741D 14 0. 253780 14
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11 0.54311D 14 0.30119D 14
12 0.57824D 14 0.32066D 14
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14 0.63;340 | 4 0. 35239D 14
15 0.65788D 14 0.36497D 14
16 0.67661D 14 0.37554D 14
17 0.69397D 14 0. 38544D 14
{8 0.71523D 14 0. 397510 14
9 0. 46;70 & 0.41498D 14
20 0.79; 6D 14 «44166D 1&
21 0.86574D 14 «48322D 14
22 0.97276D 14 0. 56485D 14
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30 0:.50424D i# 0.30212D 14

31 0.39910D 14 0. 23947D 14

22 0.%9%5%0 {2 0. 17667D 14

3 0.18505D 0.11652D 14

34 0.21224D i3 Oe 14246D 14

35 0.20459D 12 0.25682D0 13
AVERAGES 0.61865D 14 0.35617D 14

g! cX HEL 31,9

0.42T7TE 15 0.182TE 1% 0.8262E Ol -0.1721E~-02
0s 6601E 15 0.2606E 15 0.1277E 02 -0.2803E-02
D.88 %E 15 0.3233E 15 0.1713F 02 -0.3819E~-02
0.10/8E {6 063713E 15 0.2114FE 02 -0.4T732F-02
061250E 16 O0Q.407T2E 15 0.2482E 02 —-0.5552E~-02
0.1397E 16 0.4335E 1f 0.2820F 02 -0.6295E-02
0.1519E 16 0.45565 LS 0.3k3¢E 02 -0.6974F-02
0..21 = 16 0.4628E 15 0.3430E 02 -0. E-02
0.1693E 16 O0.468lE 15 0.3712 02 -D.8200E-02
0. L17T4TE 16 0;46795 1S  0.3985E 02 —0,8773E-02
0.1780E 16 0.4633F 15 004256 02 —0.9333E-02
0.1798F 16 O0.4556E 15 0.4528¢ 02 -0.9890£-02
0.1B0TE 16 O0.4476E 15 0.4806F 02 -0.1216E-01
0.1815E 16 O0.4400E 15 0.5094E 02 -0.1628E-01
0s1836E 16 0.4340E 15 0.5416E 02 -0.2063E-01
0+18B3E 16 0.4308E if 0.5821F 02 —-0.2533E-01
0.%9715 16 0.4315E 1% 0.63}3& 02 -0. 3055g-01
De2122E 16 0.4371E 15 0.7222F 02 —0e3666F-01
0. 2404E 16 0-4491E-i5 0.8511F 02 —-0.4676E-01
0.2690E 16 0.4917E 15 0.8766F 02 —-0.5805E-01
0. SSSE {6 0.56175 18 0e8479E 02 —-0.6738E-01
0.2829E 16 0.5683E 15 0.7880FE 02 -0.74#36E-01
0.5688E 16 0.5786E 1% 0.7121E 02 -0.7937E-01
0. 24T2FE 16 O0.STA4E 15 0.6300f 02 -N.B8284E-01
0.2211E 16 O0.5565E 15 0.5468E 02 -0.8513F-01
001922E 16 0.5250E 15 0.4647E 02 -0,8657E-01
0.1615E 16 O0.4797E 15 0.3842E 02 -0,87N4E-0)
0.1293E 16 0.4191E 15 0.3045E 02 -0.8692E-01
0.9596E 15 O0.3406E 15 0.2246F 02 —-0.8615E-01
0.6316E 15 0.2455E 15 0.1475E 02 —-0.8483E-01

17 17 POWER 0.80000E 09 VINLET
IT 18 POWER 0.80000E 09 VINLET

HOURS 9.00 POWER 0.80000E 09 MASSFL 0.10000E 01

D FRA%TIGN 0. 2084

Ot
<

0. 22458E 03
0.22458F 03

82
OLED_BOILING NODE 14
B G NODE 18

POUERéCH OF CHANNEL IN CORE REGIONS

0. 1469E 03 0.2634E 03

VF TS
0.0 0.5462F 03
0.0 0.5475F 03
0.0 0« 5490E 03
0.0 0.5505F 03
0.0 0.5521F 03
0.0 0.5536F 03
0.0 0.5552€ 03
0 0.5569F 03
0 0.5586F 03
0 0.5604F 03
Ny 0.5622E 03
o0 0«5641F 03
0e3426E-01 0.5666F 03
0.6917E-01 0.5667F 03
«1027E 00 0.5668F 03
0.1359E 00 0.5669F 03
0.1692E 00 Q0.5671F 03
«2036F 00 0.5673F 03
«2T64LE 00 0D.5676F 03
0e3421F 00 0.5676F 03
0.3938E 00 0.5676F 03
«£2339E 00 O0.56T4F 03
Qe &651F 00 0.5673F 03
0.2824E 00 0.5670F 03
0.5N84F 00 0Q.5668E 03
05233E 00 0.5665F 03
0.5347E 00 0.5662F 03
0.5433FE 00 0.5658F 03
0.5494E 00 0.5652F 03

0.5533F 00 0.5632F 03
ROD INSFRTION 0.17588E
ROD INSERTION 0.17379FE
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03 0.5528F 03 0.1329E
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12 REP 0.15763E 00
11 RFP 0.23244F OO0

19 POMER O+80000E 09 VINLET 0,22458F 03 ROD INSERTION 0.17216E 03 INT
INT

4]
14

20 POWER 0.80000E 09 VINLET 0.22458E 03 ROD INSERTION 0. 1TO64FE 03

11

INT

HOURS

10.00 POWER 0.80000E 09 MASSFL 0.10000E 01 ROD INSERTION O.17064F 03

14

0.2101
NG NODE
18

%

TIO
«08
BULK BOILING NODE

s s

03

PO RéCH OF CHANNEL IN CORE REGIONS
ISA1E 03 0.2661E

O+

REP = 0.23244E 00

POWER = 0.80000E 09

IT 20 INT 11

10,00

HOURS
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