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ABSTRACT

The TRAC-BWR code development program at the Idaho National
Engineering Laboratory has developed versions of the Transient
Reactor Analysis Code (TRAC) for the U.S. Nuclear Regulatory
Commission and the public. The TRAC-BFl/ MODI version of the
computer code provides a hest-estimate analysis capability for
analyzing the full range of postulated accidents in boiling water
reactor (BWR) syrtems and related facilities. This version provides
a consistent and unified analysis capability for analyzing all areas
of a large- or small-break loss-of-cooiant accident (LOCA),
beginning with the blowdown phase and continuing through heatup,
reflood with quenching, and, finally, the refill phase of the
accident. Also provided is a basic capability for the analys's of
operational transients up to and including anticipated transients -

without scram (ATWS). The TRAC-BFl/M001 version produces results
consistent with previous versions. Assessment calculations using
the two TRAC-B"1 versions show overall improvements in agreement
with data and computation times as compared to earlier versions of
the TRAC-BWR series of computer codes.
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SUMMARY

The IRAC-BWR Code Development Program at the Idaho National Engine sing
Laboratory (INEL) is developing versions of TRAC (Transient Reactor Analysis
Code) to provice the U.S. Nuclear Regulatory Commission (NRC), and the public,
a best-estimate capability for the analysis of postulated accidents and
transients in boiling water reactor (BWR) systems and related experimental
facilities. The first publicly released version of the code, TRAC-BDl,
provided a basic capability for the analysis of design basis loss-of-coolant
accidents (DBLOCAs). The second publicly released version of the code, TRAC-
BDl/MODl, was developed to provide an analysis capability for operational
transients, including anticipated transients without scram (ATWS), as well as
to provide an improved analysis capability for both large- and small-break
LOCAs. The third release, TRAC-BF1, is a further improvement, particularly in -

the areas of computational speed and space-dependent (one-dimensional) neutron
kinetics modeling capability. The fourth release, TRAC-BFl/ MODI, again
improves the calculational speed, provides an improved steam separator-dryer
model, and corrects many errors or omissions.

The code provides a consistent and unified analysis capability for an
entire accident sequence. For a large break LOCA, this includes the blowdown
phase, heatup, reflood with quenching, and finally, the refill phase of the
LOCA acciew t sequence. For an ATWS event initiated by the closure of the
main steam it olation valve, the sequence includes the initiating event, the
reactor power excursion caused by void collapse and terminated by reactivity
feedback, periodic power excursion caused by cycling of the safety relief
valves, and ultimate reactor shutdown though the injection of soluble boron

poison.

Unique features of the code include (a) a full nonhomogeneous,
nonequilibrium, two-fluid thermal-hydraulic model of two-phase flow in all .

portions of a BWR system, including a three-dimensional thermal-hydraulic .

treatment of a BWR vessel; (b) detailed modeling of BWR fuel bundle, including
a thernal radiation heat transfer model for radiative heat transfer between '

multiple fuel rod groups, liquid, and vapor phases, and the fuel channel wall,
with quench front tracking on all fuel rod surfaces and inside and outside of
the fuel channel wall for both bottom flooding and falling film quench fronts;
(c) detailed models of BWR hardware, such as jet pumps and separator-dryers;
and (d) a countercurrent flow limiting model for BWR-like geometries.

Other features of the code include a nonhomogeneous, thermal equilibrium
critical flow model and flow-regime-dependent constitutive relations for the'

interchanges of mass, energy, and momentum between the fluid phases and
between the phases and structure.

New features of TRAC-BF1 and TRAC-BFl/ MODI not available in the
previously released versions of the code include

Balance of plant component models, such as turbines, feedwater.

xi
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heaters, and steam condensers

A simple lumped parameter containment model*

A comprehensive control system model+

Reactivity feedback model, including the effect of soluble boron.

Boron transport model.

Noncondensable gas transport model, including the effects of.

noncondensable gas on heat transfer

Mechanistic separator-dryer model.

Two-phase level tracking medel.

Generalized component-to-component heat and mass transfer models-

Moving mesh quench front tracking model for fuel rods and both.

inside and outside surfaces of fuel channel wall

improved constitutive relations for heat, mass, and momentum.

transfer between the fluid phases and between the fluid phases and
structure

A free farmat input processor with extensive error checking.+

From the very beginning of the TRAC-BDl/ MODI development, adherence to a
strict quality control program ensured that a well-documented, working version
of the code would be available at all times. All changes to the code, however
small, are given a program change label that appears on the modified FORTRAN
statements and on all documentation that accompanies the changes. This
ensures that all changes are traceable to documents that describe the basis
for the change and the model developer making the change. A set of test cases
was developed and executed after each successive working version of the code
was assembled to ensure that recent changes did not affect changes or models
inserted into previous versions of the code.

After the final working version of TRAC-BFl/ MODI was assembled, a series
of developmental assessment test cases was executed. These test cases
provided insight into the code simulation capabilities for various separate
effects hydrodynamic tests, separate effects heat transfer tests, and integral
system effects tests. _ On the whole, agreement between the TRAC-BFl/ MODI
simulation of the various problems and measured test data is excellent.

The TRAC-BFl/ MODI code is described by three documents: TRAC-BF1/M001:
.'An Advanced Best-Estimate Computer-Program for Boiling Water Reactor Accident
. Analysis, Volumes 1 and 2, and TRAC-BFl/M001 Models and Correlations. Volume

| 1: Model Description describes the thermal-hydraulic models, numerical
|

| -. xii
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methods, and component models available. Volume 2: User's Guide describes
the input and output of the IRAC-BF1/M001 code and provides guidelines for use

O of the code mode 1ing of BWR systems. TRAC-BF]/ MOD 1 Models and Correlations is
designed for those users wishing a detailed mathematical description of each
of the models and coirelations available in TRAC-BF1/M001. This document
reflects the as-coded configuration of the descriptive information provided in
Volume 1.

O.
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INTRODUCTID"

A TRAC-BF1/ MOD 1: AN ADVANCED BEST-ESTIMATE-
COMPUTER PROGRAM FOR-BOILING WATER-REACTOR

"

ACCIDENT ANALYSIS.
. VOLUME 2: USER'S GUIDE-

1. INTRODUCTION

Guide ,g' with many additions and changes relevant to TRAC-BFl/MODl.J RAC-BFl/M001 User's Guide is a' revision of TRAC-BDl/ MODI User's
The-

contents of this volume cover the input description entirely, .The input
: variables and formats are described for each of the TRAC-BFl/ MODI component
models.

~The TRAC-BFI/M001-code is described by three documents: TRAC-BF1/ MOD 1:
An Advanced Best-Estimate Computer Program for Boiling Water Reactor Accident
Analysis, Volumes 1 and 2, and TRAC-BF1/ MOD 1 Models and Correlations. Volume
-1: Nodel Description describes the thermal-hydraulic models, numerical
- methods, and- component models available. Volume 2: User's Guide describes
the input-and output of the TRAC-BFl/ MODI code and provides guidelines for use
of the code modeling of BNR systems. TRAC-BF1/M001 Models and Correlations is

Q designed -for those users wishing a detailed mathematical description of each
- of- the models- and correlations available in TRAC-BFl/ MODI. This document.
reflects the- as-coded configuration of the descriptive information provided in
Volume 1.

1.1 REFERENCES

;

1-1, 3, Spore et al., TRAC-B01: An Advanced Best Estimate Computer Program,

for Boiling Water Reactor loss-of-Coolant Analysis, NUREG/CR-2178,
October 1981.

1 2. JR. N. Shumway et al.,-TRAC-BD1/ MOD 1: An Advanced Best Estimate Computer7

Program for Boiling Water Reactor Transient Analysis, Volume 2: Users,.

Guide, NUREG/CR-3633, EGG-2294, April 1984.'

1-3, U. L. Neaver et'al., TRAC-BF1 Manual: Extensions to TRAC-801/ MOD 1, EGG-
2417, August 1986.
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GENERAL INPUT ORGANIZATION

O 2. INPUT DESCRIPTION

2.1 GENERAL INPUT ORGANIZATION

A TRAC-BFl/ MODI input deck is divided into major data types, including
problem control, trip, component, reactor power, control system, EXTRACT, and
time step data. These data are contained in the INPUT file and can be in any
order. Since each card .has a card identifier, the deck can be shuffled, I

except fer continuation cards.
|

The problem control data contain general control parameters, including
problem title. cards, restart and dump control i formation, transient and

,

steady-state control information, problem size nformation, and problem |
convergence criteria. These data must always present in the INPUT file.

|
The trip data are required only if the user wishes to specify one or more

trips. For restart runs, only data for those trips added or modified are '

included in the trip data block. Data for unmodified trips from a previous
run are obtained from the restart dump file.

The main body of the input deck contains data that describe in detail
_r each TRAC-BFl/ MODI component. For restart problems, only those components
( added to the problem or modified are included in the input data file. The

rest of the component data are obtained from the restart file. All
geometrical and thermal-hydraulic input data are in the Standard International

-

(SI) Unit System.

Another data set contains optional control system input data, If no
control system is required, this data set may be omitted. If a control system
is required, the user may select either a set of default steady-state
controllers with simplified input or a' detailed control system model with
specific input being required for each controller in the system. Control
system data should be included in a restart input deck only if controller
parameters are to be changed.

EXTRACT is a TRAC-BFl/ MODI subprogram that extracts component data from
an existing restart dump file and converts it to card images in TRAC-BFl/M001
input format. This extraction feature is user-convenient to facilitate the
setup of_ restart input decks. The EXTRACT data block should be included in
the INPUT file or.ly if the variable NEXTR is not- zero in the first data block.

Time step size da'.a must always be present-in the INPUT file, except
during EXTRACT runs.

All input data contained in the INPUT file are read into the code in free
format using the Idaho National Engineering Laboratory (INEL) INP input
package. A free format version of the LOAD input procedure is used to provide

|; the. user with additional flexibility in specifying data arrays.

(
2-1 NUREG/CR-4356
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GENERAL' INPUT ORGANIZATION

Detailed descriptions of the input requirements and user-convenient
features mentioned above are given in the following sections of this volume.
A sample INPUT deck is given in the back of this report.

:

|

!

L
<

O
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TRIPS

O
2.2 ' TRIPS

Trips provide the means of simulating the actions of a power plant
protective system in response to transient or abnormal conditions. Trips
control such actions as reactor scrams, valve openings, and pump startups. In
TRAC-BF1, the actions are performed by the component modules. The VALVE
module, for example, has been coded to open (or close) a valve once an

'appropriate trip occurs. Other modules have been coded similarly. A trip
condition is indicated by a status flag, which is set after a trip has
occurred. A problem description can have any number of trips specified with
one or more components referencing the same trip.

The criteria for deciding when a trip has occurred are based on three
parameters supplied as input: a signal index (ISID), a signal setpoint (TSP),
and a signal celay time (TDT). The signal index defines the type of variable
to br observed (the' variable used to' activate the trip) and caa correspond to
a pressure, temperature, water level, or any number of other component
parameters. - Parameter differentials and multiple parameters may also be
chosen. The signal setpoint defines the setting at which the trip ill occur.
This' setting may be an upper limit of the. observed variable, if IS:. >0,- or a
lower limit if ISID <0. The signal delay time serves to simulate tt.' time
necessary to process the signal and initiata the action. A trip status flag
is set after the observed variable has reached the' signal setpoint and the

g subsequent signal' delay time has lapsed,

Trips needed in a problem are declared when specifying the component a

module input. Eight parameters are used to define each trip: ITID, ISID,
TSP, TDT, IDI,;ID2, 103, and-104. ITID is the trip identification number.
This number is arbitrarily chosen to distinguish one trip from another.
Table 2-1 provides the correspondence between the signal index and the
variable types. The parameters 101 through 104 are qualifiers that specify

-the location of the observed-variable (s) in the component data base. IDI
identifies'the component-by the component ID number. ' ID2 is a second
component qualifier and is-zero unless the component is a VESSEL. If the
component is a VESSEL, the value of 102 corresponds to the VESSEL axial level.

-

Parameters-ID3: and 104 specify the' element (s) if the variable-is an array.
The possible choices of ID3 and.104-and their-meanings are given in Table 2-2.

For ill'ustrative purposes, consider

ITID = 16 -101 - 6
ISID = 1 102 = 0-

TSP = 1.7e7 103 = 3
TDT- - 0.1 - 'lD4 = 0.

Trip ID 16'is arbitrary; however, it is this number that must be used in
the component input' to identify this trip. The positive signal index of 1

-

means that-an upper pressure limit is defined. TSP defines the pressure limit
p Lto be 17.0 MPa. TDT defines the crip delay time of 0.1 second after the

,

-

2-3 NUREG/CR-4356
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TRIPS

Table 2-1. ISID trip signal index values and variable types.

Trip signal
index (1510) Common usage (all components) Exceptions

0 Reactor time (values of 101 through 104
are ignored)

1 Pressure

2 Liquid temperature

3 Vapor temperature

4 V;por fraction

5 Wall temperature VESSEL: s..;

temperatures

6 (Not used in TRAC-BF1)

7 (Not used in TRAC-BF1)

8 Mixture velocity

9 Relative velocity

10 (Not used in TRAC-BF1)

11 Vessel downcomer level trip
IDI - VESSEL number
ID2 = 1
103 - azimuthal zone number
104 - 0,

pressure limit is reached. 101 - 6 means the pressure is found in the data
base for Component 6. 102 = 0 means this component is not a VESSEL. 103 - 3
and 104 = 0 mean that the third pressure in the array of pressures (pressure

- of -the third cell) is the tested variable.

O
NUREG/CR-4356- 2-4
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- TRIPS

Table 2-2. TRIP-celf selection logic

~

Cells tested in Component 101 and Level 102 (if it is a VESSEL).-

.

104 < 0 104 - Q JD_4 > 0 .

103 > 0 None- 103 Difference between value in
Cell 103 and 104

-

ID3 = 0 None None 104

ID3-<|0 Each cell from -103 to -104 None None-

.

@

.

@
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DUMP / RESTART

2.3 DUMP / RESTART FEATURE

At user-specified times during problem execution, TRAC-CFl/ MODI
automatically generates the dump / restart data file, TRCDMP, which contains
snapshots of the state of the system. Any one of these snapshots (dumps) may
be used to initialize all or part of the system for subsequent calculations or
for EXTRACT. The times at which dumps are generated are determined by several
criteria. The user may specify a dump interval on the time step cards.
A dump will be created whenever this interval of time has elapsed since
the last dump. These dumps are added sequentially to the end of the TRCDMP
file. A dump may also be initiated by the user with one or morc of the trips.
When the conditions of this trip occur, a dmp is added to the end of the
TRCDMP file. This permits the restart of a problem from the occurrence of
particular events of interest.

In addition to these user-specified dumps, TRAC-BFl/ MODI will
automatically generate dumps at various times. A dump is generated at the end
of the initialization stage. Another dump is generated at the end of the
steady-state or transient calculation and at intermediate points in the
calculation based on CPU time utilized and remaining for the job. A message
containing the dump time step numt,er is written on the output file whenever a
dump is taken.

To use a dump file in initializing a subsequent calculation, the name of
the file must be changed from TRCDMP to TRCRST (restart) and the time step
number of the desired dump must be specified on card MAINXX. If *he specified
time step number is negative, TRAC-BFl/ MODI will use the dump wik the largest
time step number and overwrite the initial time (TIMET on Card MAINXX) with
the time taken from that dump.

Data retrie"ed from the selected restart dump depend on what has already
been found in the input fila. The code compares the total list of components
specified by the user in the IORDER array of the problem control data with
components found in the component data of the input file. Data for anyt

components not found in the component data block are initialized from the
restart timp. Thus, if the user desires to alter a component or add a new
component at the beginning of a restart run, the new or altered component data

i must be included in the component data block. If new or altered components
t are not required, no component data need be included in the comnonent data

block. In principle, components may also be deleted in a restart run by
removing the component number from the IORDER array; however, this procedure
may cause problems, for the following reasons. If components are added or

, deleted in a restart run, care must be taken to ensure that the junctions
' specified in the resulting component set are -internally consistent and that

tha 10RDER array contains only the numbers of components to be used in the
restart run. Input values of NCOMP and NJUN found in the control data block
must also reflect the number of compone.ts and junctions used in the restart

|
run.

Trip data are handled in much the same way as component data during

NUREG/CR-4356 2-6
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- DUMP / RESTART
,

!

i
re s ta rt .- NTRX is the total number of_ trips to be read. If the number of
trips found-in the input _ data is <NRTX, the remaining trips will be
initialized in the state found on the restart dump. New trips or trips

- requiring alteration may be included in the trip-data for a restart run. The
user should exercise cautior, when including a trip that has already been
activated in a previous run in the trip input data for a restart. The code
will consider such a trip to be reactivated at the beginning of the restart
transient and will redefine the time at which the trip occurred. This may
lead to erroneous results when using table look-ups-based on time after trip
occurrence, such as the reactor rower-time table. In general, trips that do
not require alteration should not be included in the trip data block for a
restart run.

Some-reactor power data are retrieved from the restart file on restart
1 runs. No-power data may be changed on restart except for the power / reactivity
table. The first card and this table must be included in the restart deck
whether or not changes are desired. If the other power data cards are not
found in the input deck, they will be obtained from the restart file.

Selected-control system parameters may be altered on restart by inputting
special change cards specifying the new parameter values. If no control
system change cards are found in the input deck, the control system will be
initialized _ in- the state specified on the restart dump file.

,

4

2-7 NUREG/CR-4356

.

w - -e - - - - ..p-- ,~- m- . m _ .- _ _ _ _ . . , _ , , _ , _ , . , _ . _ . , _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
-



. . _ . ._. .- . .

STEADY-STATE CALCULATION

|

2.4 STEADY-STATE CALCULATION;

l
!

The steady-state capability of TRAC-BFl/ MODI is designed to provide time- I

independent solutions that may be of interest in their own right or as initial |
! conditions for transient calculations. The steady-state calculation utilizes i

| the transient fluid dynamics and heat transfer routines to search f or time- !
independent conditions. The search is terminated when the oser is satisfied j,

| that the time rates of change of thermal and fluid variables are reduced to 1

| sufficiently small values. This operation is normally performed in a series
! of steady-state restarts, "ntinuing until acceptable steady-state convergence ,

is obtained. The restart . amp file, TRCDMP, from the final steady-state run, l

|_ contains the initial cond4tions for transient calculation, j
'

!

TRAC-BFl/ MODI will terminate automatically when tne percent rate of
change of the state variables is smaller than a user-specified value. Users

I specify the steady-state convergence value in the MAIN card of the input deck. ,

| A final dump and a major edli., showing the rate of change of the state !

variables, is given at problem termination. If a centinued steady-state |
calculation is desired, the problem can be restarted with a smaller i

convergence number.

Although the same subroutines are used in both the transient and steady-
state calculations, there are important ways in which their behavior differs

|
between the two calculations. The most significant differences are:

1. The time-step size used by the beat transfer and fluid flow
calculations can be different during a steady-state calculation.
The ratio of these time-step sizes is specified through the input
variable, RTWFP, found in the time-step data block. This permits
compensation for the difference in natural time scales of the two

i

processes.

2. Trips are inhibi+ed during steady-state calculations. Thus, even
though conditions may exist that would cause a trip during a
transient, the trip will not be activated during the steady-stete
calculation. Table look ups are also suppressed during steadv-state
calculations.

The problem time, TIMET, is not automatically reset to zero af ter steady-
| state conditions are reached. If it is desired that the transient begin at

L time zero, TIMET on card MAINXX must be set to zero in the restart input deck
used for beginning the transient. The value of DSTEP on the same card must
also refer to a specific restart dump number, usually the last dump in the
steady-state restart dump file.

2.4.1 Manual Initialization

The most common objective of a steady-state calculation is to drive a

NUREG/CR-4356 2-8,
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STEADY-STATE CALCULATION
__ _

n
- reactor system model to a specified steady-state condition for use as the
iritial _ condition in a subsequent transient calculation. This objective can
be met by the manual adjustment of system parameters in a series of steady-
state runs,- For example, the- recirculation pump speed may be manually
adjusted in a series-of steady-state runs until the desired steady-state core
mass flow rate is obtained, for simple systems, this procedure will lead
quickly to a specified steady state.

2.4.2 Control System-Assisted Initialization

for complex systems, the procedure described above will often require a
large number of steady-state runs to achieve the desired steady-state
condition. To simplify this procedure, an option is available using simple
default control systems to provide automatic adjustment of selected system
parameters during a steady-state run. For example, the default steady-state
flow control system automatically aojusts tecirculation pump speed until a
specified core mass flow rate is reacised .ther default control systems are
available to adjust the reactor- pressure by controlling the valve area of the
pressure control valve in the reactor main steam line and to adjust the
downcomer water level by controlling the feedwater mass flow rate, The use of
these three types of default steady-state. control systems will often greatly
reduce the amount'of time required to initialize a system model, The default

-

/^N control _ systems are designed for use with a full-scale BWR reactor system and
( may require adjustment for use with other systems, such as small-scale test
''- facilities, although some internal scaling is performed.

Additional user-sup911ed contrellers may be used during steady state runs
to ase'st in adjusting system parameters not included in the default
contrcnser set, Both default and user-supplied steady-state controllers are>

operative only during steady-state runs. Other controllers, designated as
transient-controllers, may be included in the same input deck as the steady-
state controllers but become operative only when a transient run is performed.
Steady-state controllers need not be removed from the input deck when a
transient run'is performed. Transient controllers needed for calculations
-including 1-G kinetics must be input in the steady-state run. For additional
information on the use of steady-stat controllers, see Subsection 4.12.8 in
Volume 2oftheTRAC-BDl/MODIManual.pd

-

f -.
t
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EXTRACT Suscoot

2.5 EXTRACT SuncoDE

Subcode EXTRACT is designed to facilitate the setup of restart input
decks. The user may wish to make minor alterations to an existing component
for a restart run, such as altering a flow area on a cell face or changing the
rated torque of a pump. If the user wishes to change any input parameter for
a given component, TRAC-BFl/ MODI requires that all the data for that component
be included in the restart input file. The TRAC-BFl/ MODI restart feature
requires that all input data for that component be included in the component
data block, even though only a small number of variables may actually be
altered from their original values. EXTRACT assists in setting up an altered
restart input deck by reading component data from a specified dump on a
restart dump file and converting these data to card images of component data
input sets. The component input sets created are in standard TRAC-BFl/ MODI
input format and correspond to the state of the component at the time of the
specified restart dump. The card image data set extracted in this manner may
be altered as required by the user and used in the component data block for
the restart run. The input data file :u EXTRACT is the restart dump file,
and the card deck output from EXTRAC n file TAPE 3.>

EXTRACT is run using a TRAC-BFl/ MODI input deck set up as for a restart
run, with all component data to be taken from the restart file, TRCRST (TRCDMP
from the previous run). If the user wishes to use EXTRACT, the main control
variable, NEXTR, must be set equal to the number of components to be extracted
from the restart file. If NEXTR>0, TRAC-BFl/ MODI will proceed with its normal
restart input processing, reading component data from file TRCRST and storing
it internally in LCM component data arrays. Control is then transferred to
the EXTRACT overlay, which continues reading from the INPUT file to obtain the
list of components to be extracted. EXTRACT then obtains the requested
component data from the LCM component data arrays and ( nverts it to the form
of input card images. These data are obtained far the aump specified by the
variable DSTEP on Card MAINXX. C vd imtge comoonent data sets for the
specified components are then writt?n to file IAPE3.

O
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FREE-FORMAT INPUT

2.6 FREE FORMAT INPUT STRUCTURE

TRAC-BFl/ MODI problem decks are input in a free format structure, using
the INEL INP input package. In this format, each' data card is labeled with a

unique card. identifier containing information about the type of data included
on the card. Cards are identified in the code by their card identifier rather
than by their order within the deck. This structure simplifies the finding of
data within the deck, helps to maintain a record of deck-alterations, and
eliminates the necessity for maintainnig an axact card order within the deck.

A TRAC-BFl/ MODI free format input deck consists of a title card, optional
comment cards, data cards, and a-terminator card. The order of the title,
comment, and data cards is unimportant, except that in the case of duplicate
data card identifiers, the last card with that identifier will be used;
similarly, the last title card will be used. Care should be taken to avoid
the spurious use of duplicate c&res throughout the deck. These often lead to
confusion, particularly if more than nne modeler uses the same deck.

1. Title Card. A title card must be entered for each problem. A title
card is identified by an equal sign (-) as the first nonblank
character.

2. Comment Cards. An asterisk (*) or a dollar sign ($) appearing as
:the first nonblank character identifies the card as a comment card.
Blank cards are treated as comment cards. The only processing of
comment cards is the printing of contents. Comment cards may be
placed anywhere in the input deck.

3. -Data Cards. The data cards contain integer, floating-point, or
alphanumeric data. Blanks preceding and following data fields are
ignored.

The first field on a data card is a card identifier, consisting of
an alphabetic name immediately followed by an integer. The_ code
converts the alphabetic names to numbers for use by INP subroutines.
A list of the alphabetic card name types and their numerical
equivalents is _ shown in Table 2-3.

Each card: identifier is compared to previously entered identifiers. +

If a matching identifier is found, the data entered on the previous
card are replaced by data on the current card with thi;-identifier.
If the current card has no data, the card idenifier and data on the

| ._ previous card with the same identifier are del ated.
L

l.- -Comment inforrno ion may follow the data fields on any data card by
initiating the .omment with an asterisk or dollar sign.'

A number field is started by either a digit (0 through 9), a sign (+
or -), or a decimal point (.) A comma or a blank terminates the

2-11 NUREG/CR-4356
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FREE-FORMAT INPUT

Table 2-3. Types of INP data-cards.

Card Initial Card Initial
Identifier ReJIesentation Identifier Representation

OPTIONS 1 PIPEIDCNX SIDCNX
TIMING 8 ?UMPIDCNX 61DCNX
CHECK 0UT 9 SEPDIDCNX ll!DCNX
CCFLUTP 10 TEEIDCNX 71DCNX
CCFLSEO 20 TURBIDCNX 10lDCNX
TITLEXX IXX VALVEIDCNX 81DCNX
MAINXX 2XX
COMPLISTXX 3XX
TRIPDUMPXA 4XX

TRIPCNX ICNX
MPROPCNXX ICNXX VESSEL 10LVCNX llDLVCNX
BREAKIDCNX IIDCNX POWERODCNX 100000CNX
CHANIDRGCNX 21DRGCNX STEADYSTCNX 104000CNX
CONTANSYCNX 300SYCNX CNTRLCNXXX 1050CNXXX
FILLIDCNX 31DCNX EXTRACTXX 1100000XX
HEATRIDCNX 91DCNX TIMESTEPCNX 120000CNX
JETPIDCNX 41DCNX

Digits are represented above as follows:

ID - A unique 2-digit component identification. This is stored as variable
10.

RG - A 2-digit CHAN rod group number.

SY - A 2-digit component type for containment.

LV - A 2-digit VESSEL level number.

CN = A 2-digit card number or, in some cares, an array name.

XX = A 2-digit sequence number that can be between 00 and 99 inclusive unless
otherwise noted.

X- A 1-digit sequence number that can be between 0 and 9 inclusive unless
otherwise noted.

9-
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FREE-f0RMAT INPUT '

,

number field. The number field contains a mantissa and an optional exponent.
A number field without a decimal-point or an exponent is ar integer; a number
field with either a decimal point, an exponent, or both, 4, floating point. A

*

floating-point field without a decimal point is assumed t have a decimal
point immediately in front .of the first digit. The exponent denotes the power
of ten to be applied _ to the number part of the field, lhe exponent part has
an E or D and a sign (+ or -), followed by a number giving the power of ten.

'These rules for floating-point numbers are identical to those for entering
data in FORTRAN E or F format fields except that no blanks are allowed between
characters. The only exception to this is a blank following an E or D
denoting an exponent; this bla-k is treated as a plus sign. _ Acceptable ways
of_ entering floating-point numbers are illustrated by the following six
fields:

12.45' +12.45 1245+2 1.245+1 1.245E 1 1.245E+1
'

A field starting with a letter is alphanumeric. The field is terminated by a ,

comma, a-blank, or the end of the card, Blanks and commas can be included by
enclosing-the field in quotes. '

4. Terminator Card. The last card in an input deck must have a period
(.) as the first data field if another input deck follows.

At the beginning of the problem, two listings of the input cards are
printed. -The first shows the cards just as they are read, and the second

:( shows them after the card identifiers have been converted to integers. The
second list represents what INP is processing, and.any messages from INP will
appear in this~ list-. These include messages indicating replacement or
deletion of data caused b.y duplicate card identifiers, as well as error
messages. This second list is frequently useful in diagnosing errors
encountered later on in input processing.

When a card format error is detected, a line containing a dollar sign ($)
located under the character causing the error and a comment giving the card
column of the error are printed. An error flag is set such that input
processing continues, but the problem is aborted at the end of input
processing. Often another error comment is producing during input processing-

when:the program attempts to process the erroneous data,

k

L

?

v

P
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LOAD FORMAT

2.7 LOAD FORMAT

TRAC-Bf1/ MODI uses the LOAD input format to read most array variables.
The principal advantage of this format is to simply the input of repeated data

hin an erray. A LOAD format data card contains an INP card identifier, ana
tration, a repeat count, a list of data constants, an( an operation end

indicator. A description of LOAD operations is shown in Table 2-4.

Table '! 4. LOAD operations.

_Qperation Description

F fill array with data constant starting at current data index

Rnn Repeat data constant nn times.

Mnn Multiple repeat. Repeat data constant 10*r.n times.

Inn Interpolate between data constant and succeeding data constant
with nn points.

S Skip to next card (continue).

E End of data array.

Some restrictions in the use of the LOAD forr.at are:

1. End ef data for an array must be signaled by E.

2. Overstore or partial fill of ar, array .., not allowed.

3. Integer interpolation is not all a d.

4. Blanks or commas must -parate LOAD operations and data constants.

5. No blank is allowed within an cperation (e.g., t.,e R03 instead of

R 3).

Following are some examples of the use of 10AD format:

1. Fill . array with integer 57.

Pl PEi;'t NX F 57 E

2. Place 3.25 into the first two array positions, 0.2 x 10'7 into the
third position, and fill the rest of the array with 4.3.

NUREG/CR-4356 2-11
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LOAD FORMAT

PIPEIDCNX R02 3.25 0.2E-7 f 4.1 E ;:

I3. Use interpolation to load array with values 7., 9., 11., 13., and'

; 15.

PIPEIDCNX 103 7 15 E-

,'For arrtys in LOAD format, users may set CN in the card identifier to:

; either the 2-digit card number or to the actual array name, both of which are i

; shown in the input description in Section 3. No blanks are allowed in the'
;

identifier. ;.

'

For arrays with two or three dimensions, the LOAD convention is to vary |
the first subscript most rapidly, for example, the wall temperature array TW, '

,~

dimensioned N0 DES by NCELLS, is read TW3,3, 1W,,3, . . 1W ,,3, etc.
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PLOT 11NG CAPABILITY

2.8 PLOTTING CAPADILITY

A wide variety of plot data are generated and stored by 1RAC-Bfl. The
set of data points for a single item of data (such as the pressure in
component number 5 in cell 3) at a series of time points is called a channel.
Each channel has a unique identifier generated by 1RAC-Bfl that is used by
auxiliary plot programs to retrieve the data. This channel identifier
consists of up to four pieces. For component-related data, the four pieces
are the variable name (alphanumeric), the component number, (a two-digit
integer), the axial level or rod group number (a two-digit integer), and a
cell number (a two-digit integer). The alphanumeric and numeric parts of the

~channel identifier are separated by a minus sign with no blanks allowed. Each
of the integers must be a two-digit number with a leading zero required if the
number is less than 10.

For variables that are not component-related, such as the time-step size
(DELT), the number "001" is used for the rest of the identifier following the
variable name and minus sign, except for the control system. For the control
system, the number used is the user control block number, left-filled with
zeros to give .hree digits if less than 100. The user may obtain a complete
list of the channel identifiers created for his particular TRAC-Bf1 run either
by specifying N0GRAF = 1 on the CHECK 0UT card (by settiaq the seventh variable
to an integer 1) or by running the auxiliary program BS M on his HUNI output
file. The only exception to the use of three digits for these variables is
that the time channel is simply "TIMET-1."

Some examples of channel identifiers are "pV-020001," "MODCHANW-123456,"
and "TOTPOW.001." In the first case, the identifier indicates the pressure in
component number 2, cell 1. The second indicates the channel wall heat
transfer mode in component 12, rod group 34, cell 56, where the component must
be a CHAN. The third indicates the total reactor power.

Lists of the plot variable names generated by the code are found in
Tables 2-5, 2 6, and 2-7 in three different formats. The first is an
alphabetical list by the plot variable name. All duplicates due to the
variable being used by more than one component are eliminated. The plot
variable names are then listed alphabetically, showing the components that use
the names, finally, the plot variables are listed according to the order they
are encountered in the code logic, showing them component by component.

In the tables for the plot variable names, the headings have the
following meanings: "Name" is the plot variable name; " Description" is the
IRAC internal description that is used to identify to the TRAC programmers and
manual users the items to be written to the graphics file; " Units code" is a
number used by the ISDMS plotting programs to supply a label for the y-axis.
The part of this y-axis label that is the units is shown under " Units value"
without the rest of the label that may be found in the MAGNUM manual. The
heading " Rod / Level" indicates whether part of the channel identifier must
include a nonzero number for the rod, in the case of the CHAN component, or
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z Table 2-6. (continued) "UC
M r'*
M O
c) H

N Hr> HM Units Units Rad / Z1 Naare Deserietion Code vaiue Levei Type qpoponeni O
t.a
* BOAC BOROM( PPM ) 350 PPM O 4 BRk O*

$BORC DORON(PPM) 350 PPM 1 5 VSI
BORONI INTERNAL CP9 T IME PE RCENTAr[ 77 (NONE) O O SPL McDT y
BORONT TOTAL CPU TIME PERCENTAGE 77 (NCNE) O O SPL ;900T c3

M
CE?OU T CONTROL BIOCk OUTPUT 71 (NOME) O 6 CON SYS f-
CHANTW CMAN SURF #.CE TEMPERATURE FOR GROUP g ( NGRP+1 ) T Ls A O 4 CHN "
C84ANWHL CHAN HTC LIQtilD (NGRP+1) 155 W/ ( ( M2 )( k ) ) O 4 CHN
CHANWHV CHAN H!C VAPOR (NGRP+1) 155 W/( ( M2 )( k ) ) O 4 CHN

CHTI H.1. COEFFICIENT - VAPOR 10 IN1[RFACE 155 W/((M2)(A)) O 4 VLV CEN
CHis H.T. COEFFICIENT - VAPOR TO INTERFACE 155 W/((M2;(A)) O 4 PUM CEN
Chit H.T. COETflCIENT - VAPOR 10 INTERFACE 155 W/( ( M2)( m ) ) 1 5 VSL
CHTl H.T. COEfflCIENT - VAPOR 10 INTERRACE 155 W/( ( M2 )( K ) ) O 4 P I P Ct M

Cit i l H.T. COE F F I C I E N T - VA POR TO INTERIACE 155 W/((M2)( A)) O 4 CHN C(N
Chit H.T. COffflCIENT - VADOR TO INTERTACE 155 W/ ( ( M7 ) ( k ) ) O 4 TEE C( N
CLEVL COL LA PSE D L I QU I D L EVE L 191 M O 2 VLV GEN
CLEVL COL'APSED LIQUID LEVEL 191 M C 2 CHN CENy

.

N CLEVL COLLAPSE D L IOulD L EVE L 191 M O 2 TEE CEN# CtEVL COELAPSED LIQUID LEVEL 191 M O 2 P I P GE N
CLEVL COLLAPSED LIQUID LEVEL 191 M O 2 PUM GEN
CHDDil INT ER?tAL CPU T IME PERCE NT AGE 77 (NONE) O O $PL MODT

CNDDl3 INTERNAL CPU TIME PERCENTAGE TT (NONL) O O SPL MODI
CNDOT1 TOTAL CPU TIME PERCENTAGE 77 (NONE) O O SPL MOOT
CNDDT3 TOTAL CPU TIME PERCENIAGE 77 (h0NE) G O S PL MODI
CNDRODI INTERNAL CNDROD TIME PERCE NTAGE 77 (NOME) O 7 CHN

CNDRODI IDIAL CNDROO TIME PERCENTAGE 17 (NONE) 0 2 CHN
CONTLI INTERMAL CPU TIME PERCENTAGE 77 (NONE) O O SPL MOOT
CONTLT 101AL CPU ilME PERCENTAGE .7 (NONE) O O SPL MODI
CONIMI INTERNAL CPU TIME PERCENIACE 77 (NONE) O O S Pt. MODT

CONIMI TOTAL CPU TIME PERCENIAGE 77 (NONE) O O SPL MOOT
CONVLOC CONVERCENCE LOCATION TT (NOME) O O SPL TIME
CTOlitME CPU TlHE/ELAP. TIME 77 (NOME) O O SPL TIME
CURLIMil COURANT T.S. LIMIT 77 (NONE) O O SPL TIME

CU9 TOC COURANT LOCAllON 77 (NG4E) O O SPL TIME
Dit P PUMP DELTA - P 3 f4 7 PA O ? PUM
DELT TIME STEP S42L 77 (NOME) O O SPL TIME
DMPlit SNTERNAL CPU ilME PtRCENTAGE 7T (NONE) O O SPL MOOT

O O O
- -
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Table 2-6. -(continued)

Units' Units Rod /
Name: DeserIotion

_ Code Vafue Levei Type Component

DMPtTT TOTAL CPU YtME PERCENTACE 77 (NONE) O O SPL MOOT
DTCTS CONI Af NMENT T IMESTEP 77 (NOME) O O SPL TIME
OTLMW MAXIMUM TL CHANGE 84 K O O SPL TIME
STRMAM MAXIMUM TR CHANGE 84 K O O SPL TIME

DISMAX MAXIMUM TS CHANGE 84 K O' O SPL TIME
DTVMAX MAXIMUM TV CHANGE 84 E O O SPL TIME
DILEV LEVEL POSITION T91 M 1 5 VSL
EDITI INTERNAL CPU TIME PERCENTAGE 77 (MONE) O O SPL MOOT

EDITT TOTAE. CPU TIME PERCENTAGE 77 (NONE) O O SPL MODT
EFFAPP ' APPLICABLE EFFICIENCY 77 (NONE) O 2 TEE
Eff(FF EFFECTIVE EFFICIENCY 77 (NONE) 0 2 TEC
FRAPf INTERNAL CPU TIME PERCENTAGE 77 (NOME) O O SPL MODT

FRAPI TOTAL CPU TIME PERCENTAGE 77 (NONE) O O SPE. MOOT
THICINTR- INTERNAL FRICif0N FACTOR 208 (NONE) O 4 VLV GEN
fRfCINIR $NTERNAL FRICTION FACTOR 208 (NONE) O 4 PUM GEN
FRICINTR_ INTERNAL FRfCTION FACTOR 208 (NONE) O 4 TEC GEN

$ IRICINTR a f4TERNAL FRICT ION FACTOR 208 (NOME) O 4 CHN GEM
FRfCINTR INTERNAL fRICilON FACTOR 208 (NONE) O 4 PIP CEN
FRICWAL LIQUID FRICTION FACTOR 208 -( NON E ) O 4 PtP GEN
TRICWAL LIQUID FRICTION FACTOR 208 (NONE) O 4 CHN GEN

FRICWAL' LIQUID FRICTION FACTOR 208 (HONEI O 4 PUM GEN' (RICWA1. 1fQUIO FRICTlON FACTOR- 208 ( f*ON E ) O 4 Vtv GEN
IRtCWAL LfQUID FRICTION FACTOR 208 (NONE) O 4 TEE GEN

4 FRICWAV VAPOR F RICT ION F ACTOff 208 (h0NE) O 4 TEE GEN

* . IRICWAV VAPOR IRICTION fACIOR 208 ( NONE ) O 4 PI P CEN
1- IRICWAV YAPOR FRICTION FACTOR 208 (NOM ) O 4 CHN CEN

FRICWAV VAPOR FRiCitON FACTOR 208 ( NO!:E) O 4 PUM GEN "O
FRICWAV VAPOR FRICTION FACTOR 208 (NONE) O 4 VtV GEN {
CAMMA PHASE MASS EXCHANGE 1'> T bG/S O 4 CHN )
CRA? l INTERNAL CPU TIME PERCE NT AGE 77 ( NONE ) O O SPL MODT w
GRAff TOTAL CPU TIME PERCENTAGE TT (NONE) U O SPL MODT 2;
HEAD PUMP HEAD 239 M2/SEC2 0 2 PUM IDj Z

I C
:D HiCOli tNi[RNAL CPJ TIME PERCfMTAGE 71 (NOMI) O O SPL MOOT O

$y HicDI3 INTERNAL CPU TIME PERCENTAGE 77 (NONE) O O SPt MOOT
% .HICDIT TOTAL GPU T IME PERCEff T AGE 77 (NONE) O O SPL MOOT y

-

g HICOT3' IOTAL CPU TIME PERCENTAGE T7 ( 9.ON E ) O O SPL Modi ini
, -

? b F*
4 w wm 4*

-t

i
.9

i

, . _ .
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E Table 2-6. (continued) y
M
O d

N d
n 64
;U ||t

E Units Units Rod / O
w _fiape__ De sc ri ption Code Value Level T.ypt [orponent n

$HTCRODI INT ERNAL HTCROD T I'ME PE RCEN TAGE 77 (NONE) 0 2 CHM
HTCRODT TOTAL HTCROD TIME PERCENTAGE 77 (NONE) 0 2 CHN 3>
HYDD11 INTERNAL CPU TIME PERCENTAGE 77 (NOME) O O SPL MOOT C2

H'v0Dl3 INTERNAL CPU TIME PERCENTAGE 77 (NOME) O O SPL MOOT

HYDDT1 TOTAL CPU T IME PE RCENTAGE 77 (NONE) O O SPL MODT ) .

lHfDDT3 TOT AL CPU T l*4E PERCENTAGE 77 (NOME) 0 0 SPL NOOT <
LIOLEV SHEL.L LIQUID LEVEL 191 M 0 2 TEL
LLEV D/C LIQi;;D LEVEL 191 M O 4 VSL

LSTEMP LUMPED SLAB TEMPERATURE 84 K 1 $ VSL
MFCU CARRYUNDER FLOW RATE 79 kG/SEC O 2 TEE
Mfi[AK BREAK MASS FLOW RATE 79 kG/SEC O 2 BPA
MFtEAK LEAK MASS FLOW RATE 79 kC/SEC O 2 VLV GEN

NFtEAK LEAK MASS FLOW RATE 79 kC/SEC 0 2 FIL
MILEAK LEAK MASS FLOW RATE T9 KG/SEC O 2 PUM CCM
MFLEAK LEAK MASS FLOW RATE 79 kG/SEC 0 2 TEE GENy

i MFLEAK LEAK MASS FLOW RATE 79 kC/SEC 0 2 CHN GEN

MFLEAK LEAK MASS FLOW RATE 79 kG/SEC 0 2 PI P GE N
MFLOV MASS ILOW RATE 79 kO/SEC O 4 PIP GEN
MFLOW MASS FLOW RATE 79 kG/SEC O 4 CHN CEN
MFLOW MASS TLOW RATE 79 KG/SEC O 4 PUM GEN

MFLOW MASS FLOW RATE 79 kG/SEC O 4 TEE GEN
MfLCW MASS FLOW RATE 79 KG/SEC 0 4 VLV G[N
MOOCHANW CHAM-WALL HT N OE (NGRP+1) *> 1 (NONE) O 4 CH4
MODTIM TIME STEP MOD 77 (NONE) O O SPL TIME

MH H RATIO ?7 (NONE) 0 2 TEE
NRAPP APPLICABLE N RATIO 77 (NONE) 0 2 TEE
NPEff EFFECTIVE N RATIO 77 (NONE) 0 2 TEE
NSTEP NUMBER Of TIME STEPS 77 (NONE) O O SPL TIME

OiTNO NUMPER OF ITERATIONS 77 (NONE) O O SPL TIME
OMEGAN PUMP SPEED ( RA9/SEC) 89 RAD /SEC 0 2 PUM
OMEGAP PUhP SPEED ( RAD /SEC) 89 RAD /SEC 0 2 PUM
OMECTUR TURBINE SPEED 89 RAD /SEC 0 2 TEE

PEAkGRUP CROUP # EOR PEAK ROT 77 (NONE) O 2 CHN
PEAkROOT PEAK ROD TEMPERATURE S4 K O 2 C11N
PEAKTLEV LVL # FOR PEAK RDT 77 (NOME) 0 2 CHN
FILOW PUMP MASS FLOW RATE 79 KG/SE C O 2 PUM

O O O
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Table 2-61 (continued)-

.
.Jnits' Units Rod / f*

Name Description Code ' Valve (evel Type ,Componen3

POWERI INTERNAL CPU TIME PERCENTAGE 77 (NONE) 0 0 SPL MODT
POK'ER T TOTAL CPU TIME PERCENTAGE 77 (NONE) O O SPL MOOT
PV PRESSURE 137 PA O is PUM CEN
PV CPMNT fRESSURE 137 FA O 4 CIN

PV PRESSURE 137 PA O 4 CHN GEM
PV PRESSURE' 137 PA O 4 PIP GEN
PV PRESSURE 13T PA O 4 TEC GEN
PV PRESSURE 137 PA O 4 VLV GEN

PV PRESSURE 137 PA O 4 BRK
PV PRESSURE 137 PA 1 $ VSL
PV PRESSURE 137 PA O 4 fit

QHS HEAT INTO STRUCTURE 7T (NONE) O 4 CTN

QUENBOIC BOTTOM FLOOO Q POSITION 83 M O 2 CHN

QUENDOIO WALLOUT BF Q POSITION 83 M O 2 CHN

QUENTOPC FALLING FILM Q POSITION 83 M- 0 2 CHN
N QbENTOPO WALLOUT FF Q POSITION 83 M O 2 CHN

N
N RADI INTERNAL RADIATION TIME PERCEhTAGE 77 (NONE) 0 2 CHN

RADT TOTAL RADIATION TIME PERCENTAGE 77 (NONE) 0 2 CHN
RCDC BORON REACTIVITY' 77 (NONE) O O SPL TIME
RCCL CONTROL REACTIVITY 77 (NONE) O O SPL TIME

RCIB FEEDBACK REACTIVITY 77 (NONE) O O SPL TIME
RCTF FUEL REACTIVITY 77 (NONE) O O SPL TIME
RCTM MOD REACTIVITY 77 (NONE) O O SPL TIME
RCTT TOTAL REACT IVI TY 77 (NONE) O O SPL TIME

RCVD Vol0 REACTIVITY 77 ( feONE ) O O SPL TINE
RHOM MIXIURE DENSITY ll SG/M3 O 4 TEE GEN
RHOH MIXTURE DENSITY 71 KC/M3 0 4 PUM CEN T

hRHOM MIXTURE DENStiY 71 KG/M3 1 $ V5t.

RHOM MIXTURE DENSITY Tl kC/M3 0 's PIP CE N
ftHOM MIXTURE DENSITY 71 bG/M3 O 4 CHN ?.EN H

RHOM -NIXTURE DENSITY 71 KG/M3 0 4 VLV GEN Z

2 RHOP PUMP MIXTURE'OENSITY 71 kG/H3 0 2 PUM D
C

h RMA CPMNT AIR MASS 229 kG O 4 CIN
O RML- CPMNT LIQUID MASS 229 kG O 4 CIN y

h RMS CPMNT STEAM MASS 229 KG O 4 CIN y
;O ROA AIR DENSITY- 71 KG/M3 0 4 VLV GEN m

w
e

~
m S
O -t

. . . .



E Table 2-6. -(continued) u
x r-

Q O

h d
m M
' Units Units Rod / Z
$ Noe Description Code Value Eevel Type f_omponent O
us
* ROA AIR DEFSITY 71 kC/M3 1 3 VSE.

ROA AIR DENSl!Y 71 EG/M3 0 4 CHN GEN y
ROA AIR DENSITY 71 PG/M3 0 4 PIP CEN >
ROA AIR DENSITY 71 KG/M3 0 4 BRM C2

H

ROA AIR DE .TY 71 kG/M3 0 4 TEL GEN [
RCA AIR DENSITV 71 kC/M3 0 4 PUM CEN q
ROA AIR DENSITY 71 kC/M3 0 4 Ell .c
SMOM PUMP MOMENTUM SOURCE 240 M/SEC2 0 2 PUM

IIAV AVERAGE EUEE TEMPERATURE 84 K O O SPL TIME
THS lie A T SIR TEMPERATURE PROE 7. (NONE) O 4 CYN
TIME 1 REAC10R TIME (SECOND) 36 SEC 0 0 SPL TIME
TL L1 QUID TEMPERATURE Bra K O 4 VLV CfM

FL LIQUID TEMPERATURE 84 K O 4 Ell
it LIQUID TEMPERATURE 84 K O 4 CHN GEN
TL POOL TEMPERATURE 84 K O 4 CIN

N il LlQUID TIFPERATURE 8 t: A 1 5 VSL
ru

! CD IL LIQUID TEMPERATURE 84 k O 4 PUM GEN
IL LIQUID TE MPERATURE 84 K O 4 PIP CEN
TL LIQUIS TEMPERATURE 84 K O 4 BRK
TL LIQUID TLMPERATUPE 84 K 0 4 TEE GEN

1MAV AVERAGE MOD TEMPERATURE 8 's K O O SPL TIME
IORQM MOTOR TORQUE 90 M-M O 2 PuM
TORQiUR Tim 81NE TORQUE 90 N-M O 2 TEE
TORQUE PUMP TORQUE 99 N-M O 2 PUM

TOIPOW TOTAL REACTOR POWER 351 W O O SPL IIME
TSAT SATURATION TEMPERATURE 84 K O 4 CHN GEN
ISA1 SATURAT ION TEMPE RATURE 84 K 1 5 VSL
ISAI SATURAT ION TEMPE RATURE 84 K O 4 VLV CE N

TSAT SATURATION TEMPERATURE 84 K O 4 PIP CE N
TSAT SATURATION T EMPE RAT URE 84 K O 4 TEE CEN
ISAT SATURAilON TEMPERATURE 84 K O 4 PUM GEN
TV VA POR TEMPERATURE 84 K O 4 CHN GEN

IV VAPOR TEMPERAIURE 6f4 K O 4 PUM GEN
IV VAPOR T E MPE RA T URE 84 K O 4 TEE CEN
IV VAPOR TIMPERATURE 84 K 1 5 VSL
TV VA POR TEMPERATURE 84 K O 4 PIP GEN

O O O
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Table .:-6.- )(continued).

i-
1

Units Units' Rod /
.

Name Desc ri pt ion Code Value Level Type Cmeconent
TV -VAPOR TEMPERATURE' 84 h O 4 Ell' TV ' VAPOR TEMPERATUhE 84 K O 4 CTN

| ''V- VAPOR TEMPERATURE 8 84 K. O 4 BRATV VAPOR. TEMPERATURE 84 A O 4 VLV GEN

UL CPMMi' LIQUID ENERGY 309 J O 4 CTM
j UV CPMNT VAPOR ENERGY. -309 J O 4 CIN' VDAV AVERACE VOID FRACTION. 95 (NOME) O O SPL 30
|

VFLOW VOLUMETRIC FLOW RATE 28t1 M3/SEC 0 2 PUM

VLEAK LEAK VELOCITY 79 AG/SEC O 2 TEE GEN
t VLEAK LEAK VELOct TY 79 kC/SEC. 0 2 VLV GEMVLEAK LEAK. VELOCITY 79- KG/SEC 0 2 CHN GEN.! VLEAR LEAK VELOCITY . 79 EG/SEC O 2 PUM GEN
}

VLEAK LEAK VELOCITY 79 AG/SEC O 2 PSP GENVtEV LEVEL VELOClfY 147 M/S 1 5 VSL
! VLN LIQUID VELOClTY 79 kG/SEC O 4 PUM GEN
j - 7 VLN LIQUID VELOCITY 65 M/SEC 0 4 FIL

@ VLN LIQUID VELOCITY 79 RC/SEC 0 4 TEE GEN
<-

' VLN LIQUID VELOCITY 79 AC/SEC 0 4 PSP CENVLN LIQUID VEL OCITY 79 kC/SEC O 4 VLV GEN
VtM LIQUID VELOCITY 183 M/SEC 0 4 BRE

VLN . LIQUID VELOCITY 79 AC/SEC O 4 CHN GEN
VtRN LIQUID RADIAL VELOCSTY ~ 65. M/SEC 1 5 VSL
VLTN LIQUID THETA VELOCITY 65 M/SEC 1 5 VSL

j Vl2N LIQUID AMIAL VELOCITY 65 N/ CEC 1 5 VSL
i

VM MIXTURE VELOCITY 65 M/SEC 0 4 PIP GENi

VM MIXTURE VELOCITY 65 M/SEC 0 4 PUM GEN,

] VM MIXTURE VELOCITY 65 M/SEC O 4 CHN GEM
y
pVM MIXTURE VELOCliY- 65 M/SEC 0 4 TEE GEN o

i -4VM. . MIXTURE VELOCITY 65 M/SEC O 4 .Fil -4'. VM . MIXTURE VELOCITY 65 M/SEC O 4 VLV CEN M
i VR RELATIVE VELOCITY 79 #G/SEC 0 4 PIP GEN Z

VR' RELATIVE VELOCITY 79 kC/SEC O 4 VLV GEM O7
! C

O4 M VR RELATIVE VELOCSTY 65 M/SEC 0 8s FIL p
i 3 VR . RELATIVE VELOCITY 79 AG/SEC O 4 PUM GEN 7i N VR 'R[LATIVE VELOCITY 79 bG/SEC 0 4 IEL GEN >

VR RELATIVE VELOCI W 79 AG/SEC O 4 CitM CL N y
. rw "
US d,

Ot-
4

3

4

)
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Table 2-6. (continued)

tln i t s 8Jo i t 5 Rod /
Name Desc ri ption Code vetoe Leye_ t Tys_e Component

WN VAPOR VElCCITY 65 M/SEC 0 4 FILy WM VAPOR VELOClTY 79 RG/SEC 0 4 TEE GEN
w WH VAPOR VELOCITY 183 N/SEC O 4 BRKo WM VAPOR VELOCITY 79 kG/SEC O 4 PSP CfN

VVM VAPOR VELOC4TY (9 kC/SEC 0 4 CNN GEN
VVN tAPCR VELOCITY 79 >G/SEC 0 4 VLV CfN
VVN VAPOR VELOCtTY 79 RG/SEC 0 4 PtFM CE NWR N VAPOR RADIAL VELOCITY 183 M/SEC 1 5 VSL

WTN VAPOR THETA VELOCITY 183 M/SEC 1 5 VSL
VVIN VAPOR AX1AL VELOCITY 183 M/SEC 1 5 VSt.

o

O O O
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s Table 2-7. (continued) ?E o
r'- -4O -4N M

t*n6ts Red / O
$ Name Description r de Lnits value Lgvg4 Type Compone3o

$ FRAPI INTERNAL CPU T iME PEROF NT AGE 77 (NONE) O O SPL PacDT
fHAPT !OTAL CFU TIME FEf.CENTACE 77 (POME) O O SPL w)DT 3TOwfRI INTERNAL CPU TIMC FEPCEhiAct 77 (NONE) O O SFL MOOT c
PGt1 R T TOTAL CPU TIME PEPCEw1 ACE 77 (NOME) O O SPL MODT w

l-
HORONI INTERNAL CPfl flME PERCENIACE 77 (NOME) O tl SPL WJOT M

"4BO40NT TOT AL CPU T IME Pi dCf f|K AGE 77 (NONE) O C SPL MODT
4HICDl3 INTERNAL CPU T if4E PE RCE*s T AGE 17 ( NO*lE ) O O SFL MODT

H1CD13 IOTAL CPU 'IlME PE RL E N T AGE 77 (NONE) O O SPL MOOT

CNDOl3 INIERNAL CPU itM1 PE P.CE NI ACF 77 ( v40*4E ) O C SPL anOOT
LNDOT3 TOTAL C P') TIME PERCENTAGE 77 (NONE) O O SPL MOOT
HTCDl1 INTERNAL CPU T l *1E PERCENTAGE 77 (NONE) O O SPL MOOT
HTCDit TOTAL CPU TIME PE RCE N T At.Z 77 (NONE) O G SPL MODY

CNDDil INTERNAL CPU TIME PERCENTAGE 77 (NOME) O O SPL MGJT
CNDDT1 TOTAL CPU TIME PERCENTAGt 77 (NOME) O O SPL MOOT
HYD043 INTEPNAL CPU TIME PERCENTAGE 77 (NOME) C O SPL. MODI

fu HYDCT3 TUTAL CPU TIME PERCENTAGE 77 (NO"El O O SPL McGT

N H(DDl1 INTERNAL CPU ilME PERCENTAGE 77 (NONE) O O SPL MOOT
StYDDT1 TOTAL CPU T ittE PERCE NTAGE 77 (NONE) O O SPL Mcdf
NFLEAk BREAA MASS FLOW R ATE 79 EG/SEC 0 2 BRh
V1 N LIQUID VELDCITY 183 M/SEC O 4 BAK

VVN VAPOR VELOCITY 183 M/SEC 0 4 BEk
PV PRESSURE 137 FA O 4 BHh
AIRP AIR PRESSMRE 137 PA O 4 iCR K
it LIQUID TEMPERATURE 84 k O 4 BRK

TV VAPOR T E M PE R A10RE 84 K O 4 BRn
ALPHA VOID FRACTIOrt 95 (NONE) O 4 BRK
BORC BOPON(PPM) 350 PPM O 4 DRK
RDA AIR DENSITV 71 BG/M3 0 4 BRA

MILEAk I. EAR MASS FtOW RATE 79 >G/SEC O 2 Tit
VM MIXTURE VELOCi1Y 65 M/SEC 0 4 fit
VR RELATIVE VELCCITY 65 M/SEC O 4 Fil
VEN LIQUID VELOCITY 65 M/SEC O 4 Fil

VVN VAPOR VELOCITY 65 14/SEC O 4 Fil
PV PRESSURE 137 PA O 4 rit
AIRP AIR P3 ESSURE 137 PA O 4 TIL
TL LIQUID TEMPERATURE 84 K O 4 fil

O 9 e
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Table-2-7. .{ continued)
e

-

Units Rod /
Name Description Code - Units Value' Level Type Eomponen .

_

]TV VAPOR TEMPERATURE 84- 'k- 0 4 CJ L

ALPHA VotD FRACTION 95 (NONE) O 4 ftL

3 ORC 60RON(PPM)' 350 PPM O 4 fIL

ROA : AIR DENSITY 7T KC/M3 0 h TIL

CLEVL COLLAPSED LIQUID LEVIL 191 M O 2 8 't V CE N

FRICWAL" LIQUID FRICTION TACTOR F# . (NOVE) O 4 VLV CEN
FRICWAV VAPOR FRICTION FACTOR 2Ob (NONE) O 4 VLV CEN

FRICINTR INTERNAL FRICTION FACTOR 206 (NONE) O 4 VLV FEN

VM- MIXTURE VELOClTY '65 M/SEC O as Ytv CEN

VR RELATIVE YELOCITY 79 FC/ REC O 4 VLY CEN
MFLEAK' LEAK MASS FLOW RATE 79 kC/SEC' O L /LV GEM

VLEAK 1LAK VELOClTY 79 AG/SEC- 0 2 YLV CEN

MrLOW MASS FLOW RATE 79 AG/SEC 0 4 VLV CEN

VLN L IQUID VE L OCI TY T9 KG/SEC' O 4 VLV GEM

VVN VAPOR VELOCITY 79 AG/SEC 0 4 VLV GEN

PV PRESSURE 137 FA O 4 VLv CEN

7 AtRP ~ AIR PRESSURE- 137 PA O as VLV CEM
W TL LIQUID TEMPERATURE S t* n O $4 VLV CE M

TV VAPOR TEMPERATURE of4 A O 4 VLV CEN'"

ALPHA VOID FRACTION 95 (NONE) O 4 VLV CEN

BORC BCRON! PPM) 350 PPM O 4 VLV CEN

ROA AIR OENSITY 71 AC/MJ O 4 VLV CEN

RHOM MIKTURE DENSITV 71 AG/M3 0 4 VLV GEN

TSAT SATURATION TEMPERATURE 8ts K O 4 VLV CEN

Chit H.T. COEff8CIENT - VAPOR 10 SNTEPFACE 15$ W/t(M2)(h)) O 4 VLV CEN

ALV H.T. COEFFICIENT - LIQUID T3 INTERFACE 155 W/((H2}{KJ) O 4 VLV GEN
T93 M2 0 4 VLV "U

AREA VALVE AREA ,
{CLEVL COL. LAPSED LIQUl0 LEVEL 191 M O 2 PIP CEN

j
IRICWAL LIQUID FRICTION TACTOR 208 (NOME) O 4 P 8 P CE N

! FRICWAV VAPOR FRICTION FACTOR 208 (NONE) O 4 PIP CEN w

TRICINTR IN11RNAL FRICTION FACidR 205 (NONE) O 4 Pip CEN 2:

VM MIXTURE VELOCITY 65 M/SEC 0 ft PIP CEN O

E VR RELATIVE VELOCi1Y 79 AC/SEC O 4 PIP CEN O
#

35 MrtEAx ttAM MASS FLOW RATE 79 KC/$fC O P PIP CfN

.Q VIEAM LEAK VELCCITY 79 kG/5EC O 2 PI P CE N [
% MFIOW MASS FLOW RATE 79 AC/SEC O 4 FIP CEN g3

M
O rW H
b *
w -<
$
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E Table 2-7. (continued) 7:=
M o

~4.( -4o ~
7 Units Rod / hA _ N a me_ Deg eiplion Cocfe Uneis_yaIpe LeveI iype Cpaporyyn4"

OE MFCU CARRYUNDER FI.OW RATE 19 kC/SEC 0 2 ffE 3>
ALPCU CARRYUNDER VOID FRACTION 95 (NOME) 0 2 TEE 7
MR H RATIO 77 (NONE) 0 2 TEE ,h,NRErr EFFECTIVE N RATIO 77 (NONE) 0 2 TEE

t~EFFEfr EFTECTIVE EFFICIENCY 77 (NONE) 0 2 TEE M
NRAPP APPLICABLE N RAllO 77 (NOME) 0 2 TEL -4
E FFAPP APPLICABL E Ef flCl[NCY 77 (NONE) 0 2 TEC 4
CLEVL COLLAPSED LIOulD LEVEL 191 M O 2 CHN GIN

FRICWAL LIQUID FRICTION FACIOR 208 (NOME) O 4 CHN CEN
FRICWAV VAPOR FRICTION FACIOR 208 (NONE) O 4 ''H N GE N
FRICIMIR INTERNAL FRICTION FACTOR 208 ( NOflE ) O 4 CHN CEN
VM MIXTURE VELOCITY 65 M/SEC 0 4 CHN GEN

VR RELATIVE VELOCIIY 79 kG/SEC O 4 CHN GEN
MIL (AA (EAA MASS FtOW RATE 79 &G/SEC O 2 CHN GEN
VllAK LEAK VELOCITY 19 kG/SEC O 2 CHN GEN

ru MfLOW MASS FLOW RATE 79 AC/SEC O 4 CHN CfN

$ VtN LIQulO VELOCITY 79 kG/SEC O 4 CHN GEN
VVN VAPGR VELOCITY 19 kG/SEC 0 4 CHN GEN
PV PRESSURE 137 PA O 4 CHN GEN
AIRP AIR PPESSURE 137 PA O 4 CHN CEN

il LIQUID if MPERATURE 84 > 0 4 CHN CfN
IV VAPOR TEMPERATURE 64 k O 4 CHN CfN
ALPHA VOID FRACTION 95 (NONE) O 4 GHN GrN
BORC BORON (PPM) 350 PPM O 4 CHN GEN

FCA AIR DENSITY 71 >G/M3 0 4 CHf4 GE N
RHOM MIXTURE DE NSI TY 71 kG/M3 0 4 CUN CLN
ISAT SATURATION TEMPIRATURE 84 h O 4 CHN CIN
CHTf H.T. COE f f lCIEf4T - VAPOR TO INTERFACE 155 W/ ( ( M2 )( k ) ) O 4 CH'4 GEM

Al v li . T . COEFFICifNI - LIQUID TO INTERFACE 155 W/( ( M2 )( K ) ) O 4 G.N CLN
OU(NTOPC FAtLING film Q POSITION 83 M O 2 CHN
QU(NBOTC BOTTOM FLOOD Q POSITION 83 H O 2 CHN
OUENIOPO WALLOUT ff Q POSITION 83 M O 2 CttM

QUE NBO H WA1. LOUT BF Q POStilON 83 M O 2 CHN
Pt.AAftfV LVL # FOR PEAK RDT 77 (NONE) 0 2 CHN
P! AkGNU P CROU P # F OR PEAK RDT 77 (NONE) 0 2 CNN
PEAARODI PE AK ROO T EMPERATURE 84 k O 2 CHN

O O O
-
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Table 2-7. '(Continued)'

;

I: units Rod / |
Name Desc ript ion Code units Value Level Type Coeponent !4

CHANWHL CHAN HTC LIOUID (NCRP+1) 155 W/( ( M2 )( k ) ) 0 4 CHN
CilANWHV- CHAN H TC VA POR ( NGR P+ 1 ) 155 W/ ( ( M2 )( A ) ) O 4 CHN t

GAMMA PHASE MASS EXCHANGE 157 kG/S O 4 CHN l
i CHAtlTW CHAN SURFACE TEMPERATURE FOR CROUP # (NGRP+1) 74 m O 4 C*1M )
)

MODC11ANW ' CHAN-WA LL H E MODE ( NGR P+ 1 ) '5T (NONE) O 4 CHN
llTCRODI INTERNAL HICROD TIME PERCENTAGE 77 (NONE) 0 2 CHN I
CND.10D I INTERNAL CHOROD TIME PERCENTAGE 77 (NONE) 0 2 CHN t

RADS- INTERNAL RADIATION TIME PERCENTAGE 77 (NONE) 0 2 CHN {

HICROOT TOTAE, HTCROD TIME PERCENTAGE 77 (NONE) 0 2 CHN
CNDRODT TOIAL CNDROD TIME PERCENTACE 77 (NONE) 0 2 Om |

RADT TOTAL RADIATION TIME PERCENTAGE 77 (NONE) 0 2 C.lN
'

PV PRESSURE 177 PA 1 5 VSL
.

AIRP AIR PRESSURE T37 PA 1 5 VSL I

TL LIQUID TEMPERATURE 84 6. 1 5 VSL |
TV VAPOR T E MPE RATURE . 84 k 1 $ VSL

7 ALPHA VOID FRACTION 95 {NONE) 1 5- VSL
w '

'N BORC BORON (PPM) 350 PPM i 5 VSL
ROA AIR DENSITY 71 kG/M3 T 3 VSL |

RHOM MIXTURE DEhSSTV T1 FG/M3 T 5 VSL !

TSAT SATURATION TEMPERATURE of4 K 1 5 VSL j

'

CHTt H.T. COEF ICIENT - VAPOR TO I N T E RI' ACE 155 W/ ( ( M2 )( h ) ) 1 5 V5L
ALV H.T. COEFFICIENT - LIQUID TO INTERFACE 155 W/ ( ( M2 ) ( K ) ) 1 5 VSL I

VLIN LIQUlO THETA VELOCITY 65 M/SEC 1 5 VSL
VLZN LIQUID AXIAL VELOCITY 65 M/SEC I 5 Vsl

VtRN LIQUID RADIAL VELOC1TV 65 M/SEC 1 5 VSL
VVIN- VAPOR'IHETA VELOClTY 183 M/StC 1 5 VSt T
VVIN VAPOR AMIAL VELOCITY 183 M/SEC 1 5 VS t. P -

$ {VVRN VAPOR RADIAL VELOCITY 183 M/SEC 1 5 VSL

NDlt !V LEVEL POSITION 191 M 1 5 VSt
VLIV LEVEL VELOCITV 1 t:7 M/S 1 5 VSL 2
AtPP AtPHA PLUS 95 (NONE) 1 5 VSL C4

At PM AtPHA MINUS 95 (NOME) 4 5 VSLg
$$ ISITMP L UMPED St AB TEMPERATURE 88 a 1 5 VSL

C2 ttEV O/C 8.8001D LEVEL 191 M O ta VSt y
h PV CPMNT PRESSURE 13i PA O 4 C T ft g
y AIRP CPMNI AIR PRESSURE 13T PA O 4 CTM pa
s s"
b H

<o,



,

o
E Table 2-7. (continued) r-

On -Am "C

b' $Units Fod/
7 Desprintion Code Units Value Layd Type C_oeponerg c)

Ea __N a mt_

$ MFCU CARRYUNDER FLOW RATE 79 kG/ SIC 0 2 TEE O
>

ALPCU CARRYUNDER VOID FFACTFON 95 (NONE) O 2 TEE
[77 (NOME) 0 2 TEE

MR H RATIO
77 (NONE) O ? TEE cy

hREFr EFFECTIVE N RATIO M

77 (NONE) 0 2 it t r-
EFFEff EFFECTIVE EFFICIENCY *4

NRAPP A PPL I CABLE N RATIO 77 (NONE) 0 2 YLE
d

77 (NONE) 0 2 TEE 4
EFFAPP APPLICABLE EFFICIENCY
CLEVi COLLAPSED LIQUID LEVEL 191 K O 2 CHN GEN

i

208 (NONE) O 4 CHN GEM !
'

fRICWAL LIQUID FRICTION Ft.CTOR 208 (NONF) O 4 CHN C(N
FRICWAV VAPOR FRICTION FACTOR
IRICINTR INTERNAL FRICT'^sN FACTOR 208 (NONE) O 4 CHN GEN

65 M/SEC 0 4 CHN GEN
VM MIXTURE VELOCITY

79 FG/SEC 0 4 CHN GEN
VH PELATIVE VELOCITY 79 kG/SEC 0 2 CHN GEN
MILEAM LEAK MASS FLOW RATE 79 kG/SEC O 2 CHN GEN
VLEAk LEAX VELOCITY 79 kG/5EC 0 4 CHN GEN

!
' MFLOW MASS FLOW RATE

79 kG/SEC O 4 CHN GEN

| y VLN LIQUIO VELOCITY 79 KG/SEC O 4 CHN GEN
VVN VAPOR VELOCITY 137 PA O 4 CHN GEN
PV PRESSURE

| 137 PA O 4 CHN GEN
' AIRP AIR PRESSURE

84 K O 4 CHN Cf N
TL LIOUID TEMPERATURE

S t4 K 0 84 CHN GEN
TV VAPOR TEMFERATURE 95 (NONE) O 4 CHN GEN
ALPHA VUtO FRACTION

350 PPM O 4 CHN GEN
BORC DORON(PPM)

71 kG/M3 0 4 CHN GEN
ROA AIR DENSITY

71 kG/M3 0 4 CHN GEN
RHOM MIXTURE DENSITY
TSAT SATURATION T[MPERATURE 84 K O 4 CHN GEN

CHTI H.T. COEFFICIENT - VAPOR TO INTERFACE T55 W/ ( ( M2)( K ) ) O 4 CHN GEN

AI V M.T. COEFFICIENT - LIQUID TO INTERFACE 155 W/( ( M2 )( k ) ) 0 4 CHN GEN

83 M O ? CHN
QUENTOPC FALLING FIEM Q POSITION 83 M O 2 CHN
QUEN30TC BOTTOM FLOOD Q POSIT'ON
QUENTOPO WALLOUT FF Q POSITION 83 M O 2 CHN

83 M O 2 CHN
QUENBOTO 'WALLGUT BF Q POSITION 77 (NONE) 0 2 Ct4 N

PE Akil f V LVL # FOR PEAK RDT
PEAkGRUP GROUP # FOH PEA 4 ROT 77 (NOME) 0 2 CHN

PEAAROOT PEAR ROD TEMPERAIURE 84 k O 2 CHal

O O O
_,
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Table 2-7. (continued) r-
M
-4
-<

Units Rod /
CoAe Units Vatue tyvet Tygg gomponent

Name Destf.stion
84 K 0 4 CTN

TL POCL TEMPERATURE 84 K 0 4 CTN
TV VArOR TEMPtRATURE 229 NG O 4 CTN
RML CPLNT LIQUID MASS 229 kG 0 4 CTN
RMS CPMNT $ TEAM MASS

229 kG G te CiN
FMA CPf%i AlH MASS 309 J O 4 CiN

7 UV CPMhi VAPOR ENERCV 309 J 0 4 CTN
A UL CPMNT LIQUID ENEPGY 77 (NONE) 0 4 CTN
CD CHS HEAT INTO STRUCTURE

7T (NONE) O 4 CTN
THS HEAT STR TEMPERATURE PROF 77 (NONE) 0 6 CON SYS
CBOUT CONTROL BLOCK OUTPUT-

t
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PLOTTING CAPABILITY
/

( i

* for the level, in the case of the VESSEL component. A nonzero value indicates
that, for the CHAN or VESSEL, this number must be included. Thus, a channel

,

identifier of the form NAME-CCLLNN would be used for variables with a rod or
level, and an identifier of the form NAME-CC00NN would be used for the ather

-variables, where NN is the component number, LL is the rod or level number,
and NN is the cell number. The heading " Type" indicates to programmers where
the data are in the TRAC data base (0 = selected variables, 2 = real variable
length table, 3 = integer variable length table, 4 array data, 5 - rod or
level data, 6 = control system data).

Programmers adding new plot variables should be aware of the reason for
using exactly six or three digits (or _one for TIMET-1) in the numeric field.
They must also realize that all the channel names must be unique for all
characters prior to the nth position, where n is the position of the left-most
minus sign. (for exam)1e, ABC- and AB- are not unique to the left of position

-3 and should not both se used as identifiers.) The reason for these
requirements is that the collating sequence on tM CDC and ASCll collating
sequence are different for non alphabetic characters. Therefore, to maintain
machine-independent collating sequences (and identical coding regardless of
machine), the above rules must be observed.

developed for use with the Idaho Scientific Data Management System,,f,ormat-
The plot data are stored.in the HUNI-B format, a data storage

(ISOMS).
This format replaces the CWAF format used in earlier versions of TRAC-8, and
all references to CWAF in the TRAC BDl/ MODI manual are now superseded.

2.9 REFERENCES

2-1, R. W. Shumway et al., TRAC-BC1/M001: An Aovanced Best Estimate Computer
Program fci Boiling Water Reactor Transient Analysis, Volume 2: Users
Guide, NURE1/CR-3633, EGG-2294, April 1094.

2-2. H. R. Bruestle et al., Idaho Scientific Data Management System, EGG-IS-
5287, November 1980,
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INPUT SPECIFICATIONS

'')\

3. INPUT SPECIFICATIOCS

A detailed description of the data to be entered on the cards in a TRAC-
- BFl/M001_ problem deck is given in this section. Unless specifically noted

otherwise, all quantities should be entered in SI units. A list of units
associatd with input variables is given in Table 3-1.

Table 3-1. SI units used for TRAC-BFl/ MODI input.

Innut ouantity SI unit

length m
Mass kg
Time s

3Volume m
Temperature K
Pressure Pa
Velocity m/s

3Density kg/m
Torque N-m

/3 Power W

V Specific heat J/kg-K
Thermal conductivity W/mgK
Heat transfer coefficient

W/n'3-KVolumetric heat source W/m
_

In the following input description, the R, I, or A shown for each
variable means real, integer, or alphanumeric, respectively.

For any real or integer input variables that are optional in the
following input descriptions, the default value is zero unless otherwise
noted. For alphanumeric input, the default is blanks. The input can be in
any order the user finds convenient.

U(D
3-1 NUREG/CR-4356
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MAIN CONTROL DATA

'
3.1 MAIN CONTROL DATA

'

3.1.1 TRAC-BF1 Title Card

This card must be present. An equal sign (=) is the first nonblank
character, followed by any alphanumeric characters used for a deck name.

3.1.2 Non-Free Field Control Cards

Two input cards may require processing prior to the use of the free field
input processing routines. These cards are, therefore, in a fixed format,
namely "A10,F10.0". The first of these cards is required when running more
than 77 seconds of CPU time. The second can be used to adjust the initial
dynamic storage allocation for input processing. However, this card is rarely
needed, since preload normally supplies this capability.

Card identifier Floating point value
(Startina in Column 1) (Columns 11-20)

h)' *-MXTIME' Maximum time in seconds for job (or job
's_/ step, depending on the operating system).

Defaul t = 1.0E+7.

*-LAST Initial input processing' storage allocation,
(See the discussion of dynamic dimensioning
and preload processing before attempting-
to use.)

3.1.3 General Control Card, OPTIONS

- All _ variables on tnis card are optional, and the card may be omitted if
-

all variables are to use default values. Example: (for extracting 25
components) OPTIONS 0 0 0 25-0.

._p_r1 Variable Description (0PTIONS)W

Wl-1- IEOS Air / water option. If IECS = 1, water vapor is replaced by
air throughout TRAC. (Default = 0).

W2-I- -NTRACE Flag indicating level of detailed error traceback desired.

Q NTRACE - -1, no traceback. 0-5, 9 various levels of

.Q_ traceback. (Levels 6 through 8 are currently inactive.)

3.1-1 NUREG/CR-4356
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MAIN CONTROL DATA

Word Variable Description (OPTIESJ

(Default = 0).

W3-1 IST Subroutine timing option. 1 - no timing. 0 - minimum
list of subroutines timed. 1 - medium list, 2 - maximum >
list. (Def ault - -1) .

W4-1 NEXTR The number of components to be extracted from a TRAC Dump
,

file. (Default = 0).

W5-1 MASTPR Control parameter for debugging printout. Most of this
debugging output concerns storage allocations. (Default -

value - 5). None of the options below produce a large
amount of extra output.

O or 5 - no debugging output
3 - detailed debugging output
4 - general debugging output

3.1.4 Secondary Title Cards, TITLEXX

These cards are optional. They may contain any alphanumeric informatior,
which must be enclosed in quotes on each card.

3.1.5 Main Control Cards, MAINXX

The first 17 variables are required. -

'

Word Variable Description (MAINi
i

'

Wl-1 DSTEP Time step number of dump to be used for restart. If

DSTEP is less than zero, the last dump will be used for
restart or extraction.

W2-R TIMET Problem start time. If TIMET is less than zero, the

start time will be the time specified on the retrieved
dump.

W3-1 STDYST Steady-state calculation indicator:
0 - no steady-state calculation,
1 - steady-ssate calctilation.

W4-1 TRANSI Transient calculation indicator
1 = transient calculation,

0 - ro transient to be calculated.

NUREG/CR-4356 3.1-2
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MAIN CONTROL DATA

f)
krd_. Variabla Description (MAIN)

W5-1 NCOMP Number of components.

W6-1 -NJUN Number of junctions.

W7-! IPAK Water packing option (0 - off, 1 - on). It is
recommended tnat IPAK-0 be used.

;W8 R EPS0 Convergence criterion for outer iteration (suggested
value - 1.0 E-04).

W9-R EPSI Convergence criterion for vessel iteration (suggested
value .l.0 E-05).

W10-R EPSS Convergence criterion for steady-state _ calculation
(relative change /second in percent) (suggested value =
0.1).

Wll-I IMPCON Fully implicit option for conduction boundary condition.
IMPCON not-equal to zero sets fully implicit option for
both steady-state and transient calculations. Input as
zero unless surface-temperature instability is noted.

W12-1 OITMAX Max'imum number of-oute* iterations (suggested value - 8).

LW13-1 IITMAX Maximum. number of vessel iterations. (If the number of
vessel cells is 64 or less, use IITMAX-0. This results
in direct inversion of the vessel matrix. For more than
64 vessel cells, use IITMAX=10 if insufficient SCM
storage is_ available for direct inversion.)

W14-R CSFID . Maximum Courant number in one-dimensional components.

W15-I .NTRX Number of trips specified, including vessel level trips.

W16-1 NLEAKP Number of leak paths. One leak path connects two
components.

W17-I. .NAXN Number of hydraulic levels in neutronic core region.
NAXN-0 inplies no CHAN components in the problem. NAXN
cannot change on restart.

P18- I- .NDMPTR_ Number of trips on which a dump is to be taken.

W19-I- ICTR Control system flag
0 = no' control system calculation

'+1 - control system calculation with control system data
included in major edit

-1 - control system calculation with no edit of control
system data (default = 0).

3.1-3 NUREG/CR-4356
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MAIN CONTROL DATA

Word Variable Description (MAIN)

W20 1 180RC Boron tracking control flag.
0 = no boron tracking
1 - boron tracking calculation performed (default - 0).

W21-1 IAIR Noncondensible gas control flag.
0 = no noncondensible gas
1 - noncondensible gas calculation performed (default -

0).

W22-1 NROT Number of turbine rotor assemblies (default - 0).

W23-1 NbMMPT Number of material property tables. This should be the
total of those on the restart file plus any new tables,
excluding replacement tables, on the input file (default
= 0).

W24-1 LEV 1 Level tracking option flag for all 1-D (non-vessel)
components.
0 - no level tracking
1 - level tracking performed (default = 0).

W25-I NDISLP Number of disconnected 1-0 loops in model. Us ' mal y
when nodeling condensers (default - 0).

W26-1 ICONTA Containment option flag.
0 = no containment model
1 = centainment model to be used (default - 0).

3.1.6 Component List Cards, COMPLISTXX

User must input the number of every component which enters into the
problem solution. The numbers need not be consecutive or in order.

Word Variable Descrintion (COMPLIST)

Wl-1 10RDER(1) 1st component number.

W2-1 10RDER(2) 2nd component number.

W3-1 10RDER(3) etc.

3.1.7 Program Checkout Card, CHECK 0UT

The program checking option card, CHECK 0UT, provides options for stopping

NUREG/CR-4356 3.1-4
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MAIN CONTROL DATA
A

.the code in various manners, rewinding the output file, controlling the amount'

of. dump info,mation displayed, and controlling machine dependencies and ;

ldebugging printout, as described below,

Word Variable Description (CHECK 0UT)

- Wl-I- ITSTOP Time step at which job is to terminate normally. The
default value of zero is replaced by a value of
10,000,000 and therefore does not stop the run. To s

save execution time for checkout runs, if ITSTOP = 2,
then the graphics catalog generation is turned off by
resetting N0GRAF to 7 automatically. -

. 2-1 IESTOP Edit sequence number at which job is to terminateW

normally. The default value of zero is replaced by a
value of 10,000,000 and therefore does not stop the
run.

W3-I MKFAIL Time step at which run is to be. forced to fail with a
Mode 1 error. This option is for programmer use only
to check out the ability of TRAC to recover from
disastrous type errors. The default value of zero is
replaced by a value of 10,000,000 and therefore does
not stop the run.

W4-1 IRWIND Time step at which the TRAC output file is to be
rewound to minimize output. If IRWIND is set to -1,
the output file is rewound prior to the last edit if
termination is made normally; otherwise, the output
file is not rewound. The default, zero, implies no
rewinding. -

W5-I IDUMPP- Size of automatic dump display. ~IDUMPP words on either
side of the abnormal termination location will be
printed in a detailed format. .f IDUMP is <0, the
automatic dump display. and abort reprieve logic will be
skipped. (The purpose of this option with a value <0
is to allow preserving the dump information if- a normal
dump is desired.)

~

. W6-I. .IREMTI Flag for skipping the remaining time calculation. Use
IREMTI >0 in order. to skip the call to the ? Jbroutine
that calculates the remaining time. The use of this
routine is important in saving the dump and,

._ articularly, the graphics files, so IREMTI should bep
set positive only if .this. routine does not work on a
particular operating system.

-W7-I- N0GRAF 0, do graphics processing=

[ 1, do graphics processing and print channel summary--

A

3.1-5 NUREG/CR-4356
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MAIN CONTROL DATA

Word _ Variable Descrigtion (CHECK 0UT)

2, do graphics processing with detailed debugging=

output
= 7, skip graphics processing

W8-I IEVTSE Every time step edit debugging flag
= 0, no special edits-
>0, get an edit every time step from time step

IEVTSE on.
<0, get an edit every time step from time step

IEVISE at the usual call to EDIT and after
calling subroutine OUTER and before calling
subroutine POST.

O

g
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TRIP DATA
(~3

.! )
# 3.2 TRIP DATA

3.2.1 Trip Data Cards. TRIPCNX

NTRX sets (1 set per trip) of trip cards are input unless information is
being read from a TRAC restart file (TRCRST). If less than NTRX sets are
input, the remaining trips are initialized from the TRCRST file. (It should
be noted that the state as well as the definition of the trip is obtained from
the restart file.) Trips with ids equal to or greater than 1000 will cause
the time step size to be reduces to the minimum allowable size (i.e., DTMIN)

~

and then allowed to recover.

The card number, CN, must be different for each trip. For each trip, the
first four variables are required.

Word Variable Descrjption (TRIP)

Wl-1 ITID Trip ID number.

W2-1 ISID Trip signP index identifies variable to be observed (see
,q Table 2-1),,

i :

V The trip will occur as the setpoint value is approached
from below if ISID is positive and as the point is
approached from above if ISID is negative.

W3-R TSP Trip setpoint defines the value at which the trip will
occur.

,

W4-R TDT Trip time delay. Trip occurs after delay time elapses
following the time when the setpoint is reached.

W5-A TTITLE User trip description. Use 11 to 16 characters enclosed
in quotes.

W6-1 101 First trip qualifier. Identifies the component 10 number
associated with trip number ITID. 101-104 are ignored if
ISID=0,

W7-1 102 Second trip qualifier 102 - 0 unless 101 is a VESSEL. For
a VESSEL, ID2 - VESSEL axial level associated with the
trip. For a downcomer level trip, set 102 = 1 and the
collapsed level height will be taken from the top of the
vessel to the bottom of the downcomer.

W8-I 103 Third trip qualifier.
/ \
! ) W9-1 104 Fourth trip qualifier. 103 and 104 give the cell numbers

3.?-l NUREG/CR-4356
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TRIP DATA

Word Variable Description (TRIP)

where the parameter given by ISID is monitored. See Table
2-2.

W10-A NAMEUV for versions with the Nuclear Plant Analyzer capability
only. Name of user-defined interactive control variable.
(f0 TYPE "U") as specified on ICVARXX cards. If NAMEUV
is present, ISID must have a value of 12 or -12.

3.2.2 Trip Dump Cards, TRIPDUMPXX

These cards must contain NDMPTR integers; O $ NDMPTR r. 99. XX is a
sequence number between 00 and 99 inclusive.

V'rd Variable Description (TRIP)

Wl-1 IDMPTR(1) First trip ID number which causes dump.

W2-1 IDMPTR(2) Second trip ID number which causes dump.

W3-1 IDMPTR(3) etc.

.

O

.

O
NUREG/CR-4356 3.2-2
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TIME STEP DATA
.

; y
3.3 TIME STEP-DATA

This set of input information is the time step cards for controlling the
calculation. The problem time span is separated into domains. Each domain
(specified by one card number, CN) may have different minimum and maximum time
step sizes and edit intervals. .

3.3.1 Time Step Data Cards. TIMESTEPCNX

The CN's must be in ascending order as the TEND's increase, but need not
be sequential.

Word Variable Description (TIMESTEP)

Wl-R DTHIN Minimum allowable time step size for this time
domain.

W2 R DTMAX Maximum allowable time step size for this time
domain.

.

;f %
W3-R TEND End of this time domain.

W4-R RTWFP Ratio between heat transfer and fluid dynamics time
step sizes. RTWFP 11.0 (used only for steady-state
calculations, suggested value - 1.0E+3).

W5-R- EDINT Print edit interval for this time domain.

W6-R GFINT Graphics edit interval for this time domain.

W7-R' DMPINT Restart dump interval for this time domain.
,

W8-R SEDINT Short print edit interval for this . time domain.

3.3.2 Time Step Multiplier Card, 50PTION

_ One card containing a trip number may be-included for controlling the-
-haat transfer time step size for the transient calculation. If a card is
present and contains a valid trip number, the hydradynamic time step will be
multiplied by RTFWP (on time step data cards) until the trip is activated.
After the trip, or if-the card is not input, the heat transfer time step will
equal the hydrodynamic time step.

3.3-1 NUREG/CR-4356
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TIME STEP DATA

Word Variable Description (SOPTION1

Wl-I IHTTRP Trip number for heat trensfer time step multipliar.

,

'

O

O:

NUREG/CR-4356 3,3-2
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COMPONENT DESCRIPTION DATA

O 3,4 COMPONENT DESCRIPTION DATA

NCOMP or fewer sets of component description cards are input, if less
than NCOMP sets are input, the remaining components are initialized from the
restart file TRCRST. The format of each set is dependent upon the component

,

type. All tables that involve pairs of numbers (x,y) should have data
supplied in as&nding order of the independent variable x.

Each component requires the user to supply a junction number JUN for each
of its connecting points. A PIPE will require two junction numbers, one for
each end. A junction is the point at which two components are connected. A
unique junction number must be assigned to each connecting point and
referenced by both of the compcnents that are to be joined. For example, if
two PlPES are to be joined, then the junction number of the connecting end of
each PIPE needs to be the same. No component may connect to itself, and every
junction must connect two components. A single-ended components (BREAK or
FILL) may be used to complete a junction.

.

u

.

O
3.4-1 NUREG/CR-4356
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BREAK COMPONENT DATA

3.4.1 BREAK Component (BREAK)

BREAK Header Card, BREAKID000

NOTE: A BREAK cannot be connected directly to a VESSEL.

Word Variable Descriotion (BREAK)

Wl-I NUM Component 10 number (must be unique for each component).

W2-A CTITLE User optional description of component. Up to 30
characters may be used. Enclose them in quotes.

BREAK Simple Parameter Card, BREAKID01X

All nine words are required.

Word Variabl e Description (BREAK)

Wl-I JUNI Junction number at which break is located.

W2-1 IBROP BREAK table read option.
BREAK conditions constant or determined by control0 -

system
1 read pressure table=

read pressure and temperature tables2 -

read pressure, temperature, and void fraction3 =

tables.
Use IBROP-0 for steady state (STDYST-1 on Card MAINXX).

W3-I NBTB Number of pairs for each BREAK table.

W4-1 ISAT BREAK temperature table use option (make ansistent with
IBROP).

use TIN or table for liquid and vapor temperatures0 -

use TIN or table for liquid temperature and set1 =

vaportoT,Tableforvaportemperatureandset2 use TIN or-

liquid to T,,d vapor to Tset liquid an3 =
g

use separate tables for liquid and vapor4 =

temperature.

WS-I ICOMT Flag to indicate connection of BREAK to containment.

NUREG/CR-4356 3.4-2



BREAK COMPONENT DATA

~ v -Word Variable Descriotion (BREAK)

ICOMT - 0 implies no connection.

ICOMT <0 implies the BREAK is located in the pool region
of the- containment compartment whose user ID is ICOMT .

ICOMT >0 implies the BREAK is located in the vapor region
of the containment compartment whose user ID is ICOMT.

(NOTE: ICOMPT and IBROP must not both be nonzero. Also, ICH0KE should
be zero at the 1-D component junction before any BREAK with
ICOMT-1.)

W6-R DXIN Length of BREAK cell. (Generally taken to be the same as
'its neighboring cell in the adjacent PIPE.)

W7-R VOLIN Volume of BREAK cell. (Generally taken to be the same as
its neighboring cell in the adjacent PIPE.)

W8-R ALPIN- Void fraction of mixture at BREAK. (Usually 1.0).

W9-R- TIN Temperature of mixture at BREAK. (Usually.taken to be the
saturation temperature corresponding to the BREAK

/~ pressure.)lg]-

W10-R PIN Pressure at BREAK,

BREAK Simple Parameter Card, BREAKID02X

Word Yariable Descrintion (BREAK)

W1.-R BORCIN Boron concentration in BREAK (ppm) (default = 0,0,
required if IBORC = 1 and BORCIN not equal to 0.0).

BREAK Simple Parameter Card, BREAKID03X

-Word Variable Description (BREAK)

Wl-R PAIN Noncondensible gas pressure in BREAK (default = 0.0,
required if IAIR = 1 and PAIN not equal to 0.0).

BREAK Table Cards, BREAKID13X-BREAKID16X
L

LO Omit these car'ds if NBTB-0. Tables are in LOAD format. Table values areq):

I 3.4-3 NUREG/CR-4356
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BREAK COMPONENT DATA

not used for steady-state runs. (All tables are in time, variable pairs.
Only the liquid temperature table is needed unless ISAT = 4. All variables
are real.)

Q{ Variable Dimension Decription (BREAK 1

13 PTB 2*NBTB Pressure table.

14 TLTB 2*NRTB Liquid temperature table.

15 TVTB 2*NBTB Vapor temperature table.

16 ALPTB 2*NBTB Void fraction table.

17 80RTB Boron concentration table (optional,
default = 0.0, used when BREAK option uses
any other table and IBORC = 1).

18 PATB Noncordensible gas pressure table
(optional, used when BREAK option uses any
other table and IAIR = 1, default = 0.0).

O

O
NUREG/CR-4356 3.4-4



CHAN COMPONENT DATA
j
l . i\ 3.4.2 . CHANNEL Component (CHAN) |

CHAN Header Card, CHANID00000

}{qCd Variable Description (CHAN)

Wl-I- NUM Component ID number (must be unique for each componert).

. W2-A. CTITLE User-optional description of component. Up to 30 ,

characters may-be used. Enclose them in quotes. ]
1

I
CHAN Simple Parameters Card 1. CHANID000lX .!

|

The first 11 variables are required.
1

Word Variable Description (Di!Lj.
.

Wl-1 NCELLS Number of fluid cells in this CHAN.

W2-I N0 DES Number of radial heat transfer nodes in CHAN wall
b. (Minimum = 1).

W3-1~ JUN1 Junction number for junction adjacent to cell 1.

W4-I JUN2 Junction number of junction adjacent to cell NCELLS.

W5-I . MAT Material ID of CHAN wall.
2 Zircaloy=

6 SS 304=

7 SS 316=

8 SS 347-

9 Carbon steel A508-

10 Inconel 718-

11 Zr0=
2

'21-99 = Input table.

W6-1 ICHF CHF calculation flag.
Neg No CHF allowed.=

use simplified boiling curve, Mode 7.0 =

1 - -Zuber/Biasi CHF.
-2 Biasi or Biasi Xc CHF at high flow, Zuber at low=

fl ow.
3 Biasi or CISE-GE Xc CHF at high flow, Zuber at low=

fl ow.
fq- (Suggested value = 2).

V
3.4-5 NUREG/CR-4356
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CHAN COMPONENT DATA.

Word Enriable Description (CHAN)

Note that the CHAN heat transfer coefficients used for
convection on the printout may be negative because of the
axial averaging done internally.

W7-1 IPVHT Component-to-component heat transfer indicator. if IPVHT
= the NUM of some other component which is not a BREAK or
a Fill, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one
cell of component NUM, as specified in input arrays KLVC
and KRVC. IPVHT = 0 means no component-to-component heat
transfer.

W8-1 IEDTEM Rod temperature print / plot.
>0 print all internal temperatures and write node

IEDTEM to RODTIN on plot file.
O no printing or plotting.-

< 0 no printing; write node IEDTEM to RODTIN on plot
file.

W9-1 ITMIN ITMIN = 0, homogeneous nucleation equation.
ITMIN = 1, Shumway correlation

W10-R RADIN Inner radius of CHAN wall."

Wll-R TH CHAN wall thickness.

NOTE: The following four variables are not used for cells that transfer
heat to another component. They are used only if the user wishes to
define an ambient external condition.

W12-R HOUTL Heat transfer coefficient between outside CHAN wall and
surrounaing liquid.

W13-R HOUTV Heat transfer coefficient between outside CHAN wall and
vapor.

W14-R TOUTL Liquid temperature outside CHAN.

W15-R TOUTV Vapor temperature outside CHAN.

a.. The value of RADIN is the equivalent radius of a single channel assembly.
This equivalent radius is normally chosen such that the perimeter of a circle of
radius RADIN is equal to the perimeter of a square of side BUNDk; as illustrated
on Figure 3-1. RADIN is used to calculate the heat transfer area between the
channel wall and fluid in the channel.

NUREG/CR-4350 3.4-6
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CHAN COMPONENT DATA

i
O CHAN Simple Parameter Card, CHANID0002X

Only the first three variables are required.

p Wcrd_ yariab]1
. _ _

Description (CHAN)
_

Wl-1 NGRP. Number of rod groups in channel.

W2-1 NCHANS Number of fuel channel assemblies represented by this CHAN
component.

W3-1 N0DESR Number of fuel rod radial heat transfer nodes including i

fuel, gap, and cladding,

h0TE: This value is used for all rod groups.

W4-1 NMWRX -Metal-water reaction option. (0 - off, 1 = on.)

W5-1 NFCI Fuel clad interaction (FCI) option. Currently must be
input as 0..

W6-1 NFCll. Limit on FCI calculations per time step.
O
Q ,W7-I NRFDT Rod and channel wall _ fine mesh trip 10. (If zero, no fine-

mesh calculation is performed.)

W8-I- NZMAX Maximum number of axial fine mesh nodes per rod. (If
NRFDT>0, then NZMAX 1 NCRZ + 1). This number includes the
coarse mesh nodes on heated region cell boundaries and
internal fine mesh nodes.-

W9-1 NZMAXW Maximum number of axial fine mesh nodes on channel wall.
(If NRFDT>0, then NZMAXW > NCELLS + 1). This number

_

includes the coarse mesh. nodes on heated region cell
boundaries and internal fine mesh nodes.

CHAN Simple Parameter Card, CHANID0003X

The first 14 variables. are required. Variables 15 through 18 are
required only if.the fine mesh conduction calculation is to be performed
(NRFDT > 0).

}{qrd Variable Description

- Wl-R' HGAP0 Fuel rod gap conductance coefficient. (Must be input,
but not used.)_

3.4-7 NUREG/CR-4356
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CHAN COMPONENT DATA

WarjL Variable Descrietion _ _ , (f.UN{l

W2-R PDRAT Fuel rod pitch-to-diameter ratio (see Figure 3.4-1.

W3-R PLDR Pellet dish radius. (If zero, no calculation nf pellet
dishing.)

W4-1 ICRNK Number of cells below neutronic core region. ICRNK must
equal ICRLH for point '. inetics. 3CRNK + NAXN must be i
NCELLS.

W5-I ICRLH Number of cells below lower tie plate. Lower tie plate
located at top of cell ICRLH.

W6-1 NCRZ Number of cells between upM r and lower tie plates.
Upper tie plate located at top of cell ICRLH + NCRZ.

W7-1 NROD Number of fuel rods in a singit bundle row (i.e., NROD -
4 for the bundle in Figure 3.4-1).

W8-R BUNDW Inside channel width (see ;.gure 3.4-1).

W9-R ALPTST Threshold void fraction for radiation calculation
(suggested value - 0.9).

W10 R EPSR fuel rod surface emissivity.

Wll-R EPSC Channel wall inside emissivity.

W12-1 IRAD Radiation heat transfer option. IRAD - 0 includes steam
and droplets in radiation heat transfer calculation.
IRAD = 1 does not include steam and droplets in radiation
heat transfer calculation.

W13-1- NRAD Number of time steps between radiation calculations.

W14-1- IANI Anisotropic radiation reflection flag.
0 No anisotropic correction.-

1 Correct view factors for anisotropic reflection.-

W15-R DZNHT Minimum spacing between rod fine mesh nodes and rows (see
Section 4.4.3 of TRAC-BDl/ MODI Manual, Vol . 2).3#

W)S-R DTXHTW(1) Minimum temperature difference to insert or delete fine
mesh row on wall (H.T. Modes 2 and 3).

Wll-R DTXHTW(2)- Minimum temperature difference to add or delete fine mesh
row on wall (other H.T. modes than above).

W18-R DZNHTW Minimum spacing between wall fine mesh node rows.

NUREG/CR-4356 3.4-8'
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( Figure 3.4-1. A 4x4-fuel bundle.
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CHAN COMPONENT DATA

CHAN Leak Path Data Carde, CHANID0004X

Input these cards only for the "From" componcnt of a leak path (see
Section 4.1).

f_ Word __ Variab]1 Description (CHANJ

0 Wi-R NCLK "From" cell number of leak path.

W2-R FALK Leak path flow area. (For CHAN component, input
value should be for one channel assembly.)

W3-R CLOS Leak path loss coefficient.

W4-R VMLK Leak path initial mixture velocity (default = 0.0).

WS-R DELZLK Elevation difference between center of "From" cell
and center of "10" cell. A positive value for
DELZLK means that the center of the "From" cell is
higher than the center of the "To" cell. (Default -
0.0).

1 Wl-1 NCMPTO Component number of "To" component.

W2-1 NCLKTO Cell number of "To" cell .

W3-1 NLEVT0 Axial level number of "To" cell. Used only when
"To" component is a VESSEL. (Default = 0) .

CHAN Simple Parameter Card, CHANID00050

This card is needed if the outer walls of any component transfer heat to
the fluid of this component (i.e., if some IPVHT = the NUM of this component).
This card can also be used to get major edit printout of wall node
temperatures. The default value for both variables below is 0.

) Lord Variable Description (CHAN)

W1-1 IHTS Indicator for heat transfer to the fluid of this
component from the-outer wall of one or more other
components. (0 = no,1 - yes, 2 - yes with printout of
those outer wall heat transfer values.)

W2-1 IWT Write flag for major edit of wall node temperatures. (1
= yes, 0 = no).

9
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j]
V CHAN Array Cards, CHANIORG41X-CHANIDRG91X

Input one set for each of the following variables, using LOAD Format.
Either CN or the variable name may be used in the card identifier. For
example, the cell volume cards could be either CHAN10RG42X or CHANIDRGVOLX.
RG = 00 for all arrays except RDIN.

CE y_ariablq _Qimension __, liescrip1Len (CHAN)

41 DX NCELLS Cell lengths.

- 42 VOL NCELLS Cell volumes of a single channel assembly.

43 FA NCELLS+1 Cell edge flow areas of a single channel
assembly.

44 FKLOS NCELLS+1- Additive form loss coefficients for forward

mixture masp (flow.
FKLOS is defined by AP -

1/2 FKLOSpV Default = 0.0).

45 GRAV NCELLS+1 Gravity direction factors (see Section
,

4.12.5), GRAV must be 1 for the boiling
.( length in the critical quality correlation to

6, work properly.

46 HD NCELLS+1 Hydraulic diameters. (If absent or 0.0, H0
is calculated assuming FA is circular,)

-47 EPSD NCELLS+1 Ratio, surface roughness / hydraulic diameter.
(Default - 0.0),

48 ICH0KE NCELLS+1 Choking calch ' tion flag (integer)..

(0 - no choking, I i choking calculation.).
(Default - 0).

49 ICCFL NCELLS+1 CCFL control flag (in'eger).
ICCFL - 0 Turn off CCFL model
ICCFL - 1 CCFL upper tie plate constants
ICCFL = 2 CCFL side entry orifice constants.
(Default - 0).

50 WETP NCEli.S+1 Wetted perimeter of a single channel assembly
(input only if any entry in ICCFL equals 2).

51 ALP NCELLS Initial void fraction.

52 VL NCELLS+1 Initial livid velocity.

53 VV NCELLS+1 Initial vapor velocity.
.

3.4-11 NUREG/CR-4356
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CHAN COMPONENT DATA

Di Variable __ Dimension Description (CHAN1

54 TL NCELLS Initial liquid temperatures.

55 TV NCELLS Initial vapor temperatu es.

56 P NCELLS Initial pressures.

57 BORC NCELLS Boron concentration (ppm) (default - 0.0,
required if IBORC = 1 and BORC + 0.0).

58 QPPP NCELLS Volumetric heat sources in CHAN wall .

59 TW NODES Initial wall temperatures.
*(NCELLS+1)

60 KLVC NCELLS+1 Vessel levels to which wall nodes will
transfer heat. Omit if IPVHT - 0 or if
component IPVHT is not a VESSEL. Input zeros
if component IPVHT is not a vessel. CHAN
initialization will check this input, but the
first entry will not be changed; and the
lowest CHAN wall node will be assumed to lie
at the bottom of VESSEL level KLVC(1).

None: Each CHAN cell may transfer heat to
only one cell in component IPVHT. It is not
permissible to model a CHAN cell transferring
heat to two or more cells in component IPVHT.
However, several CHAN cells may transfer heat
to a single cell of component IPVHT. This
means that the CHAN cell boundaries must
coincide with cell boundaries of component
IPVHT and that there may be one or more whole
CHAN cells between the boundaries of one cell
IPVHT component.

61 KRVC NCELLS+1 Cell number in component IPVHT = NUM to which
heat is transferred. Omit if IPVHT = 0. If

component IPVHT is a VESSEL, the first value
of the KRVC array will be used for the cell
to which heat is transferred. If IPVHT is
not a VESSEL, the first value will be used to
set the first outer component cell to which
the CHAN transfers heat and the rest of the
values will be recalculated in
initialization.

62 RKLOS NCELLS+1 Additive form loss coefficients for
reverse mixture mass flow. See FKLOS for
definition. (De fault = 0.0) .

NUREG/CR-4356 3.4-12
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CHAN COMPONENT DATA
[K

Q -yJriable Dimension Descriotion (CHANI

63 PA: NCELLS Noncondensible gas pressure (default - 0.0,
required if LAIR - 1 and PA + 0.0).

64 ILEV1 NCELLS Two phase level flag for cell. -1 implies no
level tracking in cell; O implies two-phase

&.-. level not present in cell; +1 imp 1.es
.

two-phase level present in cell, (input only,

if LEV 1 - 1; default - -1).
.

65 ALPA NCELLS Void fraction above two-phase level (input
only if LEV 1 - 1, default - 1.0).

66- ALPB NCELLS Void fraction below two-phase level (input
only if LEV 1 - 1, default - 0.0).

67 DZLV1 NCELLS Height of two-phase level above bottom of
cell (input only if LEV 1 - 1, default - 0.0).

-68 VLEV1 NCELLS Propagation velocity of two-phase level
(input only if LEV 1 - 1, default - 0.0).

71 RDPWR N0DESR*NGRP Relative radial power density within an

1(/]
individual rod. Input centerline-to-

- ,/ surface distribution for each rod group (see
-

Section 5.4.4).

72 CPOWR NGRP Rod-to-rod power distribution within the fuel
bundle (see Section 5.4.4)'.

73 RADPW NCRZ Fraction of total reactor power on each
heated core-level that is generated by a
single bundle .in this CHAN. RADPW is
normalized at each core level such that- sum
of RADPW(K) NCHANS(K) - 1, where K is number
of CHAN components.

74 RDX' -NGRP Number of rods in each rod group (floating
point).-

75- .RADRD N0DESR*NGRP Rod node radii (cold) Node I radius - 0.
76' MATRD (N0DESR-1)* Rod material ID numbers (integer). Rod

NGRP must include one and only one gap. The gap
cannot be at the rod center or span more than
the region between two adjacent nodes.

3.4-13 NUREG/CR-4356



CilAN COMPONENT DATA

M Variable Dimension Description (CHAN)

7 ID Material Type

1 Mixed oxide fuel
2 Zircaloy
3 Fuel-clad gap -

4 Boron nitride insulation
5 Constant /nichrome heater
6 Stainless steel Type 304
7 Stainless steel Type 316
8 Stainless steel Type 347
9 Medium carbon steel A508

10 Inconel 718
11 Zr0

2
21-99 Input table.

77 HGAP NCRZ*NGRP Fuel rod gap conductance constant
2(W/m K). Use a small value for water rods

(See Section 4.4.4 in Reference 3.4-1).

78 NFAX NCRZ*NGRP Number of fixed fine mesh nodes per cell.
Total per rod must be equal to or less than
NZMAX - NCRZ - 1 (omit if NRFDT = 0).

79 NFAXW NCELLS Number of fixed fine mesh nodes per cell.
Total must be equal to or less than NZMAXW -
NCELLS - 1 (omit if NRFDT = 0).

80 FPU02 NGRP Fraction of Pu0 in mixed oxide fuel.
(Default = 0.0)

81 FTD PGRP Fraction of theoretical density. (Default =
0.95).

NOTE: The next 6 arrays are not used unless NFCI = 1.

82 GMIX 7*NGRP Mole fraction of gas gap constituents.

83 GMLES NGRP Moles of gap gas per rod.

84 PGAPT NGRP Average gap pressure.

85 PLVOL NGRP Plenum volume in each fuel rod above pellet
stack.

86 PSLENN NGRP Pellet stack length.

87 CLENN NGRP Total cladding length.

88 BURN NCRZ*NGRP Fuel burnup, MWD /MTU.

NUREG/CR-4356 3.4-14



!

|

CHAN COMPONENT DATA

\~/- M Variable Dimension Description (CHAN)

89 RFTN N0DESR* Fuel rod temperatures at each node.
NGRP*(NCRZ+1) RG in the card identifier is the rod group

number. For each RG, N0DESR-(NCRZ+1) values
are-input.

90 IR00 NROD*NROD+1 Rod group number associated with each
radiating surface (integer). Channel wall is
last surface, and group containing channel
wall is last group. This geometry will be
used to calculate view factors. On EXTRACT,
the actual view factors will replace this
array.

Beginning in the upper left-hand corner rod
in Figure 3.4-1, the values of IR0D that
would be input for this particular rod
grouping are:

1 1 1 1 1 2 2 1 1 2
2 1 1 1 1 1 3 E

. NOTE: The following is user-input relative to the CHAN-to-CHAN
f\- reactivity weighting factor per bundle. Not needed unless 1-0 neutron
d kinetics or point-kinetics with reactivity feedback reactor power

options are used with user-input re-tivity weighting selected (IRP0P
- 6,7,8 and ITMW = -1).

93 RCTWF NAXN This array allows reactivity weighting other
than volumetric. The code will normalize on
each level by summing NCHANS RCTWF VOL over
all the CHAN components.

99 DTXHT 2*NGRP NGRP pairs of temperature differences at
which rows of H.T. nodes are added or deleted
from rods, 1 pair per group (in group or
rod). First value is used for H.T. regimes 2
and 3, the second for other regimes (omit if
NRFDT = 0).

Ov
3.4-15 NUREG/CR-4356
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CONTAN COMPONENT DATA

\~ 3.4.3 CONTAINMENT Component (CONTAN)

CONTAN Header Card (CONTAN0000000)

Word Variable Description (CONTAN)

Wl-A CTITLE- User optional description of containment

[M TAN Control Card (CONTAN00000111

Wl-R DTIME Time interval at which the containment calculation is
updated during the primary loop calculation.

W2-1 NCOMT Number of COMPARTMENTS in containment.

W3-1 NHS Number of HEAT STRUCTURES in containment.

W4-I NC00L- Number of COOLERS in conta':oment.

WS-I NJCT Number of PASSIVE JUNCTIONS in containment.
s

(y W6-1 NJCTF Number of FORCED JUNCTIONS in containment.

W7-I NJCTS Number of SOURCE / SINK JUNCTIONS in containment.

W8-I INTFLG Flag to indicate type of ODE integrator to be used in
containment calculations. [INTFLG - 1 (explicit
integrator) is the only currently available option.]

W9-I ~ NCOMTB Number of containment ccmpartments that are connected to
primary loop BREAKS and/or FILLS. (Each comoartment that
is so-connected is counted only once, regardless of the
number of BREAK and FILL components to which it is
connected.)

W10-1 NCOMTV Vessel wall heat transfer inclusion flag (see Table 3.4-
1).

Wll-I NNLEV Number of axial levels in vessel (same as NASX if NCOMTV -
0; O if NCOMTV - 0).

<~

%w
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CONTAN COMPONENT DATA

lable 3.4 1, fxplanation of containment parameters and options.
- - --

Yariabh [xphut ion (CONTAN).__

CONTAN control card

NCOMTV This parameter suppresses or activates the inclusion of reactor
vessel external surf ace heat transfer in the containmerc.
calculation.

If NCOMTV - 0, the option is suppressed.

If NCOMTV e 0, the option is actuated and NCOMlV is the user ID
of the compartment in which the vessel is located,

if NCOMTV >0, the code calculates vessel exterior surface heat
transfer coefficients based on free-convectiot correlations only.
If NCOMTV <0, the user supplies vessel exterior surface heat
transfer coefficients on a separate input card. (See "CONTAN
Vessel Heat Transfer Coefficient Card.")

COMPARTHENT parameters / options

ITRKL If ITRKL = 0, no pool depth is calculated in a compartment.

If ITRKL - 1, the pool depch corresponding to the current liquid
mass is computed.

In order to utilize the heat structure level tracking option
(ITRKH - 1), ITRKL n,ust be set to 1 in both ;orapartments attached
to the heat structure.

ITRKS If ITRKS - 0, no spilling calculation is d., a.

If ITRKS + 0, the compartment pool is assumed to begin " spilling"
when the liquid volume reaches VMAX. At this pa nt, additional
liquid entering the compartment is transferred to the pool region
of the compartment whose user ID is specified by ITRKS.

TL IL is the initial absolute temperature of the pool region.

if TL >0, the code will issue an ERROR message and terminate
execution if the pool temperature approaches the saturation
temperature corresponding to the compartment vapor region
pressure to within 5 K.

If TL <0, the n u will continue execution regardless of the 7 01
temperature. (Not a, howeiter, that the containment model in TC
performs no b')ili g heat or mass trt sfer calculations).

O
NUREG/CR-4356 3.4-18



. . ._ .._.__._______.____._ __._ _ _ __ _

E

CONTAN COMPONENT DATA

\

Table 3.4-1. - (continued)
:

Variable fxplanation (CONTAN1

FRAB FRAB may be given any value from zero to one, ine'usive.i

I

If FRAB = 0.0, no heat is transferred between noncondensible gas
vented through the pool region and the liquid.

If fRAB = 1.0, complete temperature equilibration is assumed
between vented noncondensible gas and liquid.

CUCH A mod 8fied UCHIDA condensation heat transfer correlation for a
mixture of steau and noncondensible gas may or may not be used.

,

if CUCH <0, only free convection heat transfer is assumed in the
vapor region and the UCHIDA correlation is not used. j

If 0.0 s CUCH s 1.0, the following heat transfer coefficient (h)
,

is used in the vapor region:

h
'

J* Oh h x=
1RAC h

O uo

where

TRAC-generated HTC using free- andh -
TRAC forced convection correlations in standard

TRAC heat transfer package

humod(r) ofg+h [h (r) huo) x CUCH prevailing value=
ur

i

density of noncondensible gas / density ofr -

water vapor

h"" - minimum value of the UCHIDA heat transfer
correlation

h (r) UCHIDA prediction of h corresponding to r.-
u

CUCH = 1.0 is recommended for heat structure surfaces in the
drywell region

-CUCH = 1.0 is recommended for heat structure surfaces in the
wetwell region.

DPDT To smooth the step _ changes in containment back pressure during
containment updates, the TRAC primary loop calculation

Q extrapolates the containment pressure at each time step, based on

3.4-19 NUREG/CR-4356 .
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CONTAN COMPONENT DATA

Table 3.4-1. (continued)
_ __ . - - . =

,

hr.hkle EntlaJ1alion (COXINO

the rate of change during the previous containment update.

For reascnable containment update intervais (s2.0 seconds), DPDT
may be initialized to zero without difficulty. If instabilities
develop after the first containment update, it may be necessary
to recommence the calculation, using the results of the first
attempt to e;timate Dp01.

_

RML Every compartment is assumed to contain a pool region, and thus
RML must be nonzero.

During containment initialization, the partial pressure of steam
in each compartment is assumed to be the saturation p, essure at
temperature TV. If RML becomes so large during the transient

.

calculation that the liquid displaces the entire compartment
volume, a fatal error will result.

HEAT STRUCTURE Parameters / Options

lleat structures are modeled as cylindrical shells with conduction
in the radial direction only. The axis of the cylinder is
assumed vertical and the inner and outer surfaces of the
structure may lie in two separate compartments (e.g., a wall
separating two compartments), depending on how the user specifies
ICTI and 1C10.

Radial heat structure noding is used in obtaining the heat -

structure temperature profile using the TRAC routine CYLili. The
axial noding is used only to define the heat structure levels
that lie in vapor and liquid regions of a compartment.

p ITRKil if ITRKH = 0, the entire heat structure remains in the region
specified by IREGI and IREGO throughout the containmentt

calculation.
,

'f ITRKH - 1, the depth of the liquid pool will be used in
uitermining the heat transfer coefficient used for each vertical
subdivision (level) of the heat structure,

li ITRK;1 - 1, then ITRKL - 1 must also be input for the
compartments specified by ICTI and ICTO.

ICTI Heat structures are treated internally as cylindrical slabs. The
user may model a heat structure that is entirely contained in a
single compartment by specifying the same value for ICT! and
1C10. A heat structure that is partially in one compartment and

NUREG/CR-4356 3.4-20
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,/
Table 3.4-1. (continued) '

, - - - - - - . ,

ILClahlt EXPlaEat l_on lCONl.A.lf)..

partially in another (e.g., a wals) may be modelled by specifying
appropriate different values for ICT! and 1010.

Heat structures that do not have cylindrical geometry may still
be modelled by choosing AREAL, AREAO, RADI, and RADO so as to
represent the total surface area and characteristic thickness of
the heat structure ((AREAL + AREA 0) - (TOTAL ARLA); (RADO - RADI)
- (CHARACl[RISilC 1HICKNESS)).

PA55.*1E ;dNCTION Parameters / Options

ITYPP _11YPP I specifies a junction between the vapor. regions in two
compartments. Pressure-induced flow may occur in either
direction.

ITYPP - 2 specifies a one way valve between the vapor regions in
two compartments, Flow occurs in one direction only when the
pressure dif ference between the two compartments reaches a
critical mininum value specified by DPCR (e.g., a vacuum breaker
valve or a pressure relief valve would be modeled as a passivef

t junction with ITYPP - 2).

ITYPP - 3 specifies a one way flow junction between the vapor
region of one compartment and the pool region of another. The
minimum pressure difference for flow to occur is specified by
DPCR (e.g., a vent pipe between the drywell and the pool region
of the wetwell would be modeled as a passive junction with ITYPP
- 3).

RLEN In calculating the pressure-induced passive flow between two
compartments two junction flow rates are computed: (1)_that
obtained by treating the junction as if it were a pipe and (2)
that obtained by treating the junction as if it were an orifice
between the two compartments. The lesser of the two flow rates
is then used.

RLEN is the equivalent pipe length for_ the junction, The input
value must be nonzero.

FR If the input value of FR is-zero, the-code will compute an
appropriate value of FR.

If the_ input value of TR is nonzero, this value will be used in
-the-junction pipe flow calculation.

3.4-21 NUREG/CR-4356
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'

O1Table 3.4-1, (coctinued)
_ _

YR_bhlt .. -

__hJd.ajlpiton KDRIAfD ;

DPCR Minimum pressure difference for flow to occur in a Type 2 or Type
3 passive junction.

If DPLR < 0, the code interprets DPCR as the elevation of the
exit of the junction above the floor of the receiver compartment.
It then computes a critical pressure difference equal to the
hydrostatic pressure corresponding to the submergence depth of
the junction exit in the receiver pool. (The DPCR < 0 option
should be used only if IIRKL = 1 in the roteiver compartment.)

FORCED JUNCTION Parameters / Options

IFTYP IflYP 1 specifies a junction that transfers var nr from one
compartment to the vapor region of another compartwent at the
volume flow rate specified by the user-input table for the
junction.

IfiYP - 2 specifies a junction that transfers lic;uid fr'm the
pool region of one compartment to the pool region of another
compartment.

IflYP - 3 specifies a junction that transfers liquid from the
pool region of one compartment to the vapor region of another
compartment (e.g., a spray cooler).

CONTAN Array Cards, CONTANOOSYCNX

for each component type (COMPARTMENT, HEAT STRUCTURE, etc.), various
descrintive par 1 meters and option flags must be specified. The values of a
given parameter for a given containment component type are input for all
components of tlat type on a single card using LOAD format. The two-digit
integer SY indicates the component type (i.e., SY - 1,2,3,4,5,6 indicate,
respectively, CCMPARTMENT, HEAT STRUCTURE, COOLER PASSIVE JUNCTION, FORCED
JUNCTION, SOURCf/ SINK JUNCTION). CN is an alphanumeric or integer identifier
for the parameter being input.

The order of the inputs on the card should correspond to the order used to
specify user identification numbers for the respective components on the user
10 card. For example, to specify initial pressures of 1.ES,1.lE5, 0.9ES, and
1.5E5, in four containment compartments with user ID's of 1, 2, 3, and 4,
respectively, would require the following input cards:

CONTAN000llCTBL1 1 2 3 4 E
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CONTAN000lP1 1.E5 1.lES 0.9E5 1.5ES E

COMPARTHENT Array Cards, CONTAN0001CNX

G Variable Dimension Description lCONTAN),__

41 ITRKL NCOMT Flag for compartment pool level tracking
option (Integer; see Table 3.4-1).

42 ITRKS NCOMT Flag for compartment spill option (integer; i
see Table 3.4-1).

43 ICTBL NCOMT User ID for compartment (integer s99; user
ID's for all containment and primary loop
components _should be unique).

44 VOL NCOMT Total compartment volume. |

45- VMAX_ NCOMT Compartment-liquid volume when spilling
begins (see Table 3.41; Reference ITRKS).

46 P NCOMT Initial gas pressure in compartment.

47 TL NCOMT Initial liquid temperature in compartment
(see Table 3.4 1).

48 TV -NCOMT Initial vapor temperature in compartment.

49 FRSB NCOMT Fraction of steam vented to pool that is not
condensed in pool rcgion. '

'

50 FRAB NCOMT Effectiveness _of heat transfer between
noncondensible gas vented through pool region
and pool liquid (see Table 3.4 1).

51 CUCH NCOMT- Uchida condensation heat transfer correlation
flag (see Table 3.4-1)

52 DPDT NCOMT Initial estimate of time rate of change of
pressure in compartment (see Table 3.4 1).

'

53 AP00L NCOMT. Area of interface between pool and vapor
-regior, (must be 21.E-8).

54 .PA NCOMT Initial partial pressure of air in
compartment.-(if PA<0.0, the code will
compute the saturation pressure [PSAT(TV)]
corresponding to TV and assign partial
pressures of air (PA) and steat (PS):
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CONTAN COMPONENT DATA

LU yariable 1Lhen110tL_. __ DescrJption (CONTAlu._=

PS - MIN [PSAT(TV), P]
PA - P-PS.

SS RML NCOMT Initial mass of liquid in compartment (see
Table 3.4-1).

HEAT STRUCTURE Array Cards, CONTAN0002CNX

[1{ Variabl_q _[lhension Description (CONTAN)

41 ITRKH NHS flag for level tracking on heat structura
(integer; see Table 3.4-1).

42 ICTl NHS User ID of compartment where inner heat
structure surface is located (integer; see
Table 3.4-1).

43 ICT0 NHS User ID of compartment where outer heat
structure surface is located (integer; see
Table 3.4-1; Reference ICTI).

44 N0DAX NHS Number of vertical nodes in heat structure
(integer; must be "1" if ITRKH - 0). For
N0DAX >1, CPU time may significantly
increase.

45 N0DRA NHS Number of radial nodes in heat structure
(integer 22).

46 IHSTB NHS User ID of heat structure (integer s 99;if
IHSTB <0, the user inputs the heat transfer
coefficients for the heat structure (see heat
structure table cards); user ID's of all
containment and primary loop components
should be unique.]

47 IREGI NHS Flag to indicate region where inner surface
of heat structure is located (integer; 1 =
liquid region, 0 = vapor region. If ITRKH -
1, input "0".)

48 IREGO NHS Flag to indicate region where outer surface
of heat structure is located (integer; see
"lREGl").

49 RADI NHS Radius of curvature of inner surface of heat '

structure.
,
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CONTAN CoMPONEf1T DATA
p
t

G YariBble _ Dimension Description (CONTAN)

50 RADO NHS Rcdius of curvature of outer surface of heat
structure.

51 R0W NHS Density of heat structure material.

52 CPW NHS Heat capacity of heat structure material.

53 CW NHS Thermal conductivity of heat structure
material.

54 HLI NHS Elevation of 1cwer extremity of heat
structure inner surface above floor of
compartment 1011 (input 0.0 if ITRKH - 0).

55 HVI NHS Elevation of upper extremity of heat
structure inner surface above floor of
compartment ICTI (input 0.0 if ITRKH = 0).

.56 HLO NHS Elevation of lower extremity of heat
stricture outer surface above floor of
compartment ICTO-(input 0.0 if ITRKH - 0).

f 57 HU0 NHS Elevation of upper extremity of heat
structure. outer surface above floor of-

compartment ICTO (input 0.0 if ITRKH = 0).

58 HDAVG NHS Characteristic length for computation of
Grashof number for heat structure.

-59 AREAI -NHS Total heat structure area of inner surface.

60 -AREA 0 NHS Total-heat structure area of outer surface.

COOLER Array Cards CONTAN0003CNX

G Variable Dimension Dettriction (CCNTAN)

41- ICLTB- NC00L- User 10 for cooler (integer s 99; user ID's
of all containment and primary loop
components should be unique).

-

-42 ICTC NC00L User ID of compartment where ccoler is
located (integer).

43 IREGC NC00L - Fluid region cocied by cooler (integer; 0 -
p vapor region, 1 - liquid region).

V
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CONTAN COMPONENT DATA

M Variattt _ Dimension Ducript ion (CONTAN)i

44 ITYPC NC00L Cooler type (hteger; I - convective heat
(xchanger for which coolant temperature vs
tirie table and heat transfer coefficients and
are required; 2 - heat source for which
heating rate vs time table is required).

45 HTC NC00L Heat transfer coefficient times heat transfer
area for a Type I cooler. (For Type 2
cooler, input 0.0.)

PASSIVE JUNCTION Array Cards, CONTAN0004CNX

G Yariabiq ,_ Dimension Description (CONTAN)

41 ICTl NJCT User ID of first compartment connected by
junction (integer).

42 1C12 NJCT User ID of second compartment connected by
junction (integer).

43 IJCTB ([ JCT User ID of passive junction (integer; user
ID's of all containment and primary loop
components should be unique).

44 ITYPP NJCI Passive Junction type (integer; see Table
3.4-1),

45 HD NJCI Hydraulic diameter for flow in junction.

46 AREA NJCT Cross-sectional area for flow in junction.

46 RLEN NJCT Equivalent pipe length for flow in junction
(see Table 3.4-1).

48 FR NJCT friction factor for junction pipe flow
calculation (see Table 3.4-1).

49 DPCR NJCT Minimum pressure difference for flow to occur
in junction Types 2 and 3 (see Table 3.4-1).

FORCED CONVECTIVE JUNCTION Array Cards, CONTAN0005CNX

G l'ariable Dimension Descriplion (CONTAN)

41 ICTfl NJCTF User 10 of first compartment connected by
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CONTAN COMPONEur DATA
s

G yJriable Dimer.sion DntrJntion (CONTAN)
'

_.

junction (integer).

42 ICTF2 NJC1f User ID of second compartment connected by
junction (integer).

43 IflYP NJCTF Forced junction type (integert see Table 3.4-
1).

44 IJCTF NJCTF User ID of forced junction (integer; user
ID's of all containment and primary loop
components systems should be unique).

SOURCE / SINK JUNCTION Array Cards, CONTAN0006CNX

G yariable JLmension Description _.1CONTAN),_

41 ISTYP NJCTS Source / sink junction type (integert 1 -
source, 2 sink).

42 ICTS NJCTS User ID of compartment where junction is
located (integer).

43 IJCTS NJCTS User ID of source / sink junction (integer;
user ID's of all containment and primary loop
components should be unique).

CONTAN Table Cards, CONTANIDSYCNX

for those containment systems and/or options requiring table inputs, the
input format is as follows:

CONTANIDSYCNX NWRD R1, R2 . . . RNWRD

where

ID User ID for containment compartment to which table applies.-

SY System type (1 = compartment, 2 - heat structure, etc.)-

CN Card number associated with table.-

X _ Card sequence number for continuation of table data from one-

q card to the next (X - 0, . . , 9).

t 1
yJ

3.4-27 NUREG/CR-4356



_ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ .

CONTAN CoMeonenT DATA.

NWRD Total numbar of entries in table. (For x versus y type-

tables, NWRD - 2 x (number of x,y pairs in table).]
,

R1,R3,... x (independent variable) entries.

R2,R4. .. y (dependent variable) entries associated with R1, R3, etc.=

COMPARTHENT Table Cards, CONTAN1001CNX

G Yariab.le Description (CONTAN)

15 D Table of pool depth in compartment versus liquid volume
(input volume first, then corrcsponding depth).

HEAT STRUCTURE Table Cards, CONTANID02CNX

M YACjRlg Descrintion .JCONTAN)

15 T Initial temperature profile in het structure.
(Order: Level 1, innermost node to outermost node; Level
2, innermost node to outermost node; . . .; Level N0DAX,
innermost node to outermost node).

16 HTC User-input vapor and liquid heat transfer coefficients
(HTC's) for heat structure. Input only if IHSTB < 0.

(for each heat structure, N00AX*4 HTC's are required in
the following order: Level 1, inner surface to liquid
H10, inner surface to vapor HTC, outer surface to liquid
HTC, outer surface to vapor H1C; Level 2, . etc.)

COOLER Table Cards, CONTANID03CNX

M yariable Description (CONTAtQ

15 TC or QC. Table of coolant temperature versus time for a Type 1
cooler, heating rate versus time for a Type 2 cooler.
(Order: time (l),TC(l), time (2),TC(2),etc.

O
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CONTAN COMPONENT DATA
'

FORCED JUNCTION Table Cards CONTANID05CNX
-

,

[R Variable Des,riplion (CONTA!Q__

15 Q Tabic of volume flow rate versus time for junction.
(Order: time (l), Q(1), time (2), Q(2), etc.; positive flow
is from compartment ICTF1 to ICTF2).

16 E Table of spray efficiency (mass fraction of spray that
remains in vapor region of receiving compartment) versus
time for a Type 3 forced junction; omit for Types 1 and 2.
(Order: time (l). E(1), time (2), E(2), etc.)

SOURCE / SINK Table Cards, CONTANID06CNX

,

CB littinh]R Description (CONTAtd

15 QS lable of volume flow rate of liquid versus time in
junction. -(Order: time (l),QS(l), time (2),QS(2),etc.)

16 T Table of source liquid temperature versus time for a Type

O 1 source / sink junction, omit for Type 2.
(Order: time (1),T(1), time (2),T(2),etc.)

CONTAN Primary-Loop-Containment Boundary Card, CONTAN000002X

Word Variable Description (CONTAN)

1-1 ICOMT User ID of first compartment attached to a BREAK or
FILL component.

2-1 ICOMT User 10 of second compartment attached to a BREAK or
FILL component.

.

.

.

NCOMTB-1 ICOMT Vser 10 of last compartment attached to a BREAK or
FILL compartment.

{
\
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CONTAN COMPONENT DATA

CONTAN Vessel Heat Transfer Card, CONTAN000003X

Word Variable Description (CONTAfD

l-1 MATOS TRAC material index for vessel wall (see PIPT
component).

2-R VSHT Elevation of base of vessel above floor of
compartment where located.

3R IVS Initial vessel temperature (used to compute initial
vessel exterior heat transfer coefficient).

CONTAN Vessel Heat Transfer Coefficient Cr 4, CONTAN000004X

Input only if NCOMTV < 0.

yAt able Description .(CONTAMWord i

l-R HL(1) Vessel exterior wall to liquid heat transfer
coefficient for Level 1.

2-R HV(1) Vessel exterior wall to vapor heat transfer
coefficient for Level 1.

,

,,

..

(NASX*2-1) HL(NASX) Vessel exterior wall to liquid heat transfer
-R coefficient for Level NASX.

(NASX*2) HV(NASX) Vessel exterior wall to vapor heat transfer
-R coefficient for level NASX.

.

O
I
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FILL COMPONENT DATA

3.4.A FILL Component (FILL)

FILL Header Card, FILLID000 -

NOTE: A FILL cannot be connected directly to a VESSEL through a normal
junction. It can be connected directly to a VESSEL through a leak path (see
Section 5.1).

}[qtd yltj3bJs Description (FILL 1

Wl-1 NUM Component ID number (must be unique for each component). -

W2-A CTITLE User optional description of component. Up to 30
characters may be used. Enclose them in quotes.

FILL Simple Parameters Card, FILLID01X

The-first 11 words are required.

Word Variable Description (FILL) >

Wl-1 JUN1 Junction number at which FILL is located. A junction
number of zero indicates a disconnected fill which
connects to another component via a leak path. (This
junction is omitted from NJUN junction count and VESSEL
source count.)

_

W2-1 IFTY FILL type option
constant velocity or FILL is controlled by the1 =

control system
velocity vs. time2 -

velocity vs. pressure3 =

4 constant _ velocity until trip, then velocity vs.=

time
5 constant velocity until trip, then velocity vs.=

pressure (arrange from low to high pressure).
6 generalized time-dependent fill-

generalized time-dependent fill after trip.7 =

W3-1 IFTR Trip _ID number. Must be nonzero if IFTY = 4 or 5.

W4-1- NFTX Number of FILL table pairs.

WS 1 ICOMT Flag to indicate connection of FILL to the containment.
'n
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FILL COMPONENT DATA

Word Variable Description (FILL)

ICOMT = 0 implies no connection.
ICOMT > 0 implies the FILL draws liquid water from the
pool region whose user ID is ICOMT.

W6-R DXIN Length of FILL cell (generally taken to be the same as
its neighboring cell in the adjacent component).

W7-R VOLIN Volume of FILL cell (generally taken to be the same as
its neighboring cell in the adjacent component).

(NOTE: DXIN and V0LIN define an area that contributes to the mass
flow rate along with velocity and density. Care must be taken to
ensure that the geometric data lead to the desired mass flow rate.)

W8-R ALPIN Void fraction for entrant mixture.

W9-R VIN Entrant mixture velocity.

W10-R TIN Entrant mixture temperature.

Wll-R PIN Fill pressure.

FILL Simple Parameter Card (FILLID02X)

Wqnd Variable Description (Fill)

Wl-R DORCIN Boron concentration (ppm) in FILL (default = 0.0,
required if IBORC - 1 and BORCIN not equal to 0.0).

FILL Simple Parameter Card (FILLID03X)

Qi Word Variable Description (FILL)

Wl-R PAIN Noncondensible gas pressure in FILL (default - 0.0,
required if IAIR - 1 and PAIN not equal to 0.0).

FILL Leak Path Data Card, FILLID040

Input this card only if Fli L is to be the "From" component of a leak
path.

O
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FILL COMPONENT DATA

G Word Variable Degription (FILL 1

40 Wl-R FALK Leak path flow area.

W2-1 NCMPTO Component number of "To" component.

W3-1 NCLK10 Cell number of "To" cell.

W4 1 NLEVTO Axial level number of "To" cell . Used only when
"To" component is a vessel. (Default - 0).

,

FILL Table Cards. FILLIDilX-FILLID18X

:
,

LOAD format (omit if NFTX C).

G Variable Dimension Description (FILL)

11 VMTB 2*NFTX FILL table time-velocity or pressure-velocity
pairs. (If the flLL is tripped, time is time
after the trip activation.)

Include the following cards only if IFTY - 6. (When IFTY - 6, VMTB - Liquid
velocity.)

'
12 VRTB 2*NF1X Vapor velocity table.

-13 PTB 2*NFTX Pressure table. ,

:? TLTB- 2*NFTX Liquid temperature table.

15 1V1B: 2*NFTX Vapor temperature tabla.

16 ALPTB 2*NFTX Void fraction table.

17 BORTB 2*NFTX _ Baron concentration table (ppm) (not needed if
JCORC - 0).

18 FATB 2*NFTX Noncondensible gas pressure table. (Optional, *

used when FILL option uses any other table and
IAIR = 1, default = 0.0).
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IIEATR COMPONEin DATA

O .4,53 FELOWATER HEATER Component (HEATR)

FEE 0 VATER HEA1ER Header Card HEATR10000

R9I.d YE.La.blg _Iltittintien WE AlEl

Wl-1 NUM Component 10 number (must be unique for each component)

W2-1 C11TLE Optional user description of component. Up to 30
characters enciased in quotes.

,

FEE 0 WATER llEATER $1mple Parameters Card 1. HEATRlD0lX

Word ytriable DeKr.i!LliRIL_ WfAlR1

Wl-1 JUN1 Inlet junction nmber (for turbine steam) adjacent to cell
,

1.

W2-1 JUN2 Outlet junction number (f rom drain cooler) adjacent to
cell 14 CELLI.

W3 1 NCELL1 flumber of cells in primary side (>2)-

W4-1 IVERT Vertical heater flag ( 0 for horizontal,1 for vertical)

W5-1 NTDEEP Number of layers of tubes in tube bank (>0 for a
horizontal heater). Currently not used.

W6-R DBAFF Distance between tube bank baffles (>0.0 for a vertical
heater)

W7 R DTUBE Outer diameter of individual tube bank tubes.

TEE 0 WATER llEATER Simple Parameters Card 2 HEATR1002X

,

All words required.

RECD Variable - 112.LCription _(11(AIR 1

Wl-1 JUN3 Side arm junction number.

W2-R FA Side arm flow area.

W3-R Dil Side arm hydraulic diameter.
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HEATR COMPONENT DATA

hgd YAr.iAhlg Description (HEATR)

W4 R VM Side arm mixture velocity (negative for inflow to shell).

WS-R LOSK Additive loss at junction JUN3

FEEDWATER HEATER Simple Parameters Card 3. HEATRID03X

Wpd Variable Eticriplion (HEATR)

Wl-1 NTABSH Number of data pairs in shell liquid heat transfer crea
vs. shell void fraction table (minimum - 2).

W2-1 NTABDC Number of data pairs in drain cooler liquid heat transfer
area vs. drain cooler void fraction table (minimum - 2).

W3-1 NTABLL Number of data pairs in shell liquid level vs. shell void

fraction table (minimum - 2).

W4-R HDCIN Height of drain cooler inlet above bottom of heater shell.

FEEDWATER HEATER Simple Parameter Card 4. HEATRID04X

First two words are required.

Word Vari @lg Description (HEATR)

Wl-1 IHTS ID number of tube bank pipe component.

W2-1 IWT Set to zero (no wall heat transfer).

FEEDWATER HEATER Table Cards HEATRIDO5X

NTABSH pairs of values required.

Hgd YAriable Restriptj on (HEAIB1

Wl-R TABSH NTABSH pairs of shell void fraction, liquid heat transfer
fraction data.

' rDWATER HEATER Table Cards, HEATRID06X

O
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HEATR COMPONENT DA1A

NTABDC pairs of v>. lues required.

}{0rd Vart able Description (HEATR)

Wl-R TABDC - NTABDC pairs of drain cooler void fraction, liquid heat
transfer fraction data, i

FEEDWATER HEATER Tablo Cards HEATERID07X
4

NTABLL pairs of values required.

)l2nd y3riahlg Description (HEATRJ

-Wl R TABLL NTABLL pairs of the11 void fraction, shell liquid level
data.

FEEDWATER HEATER Array Cards. HEATRID41X-HEATRID62X

,O Input one card for-each of the following variables, using LOAD format.
-- ,

G yariable Dimension- Description (HEATR)

41 DX NCELLI Cell lengths.

42 VOL NCELLI Cell volumes.

43 FA NCELLl+1 Cell edge flow areas.

44 FKLOS NCELLS+1 Additive form loss coefficients for forward
mixturempssflow. FKLOS is defined by AP - 1/2
FKLOS p V . (Default - 0.0).

45 GRAV- NCELLl+1 Gravity direction factors-(see Section 5.12.5).

46 HD NCELLl+1 Hydraulic diameters. (If absent or 0.0, HD is
calculated assuming FA is circular.)

47 EPSD- NCELLl+1 Ratio, surface roughness to hydraulic diameter.
(Default - 0.0).

51- ALP NCELLI Initial void fractions.

52 VL NCELLl+1 Initial liquid velocity.

O,

3.4-37 NUREG/CR-4356

.

-



_ _ - . - -_

HEATR COMPONENT DATA

DJ yJriable Dimensinn Description (IIE ATR)

53 VV NCELLl+1 Initial vapor velocity.

54 Ti NCELLI Initial liquid temperatures.

55 TV NCELLI Initial vapor temperatures.

56 P NCELL1 Initial pressures.

57 BORC NCELL1 Borori concentration (ppa) (default = 0.0
required if IBORC = 1 and BORC not equal to
0.0).

62 RKLOS NCELLS+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition.
(Default = 0.0).

63 PA NCELLS Noncondensible gas pressure (default - 0.0,
required if IAIR = 1 and PA not equal to 0.0).

O

O
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JETP COMPONENT DATA

(
D 3.4.6 Jet Pump Component (JETP)

Figure 3.4-2 shows the noding diagram for the jet pump component (JETP).
Input requirements are given below.

JETP Header Card, JETPID000

Ward Eglable Description iJETP)__

Wl-1 NUM Component 10 number (must be unique for each component).

W2-A CTITLE User-optional description of component. Up to 30
characters may be used. Enclose them in quotes.

JETP Simple Parameter Card, JETPID01X

The first 10 variables are required if NOTES-0; otherwise, the first 12
-variables are needed,

p Watd Variable Description (JETP)

Wl 1 JCELL Primary tube cell number where the side tube (:,econdary
tube) connects)

W2-1 NODES Number of radial heat-transfer nodes in the JETP wall. (0
implies no wall heat transfer).

W3-1 MATIO Material ID of JETP wall (see PIPE input description)

W4-R COST Cosine of the angle from the low-numbered side of the
primary tube to the secondary tube.

W5-1 ICHF CHF calculation flag.
NEG No CHF allowed.-

0 use simplified boiling curve, Mode 7.=

1 Zuber/Biasi CHF.-

2 Blasi or Blasi Xc CHF at high flow, Zuber at low-

fl oW.
-3 Biasi or CISE-GE Xc CHF at high flow, Zuber at-

low flow.

W6-I IPVHT Component-to-component heat transfer indicator. If IPVHT
= the NUM of some other component that is not a BREAK or a
FILL, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one cell_h of component NUM, as specified in input arrays KLVC ard

w
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JETP CoMPO9ENT DATA

O

_
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U INEL A 19 209

Figure 3,4-2. . Nodha diagram for jet pump.
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JETP COMPONENT DATA

MpId Variable Description (JEld

KRVC. IPVHT O means no component-to component heat
-r?nsfer.

W7-1 NCELL1 Humber of fluid cells in the primary tube.

WB-1 JUNI Junction number for junction adjacent to cell 1.

W9 1 JUN2 Junction number for junction adjacent to NCELLI.

W10-1 ITRP Trip number for starting small break.
_

Wll-R RADINI Inner radius of the primary tube wall.

W12-R TH1 Wall thickness of the primary tube.

W13-R HOUTL1 Heat transfer coefficient to liquid at the outer boundary
of_ the primary- tube wall .

W14-R HOU1VI Haat transfer coefficient to vapor at the outer boundary
of the primary tt:be wall .

W15-R 10VIL1 Temperature of liquid outside primary tube wall.
A
V W16-R TOUTV1 Temperature of vapor outside primary tube wall.

(See PJPE component description for further comments on these heat transfer
parameters.)

JETP_ Simple Parameter Card,_ JETPID02X -

(X - O through 9)

Only the first two variables are required if NOTES 0; otherwise, the
first four variables are needed.

Wp.rd Variable Description (JETH

Wl 1 NCELL2 Number of fluid cells in the secondary tube.

W2 1 -JUN3 Junction number of the free end of the secondary tube
(cell NCELL2).

W3-R RADIN2 Inner radius of the secondary tube wr'1

W4 R TH2 -Wall thickness of the secondary tube,

W5 R HOUTL2 Heat transfer coefficient to ligt.u at tbc outer boundary.
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JETP COMPONENT DATA

Eqr_d yariaWe Description (JETJ21

of the secondary tube wall.

W6-R HOUTV2 Heat transfer coefficient to vapor at the outer boundary
of the secondary tube wall.

W7 R 10VTL2 Temperature of liquid outside secondary tube wall.

WE R 100lV2 lemperature of vapor outside secondary tube wall.

(See PIPE component description for further comments on these heat transfer
parameters.) -

JETP Simple Parameter Card, JETPID060

Eg_r_d yrithle Description (JETP)

Wl-1 NJETP Number of actual jet pumps lumped together. The user
inputs the geometry for a single pump.

JETP Simple Parameters Card, JETPID070

This optional card contains the relative form loss coef ficients for the
jet pump.

Evrd yariable Descriplion iJETP) -

Wl-R EPSDFF Relative form loss coefficient for diffuser forward flow.
(Default - 5.5.)

W2-R EPSDFR Relative form loss coef ficient for dif fuser reverse flow.
(Default = 0.38.)

W3-R EPSNZF Relative form loss coefficient for nozzle forward flow.
(Default - 5.5.)

W4-R EPSNZR Relative form loss coefficient for nozzle reverse flow.
Note: The normal flow direction in the nozzle is reverse.
(Default - 0.38.)

W5-R FINLET Form loss for positive suction flow. (Default = 0.04.)

W6-R F0TLET Form loss for negative discharge flow. (Default - 0.45.)

O
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JETP COMPONENT DATA

JETP Leak Path Data Cards, JETPID04X

Input these cards only for the "From" component of a leak path. For
leakage path purposes. JE1P cells are counted in a single array--first the
primary cells, then one dummy joining cell, then the side arm cells.

X Variable Dj n_Leni.o_t Description. (JETP)

0 W1-R NCLK "from" cell number of leak path.
.,

W2-R FALK Leak path flow area. (For CHAN component, input -

value should be for one channel assembly.)

W3-R FLOS Leak path loss coefficient.

W4 R VMLK Leak path initial velocity. (Default - 0.0.)
e

W5-R DELZLK Elevation difference between center of "From"
cell and center of "To" cell. A positive value
for DELZLK means that the center of the "From"
cell is higher than the center of the "To"
cell. (Default 0.0.)

1 Wl-1 NCMP10 Component number of "To" component.

2-1 NCLKTO Cell number of "To" cell.

W3-1 MLEV10 Axial level number of "To" cell. Used only
when "To" component is a VESSEL. (Default - 0.)

.

JETP Simple Parameters Card, JETPID050

This card is needed if the outer walls of any component transfers heat to
the iluid of this component (i.e., if some IPVHT the NUM of this component).
This card can also be used to get major edit printout of wall node

-temperatures. The default value for both variables below is 0.
%-

Ep_td y_a_t.iAbh Descriplinn (JETP)__

Wl-1 IHTS Indicator for heat transfer to the fluid of this component
fron' the outer wall of one or more other components. (0 =
no; 1 = yes; 2 = yes with printout of outer wall heat
transfer values).,

W2 1- |1WT Write flag for major edit of wall node temperatures. (1 -
yes, 0 = no).
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JETP COMPONENT DATA

JETP Primary Tube Array Cards, JETPID41X-JETPID68X

One card for each of the following vi.riables, using LOAD format.

M .Vrti&la _01metision .lteicr_initon _ (20f1
41 DX NCELLI Cell lengths.

42 VOL NCELLI Cell volumes of a single channel assembly.

43 FA NCELLl41 Cell edge flow areas. NOTE: The end cells
cannot be tapered; i.e., they may not be
conical (see figure 3.4-2).

44 FKLOS NCELLl+1 Additive form loss coefficients for forward
mixture mass flow (see PIPE input). (Default
- 0.0).

45 GRAV NCELLl+1 Gravity terms (see PIPE input).

45 HD NCELLl+1 Hydraulic diameters. (if absent or 0.0,110
is calculated assuming FA is circular.)

47 EPSD NCELLl+1 Ratio, surface roughness / hydraulic diameter.
(Defar't 0.0).

48 ICl10KE NCELLl+1 Choking calculation flag (integer).
(0 - no choking, 1 - choking calculation,).
(Default = 0).

49 ICCFL NCELLl+1 CCFL control flag (integer).
(0 - no CCFL; 1,2 CCFL calculation, see
DIPE input). (Default - 0.)

50 WETP NCELLl+1 k.tted perimeter (omit if ICCFL is not equal
to 2).

51 ALP NCELLI Initial vo d fractions.i

52 VL NCELLl+1 Initial liquid velocity.

53 VV NCELLl+1 initial vapor velocity.

54 TL NCELLI Initial liquid temperatures.

55 TV NCELL1 Initial vapor temperatures.

56 P NCELLI Initial pressures.

NUREG/CR-4356 3.4-44



_ _ . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ -_

JEIP COMPONENT DATA
(~^
t

gj Variable Dimension Description (JETP)
.

57 80RC N'ILLI Boron concentration (ppm) (default - 0.0,
required if IBORC = 1 and BORC not equal to ~

,

0.0).

! 58 QPPP NCElt! Volumetric heat sources in pipe wall
(primary). Eliminate this card set if NODES
- 0.) '

59 TW N0 DES Initial wall temperatures for primary tube.
.

*NCELLI (Eliminate this card set if NODES - 0.)

-60 KLVC |NCELLl+1 Axial level of associated VESSEL cell for 1-0
component-to-VESSEL heat transfer. This card
is not allowed unless IPVHT - the number of a
VESSEL (integer).

61 KRVC NCELLl+1 Cell number in component IPVHT = NUM to which
heat is transferred (integer). Omit if IPVHT
= 0. If component IPVHT is s vessel, KVRC(l)
is the relative cell number on axial level
KLVC(l). (Default - 0.)

f 62 RKLOS NCELLl+1 Additive form loss coefficients .
reverse mixture mass flow. See fKL"i for
definition. (Default - 0.0).

63 PA -NCELLI Noacondensible gas pressure in JETP-primary *

(default - 0.0, required if IAIR - I and PA
not equal to 0.0).

64 ILEVI- NCELLI lwo-phase level flag for cell. (-l implies
no level t;acking in coll; O implies
two phase lwel not present in cell; +1-
implies two phase level present in cell,
(inp t only if LEV 1 - 1; default = -1.)
NOTE ILEV1 must be -1 in the primary tube
cell a at connects to the side arm.,

65 ALPA NCELLI Void fraction above two phase level (input
only if LEV 1 - 1, default - 1.0).

66 ALPB- hCELLI . Void..raction below two-phase level (input
.only i f LEV 1 1, default-- 0.0).

67 UILVI NCELL1- Height of two phase level above bottom of
cell (input only if LEVl_ = 1,- default -- 0.0)',

( O
.68

.

VLEV1 NCELL1 Propagation velocity of two phase level t

-(input only.if LEV 1 1, default - 0.0).
'
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JETP COMPONENT DATA

JETP Side Tube Array Cards, JETPID71X-JETPID98X

One card for each of the following variables, using LOAD format.

G yariable, litn.e.n11pfL. __ Descripti.03 (JETfl

71 DXS NCELL2 Cell lengths.

72 VOLS NCELL2 Cell volumes of a single channel assembly.

73 FAS NCELL2+1 Cell edae flow areas. NOTE: If the JETP is
a jet p..np, the end cells cannot be tapered.

74 FKLOSS NCELL2+1 Additive form loss coefficients for forward
mixture mass flow (see PIPE input). (Default

0.0).

75 GRAVS NCELL2+1 Gravity terms (see PIPE input).

76 HDS NCELL241 Hydraulic diameters. (If 0.0, HD is
calculated assuming FA is circular.)

77 EPSDS NCELL2+1 Ratio, surface roughness / hydraulic diameter.
(Default - 0.0).

78 ICH0KES NCELL2+1 Choking calculation flag (integer).
(0 - no choking,1 - choking calculation,).
(De' fault - 0).

79 1CCFLS NCELL2+1 CCFL control flag (integer).
(0 - no ECFL; 1,2 - CCFL calculation, see
PIPE input). (Default - 0.)

80 WETPS NCELL2+1 Wetted perimeter (input only if any entry in
ICCrL equals 2).

81 ALPS NCELL2 Initial void fractions.

82 VLS NCELL2+1 Initial liquid velocity.

83 VVS NCELL2+1 Initial vapor velocity.

84 TLS NCELL2 Initial liquid temperatures.

85 TVS NCELL2 Initial vapor temperatures.

86 PS NCELL2 Initial pressures.

87 BORCS NCELL2 Boron concentration (ppm) (default - 3.0,
,
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L - Qi Yariabla _ Dimension Description (JETP)

required if IBORC - 1 and 80RC not equa~i to
0.0).

88 QPPPS NCELL2 Volumetric heat sources in pipe wall.
Eliminate this card set if N0 DES - 0 '

89 lWS N0 DES Initial wall temperatures for side tube.
*NCELL2 (Eliminate this caro set if N0 DES - 0.)

90 KLVCS NCELL241 Axial level of associated VESSEL cell for 1-D
component-to-VESSEL heat transfer. This card
is not allowed unless IPVHT = the nut..ber of a
VESSEL (integer).

91 KRVCS NCELL2+1 Cell number in compor nt IPVHT - NUM to which
heat is transferred (integer). Omit if IPVHT
- 0. If component IPVHT is a VESSEL, KVRC(l)
is the relative cell number on axial level
KLVC(I). (Default - 0.)

92 RKLOSS NCELL2+1 Additive form loss coefficients for
reverse mixture mass flow. See FKLOS for

G definition. (Default - 0.0).
i )
'' 93 PAS NCELL2 Noncondensible gas pressure in JETP primary

(default = 0.0, required if IAIR - 1 and PA
not equal to 0.0).

94 ILEVIS NCELL2 Two-phase level flag for cell. (-l implies
no level tracking in cell; O implies
two-phase level not present in cell; +1
implies two-phase level present in cell,
(input only if LEV 1 - 1; default - -1.)
NOTE: ILEV1 must be -1 in the primary tube
cell that connects to the side arm.

95 ALPAS NCELL2 Vnid fraction above two-phase level (input
only if LEV 1 = 1, default - 1.0).

96 ALPBS NCELL2 >id fraction below two-phase level (input
only if LEV 1 - 1, default = 0.0).

D7LVIS NCLLL2 HeigF+ of two-phase level above bottom of
celi (input only if LEV 1 - 1, default - 0.0).

98 VLEVIS NCELL2 Propagation velocity of two-phase level
(input only if LEV 1 - 1, default = 0.0).
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' . . ' ' 3.4.7 PIPE Component (PIPE)'

PIPE Header Card, PIPEID000

Eqrd Yariah1,q DescIiotion (PIPQ

Wl-1 NUM Component ID number (must be unique for each component).

W2-A CTITLE User optional description of component. Up to 30
characters may be used. Enclose them in quotes.

PIPE Simple Parameters Card, PIPEID0lX

Only the first five e-iables are required if NODES - 0; otherwise the
first nine variables are needed.

Word yariable Descrintion (P1PE)

Wl-I NCELLS Number of fluid cells in this PIPE.
7-
l
' '') W2 1 NODES Number of radial heat transfer nodes in PIPE wall. (0

implies no wall heat transfer.)

JUN1 Junction number for junction adjacent to cell 1.

JUN2 Junction number for junction adjacent to cell NCELLS..- 4

W- MAT Material ID of pipe wall...

2 Zircaloy-

6 SS 304-

7 SS 316-

8 SS 347-

9 Carbon steel A508-

10 INCONEL 718=

11 Zr0 --
2

21-99 - Input table.

W6-1 ICHF CHF calculation flag.
Neg No CHF allowed.-

0 use simplified boiling curve, mode 7.-

1 Zuber/Biasi CHF.-

2 Biasi or Biasi Xc CHF at high flow, Zuber at low-

fl ow.
3 Biasi or CISE-GE Xc CHF at high flow, Zuber at-

low flow.
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Word y_ariable Description (PIPE)

W7-I IPVHT Component-to-compenent heat transfer indicator. If IPVHT
- the NUM of some other component that is not a BREAK or
a FILL, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one
cell of component NUM, as specified in input arrays KLVC
and KRVC. IPVHT = 0 means no component-to-component heat
transfer.

WB R RADIN Inner radius of PIPE wall.

W9-R TH PIPE wall thickness.

W10-R HOUTL Heat transfer coefficient between outer boundary of PIPE
wall and 1Iquid.

Wll-R- HOUTV Heat transfer coefficient between outer boundary of PIPE
wall and -vapor.

W12-R TOUTL Liquid temperature outside PIPE.

W13-R TOUTV Vapor temperature outside PIPE.

NOTE: The four parameters HOUTL, HOUTV, TOUTL, and TOUTV are provided to
allow flexibility in calculating possible heat losses from the
outside of PIPES. Typically, such heat losses are not important,
and HOUTL and HOUTV are set equal to zero. Further, when heat
losses are significont, they can often be described by a single heat
transfer coefficient (e.g., characteristic of air) and a single
external temperature. The above values are not used for cells which
transfer heat to another component.

PIPE Simple Parameter Card, PIPEID050

This card is needed if the outer walls of any component transfer heat to
the fluid of this component (i.e., if some IPVHT - the NUM of this component).
This card can also be used to get major edit printout of wall node
temporatures. The default value for both variables below is 0.

Word Variable Description (PIPE)

Wl-1 IHTS Indicator for heat transfer to the fluid of this
component from the outer wall of one or more
other components. (0 - no, 1 - yes, 2 = yes
with printout of outer wall heat transfer

values.)
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. PIPE COMPONENT DATA
(xbi

>- 2 . Word Variable Description (PIPE)

W2-1 IWT Write _ flag for major edit of wall node temperatures. (1
- yes, 0 - no) .

I

PIPE Leak Path Data Cards, PIPEID04X

Input these cards only for the "From" component of a leak path.

K_ Variable Dimension Description (PIPE)

0 Wl-R NCLK "From" cell number of leak path.

W2-R FALK Leak path flow area (for CHAN component, input
value should be for one channel assembly).

W3-R CLOS Leak path loss coefficient.

W4-R VMLK Leak path. initial mixture velocity (default =
0.0).

f''S W5-R DELZLK Elevation difference between center of "From"
( cell and center of_"To" cell. A positive value

for DELZLK means that the center of the "From"
cell is higher than the center of the "To" cell

(default = 0.0).

1 Wl-I NCMPTO Component number of "To" component.

W2-I- NCLKTO Cell number of "To" cell .

W3-1 NLEVTO Axial _ level nuniber- of "To" cell . _ Used only when
"To" component is a VESSEL (default - 0).

PIPE Array Cards, PIPEID41X-PIPEID68X
-

Input'one card for each of the following variables, using LOAD format.
-Variables dimensioned NCELLS + ' need to match the components the PIPE is
' connected to at the end cells.

.CN Variable ' Dimension Deferiotion (PIPE)

- _41 : DX NCELLS Cell lengths.
fh
( 42 VOL NCELLf, Cell volumes.
--x.J'E
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Qi Variable Dimension
__

Descriotion (PIPE)

43 FA NCELLS+1 Cell edge flow areas.

44 FKLOS NCELLS+1 Additive form loss coefficients for
forward mixture mass FKLOS is defined
byAP-1/2FKLOSpV[ low.(default - 0.0).

45 GRAV NCELLS+1 Gravity direction factors. Cosine of the
angle between a vertical (upright) vector and
a vector pointing from the center of cell j
to the center of cell j+1 (see Section
5.12.5).

46 HD NCELLS+1 Hydraulic diameters. (If absent or 0.0, HD
is calculated assuming FA is circular.)

47 EPSD NCELLS+1 Ratio, surface roughness / hydraulic diameter
(default - 0.0).

48 ICH0KE NCELLS+1 Choking calculation flag (integer).
(0 - no choking

choking calculation. Optional; default1 -

- 0).
49 ICCFL NCELLS+1 CCFL control flag (integer).

No CCFL0 -

CCFL for pipe flow (same as upper tie1 -

plate)
CCFL for side entry orifice.2 -

(Default = 0).

50 WETP NCELLS+1 Wetted perimeter [ input only if any entry in
ICCFL equals two (2)].

51 ALP NCELLS Initial void fraction.

52 VL NCELLS+1 Initial liquid velocity.

53 VV NCELLS+1 initial vapor velocity.

54 TL NCELLS Initial liquid temperatures.

55 TV NCELLS Initial vapor temperatures.

56 P NCELLS Initial pressures.

57 BORC NCELLS Boron concentration (ppm) (default - 0.0,
required if 18000 = 1 and 80RC + 0.0).

58 QPPP NCELLS Volumetric heat sources in pipe wall
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('v 2 Variable _ Dimension Description (PIPE)

(Eliminate this card set if N0 DES - 0).

59 TW N0 DES *NCELLS Initial wall temperatures. (Eliminate this :

card set if N0 DES - 0.) 1

60 KLVC NCELLS Axial level of associated VESSEL cell for 1-D
component-to-VESSEL heat transfer. This card
is not needed unless IPVHT - the NUM of a
VESSEL (integer).

61 KRVC NCELLS Cell number in component NUM IPVHT to which
heat is transferred. if NUM is a VESSEL,
then KRVC(l) is the relative cell number on
axial level KLVC(l). This card is not needed
if IPVHT - 0 (integer).

62 RKLOS NCELLS+1 Additive form loss coefficients for
reverse mixture mass flow. See FKLOS for
definition (default - 0.0).

63 PA NCFLLS Noncondensible gas pressure in PIPE (default
- 0.0, required if IAIR = 1 and PA not equal

p to 0.0).
'

-64 ILEV1 NCELLS Two-phase level flag for cell (-l implies no
level tracking in cell; O implies two-phase
level not present in cell; +1 implies
two-phase level present in cell, input only
if LEV 1 = 1, default - -1).

_

65 ALPA NCELLS Void fraction above two-phase level (input
only if LEV 1 - 1, default - 1.0).

66 ALPB NCELLS Void fraction below two-phase level (input
only if LEV 1 - 1, default = 0.0).

67 OZLVI NCELLS Height of *.wo phase level above bottom of
cell (input only if LEV 1 - 1, default - 0.0).

68 VLEV1 NCELLS Propagation velocity of two-phase level
(input only if LEV 1 - 1, default - 0.0).

W
U
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PUMP COMPONENT DATA
73 --
("'):'

3.4.8 PUMP Component (PUMP)

PUMP Header Card, PUMPID000

-Word yariable Description (PUMP)

Wl-I- NUM Component ID number (must be unique for each component).

2-A- CTITLE user optional description of component. Up to 30
characters may be used. Enclose them in quotes.

PUMP Simple Parameter Card, PUMPID01X

Only the first 12 variables are required if N0 DES - 0; otherwise all 18
variables are needed.

Word Variable Description (PUMP)

Wl-I .NCELLS Number of fluid cells in PUMP (must be at least two).,.

V W2-1 N0 DES Number of radial heat transfer nodes in wall. (0 implies
no wall heat transfer.)

W3-1 JUNI Junction number for junction adjacent to cell 1.

W4-l' JUN2 Junction number for junction adjacent to cell NCELLS.

'W5-I MAT Material 10 of wall.
2- Zircaloy-

6 SS 304-

7 -- SS 316-

8 SS 347=

9 Carbon steel fiS08-

10 INCONEL 718-

11 Zr0-
2

21-99 = Input table

W6-1 ICHF CHF calculation flag.
NEG No CHF allowed.-

0 Use simplified boiling curve, Mode 7.-

1 Zuber/Biasi CHF.=

2 Biasi or Blasi X CHF at high flow, Zuber at low-

Cflow.
3 Biasi or CISE-GE X CHF at high flow, Zuber at-

cn low flow.
( (Suggested value = 2).
-y
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Word Variable Description (PUMP)

W7-I IPVHT Component-to-component heat transfer indicator. If IPVHT
= the NUM of some other component that is not a BREAK or a
FILL, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one cell
of component NUM, as specified in input arrays KLVC and
KRVC. IPVHT = 0 means no component-to-component heat
transfer.

W8-1 IPMPTY PUMP type option
1 pump speed input by user-

2 constant speed until trip, then speed calculated=

from equation of motion
3 pump motor torque controlled by control system.-

W9-I IPFACE Cell face number of pump impeller.

W10-1 IRP Reverse speed option (0 = reverse rotation not allowed; 1
- allowed).

Wll-I IPM Two-phase option (0 - use single-phase curves; 1 = use
two-phase cuives).

W12-1 IPMPTR PUMP speed trip number.

W13-1 NPMPTX Number of pairs of points in the PUMP speed table.

W14-R RADIN Inner radius of PUMP wall.

W15-R TH PUMP wall thickness.

W16-R HOUTL Heat transfer coefficient between outer boundary of pump
wall and liquid.

W17-R HOUTV Heat transfer coefficient between outer boundary of pump
wall and vapor.

W18-R T0VIL Liquid temperature outside PUMP wall.

W19-R TOUTV Vapor temperature outside PUMP wall.

(See PIPE input description for further comments on these heat transfer
: parameters . )

PUMP Simple Parameter Card, PUMPID02X

Only the first six variables are required.
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7%
Word Variable Description (PUMP)

~ 2 2Wi-R RHEAD- Rated head, AP/p (m /s ).

W2-R RTORK Rated torque (N m).

3'W3-R RFLOW- Rated flow (m /s).
'

3W4-R RRHO- - Rated density (kg/m ).

WS-R1 ROMEGA Rated pump speed (radian /s).

2W6-R EFFMI _ Effective moment of inertia-(kg-m ). -

-W7-R TFR1 Constant ~ torque due to friction (N-m).

W8-R TFR2 Bearing and windage torque constant (N-m).

W9-R OMEGA Initial pump speed (radian /s).

W10-1 OPTION Pump curve option number.
0 - User-specified pump, input following.>

1_ = Use built-in Semiscale pump curves.

:,r s

dj PUMP Simple Parameter Card, PUMPID03X

This card and- PUMP curve caras are needed only if OPTION = 0. If OPTION
--1, skip to PUMP array cards. The user is referred to the pump component-

description in Reference 3-2 for a definition of the terminology used below.
-

All 18 variables are required if OPTION = 0. -

Word ylriablq Description (PUMP)

Wl-1 NDATA(1) Number of pairs of points on the HSP1 curve.

W2-1 - NDATA(2) Number of pairs of points on the HSP2 curve.

W3-I. NDATA(3) Number of pairs of points on the HSP3 curve.

W4-1 NDATA(4) Number of pairs of pointscon the HSP4 curve.

W5-1 NDATA(5) Number of pairs of points on the HTP1 curve.

W6-1 -NDATA(6) . Number of pairs of points on the HTP2 curve.

W7-1 NDATA(7) Number of pairs of points on the HTP3 curve.
/~~~N

.
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Word Variable Descri2 Lion (PUMP)

W8-1 NDATA(8) Number of pairs of points on the HTP4 curve.

W9-1 NDATA(9) Number of pairs of points on the TSP 1 curve.

W10- NDATA(10) Number of pairs of points on the TSP 2 curve.

Wll-1 NDATA(ll) Number of pairs of points on the TSP 3 curve.

U12-1 NDATA(12) Number of pairs of points on the T5P4 curve.

W13-1 NDATA(13) Number of pairs of points on the TTP1 curve.

W14-1 NDATA(14) Number et' pairs of points on the TTP2 curve.

W15-1 NDATA(15) Number of pairs of points on the TTP3 curve.

W16-1 NDATA(16) Number of pairs of points on the TTP4 curve.

W17-1 NHDM Number of pairs of points on the HDM curve.

W18-1 NTDM Number of pairs of points on the TDM curve.

PUMP Leak Path Data Cards, PUNPID04X

Input these cards only for the "From" component of a leak path.

)L y_qriable Dime.n_ sign Description (PUMP)n

0 Wl-R NCLK " Fro:n" cell number of leak path.

W2-R FALK Leak path flow area.

W3-R CLOS Leak path loss coefficient.

W4-R VMLK Leak path initial mixture velocity (& fault -
0.0).

W5-R DELZLK Elevation difference between center of "From"
cell and center of_"To" cell. A positive value
for DELZLK means that the center of the "From"
cell is higher than the center of the "'o" cell
(default - 0.0).

I Wl-1 NCMPTO Component number of "To" component.

W2-1 NCLKTO Cell number of "To" cell.
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-L Variable Dimension- Descriptio0 (PUMP 1

LW3-1 NLEVT0 Axial level number of "To" cell. Used only when
"To" component is a VESSEL (default - 0).

PUMP Simple Parameter Card, PUMPID050

This card is needed if the outer walls of any component transfer heat to
the fluid of this component (i.e., if some IPVHT - the NUM of this componeat).
This card can also be used to get major edit printout of wall node
temperatures. The default value for both variables below is 0.

Word Variable Description __(PUMP)

Wl-1 IHTS Indicator for heat transfer to the fluid of this
component from the outer wall of one or more other
components. (0 = no, 1 n yes, 2 - yes with printout of
those outer wall heat transfer values).

.W2-1 IWT Write flag for major edit of wall node temperatures. (1
= yes, 0 = no).

t
'

PUMP Curve Cards. PUMPID11X-PUMPID28X

Input one set for each curve listed on card PUMPID03X that has nonzero
data points, using LOAD format. Data are entered in pairs (e.g., (<,y), for i
= 1 to NDATA, where x is the independent variable wd y is the dependent
variable) .

Qi ' Variable p_imensiorL Description (PUMP 1

11 HSP1 2*NDATA(1) HSP1 curve.

12 HSP2 2*NDATA(2)- HSP2 curve. Single-phase' head curves.

13 HSP3 2*NDATA(3) HSP3 curve.

14 HSP4 2*NDATA(4) HSP4 curve.

15- HTP1 2*NDATA(5) HTP1 curve.

16 HTP2 2*NDATA(6) HTP2 curve. Fully degraded head curves.

17 HTP3 2*NDATA(7) HTP3 curve.
,

- 18- HTP4 2*NDATA(8) HTP4 curve.
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G hdable Dimension DescriptLqn (PUMP)

19 TSP 1 2*NDATA(9) TSP 1 curve.

20 TSP 2 2*NDATA(10) TSP 2 curve. Single-phase torque curves.

21 TSP 3 2*NDATA(ll) TSP 3 cut ve.

22 TSP 4 2*NDATA(12) TSP 4 curve.

23 TTP1 2*NDATA(13) TTP1 curve.

24 TTP2 2*NDATA(14) TTP2 curve. Fully degraded torque c'arves.

25 TTP3 2*NDATA(15) TTP3 curve.

26 TTP4 2*NDATA(16) TTP4 curve.

27 HDM 2*NHDM HDM curve (head degradation multiplier).

28 TDM 2*NTDM TDMCURVE (torque degradation multiplier).

PUMP Array Cards, PUMPID29X and PUMPID41X-PUMPID68X

O
Input one set for each of the following variables, using LOAD format.

G yitriable Dimension Description (PUMP)

29 SPTBL 2*NPMPTX Time since trip vs. pump speed table (omit if
NPMPTX = 0).

41 DX NCELLS Cell lengths.

42 VOL NCELLS Cell volumes.

43 FA NCELLS+1 Cell edge flow areas.

44 FKLOS NCELLS+1 Additive form loss coeff cients for forward
mixturemassflow. FKLOS is defined by AP =
1/2 FKLOS p V (default = 0.0).

45 GRAV NCELLS+1 Gravity term (see PIPE input).

46 HD NCELLS+1 Hydraulic diameters. (If absent or 0.0, HD
is calculated assuming FA is circular.)

47 EPFD NCELLS+1 Ratio, surface roughness /hydrauiic diameter
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L/ _ fi

.

[ Variable Dimension Description (PUMP)
.

(default - 0.0).
48 ICH0KE NCELLS+1 Choking calculation flag (integer).

(0 - no choking, 1 - choking calculttion).
(Def ault - 0). NOTE: At cell 1 face 2'I
CH0KE must be zero.

49 ICCFL NCELLS+1 CCFL control flag (integer).
(0 - no CCFL, 1, 2 - CCFL calculation, see
PIPE Input) (default - 0).

50 WETP NCELLS+1 Wetted perimeter (omit if ICCFL - 0 or 1).

51 ALP NCELLS Initial void fraction.

52. VL NCELLS+1 Initial liquid velocity.

53 VV NCELLS+1- Initial vapor velocity.
.

54 TL NCELLS+1 Initial liquid temperatures.

55 TV. NCELLS+1 Initial vapor temperatures.

156 P NCELLS Initial pressures,

57 BORC NCELLS Boron concentration (ppm) (default - 0.0,
required if IBORC = 1 and BORC not equal to
0.0).

58 QPPP. NCELLS Volumetric heat sources in PUMP wall
(Eliminate this card set if N0 DES - 0).

59 .TW N0 DES *NCELLS Initial wall temperatures. (Eliminate this
card. set if N0 DES = 0.)

60 KLVC NCELLS Axial level of associated VESSEL cell for 1-0
component-to-VESSEL heat transfer. This card
is not needed unless IPVHT = the NUM of a
VESSEL (integer).

61 KRVC NCELLS Cell: number in component NUM-IPVHT to which
heat is transferred. If NUM is a VESSEL,
then KRVC(l) is the relative cell number on
axial level KLVC(I). This card is not needed
if IPVHT'- 0 (integer).

62 RKLOS NCELLS+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition.O (Default = 0.0).U
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PUMP COMPONENT DATA

Of- Yariable Dimension _. Descriotion (FUMP)

63 PA NCELLS Noncondensible gas pressure in PUMP (default
- 0.0, required if I AIR - 1 and PA not equal
to 0.0).

64 ILEV1 NCELLS Two-phase level flag for cell (-1 implies no
level tracking in cell; O implies two-phase
level not present in cell; +1 implies
two-phase level present in cell; input only
if LEV 1 - 1, default - -1).

65 ALPA NCELLS Void fraction above two-phase level (input
only if LEV 1 - 1, default - 1.0).

66 ALPB NCELLS Void fraction below two-phase level (input
only if LEV 1 - 1, default - 0.0).

67 DZLVI NCELLS Height of two phase level above bottom of
cell (input only if LEV 1 - 1, default - 0.0).

68 VLEV1 NCELLS Propagation velocity of two-phase level
(input only if LtVI - 1, default - 0.0).

O

9

O
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SEPD COMPONENT DATA
*

3s
[kV- -3.4.9 Separator / Dryer Component (SEPD)

.SEPD Header Card, SEPDID000

Word- Variable Description (SEPD)

Wl-I NUM Component 10 number (must be unique for each component)'.

W2 A CTITLE User optional description of component. Up to 30
characters may be used. Enclose them in quotes.

SEPD Simple Parameter Card, SEPDID0lX

The first 10 variables are required if N0 DES =0; otherwise the first 12
variables are needed.

Word : Variable Description (SEPD)

Wl-I JCELL Primary tube cell number where the side tube (secondary
tube) connects._,

\

'W2-1: N0 DES Number-of radial heat-transfer nodes in the TEE wall. (0
implies nc, wall heat transfer.)

W3-1 MATID Material ID of TEE wall (see PIPE input description).

W4-R COST Cosine of the angle from the low-numbered side of the
~

primary tube to the secondary tube.

W5-1 ICHF. CHF calculation flag.
'No CHF allowed.NEG =

use simplified boiling curve, Mode 7.O. -

Zuber/Biasi CHF.1 =

2- Biasi or Biari Xc CHF at high flow, Zuber at low
flow.
Biasi or CISE-GE Xc CHF at high flow, Zuber at low3 .

flow.

W6-I IPVHT Component-to-component heat transfer indicator. If IPVHT
= the-NUM of some other component which is not a BREAK or
a FILL, then the outer wall of at least one cell in this
-component transfers heat to the fluid in at least one
cell of component NUM, as specified in input arrays KLVC
and KRVC. IPVHT = 0 means no component-to-component heat
transfer.

~,
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Word Variable Description (SEPD)

-W7-1 NCELL1 Number of fluid cells in the primary tube.

W8-1 JUN1 Junction number for the junction adjacent to cell 1.

W9-1 JUN2 Junction number for the junction adjacent to cell NCELLI.

W10-I ITRP TRIP number for starting small break.

Wll-R RADIN1 Innor radius cf the primary tube wall.

W12-R TH1 Wall thickness of the primary tube. -

W13-R HOUTL1 Heat transfer coefficient to liquid at the outer boundary .,

of the primary tube wall.

W14-R HOUTV1 Heat transfer coefficient to vapor at the outer boundary
of the primary tube wall.

W15-R TOUTL1 Temperature of liquid outside primary tube wall.

W16-R T0VTV1 Temperature of vapor outside primary tube wall.

(See PIPE component description for further comments on these heat transfer
paraneters.)

.

SEPD Simple Parameter Card, SEPDID02X
(X - 0 through 9)

_

Only the first two variables are required if NODES-0; otherwise the first
four variables are needed.

Word . Variable Description LSEPD1

W1-1 NCELL2 Number of fluid cells in the secondary tube.

W2-1 JUN3 Junction number of the free end of the secondary tube
(cell NCELL2).

W3-R RADIN2 Inner radius of the secondary tube wall.

W4-R TH2 Wall thickness of the secandary tube.

W5-R HOUTL2 Heat transfer coefficient to liquid at the outer boundary
of the secondary tube wall.

W6-R HOUTV2 Heat transfer coefficient to vapor at the outer boundary

NUREG/CR-4356 3.4-64

_ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ ._ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______



..
. - - - . --- . __ . . -_ -

.I

SEPD COMPONENT DATA
,~

([ RonL, Variabiq Description (SEj$1
,

of the secondary tube wall.

W7-R. TOUTL2 Temperature of liquid outside secondary tube wall.

W8-R T0VlV2 Temperature of vapor outside secondary tube wall.

(See PIPE component description for further comments on these heat transfer
parameters.)

SEPD leak Path Cards, SEPDID04X -

For leakage path purposes, SEPD cells are counted in a single array--
first, the primary cells, then one dummy joining cell, then the side arm
cell s .

X_ Variable Dimension Description (SEPD) -

-0 Pl-R, NCLK "From" cell number of leak path. ,

W2-R FALK- Leak path flow area (for CHAN component input
i

. value should be for one channel assembly).
(
'

W3-R CLOS Leak path loss coefficient.

W4-R VMLK Leak path initial mixture velocity (default -
0.0).

/

W5-R DEliLK Elevation difference between center of "From"
cel' and center of "To" cell. A positive value
for DELZLK means that-the center of the "From"
cell is higher than the center of the "To" cell
(default = 0.0).

1 Wl-1 NCMPT0_ Component number of "To" component.

W2 1 NCLKTO Cell number.nf "To" cell.

W3-1 NLEVTO Axial level number of "To" cell. Used only when
"To" component is a VESSEL (default - 0).

SEPD Simple Parameter Card, SEPDID050

This card is- needed if the outer walls of any component transfer heat to
the fluid of this component (i.e., if some IPVHT - the NUM of this component).

- [' ) This card can also be used -to get tajor edit printout of wall node
-v
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SEPD COMPONENT DATA

temperatures. The default value for both variables below is 0.

Word Varieble Description (SEPD)

.Wl-I IHTS Indicator for heat transfer to the fluid of this
component from the outer wall of one or more other
components. (0 - no,1 - yes, 2 - yes with printout of

those outer wall heat transfer values).

92-1 IWT Write flag for major edit of wall node temperatures. (1
- yes, 0 - no).

SEPD Separator / Dryer Cards SEPDID060

Word _ yJriable Dejicription (SEPD)

Wl-1 NSEPS Number of separators represented by this component.

W2-1 ' STAGE Number of stages in separator (allowed values - 0, 2 or
3). Use ISTAGE - 0 if simple separatoi model is to be
used.

The remaining variables on this card depend upon the value of ISTAGE.

If ISTAGE r 0 (simple separator option).

W3-R XC0 Vapor carryover quality (default - 0.0)

W4-R XCU Liquid carryunder quality (default - 0.0)

If ISTAGE = 2 or 3 (mechanistic separator option),

W3-R Al Standpipe flow area (default - 0.018637)

W4-R AN Separator nozzle exit area (default - 0.01441).

'WS-R RN Radius of separator hub at inlet (default - 0.0809585).

W6-R THETA An;",e between swirling vane and horizontal plane (default
- 48.0).

W7-R RR1 Radius of the larger pickoff ring at the first stage of a
2-stage separator (default = 0.0857208).

O
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,N

Mechanistic Separator Stage Data Card SEPDID06X

Input the following eight variables for each separator stage if the
mechanistic separator option is specified. X-1 for first stage data, X-2 for
second stage data and '.i3 for third stage data (if required).

2L. Word Variable Descriotion (SEPD1

1 Wl-R RWS Inner radius of the separator wall.

W2-R RRS Inner radius of the pickoff ring,

W3-R ADS Flow area of the discharge passage.
.

W4-R DDS Hydraulic diameter of the discharge passage.

W5-R HBS Length of the separating barrel.

W6-R HSK Axial distance between the exit of the first
discharge passage and the swirler vane.

W7-R CKS Loss coefficient in discharge passage.
|3
(Q W8-R EFFLD Effective L/D coefficient at pickoff ring.

2 Etc., for second stage.
,

3 Etc., for third stage (if required).-

The default values for the above variables are summarized in the following:

DEFAULT VALUE

Two-Sit _aae Seoarator Three-Staae Separator

Variable First Second First Second Third

RWS 0.10/94 0.06985 0.10794 0.10794 0.10794
RRS 0.069875 0.06032 0.0857208 0.0952453 0.0984201

' ADS 0.0415776 0.0029133 0.0095265- 0.0096265 0.0096265,

DDIS- 0.045558- 0.0121699 0.025399 0.025399 0.025399-
HBS- 0.877845 0.16255 1,0699 0.384156 0.384156
HSK- 0.2127 0. 0.45083 0. O.
CKS- 10. 0.5 2.5 'l.429 2.563
EFFLD 450.0 95.85 53.44- 194.64 424.96

k/
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Dryer Data Card SEPDID070

This card is needed if this component is to perform the dryer functions.

}[0_td Variable Description (SEPD)

Wl-R NDRYR Number of dryers represented by this component.

W2-R VDRYL Vapor velocity in dryer below which dryer capacity is 1.0,

W3-R VDRYU Vapor velocity in dryer above which dryer capacity is zero.

W4-R DELDIM Range of dryer inlet liquid quality over which dryer
capacity degrades from one to zero at fixed inlet vapor
velocity.

Separator / Dryer Primary Tube Array Cards, SEPDID41X-SEPDID68X

Input one card for each of the following variables, using LOAD format.

G Variable .Di me n s i o_D_ Description (SEPD)

41 DX NCELL1 Cell lengths.

42 VOL NCELLI Cell volumes.

43 FA NCELLl+1 Cell cJgr: flow areas. Note: If the TEE is a
jet pump, the end cells cannot be tapered.

44 FKLOS NCELLl+1 Additive form loss coefficients for forward
mixture mass flow (see PIPE input) (default -
0.0).

45 GRAV NCELLl+1 Gravity terms (see PIPE input).

46 HD NCELLl+1 Hydraulic diameters. (If absent or 0.0, HD
is calculated assuming FA is circular.)

47 EPSD NCELLl+1 Ratio, surface roughness to hydraulic
diameter (default - 0.0).

48 ICH0KE NCELLl+1 Choking calculation flag (integer) (0 = no
choking,1- choking calculation) (default -

0).

49 ICCFL NCELLl+1 CCFL control flag Integer
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< -Q
#

C_tj Variablg_ Dimension Description (SEPD)

(0 - no CCFL, 1, 2 - CCFL calcolation, see
PIPE input)-(default - 0).

ETP NCELLl+1 Wetted perimeter (omit. if-ICCFL not equal 2).W50

51 ALP NCELLI . Initial void fractions.

52 VL NCELLl+1 Initial liquid velocity.

53 VV NCELLl+1 Initial vapor velocity.

54 TL NCELL1 Initial liquid temperatures.

55 TV NCELL1 Initial vapor temperatures.

56 P NCELL1 Initial pressures.

-57 BORC NCELLI Boron concentration (ppm) (default - 0.0,
required IBORC = 1 and BORC not equal to
0.0).

[[
- 58 QPPP NCELL1 Volumetric heat sources in pipe wall

(primary). (Eliminate this card set if NODES
,y/ - 0.)' , .

59 TW N0 DES * ' Initial wall temperatures for primary tube.
NCELLI (Eliminate this card set if NODES - 0.)

60 KLVC NCELLI Axial level of associated VESSEL cell for 1-D
component-to-VESSEL heat transfer. This card
.is not needed unless IPVHT - the NUM of a
VESSEL-(integer).

61 KRVC NCELL1 Cell number in component IPVHT - NUM to which
heat is transferred, If NUM is a VESSEL,
then KRVC(l) is the relative cell number on
axial level KLVC(I). This caia is not needed-
if IPVHT = 0 (integer).

62 RKLOS NCELLl+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition
(default - 0.0).

63 PA-' 11 CELL 1 Noncondensible gas pressure in SEPD primary
(default - 0.0, required if IAIR = 1 and PA
not equal to 0.0).

ILEV1 NCELLS Two-phase level flag for cell (-l implies no

3 O
64

level tracking in cell; O implies two-phase
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-Q Variable Dimension Dascription (SEPD)

level not present in cell; +1 implies
two-phase level pressnt in cell; input only
if LEV 1 - 1, default - 0).

65 ALPA NCELLS Void fraction above two-phase level (input
only if LEV 1 - 1, default - 1.0).

C6 ALPB NCELLS Void fraction below two-phase level (input
only if LEV 1 - 1, default - 0).

67 DZLVI NCELLS Height of two phase level above bottom of
cell (input only if LEV 1 - 1, default - 0).

68 VLEV NCELLS Propagation velocity of two-phase level
(input only if LEV 1 - 1, default - 0).

SEPD Side Tube Array Cards, SEPDID71X-SEPDID98X

M- Variable Dimension Description LSIED_1

71 DXS NCELL2 Cell lengths.

72 VOLS NCELL2 Cell volumes.

73 FAS NCELL2+1 Cell edge flow areas. Note: If the TEE is a
jet pump, the end cells cannot be tapered.

'74 FKLOSS NCELL2+1 Additive form loss coefficients for forward
mixture mass flow (default - 0.0).

75 GRAVS NCELL2+1 Gravity terms (see PIPE).

76 HDS NCELL2+1 Hydraulic diameters. (If 0.0, HD is
calculated assuming FA is circular.)

77 EPSET NCELL2+1 Ratio surface roughness / hydraulic diameter
(default - 0.0).

-78 ICH0KES NCELL2+1 Choking calculation flag (integer) (0 - no
choking, 1 - choking) (default - 0).

79 ICCFLS NCELL2+1 CCFL control flag (integer)
(0 = no CCFL, 1,2 - calculation, see PIPE

I input) (default - 0).

80 WETPS NCELL2+1 Wetted perimeter [ input only if any entry in|

ICCFL equals two (2)].
.

NUREG/CR-4356 3.4-70

_ _ - . _ _ _ _ - _ _ _ _



.. .

._ __ .
. _. ._ _--

'

SEPD COMPONENT DATA
p.
i
wi ~G y_ariable Dimension Description

_ (SEPD)

81 ALPS NCELL2 Initial void fractions.

82_ VLS- NCELL2+1 Initial liquid velocity.

83 VVS NCELL2+1 Initial liquid temperatures.

84 TLS NCELL2 Initial liquid temperatures.

a

-85 TVS NCElt2 Initial vapor temperatures.

86 PS NCELL2 Initial pressures. _

87 BORCS NCELL2 Boron concentration (ppm) (default - 0.0,
required if IBORC = 1 and BORC * 0.0).

88 'QPPPS NCELL2 Volumetric heat sources in pipe wall.
(Eliminate this card set if N0 DES - 0.)

89 TWS N0 DES * Initial wall temperatures for side tube.
NCELL2 (Eliminate this card set if NODES = 0.). -

'

,
90. KLVCS NCELL1 Axial level of associated VESSEL cell for 1-0

t' component-to-VESSEL heat transfer. This card.
A is not needed unless IPVitT - the NUM of a
\ VESSEL (integer).

91 KPVCS NCELL1- Cell number in component IPVH1 - NUM to which
heat is transferred. If NUM is-a VESSEL,
then KRVC(l)--is the relative cell number on
axial level KLVC(l). This card is not needed .

if IPVilT = 0 (integer).

92 RKLOSS NCELL2+1 Additive form loss-coefficients for reverse
mixture mass flow (default - 0.0).

93 PAS NCELL2 Noncondensible gas pressure in TEE secondary,
(default - 0.0, required if IAIR = 1 and PAS
not equal to 0.0).

94 .lLEVIS NCELL2 (same as ILEV).

9S- ALPAS NCELL2 (Same as ALPA).

96 ALPBS NCELL2 (Same as ALPB).

97 DZLVIS NCELL2 (Same as DZLEV).

98 VLEVIS NCELL2 .(Same as VLEV)..s

Q)
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LI 3.4.10 TEE Component (TEE)

TEE Header Card, TEEID000

Word y_ariable Description (TEE)

Wl-1 NUM Component ID number (must be unique for each component).

W2-A CllTLE User optional description of component. Up to 30
characters may be used. Enclose then in quotes.

TEE = Simple Parameter Card, TEEID01X

'

The first 10 variables are required if N0 DES-0; otherwise the first 12-

variables are needed.

Word., Variable Description (TEE)

Wl-I JCELL Primary tube cell number where the side tube (secondary
Q. tube) connects.

W2-1 N0 DES Number of radial heat-transfer nodes in the TEE wall. (0
implies no wall heat transfer.)

W3-1 MATID- Material ID of TEE wall (see PIPE input description).

W4-R COST Cosine of the angle from the low-numbered side of the
primary tube to the secondary tulL.

WS-I ICHF- CHF calculation flag.
NEG No CHF allowed.=

0 use simplified boiling curve, Mode 7.=

1 Zuber/Biasi CHF.-

2- Blasi or Biasi Xc CHF at high flow, Zuber at low
fl_ w.o

3 Biasi or CISE-GE Xc CHF at high flow, Zuber at low--

flow.

W6-1 IPVHT Component-to-component heat trar,sfer indicator. If IPVHT
- the-NUM of some other component that is not a BREAK or
a FILL, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one

. cell of component NUM, as specified in input arrays KLVC
and KRVC. IPVHT = 0 means no component-to-component heat
transfer.

' '%]
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TEE COMPONENT DATA

Word Variable Description (TEE)

W7-! NCELLI Number of fluid cells in the primary tube.

W8-1 JUNI Junction number for the junction adjacent to ceil 1.

W9-1 JUN2 Junction number for the junction adjacent to cell NCELLI.

W10-1 ITRP TRIP number for starting small break.

Wll-R RADINI Inner radius of the primary tube wall.

W12-R TH1 Wa'l thickness of the primary tube.

W13-R HOUTL1 Heat transfer coefficient to liquid at the outer boundary
of the primary tube wall.

W14-R HOUTV1 Heat transfer cocfficient to vapor at the outer boundary
' of the primary tube wall.

W15-R TOUTL1 Temperature of liquid outside primary tube wall.

W16-R TOUTVI- Temperature of vapor outside primary tube wall.

} (See PIPE component description for further comments on these heat transfer
parameters.)

,

TEE Simple Parameter Card, TEEID02X
(X - O through 9)

Only the first two variables are required if N0 DES =0; otherwise, the
first four variables are needed.

Word _ Variable _
Description (TEE)

Wl-1 NCELL2 Number of fluid cells in the secondary tube.

W2-1 JUN3 Junction number of the free end of the secondary tube
(cell NCELL2).

W3-R RADIN2 Inner radius of the secondary tube wall.

W4-R TH2 Wall thickness of the secondary tube.

WS-R HOUTL2 Heat transfer coefficient to liquid at the outer boundary
of the secondary tube wall .

W6-R HOUTV2 Heat transfer coefficient to vapor at the outer boundary
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TEE COMPONENT DATA

Word Variable Degrintion (TEE)

of the secondary tube wall.

W7-R TOUTL2 Temperature of liquf d outside secondary tube wall.

W8-P, TOUTV2 Temperature of vapor outside secondary tube wall. ,

(See PIPE component description for further comments on these heat transfer
parameters.)

TEE Leak Path Data Cards TEEID04X

Input these cards only for the "From" component of a leak path. For
leakage path purposes, TEE cells are counted in a single array: first the
primary cells, then one dummy joining cell, then the side arm cells.

,

.L Driable Dimension Description (Illl)

0 Wl-R NCLK. "From" cell number of leak path.

W2-R FALK Leak path flow area.

W3-R CLOS Leak path loss coefficient.

W4-R VMLK Leak path initial mixture velocity (default -

0.0).

W5-R DELZLK Elevation difference between center of "From"
cell and center of "To" celi. A positive value
for DELZLK means that the center of the "From"
cell is higher than.the center of the "To" cell
(default = 0.0).

I Wl-1 NCMPTO Component number of "l;" component.

W2-1 NCLKT0 Cell number of "To" cell. i

1
W3-1 NLEVT0 Axial level number of "To" cell. Used only when !

"To" component is a VESSEL (default - 0). |

TEE Simple Parameter Card, TEEID050
l

This card is needed if the outer walls of any component transfer heat to
i

'

the fluid of this component (i.e., if some IPVHT - the NUM of this component).
( This-card can also be used to get major edit printout of wall node
x
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TEE COMPONENT DATA

temperatures. The default value for both variables below is 0.

Word _ Varia.ble Description (TEE) ,

Wl-1 IHTS Indicator for heat transfer to the fluid of this
component from the outer wall of one or more other
components. (0 - no, 1 - yes, 2 - yes with printout of
those outer wall heat transfer values).

W2-1 IWT Write flag for major edit of wall node temperatures. (1
= yes, 0 = no).

*

TEE Primary Tube Array Cards, TEEID41X-TEEID68X

Input one card for each of the following variables, using LOAD format.

Q{ Variable Dimension Description fTEE)

41 DX NCELL1 Cell lengths.

42 VOL NCELLI Cell volumes.

43 FA NCELLl+1 Cell edge flow areas. Note: If the TEE is a
jet pump, the end cells cannot be tapered.

44 FKLOS NCELLl+1 Additive form loss coefficients for forward
mixture mass flow (see PIPE input) (dafault =
0.0).

45 GRAV NCELLl+1 Gravity terms (see PIPE input).

46 HD NCELL1+1 Hydraulic diameters. (If absent or 0.0, HD
is calculated assuming FA is circular.)

47 EFSD NCELL1+1 Ratio, surface roughness to hydraulic
diameter (default = 0.0),

48 ICHOKE NCELLl+1 Choking calculation flag (integer) (0 - no
choking,1- choking calculation) (default =
0),

49 ICCFL NCELLl+1 CCFL control flag Integer
(0 = no CCFL, 1, 2 - CCFL calculation, see
PIPE input) (default = 0).

|

| 50 WETP NCELLl+1 Wetted perimeter (omit if ICCFL not equal 2).

51 ALP NCELL1 Initial void fractions.

NUREG/CR-4356 3.4-76



.- - - - .. . . .

TEE COMPONENT DATA
,%

@ Variable Dimension Description (TEEL

521 -VL NCELLl+1 Initial liquid velocity.

53 VV NCELLl+1 Initial vapor velocity.

54 TL- NCELLI Initial liquid temperatures.

55 TV NCELLI Initial vapor temperatures.

56 P NCELLI initial pressures.

57 BORC NCELL1 Boron concentration (ppm) (oefault = 0.0,
required IBORC = 1 and BORC not equal to
0.0).

58. QPPP .NCELL1 Volumetric heat sources in pipe wall
(primary). (Eliminate this card set if N0 DES
= 0.)

59 TW N0 DES * Initial wall temperatures for primary tube.
NCELL1 (Eliminate this card set if N0 DES = 0.)

60 -KLVC NCELL1 Axial level of associated VESSEL cell for 1-D~,O component-to-VESSEL heat transfer. This cardh is not needed unless IPVHT - the NUM of a
VESSEL (integer).

61 KRVC NCELL1 Cell number in component IPVHT = NUM to which
heat is. transferred. If NUM is a VESSEL,
then KRVC(i) is the relative cell number on
axial level KLVC(I). This card is not needed
ifIPVHT=0.(integer).

62- RKLOS NCELLl+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition
(default - 0.0).

63 PA NCELLI Noncondensible gas pressure in TEr orimary
(defaul t _ = ~ 0.0, required i f I AIR = . and PA
not equal to 0.0).

'64- ILEV1 NCELLS Two-phase level flag for cell (-l implies no
level tracking in cell; O implies two-phase
icvel not present in cell; +1 implies
two-phase level present in cell; input only
if LEV 1 - 1, default - -1).

65 .ALPA NCELLS Void fraction above two-phase level (input
; only if LEV 1 a 1, default = 1.0).

V'
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TEE CoHvoNENT DATA

G Ytt13ble_ Dimension Description (TEE)

66 ALPB NCELLS Void fraction below two-phase level (input
only if LEV 1 1, default 0).

67 DZLVI NCELLS lleight of so phase level above bottom of
cell (input only if LEV 1 1, defa':' - 0).

68 VLEV NCELLS Propagation velocity of two phase level
(input only if LEV 1 1, def ault 0).

TEE Sido Tube Array Cards, TEEID71X-TEEID98X

M larichlg_ W!mension Descrjnlion (TEE)

71 DXS iG LL2 Cell lengths.

72 VOLS NrELL2 Cell volumes.

73 FAS hutLL2+1 Cell edge flow areas. Note: If the TEE is a
jet pump, the end cells cannot be tapered.

74 FKLOSS NCELL2+1 Additive form loss coefficients for forward
mixture mass flow (default - 0.0).

75 GRAVS NCELL2+1 Gravity terms (see PIPE).

76 HDS NCEllal liydraulic diameters. (If 0.0, HD is
calculated assuming FA is circular.)

77 EPSDS NCELL2+1 Ratio surface roughness / hydraulic diameter
(default 0.0).

F8 ICH0KES NCELL2+1 Choking calculation flag (inte.ar) (0 - no
choking, 1 - choking calculatia ) (default =
0).

79 1CCFLS NCELL2+1 CCFL control flag (integer)
(0 - no CCFL, 1,2 criculation, see PIPE
input) (default - 0).

80 WETPS NCELL2+1 Wetted perimeter (input only if any entry in
ICCFL equals two (2)).

81 ALPS NCELL2 Initial void fractions.

82 VLS NCELL2+1 Initial liquid velocity.

83 VVS NCELL2+1 Initial liquid temperatures.
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TEE COMPONENT DATA
O

-l
G yjttic.hle_ Dimension _ Description (TEE)

84 TLS NCELL2 Initial liquid temperatures.

85 TVS NCELL2 Initial vapor temperatures.

86 PS NCELL2 Initial pressures.

87 CORCS NCELL2 Boron concentration (ppm) (default - 0.0,
required if IBORC - 1 and BORC not equal to
0.0).

88 QPPPS NCELL2 Volumetric heat sour:es in pipe wall.
(Eliminate this card set if N0 DES - 0.)

89 1WS N0D|3.4 Initial wall temperatures for side tube.
NCELL2 (Eliminate this card set if NODES - 0.).

90 KLVCS NCELLI Axial level of associated VESSEL cell for 1-D
component-to-VESSEL heat transfer. This card
is not needed unless IPVH1 the NUM of a
VESSEL (integer).

91 KRVCS NCELL1 Cell number in component IPVHT - NUM to which
heat is itansferred. If NUM is a VESSEL,

Q then KRVC(I) is the relative cell number on
axial level KLVC(l). This card is not needed
if IPVHT = 0 (integer).

92 RKLOSS NCELL2+1- Additive form loss coefficients for reverse
mixture mass flow (default 0.0).

93 PAS NCELL2 Noncondensible gas pressure in TEE sticondary,
(default - 0.0, required if I AIR - 1 and PAS
not equal to 0.0).

94 ILEVIS NCELL2 (Same as ILEV).

95 ALPAS _NCELL2 (Same as ALPA).

96 ALPBS NCELL2 (SameasALPB).

97 DZLVIS' NCELL2 (Same as DZLEV).

98 VLEVIS NCELL2 (Same as VLEV).

I~

O
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TURB COMPONENT DATA

3.4.11 Turbine Component (TURB)

TURB lleader Card, TURBID 000

Word.. Vir_fible (!qscription (TURB)

Wl-1 NUM Component ID number (must be unique for each component),

tf2A CTITLE User optional description of component. Up to 30
characters may be used. Enclose then in quotes.

_

TURB Simple Parameter CarJ. TURBID 01X
< .-

The first 10 variables are required if N00ES 0; otherwise the first 12
variables are needed.

EcrJ Et , ' LW Descrietion- (1U881__

Wl-I JL Primary tube cell number where the side tube (secondary
,O tube) connects.
\

W2-1 NODES Number of radial heat-transfer nodes in the TURB wall. (0
implies no wall heat transfer.)

W3-1 MAT 10 Material 10 of TURD wall (see PIPE input description).

:W4 R ' COST Cosine of the angle from the low numbered side of the ~

primary tut'a to the secondary tube.

W5 1 ICHF CHF calculation flag.
NEC No CHF allowed.-

0 use simplified boiling curve, Mode 7.
1 Zuber/Biasi CHF.-

2 Blasi or Blasi Xc CHF at high flow, Zuler at low-

flow.
3 Biasi or CISE-GE Xc CHF at high flow, Zuber at low-

} flow.

W6-1 IPVHT Component to-component heat transfer indicator. If IPVHT
- the NUM of some other component that is not a BREAK or
a FILL, then-the outer wall of at least one cell in this
component transfers heat to the fluid in at least one
cell of component NUM, as specified in input arrays KLVC
and KRVC, IPVHT = 0 means no component-to-component heat

-O- transfer.

4Q
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TURB COMPONENT DATA

W r_d_ yariah).n Description (TURB)

W7-1 NCELLI Number of fluid cells in the primary tube (must be 2).

W8 1 JUNI Junction number for the junction adjacent to cell 1.

W9 1 JUN2 Junction number for the junction adjacent to cell NCELLI.

W10-1 ITRF TRIP number for starting small break.

Wll-R RADINI Inner radius of the primary tube wall.

W12 R TH1 Wall thickness of the primary tube.

W13-R H0 Vill Heat transfer coefficient to liquid at the outer boundary
of the primary tube wall.

W14-R HOUTV1 Heat transfer coefficient to vapor at the outer boundary
of the primary tube wall.

W15-R TOUIL1 Temperature of liquid outside primary tube wall.

W16 R TOUTV1 Temperature of vapor outside primary tube wall.

(See plPE component description for further comments on these heat transfer
parameters.)

TURD Simpic Parameter Card TURBID 02X
(X - O through 9)

Only the first two variables are required if N0 DES =0; otherwise, the
- first four variables are needed.

,

). ford y_ar13ble DcsIrlption (TUREl

Wl-I- NCELL2 Number of fluid cells in the secondary tube.

W2-1 JUN3 Junction number of the free end of the secondary tube
(cell NCELL2).

W3-R RADIN2 Inner radius of the secondary tube wall.

W4-R TH2 Wall thickness of the secondary tube.

W5-R H0VIL2 Heat transfer coefficient to liquid at the outer boundary
of the secondary tube wall.

W6-R HOUTV2 Heat transfer coefficient to vapor at the outer boundary
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TURB COMPONENT DATA

O WpLL yar_ighlg Qescription (TURB)

of the secondary tube wall.

W7 R TOUTL2 Temperature of liquid outside secondary tube wall.

W8 R- T0VTV2 Temperature of vapor outside secondary tube wall.

(See PIPE component description for further comments on these heat transfer I
'parameters.)

TURB Simple Parameter Card, TURBID 050
,

This card is needed if the outer walls of any component transfer heat to
the fluid of this component (i.e., if some IPVHT = the NUM of this component).
This card can also be used to get major edit printout of wall node
temperatures. The default value for both variables below is 0.

Word Variable Description (TURQ1

Wl-1 IHTS Indicator for heat transfer to the fluid of thisO component from the outer wall of one or more other
d components. (0 = no, 1 - yes, 2 = yes with printout of

those outer wall heat transfer values).

W2-1 IWT Write flag for major edit of wall node temperatures. (1
- yes, 0 = no).

,

TURB Stage Data Card TURBID 06X

W0rd Variable Descriplion (TURB)

Wl-1 NSTAGE Number of stages in TURB component (default - 1).

W2-1 ITSEP Moisture separator flag
0 = no moisture scparator
1 - sidearm is moisture separator. ,

W3-R' RMD0T Turbine rated mass flow rate, ,

W4-R EFISHR Turbine rated efficiency.

WS-R. SEPEF Moisture separator officiency. Used only if ITSEP - 1.
For perfect separation, use SEPEF - 1.0 (default - 1.0).
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TURB COMPONENT DATA

TURB Rotor Data Card. TURBID 07X

The first four words are required.

Rord y3riable
._

Description (TURB)

Wl-1 JROT Turbine rotor number. More than one TURB component may
use the same rotor number. If several TURB components
are connected to the same rotor, the rotor parameters
will be taken only from the first TURB encountered that
connects to that rotor.

W2-1 ITURTR Turbine trip number for rotor number JROT. Rotor speed
will remain cons " until trip has occurt ed. Rotor
speed will be dm' ' N equation of motion after
trip has occur;sd.

W3-R OMEGT Rotor initial any.;ny ' M ity (hd/s).

W4-R INERT Rotor moment of inertif ( kg/m') .

W5-R OMEGTR Rated rotor angular veiocity (default OMEGT).

W6 R CTR0TB Rotor bearing and windage torque constant (default = 0).

W7-R TORQTR Rotor frictional torque (N-m) (default 0).

TURB Primary Tube Array Cards TURBID 41X-TURu!D68X

Input one card for each of the following variables, using LOAD format.

[Ji Lariable Dimensjon Description (TURB)

41 DX NCELLI Cell lengths.

42 V0L NCELLI Cell volumes.

43 FA NCELLl+1 Cell edge flow areas. [For cell edge 2, a
non-zero input value is assumed to be the
user-specified turbine nozzle flow area for
the first turbine stage. A zero value for
cell edge 2 causes the code to compute the
nonle flow area. This calculation assumes
that the rated mass flow rate (RMDOT; see
below) is achieved with the initial pressure
profile input by the user. NOTE: Following
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TURB COMPONENT DATA
.-

G Variable Dimension Description (TURBI

initialization, the nozzle flow area is
stored in the TEE VLTAR common block, and the
flow area at cell edge 2 is set equal to that
at cell edge 1.]

44 FKLOS NCELL1+1 Additive form loss coefficients for forward
mixture mass flow (see PIPE input) (default =
0.0).

45 GRAV NCELLl+1 Gravity-terms (see PIPE input).

46 11 0 ' NCELLl+1 flydraulic diameters. (If absent or 0.0, HD
is calculated assuming FA is circular.)

47 EPSD NCTLLl+1 Ratio, surface roughness to hydraulic
diameter (default - 0.0).

48 ICliOKE NCELLl+1 Choking calculation flag (integer) (0 no
choking,1- choking calculation) (default -
0).

49 ICCFL NCELLl+1 CCFL control flag Integer
-D (0 - no CCFL,1, 2 - CCFL calculation, see
( PIPE input) (default - 0).

50 WETP NCELLl+1 Wetted perimeter (omit if ICCFL not equal 2).

51 ALP NCELLI initial void fractions.

52 VL NCELLl+1 Initial liquid velocity.

53- VV NCELLl+1 Initial vapor velocity. [The user input
value at celi edge 2 is assumed to be the
initial mixture velocity at the exit of the
first stage nozzle, if the user-input value
of FA(2) is 0.0, then VV(2) must be specified
but is not used. In this case, the initial

'

mixture velocity is set to the steady-state
value corresponding to the initial pressure# profile in the TURB.

54 TL- NCELLI initial liquid temperatures.

55- TV NCELLI Initial vapor temperatures.

56 P NCELL1 Initial pressures. [lf the user-input value
of FA(2) is 0.0, then P(2) must be less than
P(l).
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TURD COMPONENT DATA

G Variable Qimension .jkscrittlion (1VRB1

57 BORC NCELL1 Baron concentration (ppm) (default - 0.0,
required IBORC = 1 and BORC not equal to
0.0).

58 QPPP NCELLI Volumetric heat sources in pipe wall
(primary). (Eliminate this card set if NODES

0.)

59 TW NODES * Initial wall temperatures for primary tube.
NCELLI (Eliminate this card set if N0 DES - 0.)

60 KLVC NCELLI Axial level of associated VESSEL cell for 1-D
component-to-VESSEL heat transfer. This card
is not needed unless IPVHT - the NUM of a
VESSEL (integer).

61 KRVC NCELL1 Cell number in component IpVH1 - NUM to which
heat is transferred. If NUM is a VESSEL,
then KRVC(l) is the relative cell number on
axial level KLVC(I). This card is not needed
if IPVH1 - 0 (integer).

62 RKLOS NCELLl+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition
(default = 0.0).

63 PA NCELL1 Noncondensible gas pressure in TURB primary
(default 0.0, required if IA!R - 1 and PA
not equal to 0.0).

64 !8.EV1 NCELLS Two phase level flag for cell (-l implies no
level tracking in cell; O implies two-phase
level not present in cell; +1 implies
two-phase level present in cell; input only
if LE"1 - 1, default - -1).

65 ALPA NCELLS , aid fraction above two-phase level (input*

only if LEV 1 - 1, default - 1.0).

66 ALPB HCELLS Void fraction below two phase level (input
only if LEV 1 - 1, default - 0).

67 DZLVI NCELLS Height of two phase level above bottom of
cell (input only if LEV 1 - 1, default - 0).

68 VLEV NCELLS Propagation velocity of two-phase level
(input only if LEV 1 - 1, default - 0).

O
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TURB Side Tube Array Cards, TURBID 71X-TURBID 98X

[.N larichlt Dimension DnCIlption (TURB)

71 DXS NCELL2 Cell lengths.

72 VOLS NCELL2 Cell volumes.

73 FAS NCELL2+1 Cell edge flow areas. Note: If the IEE is a
jet pump, the end cells cannot be tapered.

74 FKLOSS NCELL2+1 Additive form loss coefficients for forward '

mixture mass flow (default - 0.0).-
75 GRAVS- NCELL2+1 Gravity terms (see PIPE).

76 HDS NCELL241 Hydraulic diameters. (if 0.0, HD is
calculated assuming FA is circular.)

77 EPSDS NCELL2+1 Ratio surface roughness / hydraulic diameter
(default = 0.0).

78 ICH0KES NCELL241 Choking calculation flag (integer) (0 - no

O choking, 1 choking calculation) (default -
0).

79- ICCFLS NCELL2+1 CCFL control flag (integer)
(0 - no CCFL, 1,2 - calculation, see PIPE
input) (default = 0).

80 WE1PS NCELL2+1 Wetted perimeter (input only if any entry in ~

ICCFL equals two (2)).

81 ALPS NCELL2 Initial void fra:tions.
82 VLS NCELL2+1 Initial liquid velocity.

83 VVS NCELL241 Initial liquid temperatures.

84 TLS NCELL2 Initial liquid temperatures.

85 TVS NCELL2 Initial vapor temperatures.

86 PS NCELL2 Initial pressures.

87 BORCS NCELL2 Boron concentration (ppm) (default - 0.0,
. required if IBORC = 1 and BORC + 0.0).

. 88 QPPPS NCELL2 Volumetric heat sources in pipe wall,
(Eliminate this card set if NODES - 0.)

3.4 87 NUREG/CR-4356
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TURB CoHPONENT DATA

G YAr13hlt [llnjension Ducrtiption (TURBJ

89 TWS NODES * Initial wall temperatures for side tube.
NCELL2 (Eliminate this card set if 110 DES = 0.).

90 KLVCS NCELL1 Axial level of associated VESSEL cell for 1-D
component to-VI.SSEL heat transfer. This card
is not needed unless IPVHT = the NUM of a
VESSEL (integer).

91 KRVCS NCELLI Cell number in component IPVHT = NUM to which
heat is transferred. If NUM is a VESSEL,
then KRVC(l) is the rtelative cel! number on
axial icvel KLVC(l). Thit card is not needed
if IPVHT = 0 (integer).

92 RKLOSS IJCELL241 Additive form loss coefficients for rever e
mixture mass flow (default = 0.0).

93 PAS NCELL2 Noncondensible gas pressure in TURD
secondary, (default = 0.0, required if IAIR =
1 and PAS not equal to 0.0).

94 ILEVIS NCELL2 (Same as ILEV).

95 ALPAS NCELL2 (Same as ALPA).

96 ALPBS NCELL2 (Same as ALPB).

97 DZLVlS NCELL2 (Same as DZLEV).

98 VLEVIS NCEIL2 (Game as VLEV).

O
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VALVE COMPONENT DATA

(m\] 3.4.12 VALVE Component (VALVE)

VALVE Header Card, VALVEID000

War _L Variable _ _Deseriotion -_LVAlln

Wl-! NUM Component !D number (must be unique for each component).

W2-A CT11LE User optional description of component. Up to 30
characters may be used. Enclose then in quotes.

VALVE Simple Parameters Card, VALVEID01X

Only the first five variables are required if N0 DES - 0; otherwise the
-first nine variables are needed.

MQEL Variable Description (VALVE)

Wl-1 - NCELLS Number of fluid cells in this VALVE.

W2-1 N0 DES Number of radial heat transfer nodes in VALVE wall. (0
implies no wall heat transfer.)

W3-1 JUN1 Junction number for junction adjacent to cell 1.

W4-1 JUN2 Junction number for junction adjacent to cell NCELLS.

W5-1 MAT Material 10 of pipe wall.
Zircaloy2 -

6 SS 304-

7 SS 316-

8 SS 347-

Carbon steel A5089 -

10 INCONEL 718-

11 Zr0,'-

21 99 - Input table.

W6 1 ICHF CHF calculation flag.
Neg No CHF allowed.-

use simplified boiling curve, mode 7.0 -

1 Zuber/Biasi CHF.-

' Biasi or Biasi Xc CHF at high flow, Zuber at low2 -

flow.
3 Biasi or CISE-GE Xc CHF at high flow, Zuber at-

low flow.

V
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VALVE CoMpoHENT DATA

Kord Vor11ble De nr.iotion (yALy[J

W7-1 1pVHT Component to component heat transfer indicator, if IPVHT
- the NUM of some other component that is not a BREAK or
a flLL, then the outer wall of at least one cell in this
component transfers heat to the fluid in at least one
cell of component NUM, as specified in input arrays KLVC
and KRVC. IPVH1 O means no component-to component heat
transfer.

W8 R RADIN Inner radius of VALVE wall.

W9-R TH VALVE wall thickness.

W10-R HOUIL Heat transfer coefficient between outer boundary of VALVE
wall and liquid.

Wil-R HOUTV Heat transfer coefficient between outer boundary of VALVE
wall and vapor.

W12-R TOUTL Liquid temperature outside VALVE.

W13-R 10VTV Vapor temperature outside VALVE.

(See P!PE component description for further comments on these heat transfer
parameters.)

VALVE Simple Parameter Card, VALVEID02X

All 11 variables are required.

ROL4 Variahl.e Rescription (VALVEl

Wl-1 IVTY VALVE type option.

-1 VALVE area controlled by control system. (Initial area is
specified by FA on VALVE array cards.)

1 VALVE normally open--trip closes it instantaneously.

2 VALVE normally closed--trip opens it instantaneously.

3 VALVE normally open--trip-initiated closing specified by
time dependent table.

4 VALVE normally closed--trip initiated opening specified
by time-dependent table.

5 Check valve controlled by static pressure gradient.
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VALVE COMPONENT DATA
i

'
Rara yariable Description .(VALVD

IVPG - 1, DP = P(l)-P(2)
2 DP = P(2)-P(l)=

DP + PVCl 1 0, valve opens
OP + PVC2 s 0, valve closes.

NOTE: PVCl and P/02 defined on W8 and W9.

6 Motor control valve. Opens and closes based on the pres- '

sure in cell ISENS. A minimum flow area ALEAK may.be
specified to simulate leakage. MODE indicates valve
operation (opening, closing, or stationary), and XPOS is
the relative position of the valve stem. BCSP, ECSP,
DOSP, and EOSP are pressure setpoints controlling valve
motion. IVPG controls the manner in which valve area is
related to stem position.

IVPG 1, Valve area is directly-

proportional to stem
position.

IVPG 2, Valve area is S-shaped-

function of stem .
'position. (Guillotine cut

of circular cross section.)
,

3. Valve area is user-IVPG -

specified function of stem
position. Function will
be specified by Table VLTB.

NOTE: ISENS, ALEAK, MODE, YPOS, BCSP, ECSP, BOSP, and
EOSP are defined on later VALVE cards.-

7 Multiple bank safety relief valve with ADS trip. Each
valve bank opens and closes independently based on its
own opening and closing pressure set points. ' Valve opens
and closes based on the pressure in cell (IVPS-IVPG-1).
Use IVPG-- 0 if valve is to be controlled by pressure
.immediately upstream of valve seat position. Activation
of valve trip results in immediate opening of valve area
to AVLVE (word 6 on this card) to simulate ADS operation.

Valve bank areas, pressure set points, and activation '

status must be specified in VALVE Table VLTB (VALVE array
cards).

When trip' number IVTR is activated, relief valve will
open completely. -Trip number IVIP must be defined even
if trip control of relief valve is not required.
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VALVE COMPONENT DATA

OIW rd yariable DeEcription ._.IVRyl)a
.

W2 1 IVTR VALVE trip ID. (Input value will be ignored for
IVTY - 5.6).

W3-I NVT) Number of VALVE table entry sets (used only if IVTY - 3,
4, 6 or 7).

W4 1 IVPG VALVE pressure gradient option (used only if IVTY - 5, 6, |
or7.) l

W5-1 IVPS VALVE orifice location (must be greater than 1 and less
than NCELLS 4 1).

W6-R AVLVE VALVE open area. !

I
W7-R HVLVE VALVE open hydrsulic diameter. ;

I

W8-R PVCl Check VALVE pressure set point for opening (use only if
IVTY 5).

W9-R PVC2 Check VALVE pressure set point for closing, greater than
or equal to PVCl.

W10-R ALEAK Minimum valve flow area for leakage (IVTY - 6).

W11-R DELSTP Valve area change smoothing time constant. Valve area
changes take place exponentially with time constant
DELSTP (default - 0.0).

VALVE Simple Parameter Card, VALVEID03X
(Input this card only if IV1Y - 6).

All 9 variables are required.

Rord yariable Description (VAlyfl

Wl-R BOSP Pressure above which valve begins to open.

W2-R EOSP Pressure below which valve stops opening.

W3-R BCSP Pressure below which valve begins to close.

W4-R ECSP Pressure above which valve stops closing.

NOTE: It is required that BCSP s ECSP s EOSP s B0SP.

W5-R R0 PEN Rate at which valve opens (fraction of total valve stem
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VALVE COMPONENT DATA

O
War.d .VariablQ Description (VALV11_

travel per second).- R0 PEN 1 0.

W6 R RCLOS Rate at which valve closes (fraction of total valve stem
travel per second). RCLOS 2 0.

-W7-1 MODE Defines attempted valve operation (0 - no movement,
41 opening movement. 1 closing movement).

,

W8 R. XPOS Fraction valve stem withdrawn (0.0 - c'osed; 1.0 full
open).

-

W9-1 ISENS Number of cell for which pressure is checked against
pressure set points in words 1 through 4.

VALVE Leak Path Data Cards, VALVEID04X

Input these cards only for the "from" component of a leak path.

1. Y1tia(110 DJJtelL110tl Descriotion (yflyll

0 Wl R NCLK "from" cell number of leak path.

W2 R TALK Leak path flow area.

W3+R CLOS Leak path loss coefficient.

W4-R VMLK Leak path initial mixture velocity (default - -

0.0).

W5 R' DELZLK Elevation difference between center of arrom"
cell and center of 'To" cell. A positive value
for DEL 7th means that the center of the "From"
cell is higher than the center of the "To" cell
(default 0.0).

1 Wl-1 NCMPTO -Com;.onent number of "To" component.

W2-1 NCLKTO Cell number of "To" cell.

W3-1 NLEVTO Axial level number of "To" cell. Used only when
"To" component is a VESSEL (default - 0).

O
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VALVE COMP 0fJEi4T DATA

VALVE Simple Parameter Card, VALVEID050

This card is needed if the outer walls of any component transfer heat to
the f'iuid of this component (i.e., if some IPVHT = the NUM of this component).
This card can also be used to get major edit printout of wall node
temperatures. The default value for both variables below is 0.

WgId., Variable Description LyALyfj_

Wl-1 IHIS Indicator for hnat transfer to the fluid of this
component from the outer wall of one or more other
components. (0 no, 1 - yes, 2 - yes with printout of

those outer wall heat transfer values).

W2-1 IWT Write flag for major edit of wall node temperatures. (1
- yes, 0 - no).

VALY imary Tube Array Cards, VALVEID41X-VALVEID68X

Input one card for each of the following variables, using LOAD format.

Of LarJ.AblL Dimension-- Descriplion LVALVII

41 DX NCELLI Cell lengths.

42 VOL NCELL1 Cell volumes.

43 FA NCELLl+1 Cell edge flow areas.

44 FKLOS NCELLl+1 Additive form los' coefficients for forward
mixturemass[ low rKLOS is defined by AP -
1/2 fKLOS p V (de' alt - 0.0) .

45 GRAV NCELLl+1 Gravity terms (see PlPE input).

46 HD NCELLl+1 Hydraulic diameters. (if absent or 0.0, HD
is calculated assuming FA is circular.)

|

| 47 EPSD NCELLl+1 Ratio, surface roughness to hydraulic
diameter (default - 0.0),

48 ICH0KE NCELLl+1 Choking calculation flag (integer) (0 - no
choking, 1- choking calculation) (default -
0).

49 ICCFL NCELLl+1 CCFL control flag Integer
(0 - no CCFL, 1, 2 - CCFL calculation, see

NUREG/CR-4356 3.4-94
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s - (B yarithh., Dimension. Descrintion (VALYH.-

PIPE input) (default - 0).

50 WETP NCELL1+1 Wetted perimeter (omit if ICCFL not equal 2).

51 ALP NCELLI Initial void fractions.

52 VL NCELLl+1 Initial liquid velocity.

53 VV NCELLl41 Initial vapor velocity.

54 TL NCELL1 Initial liquid temperatures. _

55 TV NCELLI initial vapor temperatures.

56 P NCELLI Initial pressures.

57 BORC NCELLI Boron concentration (ppm) (default = 0.0,
-

required-1BORC = 1 and 80RC not equal to-
0.0).

58 QPPP -NCELLI Volumetric heat sources in pipe wall
(primary). (Eliminate this card set if N0 DES
= 0.)

59 TW NODES * Initial wall temperatures for primary tube.
NCELL1 (Eliminate this card set if NODES - 0.)

60 KLVC NCELLI Axial level of associated VESSEL cell for 1 D
component-to VESSEL heat transfer. This card
is not needed unless IPVili the NUM of a .

VESSEL (integer).

61 KRVC NCELLI Cell number in component IPVHT - NUM to which <

heat is transferred, if NUM is a VESSEL,
then KRVC(l) is the relative cell number on
axial level KLVC(l). This card is not needed
if IPVHT = 0 (integer).

62 RKLOS NCELL1+1 Additive form loss coefficients for reverse
mixture mass flow. See FKLOS for definition
(default = 0.0).

63 PA NCELL1 -Noncondensible gas pressure in VALVE primary
-(default - 0.0, required if IAIR - 1 and PA
not equal to 0.0),

64- llEV1 NCELLS Two-phase level flag for cell (-1 implies nop
level tracking in cell; O implies two-phase
level not present in cell; +1 implies

'
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M Varidle_ DjntDilon_ Descriollon (VALVE)

two-phase level 3 resent in cell; input only
if LEV 1 1, default - -1).

65 ALPA NCELLS Void fraction above two phase level (input
only if LEV 1 - 1, default 1 0).

66 ALPD NCELLS Void fraction below two-phase level (input
only if LEV 1 - 1, def ault - 0).

67 DZLVI NCELLS Height of two-phase level above bottom of
cell (input only if LEV 1 - 1, default - 0). -

68 VLEV1 NCELLS Propagation velocity of two-phase level
(input only if LEV 1 - 1, default - 0).

71 VLTB NVTX VALVE table data. Interpretation of table
entries depen # on value of IVTY and IVPG.
NVTX pairs are .equired.

: ._Ontion . Table Entries

IVTY - 3,4 Time, valve area fraction pairs.
TY - 6 and Fractional valve stem position, valve area fraction
also IVPG - 3 pairs. (Both values must be betwee- 0.0 and 1.0,

inclusive.)
IVTY = 7 Input one set of the following five values for each

valve bank:
1. Valve bank fractional area relative to AVLVE
2. Valve bank opening pressure.
3. Valve bank closing pressure.
4. Valve bank activation flag.
5. Valve bank fractional hydraulic diameter relative

'

to HVLVE.
The activation flag should normally be input as
0.0 unless the valve is to be initialized in an
open state which case the activation flag should
be 1.0. The valve bank fractional areas need not
sum to 1.0.

O
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VESSEL COMPONENT DATA
~ r

'

3.4.13 VESSEL Component (VESSEL)
.

VESSEL Header Card, VESSEllD00000

Rqrd YE.Lible Description (VESSEL 1

W1-A NtJM Component ID number.

W2 A CTITLE User optional description of component. Up to
30 characters may be used. Enclose them in quotes.

VESSEL Simple Parameter Card, VESSELID0001X

,

The first 17 variables are required.

Ep.td yariable Orscription (VE SSE L.).

Wl-1 NASX Number of axial (z) segments (levels).

W2-1 NRSX Number of radial (r) segments (rings).

W3-1 NTSX Number of azimuthal (0) segments (sectors).
O Slab geometry is assumed. The input variable

"Til" is used for the slab thickness. Wall
friction is calculated on theta cell faces
and the R = 0 face.

>1- Cylindrical geometry with NTSX cells per
ring.

W4-1 NCSR Number of cell sources (connections to 1-D components).
NCSR must be greater than zero.

W5-i . IDCU Downcomer upper level number. It ends at top of this ,

level.

W6-1 IDCL Downcomer lower level number. It begins at top of this
level. IDCL is used in the level trip-logic.

W7-1 IDCR Downcomer ring number, it begins on outer face of this
ring.

WS-I ICRU Core upper level number. It ends at top of this level.
Must be greater than zero if model contains CHAN

. components.

; -W9-1 ICRL Core lower level number. It begins at top of this
%d
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VESSEL COMPONENT DATA
|

9'W Yariable Descripljon (VESSEL) |.Std

level. Must be greater than zero if model contains CHAN
components.

W10-1 ICRR Core ring number. It ends on outer fece of this ring.
Must be greater than zero if model contains CHAN
component. i

l

W11-R ROUS Density of lumped parameter heat slab material.

W12-R CPHS Specific heat of lumped parameter heat slab material. l

Wl3 R CHS Conductivity of lumped parameter heat .lat, material

W14-R EMHS Emissivity of lumped parameter heat slab wall.

W15 1 ISDU Perfect separator-dryer upner level number. it ends at top
'

of this level (may be 0.0).

W16-1 ISDL Perfect separator dryer lower level number. It begins at
bottom of this level (may be 0.0).

W17-1 ISDR Perfect separator dryer ring number. It ends at outer face
of this ring (may be 0.0).

W18-R CZSDL Axial liquid friction factor in perfect separator-dryer.
(Defaults to 1.UE26 if 0.0 or blank is input.)

W19-R CRSDV Radial vapor friction factor in perfect separator-dryer.
(Defaults to 1,0E26 if 0.0 or blank is input.)

The following five values for bidirectional conduction are used for all
double-sided slabs. DHOUTL, DHOUTLV, DTOUTL, and DIOUTV are used only for
double slabs lying on the outside surface of the vessel.

!LQrd yariable Description (VESSEL)

W20-R N00ESD Number of conduction heat transfer nodes in double slabs.

W21-R DHOUTL Heat transfer coefficient to liquid on vessel outside
surface.

W22-R DH0VTV Heat transfer coefficient to vapor on vessel outside
surface.

W23-R D10VIL Liquid temperature outsioe vessel.

W24-R DTOUTY Vapor temperature outside vessel.

NUREG/CR-4356 3.4-98
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VESSEL COMPONENT DATA

O' ,

Ettd Variable Descriotion (VESSEL)

W25-1 LEYOPT lwo phase lev- tracking option indicator. (0 no
level tracking 1 - level tracking performed).
(Default - 0). If LEV 0PT = 1, card 70 is required and
cards 71-74 are optional.

.

VESSEL Simple Parameter Card, VESSELID00050
,

This card is optional.

Word lerj_gble Descriotion -(VESSEL)

Wl-1 IHTS Write flag for major edit of heat transfer values of
any 1 D component walls transferring heat to VESSEL.
(0 or 1 no, 2 - yes).

VESSEL Geometry Cards, VESSEllD0011X-VESSELID0013X

O One-set for each of the following variables, using LOAD format.
b

[3 Variablg_ Dimension _Dancription (VESSEL)

11 z NASX Upper elevations of axial levels. (Referenced
to zero elevation at bottom of vessel.)

12 RAD NRSX Outer radii of rings if NTSX >0, or right-
hand side face position of cells face segments
(referenced to left-hand side face of first
cell if NTSX - 0).

13 Til NTSX or 1 Theta angles at azimuthal segment ends (radians)
if NTSX >0, or width of slab if NTSX - 0.

VESSEL Source Cards, VESSELID0014X

'

6*NCSR variables are required.

'Eqtd Variable. Description tVESSEL)

Wl-1 ISRL- Axial-level number associated with source 1.
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VESSEL COMPONENT DATA

Wr.d yar_Lahlg Descrintinn iVESSEjl

W2-1 ISRC Relative cell nu.nber associated with source 1.

W3-1 ISRF face number associated with source 1. (1 azimuthal
direction, 2 - axial direction, and 3 - radial

direction (see note below if LEV 0PT 1). Both
positive and negative values of ISRF are allowed. ISRF
for CHAN: JUNI must be +2, for JUN2, ISRF must be -2.

W4-1 JVHS Junction number associated with source 1.

W5 R ZJN Axial position of source junction expressed as fraction -

of cell height. Must be input but only used when level
tracking option is selected (see note below).

W6-1 ISRL Axial level number associated with source 2.

W7-1 etc.

NOTE: The mass and energy flux terms for flow from a vessel cell to an
attached 1-D source is computed according to the donor void
fraction, ALPV, for the vessel-source connection. ALPV is
detern.ined from the vessel cell geometry, level position, and
user-input values of ISRF, ZJN, and HD for the source as follows:

Case 1. (ILEV(j) + 1):
4

ALPV - ALP (J)

Case 2. (ILEV(j) - 1):
_

2a. (ZdN>0.0or|lSRF|+2):
ALPV - ALPM(j), when DZL > DZSP

ALPP(j), when DZL < DZSM
(Interpolated valve between ALPM(J) and ALPP(j),
when DZSM s DZL s DZSP)

2b. (ZJN50.0and|lSRF|-2):
ALPY - ALPM, if ISRF < 0

ALPP, if ISRF > 0,

where

DZL (height of two phase level above bottom of vessel-

cell
MAX 0.0,(DZ(j)-|ZJN - RDP)DZSM -.

MIN DZ(j ), (DZ(j ) ZJN| 4 RDP)DZSP -

RDP HD/?-

'
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VESSEL COMPONENT DATA
'

Word Variable Description (V:SSEL) ;

DZ(j) Axial height of cell J .|
=

ALPM(j) Eelow level void fractior. in cell j=

ALPP(j Above level void fraction in cell j=

ALP (j) Cell average void fraction in cell j=

ILEV(j) Two phase level flag in cell J.=
;

,

VESSEL Level Cards. VESSEllDLV17X-VESSEllDLV28X and
VESSELIDLV42X-VESSEllDLV74X

Input one set for each of the following variables for each level using-
LOAD format.

NOTE: The following parameters (dimensioned NTSX*NRSX or NRSX if NTSX =
- 0) are read in for each (r,= 0) mesh position at each axial level. . In

this case; they extend over the entire vessel cross section. Since a
separate data set is. read for each level, these parameters are
supplied for_every mesh cell in the VESSEL.

;

[f] yariable ; Dimensi4IL Description (VESSIL1

17- - HSA NTSX*NRSX Lumped parameter heat slab area.

18 HSM NTSX*NRSX - Mass of lumped parameter heat slab. Must be ;
input but not used for. cells in which HSA - 0.

.

19 DSA NTSX*NRSX Double slab inside surface area. (One slab per
vessel cell is' allowed). ,

- NOTE: The following two cards must be input but will not be used for cells
' in which DSA = 0, .

20- DSTH NTSX*NRSX Double slab thickness.-

21 MATDS NTSX*NRSX Double slab material type.

22 - DST _N0DESU Double slab nodal tempersture.
*NTSX (omit if NODESD = 0).
*NRbX

' 23 FKLOS-T NTSX*NRSX Additive form loss coefficients for forward
mixture mass flow -(0 direction) (default -- 0.0).

24 ikl0S-Z NTSX*NPSX Additive form loss coefficients for forwSrd
mixture mass flow (Z. direction) (default = 0.0).

25- FKLOS R NTSX*NPSX Additive form loss coefficients for forward-
mixture mass flow (R direction) (default = 0.0).

3.4-101 HUREG/C2-4356
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VESSEL COMPONENT DATA

G Variable Dimendon_ Descrinlion (VESSEL)

26 RKLOS-T N1SX*NRSX Additive form loss coefficients for reverse
mixture mass flow (0 direction) (def ault - 0.0).

27 RKLOS Z NTSX*NPSX Additive form loss coefficients for reverse
mixture mass flow (Z direction) (default 0.0).

28 RKLOS R NTSX*NPSX Additive form loss coefficients for reverse
mixture mass flow (R direction) (deftuit - 0.0).

42 VOL NTSX*llRSX Cell fluid volume fractions.

43 FA-T NTSX*NRSX Average cell fluid edge area fractions in 0
direction.

44 FA-Z NTSX*NRSX Average cell fluid edge area fractions in Z
direction.

45 FA-R NTSX*NRSX Average cell fluid edge area fractions in R
direction.

46 HD-T NTSX*NRSX Hydraulic diameters in 0 direction. (if 0.0,

ilD T is calculated.)

47 HD-Z NTSX*NRSX Hydraulic diameters in Z direction. (If 0.0,

HD-Z is calculated.)

48 IID-R NTSX*NRSX Hydraulic diameters in R direction. (If 0.0,

HD-R is calculated.)

49 EPSD-T NTSX*NRSX Ratio of surface roughness to hydraulic diameter
in A direction (default - 0.0).

50 EPSD-Z NTSX*NRSX Ratio of surface roughness to hydraulic diameter
in Z direction (default - 0.0).

51 EPSD-R NTSX*NRSX Ratio of surface roughness to hydraulic diameter
in R direction (default - 0.0).

52 HS1N NTSX*NRSX Heat slab temperatures (not used but must be
input if HSA = 0).

53 ALPN NTSX*NRSX Vapor fraction.

54 VVN-T NTSX*NRSX Vapor velocity in 0 direction.

55 VVN-Z NTSX*NRSX Vapor velocity in Z direction.

SS VVN-R NTSX*NRSX Vapor velocity in R direction.
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VESSEL COMPONENT DATA

I
G Variable Dimension.. Description (VESSEL)

57 VLN T NTSX*NRSX Liquid velocity in 0 direction.

58 VI.N Z N1SX*NRSX Liquid velocity in Z direction.

59 VLN R NTSX*NRSX Liquid velocity in R direction.

60 TVN NTSX*NRSX Vapor temperature.

61 TLN NTSX*HRSX Liquid temperature.

62 PH NT54*NRSX Pressure.

63 BORC HTSX*NRSX Boron concentration (ppm) (default = 0.0,
required IBORC = 1 and BORC not equal to 0.0).

64 1CCFL NTSX*NRSX .CCFL control flag
0 - Turn off CCFL model
1 - CCFL upper tdp plate constants
2 CCFL side entry orifice constants

(default = 0).

65' WETP NTSX*NRSX Wetted perimeter (needed only if any entry inO ICCFL equals 2).

66 PA NCRX .Noncondensible gas pressure in VESSEL
(default = 0.0, required, if IAIR = 1 and pA
not equal to 0,0).

NOTL: Omit the next five variables if LEV 0PT = 0.

70 ILEV NTSX*NRSX Cell two-phase level indicator.
0 = no level in cell
1 = level exists in cell
-1 = bypass level-calculations for this cell.

71 DZLEV NT5X*NRSX Two-phase level aosition expressed as distance
from bottom of tic cell (default - 0).-

-72 VLEV NTSX*NRSX Two phase level velocity (default = 0.0).

73 ALPP NTSX*NRSX Void fraction above two-phase level
(default = 1,0).

174 ALPM NTSX*NRSX. Void fraction bela two-phase'leve'
(default = 0.0). -

L
-

U
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REACTOR POWER DATA

/ |
t
\ - 3.5 REACTOR PowcR DATA

,

1his set of input data controls the power input to simulated fuel rods. !
No reactor aower data are required when there is no reactor core (i.e., NAXN =
0). When t1e constant power option is des! red, only the initial reactor power i

RPOWR1 needs to be input. For the power options (IRPOP) 2, 3, 4, 5, 6, or 7,
a power or reactivity table must be input if the first card is input. No
decay heat option may be changed. Omit all power cards for an EXTRACT run.
For a restart calculation, power cards are optional, but if POWER 000lX is
input and NPWX is not zero, the PTAB cards must be input.

3.5.1 General Power Data Card, POWER 0001X

This card is required if NAXN >0, except for a restart run.

Rord yM_iable Description (EQWJal_

Wi-R RPOWRI Initial reactor power (W).

r RPOWRI 2 0.0.
1

On restart, if IRPOP - 1, the new value of RPOWR1 will be
used for the constant power, even if 0.0; if IRPOP + 1,
then RP0WRI is not used, and must be input as 0.0.

W2-1 IRPOP Reactor power option.

On restart, IRP0P must - original value.

1 - Constant power, This set to RPOWRI.
'

2 - Table lookup of power .

3 Trip-initiated table lookup of power.

4 = Point reactor kinetics with table lookup of
reactivity.

5 = Point reactor kinetics with trip-initiated table
lookup of reactivity.

6 - Same as 4, but with reactivity feedback

7 Same as 5, but with trip-initiated raactivity
feedback and trip-initiated scram ,.,.ctivity
insertion.e

i-
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REACTOR Powcn DATA

Wrd yariable Description (POWER)

8 - 1-D kinetics model.

W3 1 NDG Number of delayed neutron groups (default - 6).

For IRPOP - 1 - 3, NDG - 0.
For IRPOP - 4 - 8, NDG 2 1 and s 6.

On restart, NDG must equal original value.

W4-1 NPWX Numoer of data pairs for power / reactivity table
(default - 0).
For IRP0P - 1 or 8, NPWX - 0.
For IRP0P - 2 through 6, NPWX > 0.
For IRP0P = 7, NPWX > 0 if ICRTR > 0, and NPWX 2 0 if
ICRTR - 0.

On restart, NPWX - O means to keep the original value and
the original table; NPWX > 0 means use the new value
and read a new table with NPWX points.

W5-1 1RPTR Reactivity power / kinetics trip ID (default - 0). For
RPOP - 3, 5, or 7. IRPTR > 0; otherwise, 1RPTR = 0. '

On restart, IRPTR = 0 means keep the original value;
IRPTR > 0 means use the new value and print a warning
message if it is not the same as the original value.

W6-1 ICRTR Scram reactivity table trip ID . default - 0). For
IRP0P = 7, ICRTR > 0, or 0 (use 0 if no scram
reactivity trip); otherwise, ICRTR - 0.

On restart, ICRTR - O means keep the original value;
ICRTR > 0 means use the new value and print a warning
message if it is not the same as the original value.

3.5.2 Power vs. Time Table Cards, POWER 0CNXX

NOTE: Only one zero befor wr6y name PTAB.

_ C. N Variable Dimension Description (POWERJ

31 PTAB 2*NPWX Table of power (W) vs time. NPWX pairs o'
(time, pov er) . This input may be used fer
IRPOP - 2 or 3.

NUREG/CR-4356 3.5-2
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REACTOR POWER DATA
,x

d
' ~ h0TE: None of the remaining power input is allowed on a restart run, except

for POWPTKINORT-ABXX, the~ point kinetics table of reactivity vs. time.

3.5.3 Axial Power Distribution Cards, POWER 00CNX

M Variable Dimension _ _
Descrintion (POWEM

11 2POWR .NAXN Relative axial power density at each level in
the core. This is the linear power density
(W/m) at each core level divided by the average
linear power density (W/m) for all NAXN core
level s . (The DX at a given core level is the
same for all CHANS.)

The input values of this array are multiplied
by [ sum of DX(J)/ sum of ZPOWR(J)*DX(J)I,_J = 1,
NAXN, and replaced by these new values.

For 1-D kinetics (IRPOP - 8), this input array
is used for initialization only. After that,
the array is calculated each time step.f-

J
3.5.4 Direct Moderator Heating Card, POWER 00020

These variables are used for all values of IRPOP. (This is a
- change--formerly_ used only if IRPOP - 6 or 7.)

Word Variable Description (P0WERl

Wl-R DMHFIS Fraction of prompt (fission) power for direct moderator
heating (default -0.0).

W2-R DMHDH Fraction of decay heat power for direct moderator heating
(default = 0.0).

3.5.5 Reacti.ity Weighting Option Card POWER 00030

-This card may be present only if IRPOP is 6, 7, or 8, or IRPOP is 1 and
STDYST is 1.

f*%
_

Description (POWER)Wqr.d Variabled

Wl' I ITFW Flag for fuel temperature reactivity weighting within

3.5-3 HUREG/CR-4356
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Wqcd lariable DeJIriotion (POWER)
_

bundle (default - 0).

0 - Volume weighting.
1 --Power-squared weighting.

W2-1 ITMW Flag for CHAN to CHAN reactivity + sighting (de - 0).

-1 Input weighting (CHAN array RCTWF)-
0 - Volume weighting.
1 - Power-squared weighting.

W3-R WTBYP The weight of bypass water reactivity relative to channel
water (default - 0.0).

3.5.6 Decay Heat Model Cards, POWDECAYOOCNX and POWDECAYOCNXX'

These cards are input for the decay heat model. They may be used with
either point kinetics or 1-D kinetics (IRPOP = 4 through 8).

Decay Heat Simple Parameter Card, POWDECAY000lX*

Word Variablg Description (POWDECAY)

Wl-1 IPOWH Number of reactor operation periods described in fission
power history table on cards POWDECAYO31XX. (Default = 0,'

4 which assumes one year of operation at RPOWRI.) -

W2-1 NFI Number of fissile isotopes in decay heat model on card
POWDECAY0012X (default - 3).

1 - U-235 decay heat products.
2 - U-235 + Pu-239 decay heat products.
3 - U-235 + Pu-239 + U-238 decay heat products. ,

g W3-1 INEUTC Flag for including effect of neutron capture by fission
products (default - 1).

1- Include
0- Do not include.

W4-1 IHEDH Flag for including effect of _ heavy element (U-239,
Np-239) decay heat (default - 1).

1- Include.
0- Do not include.

NUREG/CR-4356 3.5-4 {
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Decay Heat Simple-Parameter Card, POWDECAY0002X

Word . Vari able Descriotion (POWDECAY)

Wl-R DHMUL Arbitrary constant multiplier for decay heat
(default - 1.0.)

W2-R- RPRO Atoms of U-239 produced per fission (default - 1.0.)

W3-R FISSAT _ Number of fissile atonis in core (see PSIDH below).
-

(Suggested "<''e - RPOWRI * 9.849E+23.)

W4-R PSIDH Burnup ratio of core, fissions per fissile atom. If
input value is not 0, input of FISSAT is not used. It

input value is 0, PSIDH is internally computed f rom
FISSAT (default - 3.0).

Decay Heat Fission Power Fraction Card, POWDECAY00C14X

-M- Variable- Dimension _ Oescription (POWDECAY)

:(] 12 PFRAC NFI Fraction of fission power at time - 0.0, due to
V thermal fission of:

NFI = 1

U-235 [PFRAC(l), default - 1.0]
~

Pu-239 [PFRAC(2), default = 0.0]
U-238 [PFRAC(3), default - 0.0)

NFI = 3

U-235 [PFRAC(1), default = 0.71]
Pu-239 [PFRAC(2), default = 0.21]
U-238 [PFRAC(3), default = 0.08).

Decay Heat Fission Card, POWDECAY00CNX

M Variable _ Dimension Description (POWDECAY)

13 QVAL-
' MeV per fission

U-235 [QVAL(1), default .= 200.0]
Pu-39 [QVAL(2), default - 200.0]
U-238 [QVAL(3), default = 200.0].

. f~)) -p

3.5-5 NUREG/CR-4356

_ _ _ _ - ____-_- __ _ _ - _ _ _ _ _ _ . - _ _ _ _



____-_____-_ _ __ - - - _ -

REACTOR POWER DATA

Decay Heat Power History Table Cards, POWDECAYOCNXX

NOTE: Only one zero before card number.

Q{ Variable Dimension Description (POWDECAY)

31 PHIST IPOWH* Power history table. There are IPOWH sets of
(NFl+1) values, or one for each reactor operation

period. Each set has (NFl+1) values of the
~

form:

DELR1 Duration of period (S).
RMW(1) Fission power (W) of U-235.
If NFI > 1,

RMW(2) Fission power (W) of PU-39.
If NFl > 2,

RMW(3) Fission power (W) of U-238.

3.5.7 Point Kinetics Model Cards, POWPTKIN00CNX and POWPTKINOCNXX

These cards may be input for the point kinetics model. (IRP0P = 4, 5,
6, or 7.)

Point Kinetics Neutron Generation Time Card, POWPTKIN00010
,

Wond Variab1_q Description (POWPTKIN)

Wl-R- 1NEUT Neutron generation time (s) (default = 4.754E-5).

Point Kinetics Delayed Neutron Fractions Cards, POWPTKIN00CNX

Q{ Variable Dimension Description (POWPTKIN)

15 BETA NDG Delayed neutron fractions.
(Defaults - 2.74E-4, 1.38E-3, 1.22E-3, 2.64E-3,
8.32E-4, 1.69E-4).

Point Kinetics Reactivity vs. Time Table Cards, POWPTKINOCNXX

NOTE: Only one zero before ca.d number.

NUREG/CR-4356 3.5-6
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E Variable Dimension Description (POWPTKIN)

31 RTAB- 2*NPWX Table of reactivity (AK/K) vs. time. NPWX
pairs of (time, reactivity).

If IRP0P = 4 or 5, total reactivity.
if IRPOP - 6 or 7, rod insertion reactivity,
starting with AK/K - 0.0.

Point Kinetics Reactivity Feedback Coefficients Caros,
POWPTKIN0021X-POWPTKIN0024X

These cards may be present only if IRPOP - 6 or 7.

G ' Vari abl e Dimension Descriotion
_ (POWPTKIN)

21 -CTF- 3 Coefficients for calculating the void dependent
Doppler coefficient (defaults - -8.44 E-4,
-3.95 E-4, (0.0).

NOTE: Doppler coefficient - ClF(l) + CTF(2)*ALPH + CTF(3)*ALPH**2, where
(] ALPH is the void fraction.

22 CTM 3 Coefficients for calculating the temperature-
dependent moderator temperature reactivity
coefficient (defaults - -1.15802E-4,
4.63039E-7,-9.6878E-10).

NOTE: Moderator temperature coefficient - CTM(1) + CTM(2)* temp +
CTM(3)* temp **2, where temp is the water temperature.

23 CVOID 3 Coefficients for calculating the void-dependent
void reactivity coefficient
(defaults - -0.0478, -0.2748, 0.1911).

NOTE: Void coefficient - CV01D(1) + CV010(2)*ALPH + CV01D(3)*ALPH**2,
where ALPH_is the void fraction.

24 CBOR 3 Coefficients for. calculating the water density
dependent boron reactivity coefficient
(defaults - 3.6E-5, -2.23E-7, 0.0) .

NOTE: Boron _ coefficient - CBOR(1) + CBOR(2)* DENS + CBOR(3)* DENS **2, where
DENS is the water density.

u
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3.5.8 One-Dimensional Neutron Kinetics Cards, POWONKIN00CNX and POWONKINOCNSS

These cards are new input for the 1-D reactor kinetics model, used if
and only if IRPOP - 8. All cards are required unless otherwise indicated.

1-0 Kinetics Simple Parameter Card, POWONKIN00010

- Lord Variable Descriolion (POWONKIN)

Wl-1 NCORE Number of levels in neutronic core region. NCORE 2 NAXN.

W2-1 NXSS Number of cross-section sets.

W3-1 JTSC Time step control flag.

0 - No time step control--advance over DT in 1 step.
1 - Automatic time _ step control--use K infinity data

to initialize subintervals.
2 - Automatic time step control--use kinetics equation

to initialize subintervals.

W4-1 IPRT Kinetics print control flag. (see all rel, subs)

0 - No printing from 1-D kinetics routines
1 - Print cross sections, fluxes, and powers on major

edit.

2 - Print cross sections, fluxes, and powers with
lengthy edit of coefficient matrices at each
kinetics time subinterval.

CAUTION: Option 2 produces an enormous amount of printout
and is intended only for debug use.

WS-1 NCRGP Number of control rod groups.

W6-1 IRL Flag for left boundary condition (default - 1).

0 = Zero flux.
1 - General matrix albedo.

W7-1 IBR Flag for right boundary condition (default - 1).

0 - Zero flux.
Ia General matrix albedo.

W8-I JCOP Integration option (default - 1).

0 - TilETA method.

NUREG/CR-4356 3.5-8
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Ep-
\Y -Word Variable Description (POWONKIN)

1 - Exponential method.

W9-1 IMODE Steady-state mode selection flag (default - 0).

0 00 eigenvalue calculation only.
1 - Adjust thermal bucklings in the RS02

arrays such that the target relative power
distribution (input array PTAPG) and the target
global eigenvalue (TEGV) will be produced. Then
calculate eigenvalue.

_

l-D Kinutics Simple Parameter Card, POWONKIN00020

Word 4 is required when IMODE - 1; all other values are optional.

Word Variable Description (POWONKit(1

-Wl-R. THETA Time differencing parameter, 0.5 (Crank-Nicholson) to 1.0
(fully implicit). Note that oscillatory solutions may

/G result if THETA <l.0. Also, if JTSC >0, THETA is
- \j _ automatically set to 1.0 (default - 1.)

W2-R FMAX Approximate maximum fractional nodal flux change allowed
per time subinterval when running under automatic time
step control (ITSC >0) (default - 0.1). (0.0 SFMAX 11.0.)

W3-R EPS. The -convergence . criterion .used in all st'eady-state -

calculations (both for the source iterations and for the
buckling adjustment, if requested) (default - 1.0E-8).

W4-R TEGV Target eigenvalue used when IMODE = 1. (0.0 STEGV $2.0)

W5-1 NEXT An integer flag to indicate the type of steady state
source converger e acceleration desired.

1 - No acceleration (debugging only)

2 = Two-point linear-extrapolation using the factor
THTSS (specialized applications only)

3 --Three-point Chebyshev semi-iterative polynomial
extrapolation (previous versions always used this
option)

4 - Wielandt eigenvalue shift acceleration (recommended
.g option except as noted under FW below) (default - 4).

3.5-9 NUREG/CR-4356
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REACTOR POWER DATA

Word Variable Descriptjon ( POWONKIN_1

W6 R THTSS Linear extrapolation factor used if NEXT - 2 (recommended
value - 0.5 to start with, then optimize for the
particular application) (default - 0.5).

W7-R FW The eigenvalue shift factor used with Wielandt
acceleration. P.acommended value is FW = 0.01, but this
may have to be increased for some problems if the
solution appears to be converging to one of the higher
harmonics rather than the fundamental. The user can also
switch to Chebyshev (NEXT - 3) extrapolation in such
cases. All problems tested so far have correctly
converged using FW = 0.01 (default - 0.01).

1-D Kinetics Neutron Velocity Card, POWONKIN00030

NOTE: Many of the parameters below use cm units rather than m.

Hgrd Variable Description (POWONKIN)

Wl-R VN1 Neutron velocity for Group 1 (cm/s).

W2-R VN2 Neutron velocity for Group 2 (cm/s).

1-D Kinetics Control Rod Cards POWONKIN0005X-POWONKIN0008X

G Variable Djmension Descrintion (POWONKIN)

05 NCRDG TICRGP Number of control rods in each control rod
group.

06 VCR00 NCRGP Velocity of control rod in control rod group
(cm/s).

07 RCRDI NCRGP Initial g.oup relative control rod insertion
(0.0 - bottom of core,1.0 - top of core).

08 NCRTP NCRGP Trip number for each control rod group.

1-D Kinetics Array Cards POWONKIN0013X-POWONKIN0018X

G- Variaole Dimension Description (POWONKIN)

13 ALBT 4 Top albedo matrix. Optional (default - 0.0's).

NUREG/CR-4356 3.5-10
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U Oti yariable - Dimension Descriotion NOWONKIN)

' 14 - ALBB 4 Bottom albedo matrix. Optional (default -
0.0's)

15 _ BETA NDG Delayed neutron fractions (defaults - 2.74E-4,
1.38E-3,1.22E-3,2.64E-3,8.32E-4,1.69E-4).

16 PTARG NCORE Target N0DA'. relative power distribution used
when IMODE = 1. 0.0 $PTARG 110-0.

17 IXSS NCORE Cross-section set index.

18 IAXN NCORE Index to hydraulic level within the CHAN core
region. 0.<IAXN(t) $NAXN. IAXN(I+1)
21AXN(1).

1-D Kinetics Cross Section Cards

NXSS sets of these cards are required. XS indicates the cross-section
set.

10-
Q 1-0 Kinetics Cross-Section Simple Parameters Card, POWONKINXS01X

Word Variable Description
( POWONKIN).

WI-R- NUl Number of neutrons per fission for Group 1.

W2-R NU2 Number of neutrons per fission for Group 2.

W3-R_ TMODRF Reference temperature for moderator dependence.

W4-R; TFULRF Reference temperature for fuel dependence.

W5-I ITUNTS Temperature units flag (1 - Kelvin, 2 - Celsius,
3 - Rankine, 4 - Fahrenheit).

1-D Kinetics Cross Section Coefficients Cards,
POWONKINXS21X-P0WONKINXS29X

Coefficient in neutron cross-section polynomial function, nine
coefficients per neutron cross-section.

N
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Off Variable _ Dimension _ Description (POWONKl[Q

21 DifCl 9 Coefficients for Group 1 diffusion coefficient.

22 DIFC2 9 Coefficients for Group 2 diffusion coefficient.

23 SIGAl 9 Coefficients for Group 1 rnacroscopic absorption
cross section.

24 SIGA2 9 Coefficients for Group 2 macroscopic absorption
cross section.

25 SIGR1 9 Coefficients for Group 1 macroscopic downscatter
cross section. (NOTE: The total removal cross
section for Group 1 is the sum of SIGAl and
SIGRI.)

26 NSGF1 9 Coefficients for Group 1 macroscopic NU* fission
cross section.

27 NSGF2 9 Coefficients for Group 2 macroscopic NV* fission
cross section.

28 BSQ1 9 Coefficients for Group I transverse buckling
squared data, Optional (default = 0.0's).

29 BSQ2 9 Coefficients for Group 2 transverse buckling
squared data. Optional (default = 0.0's)
Cannot be present if liiO['E - 1.

O
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m

.. CONTROL SYSTEM DATA*

fx
'

3.6 CONTROL SYSTEM DATA

_ 'This set of input data specifies the control system. (Omit if ICTR - 0)..

All control system data, except for Restart Change Cards (CNTRL90XXX), should
he omitted for restart runs. Control cards cannot be added on restart to
decks-_that did not original _ly have a control system.

3.6.1_ Control System Simple Parameters Card, CNTRLO1000

If the last n variables on this card are 0, only the first 4-n var _iables
need to he entered. if all variables are 0, the card may be eliminated. The
NTRCR control blocks with the lowest control block numbers are treated as
transient control blocks; all other control blocks are assumed to be steady-
state blocks.

Hgr_d Variable Description (CNTRL)<

Wl-I- NUIOD Number of user-supplied I/O sets

'W2-I NTRCB~ Number of transient control- blocks in problem

D- W3-1 NFT Number of control function tables

:W4-I NUSSCB- - Number of user-supplied steady-state control blocks.>

'3.6.2 Control System-I/O Data Cards, CNTRL10XXX

One card is required for each I/O Description-Set._ XXX is the I/O
Dcscription Set Number. _It must be unique but need not be sequential.

Word _ Variable Descript.Jon (CNTRL)_

-Wl-A- .IOVAR- I/O variable type (see _ Table 3.6-1).

W2-I IOCMP; I/O variable component number.

W3-1 10 LEV- I/O variable level number (used in VESSEL only).

W4-I~ -IOCEL I/O variable cell number.

|yt'

o
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.

3.6.3 Control Block Data Cards, CNTRL20XXX
.

One card is requit ed for each control block. XXX is the Control Block
Number and need not be consecutive. Control blocks will be executed in
order of their logical relations regardless of the numbering sequence. The
logical relaticns will be established automatically in TRAC-BF1.

Word Variable Description (CNTRL)

Wl-A ICBTYP Control block Type (see Table 3.6-2).

W2-1 NCBil Control block first input identifier (default - 0).

W3-1 NCB12 Control block second input identifier (default - 0).

W4-1 NCB13 Control block third input identifier (default - 0).

NOTE: For the above three control block input identifiers, if:

NCBIN - 0, the control block does not require an nth input.
NCBIN > 0, the nth input comes from the output of control block number NCBIN.
NCBIN < 0, the nth input comes from the TRAC component variable defined on the

I/O description set number - NCBIN.

W5-1 NCBOUT Control block output identifier (default - 0).

If NCBOUT = 0, the control block is not used to adjust
TRAC component data.

If NCBOUT < 0, the control block is used to adjust the
TRAC component variable defined on I/O
description set number - NCBOUT.

W6-A CBNAM Control block Name. Use up to 10 alphanumeric
characters enclosed in quotes (default - blanks).

3.6.4 Control Block Data Cards, CNTRl21XXX

One card is supplied for each control block. XXX is the control block
number. If a card is blank, all default values will be used.

Word Variable Description (CNTRL)

WI-R CBIV Control block initial value (default - 0.0),

W2-R CON 1 Control block first constant (default = 0.0).
O
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Table 3.6-2. Description of control block operations.

Blos;k Block Block Eloca Block Block Gain Upper tower Initial Control Block Control Bloca Mathematical Operation'
Type Type Input I leput 2 Input 3 Coast 1 Coast 2 F attor Limit t im it . Value Name

i AB5V Il N/A N/A N/A N/A G XMAI 1 MIN XIV Absolute value KOUT * G*AB5(rfs

2 ACOS 11 N/A N/A N/A N/A G INA1 IN!N IIV Arcostne 200T = G*ACUSf 21). Jouf in- pasians

3 ADO 11 X2 N/A N/A N/A G XMP.I IMIN n!V Add ROUT * 6*(fl+X2)

4 AINTf El N/A N/A ft/A N/A G KMAI KNIN XIV !stegral valtre AL4!7 * .' FLOAT [lFIt(11)]

5 ANM tl L2 N/A N/A N/A N/A N/A N/A LIV topical And 100T = 1.0 if[(Lt.f Q.l.9),ag3.
It2.EO.1.Di]

= 0.0 Other.1se .

f
| 6 ASIN 11 N/A N/A N/A N/A G xxAs ANIN riv Artostne EDUT = G*ASIW(XI), tour in Passens

| ATAN #1 N/A N/A N/A N/A G KMAX 1N!N I!V Arctangent 200T = G*ATAN(II). ROUT 1t Gaetans
,

8 AIN2 11 X2 N/A II/A N/A G DtAI AMIN IIV Arctangent ROUT = G*ATA42(Al/X2). ROUT en
Radians

I W
' y, 9 CONS N/A M/A N/A Cl N/A 4/A N/A N/A IIV %.. tant 100T = Cl

c.
W 10 CDS al N/A N/A N/A N/A G EMAX XMIN XIV Costne FOUT = G*C05(1)), 16 in R ad e au

II DEAD Al N/A N/A Cl C2 G KMAX IMIN XIV Dead Band. EDUT = G*(xl-C2) IF(nl.GT.(2)
Dead lace. = G'(I t-CI) IF (11.LI.C 3 4
or Dead Space = 0.0 Otherwise.

12 D[R #1 (X2) N/A N/A N/A G XVI **8.* I'V T ~ eu ** "F C'id F2 /" ?<

s -

' . - . - -13 Dik XI (12) (23) N/A N/A t- *w su

L.;. . . .
. 4 ..=4 s *

timited ,'

14 01( XI I? S' -f" N/A G XMAX xa*N XId Dt v ide 20ur - G=XI/r2 }

U '. N/A N/A N/A N/A N/A LIV togical tour = 1.0 IF((t l + L 2).f Q. l.U] h
15 (Opf tt faclasive or * 0.0 Otnerwise. g- ji

16 f4a 1; 42 N/A N/A N/A N/A N/A N/A LIV LOoiCal LOUT = l.0 if (ll.f Q.t?) C/1

Equivalent = 0.0 Otherwise. <
Z E/l
C -4

iT r XI N/A N/A N/A N/A G xxAn XMIN IIV Esponential ROUT = G*fRP(II)
t'l

m X
s
O O
%t >

5 -4
Ce >se t
.n
sb
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E Table 3.6-2. (continued). n
:n o
fri Z

n =
:o O

T*
B loc k * Block" Bloc k Block Bloc k Block g,,,c gpp,,c tower Initial Control slectc d

Control Block m tn eatical 4eration'(fi Type _Typ e_, Inout I ftpot 2 Input 3 Coast i Const 2 factor italt limit _Value Name e 4m
m

#18 FLFP L1 (L2) L3 N/A h/A N/A N/A N/A LIV t egic al 10UT * F i tp-flop output which chaages *4
mFitp-Flop state whenever LI changes state (only

if L 3 = 1.0). I

19 CATEI Il t_2 N/A N/A N/A N/A N/A N/A Ily Gate IOUT = KI IF (L2.EQ.l.0)
= 0.0 tr(L2.EO.O.0) 4

f20 GREQ X1 22 N/A N/A N/A N/A N/A N/A Liv Greater thaq LDUT a 1.0 IF(; . GE .12 )
or equal to * 0.0 Others.se.

23 GRTM tl 22 N/A N/A N/A N/A h/A N/A LIV Greater than LOui = 1.0 IF(II.GT.12)
= 0.0 Otherwise

22 1N5/ XI A2 L3 N/A N/A N/A N/A N/A XIV f ripet Seltch XOUT = Il IF (t 3. E O. l .0)
= 12 IF(t).EQ 0.0)

23 INT Il N/A N/A N/A N/A G 191 X4IN Kly Int egr at e $ee Section 1.2.3.6
caJ
* 24 Ihim FI L2 13 N/A N/A G RMJ IMIN XIV Integrate with See 5ection 1.2.3.6
[ mode control
m

25 IORI tt 12 N/A N/A h/A N/A N/A m/A Liv Logical LOUT = 0.0 IF{(LI + L2).EC.O.0)
inclustwe Or * 1.0 Otherwise

26 LAG XI N/A N/A Cl N/A G x>> r IRIN Ilv First Order 10UT = G* s t /( 1. 0 + C I's ), s i s
lag Laplace Operator

2/ L DL YI tl (L2) N/A C1 (C2) N/A N/A N/A LIV Logic Delay 100T = 3.0 IF[(tl EO.O.0).t*.
(Tirti.6T,(Cl + C2))]

= 1.0 IF( ( L I .E Q. l .0) . AhD.
(TimET.tE.(Cl + C2))]
=here (C2) is the flPE T when
LI 5=ttches f rom 0.0 to 1.0

28 LGPCf Ll (t?) L3 N/A N/A N/A N/A N/A Liv togic General (Out * 0.0 IF(t 3.EQ.0.0). Reset mode
Ptrpose = Nuns >er of times t i has chavd
Counter st ate since enableo (when

L3 * 1.0) . coent mode

29 LI5/ L1 12 L3 N/A N/A N/A N/A N/A tlW togic Input
LOUT = 11 IF (L 3.EQ. l.0|Switc h - 12 IF(L3.EQ.0.0,

30 LLAG II (X2) (A3) CI C2 G XMAI XMIN IIV tead-lag NOUT = G*al*(1.0 * Cl*5)/{l.0 + C2*5)
Transfer 5 25 t aplace Transfore Operator
function

O O O
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Table 3.6-2. (continued).

d
Block' Bloc k 81oc k Block Block Block' Eatn' Upper * tower Initial Control Stock *

f pe fro e ._ Input.I !nput 2 input 3 Const 1 Const 2 F ac tor Listt timit Valve Name Control Bloct **athemat kal Operet ten
f

31 LIMi Il N/A N/A N/A N/A & IMAI KMIN IIW L imit ed IDUT = G* El'dt + XIV, El is set to

letegr at or 0.0 sf 10u1 ts against a 16mit
and the sign of II coes not

Change

32 (06N 11 N/A N/A N/A N/A G XMA1 IMIN z!V Natural 20i/T = G*AtfM(II)
togartthe

31 L 5t Qf X1 #2 N/A N/A N/A N/A N/A N/A Liv ' ess than or LOUT = I.0 IF(II.tE.12)
f aval to = 0.0 Otherwise.

34 LifHf El 12 N/A II/A N/A N/A N/A N/A llV tess than L OUT = 1.0 if ( 11. L I . #2 )
= 0.0 Otherwise.

35 MAIS El 12 N/A N/A It/A N/A N/A N/A 11W Manteum of 100T * AMAXI(11.t?)
2 signsis

Y
[ 36 MAIT Il N/A st/A N/A N/A N/A N/A N/A IIV Manimum during 10CT = AMAtl(II,2001)

transient
N

3/ N145 XI 12 N/A N/A N/A N/A N/A N/A IIV Mtatmue of souT - AulNi{ al.12)
2 $69nals

3d MINI El N/A N/A h/A N/A N/A N/A N/A IIV Minimum during 1007 = AMIN 1(XI,n00f)
transfeet

39 M!>L I 11 Il N/A N/A N/A st/A 6 IMAI RIV Multiply 100T = G's!*Il

40 N!,mDI ii 12 N/A N/A N/A N/A N/A N/A tIV togical *siot (Oct = 0.0 IFI(t t * t2).10.2.0)
1.0 Otherwise. gAnd* =

O

41 NEQ 11 L2 N/A N/A N/A N/A N/A N/A iIV Logic al *Not (Oui = T.0 IFill.Nf.t?) z
f

Eoval* = 0.0 Otherwise. 4
|U

42 of tl L2 N/A N/A N/A st/A N/A N/A tly logic al *Not (DUT = f .0 if[(L1 + L2).EO.0.oj O
lec t es t re Or * * 0.0 Otherwise. r"

M
2 43 mulf tl N/A N/A 81/ A N/A N/A N/A N/A LIV t ogic a l * Net * (OUT*1.0IF(tl.IQ.O.0|

or Negatlog = 0.0 If (L I .(Q. l .01
C

4 Polt st 12 N/A N/A N/A G tMAI IMIN !!V Posttive 100T = G*(Il . 12) If (II .GT.X2)$ Differen e = 0.0 ot herwise. y
N
n
||0 C7
: >
* =4
'*' >*
cn

- - - _ _ - _
., y

_
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G Table 3,6-2. (continued). x
On

-n
m w
W

S t oc k ' Blott Stock Slock Stock Block' Gain' Upper' t owr lattial Control Elect * in

,I E mum Input ? Input 3 Coast 1 Const 2 F ac ter L6mit t ie t t _Value __

_C_ontrol Block Mathemat i< al Operation -4
Name fTl_TfE J

45 QUAN Kl N/A h/4 N/A N/A G XMAX XMIN I!v Qu ant irer 2007 = C*Ft0AT[ifin{fl+0.5))I IF(II.rd.0.0) C"2

G* FLOAT [IFlI(11 0.5)] >=

IF(XI.LT.O.0) -4
>

46 RAMP N/A N/A N/A CI N/A G KMAf XMJW RIV Ramp ROLH = G*IIMfi-Cl) IF(IIMf f.GI.CII
0.0 Other=1se.=

4/ RANDI N/A N/A N/A C) N/A G iMAI IMIN XIV Random Number 200T * G*2ANF(Dtstv) IF(TIMf f.GE.Cl)
0 0 Other=1se.Gerierator *

III32 GE.O.0)
48 $1GN Il 12 N/A N/A N/A N/A N/A N/A IIV Sif2n f unction XOUT 13I f

3:13 If(n?.LT.G.0)=

49 514 11 h/A N/A N/A N/A N/A IMAK IMIN 11V Sine IOUT = G*51+ XI) . Il in Radians

50 SINV XI N/A N/A N/A N/A G IMAI 1 MIN XIV Sign Inversion tutti = -G*Il
h.
CD $1 50 f f 31 (x2) (z3) Cl C2 G xMAI xMIN RIV Second Order XOut = G*11/(1.0 * fl*s * C2*s**2).

Transfer s is taplace f ree.sf '<te Operator
Function

52 5(FI 11 N/A N/A N/A N/A G XMAX XMIN IIV Square Root 200T * G*5fpT(XI)

53 STEP N/A N/A N/A Cl N/A G XMAX XMim flV step tout = GIF(flME T.GE.C1)
= 0.0 Otherwise.

54 $U8f 11 X2 N/A N/A N/A G IMAI KMIN IIV subtract K0UT - G*(r) - (2)

55 TAM Xi N/A N/A N/A N/A G XMAX KMim IIV T a%ent IOtM * G*IAN(NI). #I in Radians

56 IIME N/A N/A N/A N/A N/A N/A N/A N/A X|V Time 10ui = T IME T

5/ 13t !PI Li N/A N/A N/A N/A N/A N/A N/A LIV Trip Status LOUT = LI = 1.0 if Ir'; + Delay t ime
has elapsed

= 11 = 0,0 Other=?se.

58 WLIM 11 ** X3 'N/A N/A G N/A N/A IIV Variable ROUT = 12 Ir[(G*11).GT.X2] at upper
L imiter limit

= X3 IF{{G*XI).LT.X3]. at lower
Ilait
G* RI Otherwise, bet en lientsa

O O O
. ,
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Table 3.6-2. (continued).

B loc k * Block" Block Block' Block Block Gain' Upper Lower initial Control Stock |
# C d

3pe_ Type input 1 Input 2 Input 3 Const I Const 2 Factor L imit Li,it Alg _ Control 81ock Mathemat ical Operet ton' '

Name

59 usuM Il X2 t/A Cl C2 G xMAX xMIN XIV Weighted XOUT = G*(Cl*11 + C2*22) '
Susumer

60 XPO XI 12 N/A N/A N/A G XMAX XMIN Ilt Esponevitiate ROUT * G*(XI**12)
|

65 luHf XI 12 N/A N/A. M/A ' N/A 4/A N/A Ilv lero Order XOUT * XI IF(L2.1Q.l.0)
Hold 100T Otherwise.a

Ed 100 DLAT Il n N/A C1 3/A G IMAX XMIN XIV itse Delay XOUT * RIV IF(i!MEY.tE.Cl)*

G*Il(IIME T -Cl) Otherwise*

m. Where a is nu * r of delay
W3 table time intervals.

101 FNGl XI n N/A N/A N/A G XMAI XMIN RIV Function of 100T * G*fn(XI); where n is
one indepen- f unction table nimisber.
dent variable

An .* parawter indicates a contsnuous variable; and "L" parameter indicates a logical (or discrete) parameter hastag a value of 0.0 or 1.0 only.a.
,

?b. Variables enclosed in ( ) ere not input variables tmt are used internally by the control block for data storege.
,

It G, aMAX. and IMIN are required for a control block, a constant gain f actor and constant upper and lower lietts =114 be applied at the values given. Oc.
Def ault values for the I talts are +1.0E+50 and -1.0E*$0. If IOUT.GT EMAX. AOUT is set equal to XMA1. If x00T LT xM14. XOUT ts set equal to IMIN. -[

+

d. An Initial value (I!v or Liv) es loaded into a control block output (IOui or 10ui) at itMET * 0.'O s. !

e. ROUT appearing on the right. hand side of a defining equation indicates a previous time step val:se.
|,

f. These blocks may not be included in a control system implicit 1000
% y

=<h #m -4c) m%
c> Z

C s

. > >
cd -4U
cn' - >

i.
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CONTROL SYSTEM DATA

}{grd Yariable Description (CNTRL1

W3-R CON 2 Control block second constant (default = 0. H.

W4-R CBGAIN Control block gain (default = 1.0).

W5-R CBMAX Control block maximum value (default - 1.0E50).

W6-R CBMIN Control block minimum value (default - -1.0E50).

3.6.5 Control System n unction Table Length Cards, CNTRL4000Y

Word Variable Description (CNTRL)

Wl '- l NFTP(L) Number of pairs of data in first function table.
.

.

hNFT-1 NFTP(NFT) Number of pairs of data in NFTth function table.
(NFTP $50).

3.6.6 Control System Function Table Data Cards, CNTRL41XXY

One card (set) must be input for each Function Table. XX is the
function table number and must be consecutive in ascending order.

Word Variable Descriotion (CNTRL)

Wl-R CBFUN(L) First table value of independent variable.

W2-R CBFUN(2) First table value of dependent variable.

-W3-R CBFUN(3) Second table value of independent variable.

W4-R CBFUN(4) Second table value of dependent variable.
.

.

hNFPT R CBFUN(NFPT) NFPTth table value of dependent variable.

3.6.7 Control System Restart Change Data Card, CNTRL90XXX

'

One card is required for each control block to be changed. XXX is the
control block number. The default for each variable is to leave the

NUREG/CR-4356 3.6-10
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CONTROL SYSTEM DATA

7- s
-Y variable unchanged from.the restart dump value. This card may also be used

to change' constant values used in .the default steady-state control system
(see Section 3.4.15).

. Word: Variable Description (CNTRL)

Wi-R1 CONI New value of control block first constant.

~W2-R CON 2 New value of control block second constant.

W3-R CBGAIN New value of control block gain.

W4-R CBMAX New value of control block maximum value.

W5-R CBMIN New value of control block minimum value.

W6-R CBlV New value of control block initial value.

Zero output values from a control block after restart may be obtained
by setting CBGAIN, CBMAX, CBMIN, and CBIV to 0.0. This will only work for

. those continuously varying control blocks that actually use CBGAIN or
_.CBMAX'and CBMIN. See Table.3.6-2 for details.

. ,e
.ks

i

') .

E_)
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STEADY-STATE CONTROL DATA
. ,, 3

(") 3.7 STEADY-STATE CONTROL DATA

3.7.1 Steady State' Control Cards, STEADYSTCNX

These cards request built-in control systems for use in steady-state
runs. Input one card _for each built-in control system required. CN is the
card number. More than one control system of each type may be used; for
example, separate flow control systems may he used for broken and intact
recirculation loops. ICTR on card MAINXX must not- be 0 if any built-in
control system _ cards are input. The contents of these cards are described
below for each of the-three types of built-in control systems. Omit these
cards on restart runs.

Word D_q1crintion (STEADYST)

Water Level Control System Description:

Wl-A Control system t),,e. . Irput. value - WLEVC,
n

'1 W2-R Water level- setpoint measured.from bottom of downcomer (m).

W3-R Initial feedwater f'ow rate (kg/s).

W4-I Number of component in which water level is to be detected.

W5-1 Vessel 0 zone in which water level is to be detected. (Not used
if downcomer is not part of a VESSEL component).

W6-1 Number of comp'onent in which steam line mass flow rate is to be
detected.

'

W7-1 Location at which steam line mass flow rate is to be detected. Input
value sh'ould be 1 for component inlet flow, 2 for component outlet
flow, or 3 for side arm flow.

W8-1 Number of component-in which feedwater mass flow rate is to be
detected.

W9-I Location at which feedwater mass flow rate is to be detected. This
entry is'not used if component W7 is a FILL. Input value should be
1 for component inlet flow, 2 for component outlet flow, or 3 for
side arm flow.

|.

1 -

. W10-1 Number of FILL component in which feedwater flow ate is to be
LO controlled. IFTY (Fill card FILLID0lX) for this FILL should be 1.
| V-

3.7-1 NUREG/CR-4356

i

L



STEADY-STATE CONTROL DATA

Word Description (STEADYST)

Flow Control System Input Description:

Wi-A Control system type. Input value - FLOWC.

W2-R Mass flow rate setpoint (kg/s).

W3-R Initial recirculation pump motor torque (rated torque).

W4-1 Number of component in which mass flow rate is to he detected. This -

component will normally be a JETP or a CHAN.

W5-1 Location at which mass flow rate is to be detected. Input value
should be 1 for component inlet flow, 2 for component outlet flow,
or 3 for side arm flow.

W6-1 Number of PUMP component in which the motor torque is to he
controlled. IPMPTY (pump card PUMP 100lX) for this PTIMP should be 3.

Pressure Control System input Description:

O-Wl-A Control system type. Input value = PRESR.

W2-R Pressure setpoint (Pa).

W3-R Time zero valve area fraction open.
.

W4-1 Number of component in which steam line pressure is to be detected.

W5-1 Cell number at which pressure is to be detected.

W6-I Number of VALVE component in which the value area is to be
controlled. IVTY (valve card VALVEID02X) for this VALVE should
be -1.

O
NUREG/CR-4356 3.7-2
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EXTRACT DATA

[Vh 3.8 EXTRACT DATA

lhis set of -input data determines which components are to be extracted
from the TRCRST file and recreated in card image form on the TAPE 3 file. This

'

data set is input only if the variable NEXTR in the main control data is
nonzero.

3.8.1 EXTRACT Data Cards, EXTRACT 7X

All noncomponent cards except control system, reactor power, and time
step cards are required, as usual. Power cards should be deleted from the

_

deck. EXTRACT runs may~be made either from an original input deck or from
a restart tape. The card deck output from EXTRACT will be written on
File _ TAPE 3. If EXTRACT should fail due to bad input, TAPE 5 w'.ll contain

-ei.ther partial EXTRACT output or,'since TAPES is used for temporary input
processing,'a copy of the user's original input deck.

Since the card identifier number for fixed field input is arbitrary
and not-even required, EXTRACT uses the component number to create card
identifiers for the free field decks it produces. And since the card

7 identifiers are limited to two characters, the numbers produced are
_f

- calculated module 100. Thus unless the user uses.the recommended procedure
'

- -of using the same numbers, less than 100, for the component number and the
component identifier portion of the card identifier, EXTRACT will not
reproduce the same_ card identifiers as used on the EXTRACT input deck.

NEXTR (from card OPTIONS) entries-are required.

Word Variable. Description (EXTRACT)

Wl-I IEXTR(L) Number of first component'to he extracted.

W2-I IEXTR(2) Number of second component to'be extracted.
.

4

etc. lEXTR (NEXTR).

3.8-1 NUREG/CR-4356
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(

3.9 OPTIONAL INPUT DATA

The. input data described below for counter-current flow and material
proporties are optional input data.

3.9.1 Counter-Current Flow (CCFL) Data

Up to 10 sets,of CCFL constants may be input by the user. Each data set
is given a data set identifier which is ider'ical to the data card sequence i

number. The data set identifier is input at tariable ICCFL in the componeni
data to specify which set of CCFL constants is to be used at each location in
the *omponent. Two default sets of CCFL coefficients are provided. Default
set _ l-is for upper tie plates, and default at 2 is for side entry orifices.

CCFL Constant Card CCFLXX

The data on this card are optional. The card sequence number XX is
used as the data set identifier.

A

Word Variable Descrintion (CCFL)

Wl-R_ CCFLM Multiplier on liquid Kutateladze number in CCFL
correlation (see Volume 1).

_W2-R. .CCFLK1 First constant in expression for the square root of the
constant on the right-hand side of the CCFL correlation
(see Volume I).

WR-3- CCFLK2 Second constant.in expression for the square root of the
constant on the right-hand side of the CCFL correlation
(see Volume I).

3.9.2 Material Property Data

Material Property First Card, MPROPID00

ID is a 2-digit identifier for the material. ID may be any integer
between 21 and 99 inclusive. Material types I through 20 are reserved for
built-in -material tables.

O
3.9-1 HUREG/CR-4356
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OPTroNAL INPUT DATA

W Variable De s_cri ption (MPROP)Ed
Wl-R EMIS Emissivity of material.

.

W2-A NAME Optional name or description of material. Up to
30 characters may be used; enclose them in quotes.

Material Property Table Cards, HPROPIDXX

This ID must be the same as the ID on the corresponding 00 card above.
XX is a sequence number between 01 and 99 inclusive. -

This is a table of from I to 25 points. Each point consists of a
temperature and three dependent variables, as shown below for the first
point. Temperatures must be in increasing order.

If the ID on the new cards is the same as the identifier of a table on i

the restart file, the table from cards replaces the table from restart. If ID
is not the same as the identifier of a table on the restart file, then the
table from cards is added to the tables from restart.

Word Lariable Descriotion (MPROP)

Wi-R TEMP Temperature (K).

W2-R COND Thermal conductivity (W/m-K).

W3-R CP Specific heat capacit) (J/kg-K).
-

3W4-R RHO Density (kg/m ).

O
NUREG/CR-4356 3.9-2
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x /-" 4. OUTPUT DESCRIPTION

In addition to the plot file, two other output files are generated by
TRAC-BFl/MODl--the edit file and the message file.

4.1 EDIT FILE

'The-edit file is written directly to the job OUTPUT file. The edit file
contains lists of input data card images, including comments as input by the
user, a list of input data values as processed by TRAC input routines, a list
describing user-selected options, and major and minor time edits that are
produced at intervals specified on the time step cards.

Major time edits contain a detailed description of the thermal-hydraulic
state of the modeled-system at the time of the edit. Time-integrated values
of_ variables relating to mass and energy inventories in the system are also

-included in-these edits, along with statistical information regarding
convergence of the numerical solution scheme.

Minor time edits consist primarily of numerical scheme convergence
information.

v The edit file also contains error messages regarding abnormal conditions
encountered during input processing and during steady-state or transient
calculations.

4.2 MESSAGE FILE

The message file is an auxiliary output file written on file TRCMSG.
This file.contains error messages that are often of a highly repetitive
nature, such that their inclusion in the edit file might be cumbersome. This
file is created during every TRAC run, but it must be specifically requested
and catalogued if its contents are to be used at the conclusion of the TRAC
run.

1

.
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'O
5. USER GUIDELINES '

This section contains information that will be helpful to the user in
setting up and executing a TRAC-BFl/ MODI analysis. Most of this information
has come from the experience gained in running TRAC-BD1 and TRAC-BFI at the
INEL.

5.1 LEAK PATH MODEL

The Icak path concept is used in TRAC-BFl/ MODI as a means of transferring
a small mass and energy flow between components through an explicit flow path
separate from the normal TRAC-BFl/ MODI junction. The use of such a fully
explicit flow is helpful, since it reduces the complexity of a TRAC-BFl/ MODI
network-and requires less execution time than the implicit coupling in a
normal TRAC-BFl/ MODI junction. The leak path concept is useful in situations
where momentum transfer is not important and where flow instabilities due to
the explicit nature of the leak path are not likely to occur. Both of these-

criteria are satisfied for the small, transverse flow from a channel assembly
into the surrounding core bypass region, feedwater flow between a FILL and th:
VESSEL downcomer, and for the liquid discharge flow from a separator-dryer

_

into the downcomer.
V

-Each leak path connects two components, one designated the FROM component
and the other designated the TO component. These designations refer to a

-conventional' flow direction and do not change if the actual flow direction
reverses. Positive leak path flow' implies flow from the From component to the
To component. All leak path geometric data and connection A ta are input and
stored as part of the FROM component data base. The geometric data include
the -leak path flow area, loss coefficient, and elevation difference, while the
connection data include the FR0h cell number, the T0 component number, the T0-
cell number, and the T0 level number (used only if the T0 component is-a
VESSEL). All components except VESSEL and BREAK may be used as FROM
components, and all' components except BREAK and FILL may be used as T0
components. A given component may be used as the FROM component for only one
leak path, but no restriction _is placed on the number of leaks to a given

-

component or cell within that component.

The concept .of a disconnected FILL' component facilitates the use of a
. FILL component as the FROM component of a leak path. A disconnected FILL is
specificd by an input junction number of zero_ and is not connected to any
other component through a conventional TRAC-BFl/ MODI junction. Flow from a
' disconnected FILL to a component takes place only through a leak path. The
use of a disconnected FILL and associated leak path permit a reduction in the
number of components in a TRAC-BFl/ MODI model, since FILL components may be
connected directly to a VESSEL cell or 1-D component cell through a leak path
without the use of an intervening PIPE or TEE.

C
5-1 NUREG/CR-4356
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j 5.2 1RREVERSIBLE l.OSSES

|

Irreversible pressure losses in TRAC Bf1/M001 are of three 'ypes: wall
frictica form losses, and fictitious losses due to the TRAC-BFl/ MODI
numeric scheme. An understanding of the differences between these three
types t. losses is helpful in correctly modeling pres;ure drops in a TRAC-
Bfl/ MODI system model, fig, e 5-1 is used to illustrate some of these!

differences and shows a one-dimensional 1RAC-Bfl/M001 model of a
converging-diverging PIPE section.

_

Face Face Faco Face Face Face
1 2 3 4 5 6

i l

i i I |
I Cell | Cell I Cell | CellCell
|

1 2 1 3 1 4 1 5
I

I I |

|
I

1 I

i |

INEL 4 YA8

Flow
direction -

_

figure 5-1. A converging-diverging plPE section.

5.2.1 Wall Friction

H
Wall friction is calculated internally in TRAC-Bfl/ MOD 1 as described in

Volume 1. The wall f riction loss for flow between cell centers is calculated
using phasic mass fluxes and the user supplied hydraulic diameter at the face
b ' ween the cells, for example, the wall friction loss between Cells 1 and 2
in figure 5-1 is calculated using mass fluxes and hydraulic diameter at f ace
2. A two-phase friction multiplier is automatically applied in this
calculation. The most direct control that the user may exert on the wall
friction calculation is through the specificaticn of hydraulic diameters at
cell faces, i. 11 friction pressure drops will vary approximately in inverse
proportion to the hydraulic diameter. Wall frictwn pressure drops are

NUREG/CR-4350 5-2
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.h)( !V experienced even in a straight section of pipe containing no area changes
between cells.

,

;

;

5.2.2 User Input form Losses

;
if a TRAC BFl/ MODI system model contains structures such as flow area ,

changes, bends, or grids, the user may choose to input form loss coefficients
to account for the extra pressure drop encountered at such structures. Form i

loss pressure drops are calculated in TRAC-BFl/ MODI by

'p 1/2 kpv' (5 1)
r

where

the cell center-to cell center form loss pressure dropAp -

k- the form loss coefficient at the face between cells-

the mixture velocity at the face between cellsv -

the mixturt density in 'he upstream cell.
.

p -

Form loss coefficients must be supplied by the user at the appropriate cell
faces, since the code does not calculate any form loss coefficients
internally. Two loss coefficients may be input at each cell face for forward
(plus) and negative (minus) flow dipections. If these two loss coefficients ,

differ in magnitude by more than 10, flow instabilities may occur during flow
reversals.

5.2.3 . Fictitious Losses

In the absence of wall friction and user supplied form loss friction, the
pressure profile ~ for incompressible flow in a pipe section such as that shown
in Figure 5 1 should ideally be given by Bernoulli's equation. The pressure
should decrease from Cell 1 to Cell 3 as the flow area decreases (and velocity
increases), then should increase again to its original value at Cell 5,
provided the flow areas of Faces 2 and 5 are equal.

However, because of nonconservation errors inherent in the badward
differencing-numerical scheme used in TRAC-BFl/ MODI, this ideal pressure
profile is not realized. The pressure drop-from Cell 1 to Cell 3 as predicted,

by TRAC BFl/ MODI is greater than the Dernoulli predicted value, and the'

.

i TRAC-BFl/ MODI-predicted pressure rise from Cell 3 to Cell 5 is less than the
Bernoulli value. For both flow contractions and expansions, TRAC-BFI/ MODI,

calculates. pressure changes irreversibly, as though form losses were present.

L- 5-3 NUREG/CR-4356
L

'
:

t
___ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _. _ _ _. . . _ - -



Ustn Gb!DELINES

lt can be shown that these fictitious form losses are equivalent to an
effective form loss coefficient given by

k' - () r)# (5 2)

where r is the area ratio (smaller area / larger area) for the contraction or
expansion. For the contraction from Cell 1 to Celi 3, the fictitious loss
coefficient would appear to be applied at Face 3 with r A,/A,; and for the
expansion from Cell 3 to Cell 5, the fictitious coefficient would appear to
the applied at f ace 5, with r A,/A.,.

Although erroneous in origin, these fictitious coefficients are often of
-

the correct magnitude to account for the genuine form loss effects that would
be found in converging or diverging PIPE sections. Thus, the pressure changes
observed in the TRAC-8Fl/ MODI model of such a section are often quite
accurate, even though na form loss coefficients have been input by the user to
account for the area change.

The user should include the effect f this fictitious loss when inputting
a form loss coefficient for use at an area change. Generally, the input loss -

coefficient should equal the desired total loss coefficient minus the
fictitious loss coefficient.

When modeling high velocity tegions between the VESSEL and one-
.dimensional components, a large face area should be used on the first cell

face because there is no momentum source consideration oa this type of
connection. For instance, when VESSEL fluid flows into a ruptured suction
PIPE, the pressure in the PIPE and the break flow from the PIPE will be too
low if a large face area is not used.

.

W

9
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5.3 LtvEL TRACKING MODEL
!
i

The 1RAC-Bf]/ MODI level tracking model (see Volume 1) should be used in
situations where ace.ct e repres:rntation of the liquid level within a single

'IRAC cell is essentit - the accurate modeling of system behavior. Such a !

situation occurs in - , .overing of a BWR Jet pump suction inlet during a i
'

.

'

small-break LOCA transient. In such a transient, only liquid should enter the
jet pump suction until the ligilid level in the downcomer above the jet pump
suction (the donor cell) falls to the elevation of the suction inlet.
Thereafter, the mass entering the suction inlet should be mostly steam. If

this situation is analyzed with TRAC Bf1/ MODI without the level tracking
-

model, the fluid entering the jet pump will have the average vapor fraction of
,

the donor cell. Vapor will enter the jet pump inlet the moment that vapor '

first appears in the donor cell, producing- premature uncovering of the jet >

pump suction. Proper use of.the TRAC-Bfl/ MODI level tracking model can
eliminate this problem, since this model does not allow vapor to be fluxto
into the jet pump inlet until the liquid level in the donor cell actually
reaches the elevation of the jet pump ulet. Itissuggestedthatthelevel ;

tracking model be used in all downtomer cells for mode.ing this situation.
Other suggested locations for use of the icvol tracking model would be in BWR
lower plenum cells, for-accurate modeling of steam venting around the core
skirt, and in lower downcomer cells, for modeling uncovering of the
recirculation pump suction during a LOCA transient. Because of the extra

O cells where it is needed.

-

computation time required for this model, it should not be used except in

Level tracking is not performed in the mixing cell of a LEE component.
If the user sets the flag to track a level here, it will be turned off
internally and a warning message will be issued. To minimize numerical ,

diffusion of void in TEE mixing cells, the size of the cells sho"id be
minimized (subject to Courant limit restrictions on time step sie '.

Liquid levels will be tracked only in vertically oriented cells, that is,
cells for which GRAV - 1.0 at both cell faces or GRAV = -1.0 at tioth cell
faces. !

Default values of parameters used to define level detection criteria
(EPSALPL, ALPlVT, DALPC, DALPCI)- are generally acceptable and should not be
changed without compelling reasons.

.

I

Lo
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5.4 BWR FUEL BUNDLE MoDELING

Contained in this section are suggestions for modeling fuel bundle
assemblies using the CHAN component. The CHAN component is used to model
various fuel bundle configurations surrounded by a channel wall or flow
shroud. The assumption of a rod grid on square centers is made by the code
then setting up view f actors for the thermal radiation calculation, hence the
most accurate radiation heat transfer calculation available is for rods on a
square grid only. Non-square grids (such as those encountered in some test
facilities) may be modeled, but the view factors used will be on the basis of
a square grid and will only approximate the a tual view factors in the bundle.
Though the rod grid is assumed to be on square tenters, the overall dimensions
of the rod array are not assumed to be square. Rods on the corners or
periphery of an array may be removed from the view factor calculation by
setting their group number equal to zero in the IROD array (see CHAN input).

5.4.1 Rod Group Modeling

Rods in a fuel bundle may be divided into as many rod groups as desired.
An 8 x 8 fuel rod array could be modeled by as many as 64 different rod
groups; however, computer time and storage limitations normally require that
the rods be lumped together into a smaller number of groups containing nearly
identical rods. The code considers all rods within a group to be identical,
having the same geometry, temperatures, materials, power, and view factors to
rods in other groups. Hence, only one rod within each group is described by
input data. A typical grouping for an 8 x 8 fuel rod array is shown in figure
5-2. The four corner rods are lumped into a single group (Group 1), since
they have an especially large radiation view factor to the cool channel wall.
The four innermost rods are broken into two groups (5 and 6), one to represent
unpowered water rods and one to represent high power rods. The remaining rods
in the array are divided into three more groups, giving a total of six rod
groups. Th'.s grouping was determined on the basis of bundle symmetry and
radial power profile. Other considerations, such as skewed radial power
profiles, may lead to other groupings.

It has been found that no more than five or six rod groups are usually
needed to adequately represent the distribution of fuel rod characteristics
within the bundle, The outside radius of rods in Group 1 is used for
calculation all rod-to-rod radiation view factors in the bundle, hence the
rods in Group 1 must have a radius typical of most rods in the bundle.
Atypical rods such as water rods should not be assigned to Group 1.

The IR0D array in the CHAN input data is used to designate the rod
grouping. It is important to remember that, for the purposes of rod grouping,
the channel wall is also considered to be a separate group and must be input
as the last entry in the IR00 array. The channel wall is Group 7 in the
sample array of figure 5-2.

NUREG/CR-4356 5-6
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Figure 5-2. Sample fuel bundle grouping.
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for the calculation of fuel rod thermal behavior, the code treats each
roc' group as a single rod having the geometry and power distribution of one
rod within the group. For the calculation of fuel rod-to-fluid heat transfer,
the surface area of the single fuel rod representing each group is
automatically scaled up by the factor RDX (CHAN array data) to represent the
total group heat transfer area to fluid. Thus, fuel rod properties should
always be input using the actual properties of a single fuel rod. Any scaling
required to represent total group properties is performed automatically by the
code,

in the same manner, a single CHAD component is typically used to
represent many actual BWR fuel bundle assemblies lying within a single vessel
(r, 0) zone. The properties of CHAN (channel wall geometry and leakage path
flow area) are to be input for a single channel assembly. TRAC automatically
multiplies a single channel quantity by the scale factor NCHANS (CHAN Card
CHANID0002X) if a total quantity for all channel assemblies in a vessel (r, 0)
zone is required.

5.4.2 Axial Level Hodeling

lhe number of axial levels in a fcal bundle model depends on such factors
as the bundle length and the degree of peaking in the axial power profile.
Typical bundle models use from 6 to 12 axial levels. Each fuel rod axial
level occupies one CHAN fluid cell, but fluid cells at the top and bottom of
CHAN need not contain fuel rods. This allows simulation of unheated sections
at the f uel bundle entrance and exit. The location of the unheated sections
is determined by the variables ICRLH and MCRZ on CHAN Card CHANDID0003X.

The number of cells or axial levels in a CHAN component is not determined
by the number of axial levels in the VESSEL core region containing the CHAN.
Normally, for economical use of computer time, the VESSEL core region will
contain only two or three axial levels, while the CHAN components uill
typically contain four times that many cells. It is normally desirable that
the total length of the CHAN component and the VESSEL. core region be nearly
equal, but the code will execute (with the printing of a warning message) even
if these quantities differ.

5.4.3 Noving Mesh Reflood Model

The moving mesh reflood model is used to calculate detailed CHAN heat
transfer information in the region of a refinod quench front. Because of the
relatively large conputational expense associated with this model, it is
recommended that it be used only during the reflood portion of a reactor
transient.

During the moving mesh calculation, both data storage requirements and
calculation time become large if several rod groups are modeled and if NZMAX

NUREG/CR 4356 5-8
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O
(the maximum number of rod axial conduction modes) and NXMAXW (the maximum
number of channel wall axial conduction modes) are large. It is recommended
that the DZNHT and DZNHTW parameters (minimum row spacing of rods and channel
mass respectively) be used to limit the number of rows of nodes per cell. In
general, these parameters should not be less than 0.02 m to avoid instability
due to the explicit axial conduction solution used in the moving mesh
calculation.

5.4.4 Power Distribution

four separate variables or arrays must be supplied as part of the CHAN
data- to specify the reactor power distribution. The first of these, RADPOW,
represents the. fraction of total reactor power generated by a single bundle in
the CHAN component.

The second distribution, CPOWR (CHAN array cards), represents the
group-to group 30wer distribution within a CHAN. The values in this array are
entered for eac1 rod group in the CHAN. The value entered for each rod group
is the fraction of bundle power generated by a single rod within the group.

The third distribution, ZPOWR (CHAN array cards), represents the axial
power distribution in a CHAN. One value is required for each cell edge (axial

-mode) in the heated region of the CHAN, including the top and bottomp boundaries of the heated region. The values in the array represent the linear
i power density (W/m) at the axial node divided by the average linear power

density for the entire fuel rod.

The fourth distribution, RDPWR (CHAN array cards), represents the
centerline-to-rod surface radial power density distribution within each fuel
rod. -This array contains a value for each radial conduction node. Radial
conduction nodes lie on the boundaries between radial conduction rings in the
rod. The first node lies on the rod centerline,-and the last node lies on the
rod surface. The values in this array represent the power density (W/r.3) at
the radial conduction node divided by the average power density for the entire
fuel pellet region. The values in this array will commonly be 1.0 in the fuel
pellet region and 0.0 in the gap and cladding regions. The node lying at the
fuel pellet surface should be considered a powered node.

Rod groups simulating unpowered water rods can be modeled by setting
CPOWR equal to zero for the group and by specifying a very small value for the
gap heat transfer coefficient, HGAP (CHAN array data), for all axial levels in
the group. This has the effect of thermally isolating the fuel region of the
rod from the cladding and surrounding fluid. The cladding thickness may be-
specified differently for the water rod groups than for the fuel rod groups,
since radial node spacing is supplied independently for each group.

5.4.5 Isolated CHAN Modeling

5-9 HUREG/CR-4356
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The CHAN may be used as an isolated component without being placed in a ,

VESSEL. This method of using the CHAN is convenient and economical if the I
inlet and outlet boundary conditions for the channel assembly are known
functions of time. The CHAN inlet and outlet may be connected to flLL or
BREAK components to supply the required fluid boundary conditions. The
initial channel wall outside heat transfer coefficients (liOUTL and 110VTV) and I

fluid temperatures (TOUTL and TOUTV) supplied on CHAN Card CHANID000lX will be
used as constant channel wall boundary conditions.

,

)

l

5.4.6 CHAN Leak Paths '

|

The use of a leak path component connection allows the user to model ,

'

leakage mass flow between the CHAN and its bypass region, usually a VESSEL.
Physically, this leekage may represent the inexactness of the fit when the
channel box is mounted to the tio plate. Leakage communication with the
bypass may change (either positively or negatively) the mass flow rate in the
heated section of the CHAN, thereby changing the channel pressure drop and
void distribution. These effects may be particularly important 'Inder natural
circulation conditions.

O

| O
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5.5 VESSEL MODELING )

The following guidelines are directed toward features in a BWR TRAC-
BFl/ MODI model that are normally included in the VESSEL component and its ;'
connections, figure 5-3 1llustrates a simple BWR VESSEL model with seven
axial levels and three radial zones. FILL and PIPE components are used to
represent the main steam line, the ECCS core spray, and the feedwater supply.
A more complete model might require additional FILL and PlPE combinations to
represent other plant dependent _ECCS systems.

5.5.1 One Dimensional Component connectors

The three-dimensional momentum equation does not account for dynamic
pressure at source connections to VESSEL cells. Thus, the VESSEL views one-
dimensional components as sources of. mass and thermal energy only. This means
that dynamic pressure at the junction between any one dimensional component
and a VESSEL cell is not conserved. For this reason, in order to minimize
errors due to nonconservat',n of momentum, it is desirable to include in the
TRAC-Bfl/MDDI model an area expansion at any junction between a one-
dimensional component and the VESSEL where the dynamic pressure gradient is

.p significant in comparison with the static pressure gradient.

5.5.2 Core Spray
,

-Core spray modeling in the mixing plenum is achieved in a simplified
manner with TRAC-Bfl/ MODI. Though the actual coolant in a BWR is sprayed
across the to) of the upper core support plate, it has been found that good ,

results are oatained by modeling the core spray with a PIPE and FILL injecting
subcooled water directly into the outer ring of the_ mixing plenum. It is our
experience that this scheme yields a sufficiently uniform distributien of
coolant water directly into the inner rings of the mixing plenum if a
distributed spray is desired, for a more detailed discussion of core spray
modeling, see Volume 1.

-5.5.3 Separator-Dryer

The perfect VESSEL separator-dryer model achieves separation by using a
large liquid friction factor in the axial direction,- and a large vapor

-friction factor in the radial direction. If the default values of these
-friction factors (CZSDL and CRSDV) are used, complete separation of steam and<

water is achieved.

O A perfect separator-dryer may be effectively modeled with a single VESSEL
h axial level. ,lt is recommended that the separator liquid discharge be
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Figure 5-3. BWR-TRAC VESSEL nodalization diagram.
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O connected to a liquid filled cell in the downtomer. This will reduce the
downward numerical dif fusion of vapor in the downcomer during steady state
runs.

The large loss coefficients used to achieve perfect separation
effectively impose walls to vapor in the radial direction and to liquid in the
avial direction. Care should be taken so that the placement of the separation
surfaces does not block off physical flow paths or introduce unphysical
pressure drops,

if a simple, or mechanisticc separator calculation with more realistic
values for water carry-over and steam carry-under is required, the
separator-dryer may be modeled by using the SLPD component. in this case, a -

SEPD component would be connected to VLSSEL sources attached to the upper face
of the mixing plenum, the bottom face of the steam dome, and the inner radial
face of the downtomer.

5.5.4 Main Steam Line

The reactor vessel main steam line may be modeled as a multi-celled VAtVE
component connected from the VESSEL steam dome to a low pressure BREAK. The
forward loss coef ficient (fKLOS) for the valve seat cell face should be set to

/ the value required to obtain the desired steady-state flow rate. Alternately.V) a control system may be used to control the VALVE flow area to yield the
desired steam line mass flow rate and steam dome pressure. A built-in
controller is available for this purpose (see Section 3.6).

5.5.5 Control Rod Guide Tubes

During the reflood portion of a BWR LOCA, the stored thermal energy in
the control rod guide tubes plays an important role in generating steam in the
lower plenum. The guide tubes can be modeled by a PIPE component connected-

thermally to the VESSEL lower plenum region by use of the generalized pipe
heat transfer option (see Volume 1). A single PIPE connected hydraulically to
a VESSEL source on the bottom face of the core region and connected thermally
to the fluid ceils in one of the inner rings of the lower plenum gives an
adequate representation of lower plenum steam generation. Additional PIPE
components may be used in other rings if the user desires steam generation
throughout the entire lower plenum.

The control rod guide tube PIPE may be connected to a Flll at its lower
end. The flLL may be used to simulate control rod coolant flow, or to seale

off tha end of the guide tube. The fluid flow area and volume of the PIPE
should equal the total fluid flow area and volume of all control guide tubes,
while the hydraulic diameter should be that of one guide tube. The PIPE wall

p\ thickness should be the wall thickness of one guide tube, while the inside

(d radius of the PIPE wall should equal the suni of the inside radii of all the
,
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guide tubes. This will ensure that the wall heat transfer area of the PIPE is
the same as the total wall heat transfer area of the guide tubes. The PIPE
wall metal volume will also be nearly the same as the total wall heat transfer
area of the guide tubes, assuming that the guide tube wall thickness is small l
compared to its inner radius. Several cells may be used in a guide tube PIPE |component to allow simulation of the water level in the guide tube during i

blowdown. |

If the flow resistance between the guide tube and lower plenum is <10
times the resistance from the tube to the core bypass, the guide tube should
be modeled with a TEE component. This ensures that when tube water flashes
during a blowdown, some of the generated steam will go to the lower plenum.

5.5.6 Vessel Structural Stored Energy

Three methods are available in 1RAC-BF1/ MODI for modeling stored thermal
energy in passive vessel structures. First, the lumped parameter hest slab
model treats vessel structures as perfect conductors, allowing instant
transfer of heat from the interior of the structure to the surface. Each
point in such a structure is at the same temperature. This model is useful
for modeling structures whose thermal relaxation time is short compared to the
duration of the thermal-hydraulic transient being modeled. Examples of such
structures would be thin-walled tubes in a rapid blowdown transient or thick
girders during a slower, small-break transient.

The user supplies the surface area and mass of the heat slab in each
vessel cell for this model. If the surface area equals zero for a cell, no
lumped parameter heat slab is calculated for that cell. A single set of
material properties (density, specific heat, thermal conductivity, and
emissivity) input on VESSEL Card VESSEllD000lx is used for all lumped
parameter heat slabs. The thermal conductivity and emissivity values are used
in determining the iieat transfer coefficient at the heat slab surface.

The second method is modeling stored energy in the double-sided heat slab
or double slab. The double slab is designed to model stored energy in
structures lying on cylindrical vessel boundaries, as described in Volume 1.
The double slab also models conductive heat transfer between fluid regions on
both sides of the slab. The double slab model solves the heat conduction
equation in the cylindrical slab, allowing the accurate modeling of stored
energy removal from thick structures, such as downcomer walls or reactor
pressure vessel walls. In the case of the downcomer wall, heat transfer from
fluid in the core region to fluid in the downcomer region through the double
slab is also calculated. for a model of the reactor pressure vessel, heat is
transferred from the fluid in the vessel to an outside heat sink whose thermal
properties are designated on VESSEL Card VESSEllD000lX.

Third, modeling stored energy in vessel structures is provided by the
generalized pipe heat transfer option described in Volume 1. This option
permits the wall of a PIPE, TEE, or JElP component to be thermally connected
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-to the fluid in specified vessel cells. A conduction solution is performed in'

-the PIPE wall, permitting accurate calculation of the stored energy removal
rate. This option is useful for modeling such structures as jet pumps, jet
pump drive tubes, and control rod guide tubes.

5.5.7 Vessel Modeling Wth One Dimensional Components

'if three-dimensional effects are not required in a vessel model, the
vessel may be modeled by using only one dimensional TRAC component. A vessel
model of this type may result in significant savings in computer time when
compared to a model using the VES9El component. A component diagram of such a -

one dimensional vessel model is shown in Figure 5 4. A SEPD component must be
used to achieve steam water separation, it is recommended that the separator
liquid discharge be connected to a liquid filled cell in the downcomer-

-component to reduce the downward numerical diffusion of vapor in the
downcomer.

.

Heat transfer between the outside wall of the CHAN and the fluid in the
core bypass region is accomplished by using the generalized component-to-
component heat transfer option. This option allows the outer wall of each
CHAN cell to be in thermal contact with a user-specified cell in the bypass
component. Appropriate values of IPVHT, KLVC and KRVC must be input for the
CHAN component, and core bypass component to specify the heat transfer path.

:G
Leak paths (see Subsection 5.1) are used for modeling inakage flow from

the CHAN to the core bypass, discharge flow from the separator to the
downcomer, and. feedwater flow from the FILL to the downccmer. The use of leak
paths eliminates the need for extra TEE components for connecting these flows
to the reactor system.

_

A collapsed liquid level is calculated in PIPE and TEE components so that
these components can be used for modeling a vessel downcomer. This level is
calculated with respect to the bottom end of the component; hence, the level
in the downcomer TEE shown in Figure 5-4 would be measured from the junction

. connected to the recirculation pump. F1 Lid in the TEE sidearm is not included
in th!s calculation.. This level is available to the control system (variable
name LLEV) and to graphics output (variable name LLEVL).

a
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Figure 5-4. One-dimensional vessel model.
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\''J \5.6 CONTROL SYSTEM MODELING ;

'

The SWR TRAC-BFl/ MODI control system model can be used to simulate actual
reactor control systems, to simulate the approximate behavior of plant system
components such as motor generators, pumps, or turbines, or to assist in
driving a reactor plant model to a specified steady-stato condition. The
built-in steady-state controllers available in IRAC-BFl/ MODI (see Section
2.4.2) are designed to assist in the last of these operations. A thorough
discussion of control system operation and modeling is beyond the scope of
this manual, but an effort will be made to introduce the reader to some of the
basics of control system operation by means of a simple example.

5.6.1 Simple Proportional-integral Controller

Though the details of individual of individual control systems vary
widely from systert to system, there is a simple control system called
proportional-integral (PI) controller that often serves as a building block in
more complex control systems and whose operation serves to illustrate some of
the central features of control system behavior. The combination of TRAC-
BFl/M001 control blocks comprising a simple PI controller is shown in figure
5 5. The subtractor (SUBT 4) generates an error signal by subtracting a set

; point generated by constant block CONS 3 from the current value of the
( measured variable. For this example, the measured variable will be the

reactor steam dome pressure.

Steamdome
pressure

_ f P, dt
~

p ".
- 1 +

-*- C1
SUOT 8

~

|set 4 wsuuCON 5 =
3 5

-

p'" +
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dAdemand

dA +
LAG act_e r

2 New valve area
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7
-
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,
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ltdEL 4 3547

i figure 5-5. Simplified pressure control system.
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The integrator (INT 1) integrates the error signal with respect to time
to create an integrated error signal. Both the integrated error signal and
the direct error signal are passed into the weighted summer (WSUM 5).
Constant 01 is called the integral gain and serves as the multiplier on the
integrated error signal in the weighted summer. Constant C2 is called the
proportional gain and serves as the multiplier on the error signal in the
weighted summer. The output of the weighted summe'. is a demanded change to
the controlled variable (the pressure control valve area in this example).
The first order lag block (L AG 2) serves to smooth out abrupt variations in
the demanded area change. The constant block (CON 6) generates a nominal
value for the control valve area that is added to the lagged area change by
the adder (ADD 7) to produce a new value for the controlled variable or
control valve area. This simple control system will adjust the control valve
area in response to changes in the steam dome pressure, as it attempts to
drive the steam dome pressure to the set point value.

Other possible applications of such a controller would be a core flow
controller, where the measured variable is the reactor core mass flow rate and

the controlled variable is the recirc :ation pump speed, or a level
controller, where the measured variable is the reactor downcomer water level
and the controlled variable is the feedwater flow rate.

5.6.2 Analysis of Controller Behavior

One of the most difficult problems posed in the design of a Pl controller
model is the choice of values for proportional and integral gains (C2 and Cl
for WSUM 5). Optional values for these constants can be obtained by
theoretical analysis of system behavior for linear systems; but for the
nonlinear systems presented in a TRAC-BFl/ MODI thermal-hydraulic model, values
for these constants must normally be estimated by experience or intuition.
The choice of values for these constants may result in a variety of possible
controller responses.

A sampling of these possible responses is shown in Figure 5-6, along with
a description of the gain values producing these responses. It is hoped that
these examples will be useful to the user in diagnosing and correcting
abnormal controller behavior. In these examples, the controller is attempting
to bring the measured variable from a nonsteady initial value to a steady
state value specified by a setpoint.

5,6,3 Computational Sequencing of Control Blocks

The current control system model does not automatically determine the
computational order used to execute the control blocks in a control system.
It is the user's responsibility to determine the correct computational order
and to assign control block numbers in accordance with the desired
computational order. This section contM ns guidelines to assist the user in
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determining the proper control block computational order,
l

in addition to the control block number (xxx on input Card CNTRL20xxx)
the second number--a computational sequence number--is associated with each
control block. This sequence number describes the order in which the control
blocks.are executed. The control block number and sequence number of a given
control block need not be the same, although the control block number is
currently used to determine the sequence number. The subroutine CHXCIO
assigns consecutive sequence numbers to control blocks by order of ascending

. control block number. Thus, a set of control blocks with control block
| numbers 10, 20, 15, 30, 40 would have the respective sequence numbers 1, 3, 2,
! 4, 5. The lowest-numbered control block is calculated first, followed by the

next number in sequence, and so on until the control block with the highest
number is calculated. This process is repeated during the next controller
time step and continues until the desired transient solution is complete.
Future plans call for the automatic sorting of the control blocks into proper

icomputational. order, thus relieving the user of the burden of numerically
3sequencing the numbering of the control blocks. The stability (as well as |

accuracy) of the simulation may well depend upon the correct ordering of all I

the control blocks to ensure that all inputs to control blocks are calculated
prior to their use. The control block data input must therefore be in sorted
order.

Every-system (not containing algebraically implicit loops) can be so
arranged. First of all, the state variable type blocks (DINL, INT, INTM, LAG,
LINT,and S0TF) must be calculated after all their inputs have been determined. .

1

Since all thermal-hydraulic calculations are completed before the control
system calculations, all thermal-hydraulic data base values are available as
inputs to any control block requiring them. Constant block'(CONS) values
should also be generated before they are used as input, even though they
themselves have no inputs from other blocks.

[A state variable type block is defined as one containing one or more
mathematical integration operations.-

An initial output value (XIV or LIV) is user-supplied as a part of the
- input data for each control block, lhese specified initial values are printed
out at each major edit of the control-system data so the' user can easily
determine how much each control block output has changed from the
. user-specified initial value. During the zeroth' pass (at TIMET = 0.0), all-
- control block output values. are computed. 'Since the controller time step
(DTCON)-is.0.0, the state variable blocks properly retain the values input as- ,

initial: conditions. - However, the algebraic variables may have their initial
values changed during the zeroth pass computation so as_to be exactly

- cons _istent~ with the given state variable-and thermal-hydraulic initial values.
Consequently, the user is_not actually required to input init al output values
for algebraic variables.

The only-exception is that if an algebraically implicit loop ex ats,
- there currently c.xists no way of iteratively solving for a solution for each
- time step. The user would have to specify an accurate initial value given for

.
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the output of the first one of the control blocks in the algebraic loop. As
an example, consider the following implicit loop:

Z - Y + sin (Z).

According to figure 5-7, the user would have to specify the initial value for
either the SIN block or the ADD block, whichever he chooses to sequence first.
It is assumed that the value of the variable Y has been previously calculated.
As can be seen, this procedure has the distinct disadvantage of first
requiring an accurate guess for the init tal value of Z. Second, the solution
proceeds with the input to either the $1N or ADD block lagging by one
controller time step, This can result in an inaccurate or even unstable
solution. So the user should avoid such loops if at all possible, future
plans will rectify this situation by the inclusion of a new control block
named IMPL, which will iteratively solve noncoupled algebraic loops implicitly
for each time step.)

Once calculated, the output of any control block may be used as input to
as many control blocks as necessary, in the case where the output from a
control block is being used to change the thermal hydraulic data base, only
one such controi block should modify that particular parameter. If more than
one control block were inadvertently used to adjust a specific thermal-
hydraulic variable, only the last one in sequence would ultimately affect the
simulation. However, if desired, a value from the thermal-hydraulic data base
may be used as input to more than one control block. If such is the case, one
should consider that any thermal-hydraulic liiput/ output data transfer is a
relatively time-consuming process. Consequently, it is more efficient to
avoid having multiple transfers of the same parameter from the thermal-
hydraulic data base. A trick to accomplish this is to define a dummy
algebraic control block that has the desired thermal-hydraulic parameter as an
input. Setting the DEAD control block constants (Cl and C2) to 0.0 results in
its output equaling the desired thermal-hydraulic input. Then, the DEAD block
may be efficiently used as input subsequently to as many other blocks as
required.

Y
'

2
ADD

7

bin (2)

m

INEL 4 3638

Figure 5-7. Implicit loop example.
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O in the infrequent event where it is desired that a thermal-hydraulic
parameter be input directly to a state variable block, a similar artifice must
be employed. The reason is that state variables have to be updated from past
time step derivative values according to the following rectangular (first-
order Euler) integration algorithm:

X - X .3 4 X .3 * DICON, (5-3)n n n

where

state variable =X -

derivative of the state variableX -

current time step number {n -

controller time step size.DTCON -

It can be seen that since the thermal-hydraulic parameter is at the
current time step (n), a means of storing the past time step value is

. necessary. This can be illustrated in figure 5-8, where it is desired to
integrate the feedwater flow rate (m,w) to get the total mass (m,y) of
feedwater supplied.

The minus preceding the Number 1 in the circle denotes that it is a
T/Hl/0 variable. Specifying the INT block (Number 10) to have a lower control
block number then the DEAD block (Number 20) means that the integration
operation will be performed computationally first. Thus, it will properly
receive derivative data from the previous time step as required. --

-

20 10

DEAD

bFW M bFWb FW C1 = 0

XIV = 0C2 = 0

XIV = d1FWo
INEL 4 0202

Figure 5-8, Method of integrating thermal-hydraulic data.
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5.7 CONTAINMENT MODEL

In addition to Table 3.4-1, the following guidelines are presented to
assist in using the TRAC-Bfl/ MODI containment model:

1. Compartment components may be any size the user wishes; but the
smaller tl.e compartments are, the greater the computational time
required for containment calculations, for a given primary loop.

2. DTIME can generally be set to any value the user desires, given the
degree of temporal resolution desired. (It is recommended that EDINT -

(TIMESTEP card) be set to an integral multiple of DTIME for each
time domain).

3. In one-dimensional components attached to a BREAK with ICOMT * 0, it
is recommended that there be at least one cell between a cell face
(where ICH01CE * 0) and the BREAK junction. This is to allow the
two-phase mixture to flash to a quality appropriate for the

,

containment back pressure.

4. Unless large changes in liquid level within a compartment are
expected, it is recommended that the level tracking option for heat
structures not be used. Rather that use multiple vertical nodes for
a heat structure that is partially in the liquid region and
partially in the vapor region, the structure should oe broken into
two single-axial-node sttuctures in the liquid and vapor regions,
respectively.

-

O
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O 5.8 FEEDWATER HEATER MoDEL

lt is often convenient to use a PI controller (see Section 5.6) to
control the liquid levtl in the shell of the feedwater heater by adjusting a
drain flow control valve at the drain cooler exit of a HEATR component. To
eliuinate the need for a separate VALVE component to control feedwater heater
drain flow, a utility has been built into the HEATR component that allows the
control system to adjust the flow area and hydraulic diameter at the next-to-
last cell face (cell face NCELL1) in the HEATR primary tube. This adjustable
cell face may be used as a control valve for the heater drain flow. The
controlled variable type for use on control system input / output cards is AREA.

_

lo use this option, NCELL1 should be >3.

The feedwater heater component may also be used to model a condenser
component. The shell (the HEATR component) can be cooled by plant water that
is not part of the primary coolant through the use of a disconnected loop.
This would generally take the form of a FILL, PIPE, and BREAK, where the PIPE
represents the tube bank inside the shell. The shell side arm can be
connected to a negative flLL to model the steam-jet ejectors usually found on
condensers to limit buildup of noncondensibles, if you put such dfsconnected
loops into your model, you must tell TRAC-Bfl/ MODI how many to expect with the
NDISLP variable in the MAIN cards.

O

.

O
5-25 NUREG/CR-4356



__ __ _ . _ . _ _ . _ _ _ _

USER GUIDELINES

5.9 TURBINt MooEL INITIALIZATION

A train of TURB components is used to model a complete BWR steam turbine.
A typical turbine train would consist of 5 TURB components in series: one for
the high-pressure turbine section, one for the moisture separator, and three
for sections of the low-pressure turbine. The following procedure is
recommended for initializing the complete turbine train.

1. Set desired pressures and rated mass flow rates on input deck.

2. Allow the code to calculate TURB nozzle flow areas. This is done by
setting FA - 0.0 on input for cell face 2 in TURB.

3. Use a control system with PI controllers (see Subsection 5.6) to
control steam extraction mass flow rates. The controlled variable
to use for this is the TURB side arm loss coefficient, with control
system input / output identifier KLOS.

4. Adjust high pressure stage efficiency to give the correct separator
drain flow rate. All liquid phase entering the separator is drained
out the .;ide arm, hence the high pressure stage efficiency will
determine the separator drain flow rate by determining the exit
vapor fraction from the high-pressure section.

5. Adjust ')w-pressure stage efficiencies to give the correct total
turbino votor power.

6. For easy of inicialization, allow the last low pressure TURB to
exhaust into a VALVE whose area is controlled to yield the correct
TURB outlet pressure. If the final TURB is connected directly to a
BREAK, it is difficult to control the final stage outlet pressure.

!

!

1

|

O
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O -5.10 TIME STEP SIZE

The following suggestions are offered as approximate guidelines to >

establish time step size limits. Each problem has its own optimum limits, and
only user experience can determine these limits. Limits are suggested for the

.

!early phase of blowdown transients and for other less rapid transient phases. '

Rapid Blowdown Transient (0.0 to 0.1 s),

01 MIN = 1.E-6 s
D1 MAX - 1.E-3 s.

Slow' Transients and Steady State

01 MIN - 5.E 4 s
-DTMAX 3.E-2.s.

The Courant limit on time step size may sometimes cause a calculation to
consistently use a time stop size much smaller than D1 MAX. Each TRAC major
edit prints the Courant time step size limit,-the component, and cell face
number causing this limit. If- the same component cell face is found to
consistently _ limit the time step' size, the user may increase the upstream cell.

- volume arbitrarily or by combining cells. This will allow larger time step
size, since the Courant limit in TRAC BF1/ MODI is based on upstream cell fluid-
volume and on upstream cell length. '

1

4

$

>

O
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O||5.11 MASS CONSERVATION

Errors in system mass conservation are indicated by system percent mass
continuity error printed at the end of each major edit. This quantity is
defined as

System percent mass continuity error - 100 (OMAS10-0 MAST)/0 MASTO)

where OMASTO is the initial system water mass and where OMAST is the current ;

estimate of the initial syhtem mass defined by

0 MAST current total system water mass
+ total mass discharged at BREAKS
- total mass injected at flLLS.

If mass is perfectly conserved OMAST - OMASTO during the entire
transient. In actual TRAC transients, however, mass continuity errors are
never exactly zero due to the truncation error. For transients in a system
with a small initial water mass (reflood of an initially steam-filled system),
large percent mass continuity errors are often not significant. for initially
liquid-filled systems, however, a large percent mass continuity error often
indicates that too large a time step size is being used.

The percent mass continuity error is also calculated and edited for each
component in the system, allowing system mass conservation errors to be traced
to a particular component.

O
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\ 5.12 HELPFUL HINTS

Many of these suggestions have been obtained from Los Alamos National
;

Laboratory (LANL). LANL contributions are acknowledged in parentheses.

5.12.1 Implicit Conduction Option

Occasionally, TRAC-BFl/ MODI problems will be encountered where the time .

step size allowed by the hydrodynamic solution is so large that the conduction -

solution in solid structures becomes unstabic, lhis behavior is characterized
by large and rapid oscillations of the surface temperatures of fuel rods or

,

other solid structures. This problem can be eliminated by setting the
implicit conduction solution flag, IMPCON, to 1 on Card MAINXX. The fully
implicit conduction solution o) tion (see Volume 1). does not exact'y conserve
energy in the reactor system, yut the conservation errors are sm.11 for slow
transients.

5.12.2 Adding or Deleting New Components
,

Four changes are required to add or dele .omponent in a TRAC BFl/ MODI.

input deck: (a) add or delete the component c ' (b) change NJUN and NCOMPs >

'
on Main Control Card MAINXX; (c) change the 10,tutR array on Card COMPLISTXX;
and (d) change the number of VESSEL sources (NCSR on VESSEL Card
VESSEL 10000lX) and VESSEL source cards (VESSEL Card VESSEL 100014X), if
necessary.

The only exception to these guidelines.is the containment. To add or
delete the containment component, the containment option flag (ICONTA) on the
MAIN control card must be appropriately changed, the containment input cards
must-be-inserted (to add the containment), and the input cards for FILL and
BREAK components attached to containment compartments must be inserted (to add
or delete the containment) with appropriate specifications of the ICOMT
parameter.

5.12.3 Flow Areas

The flow area at a cell face should represent the most restrictive value
-within the cell to help achieve correct pressure drops and velocities (LANL).

In the powered region of a CHAN component, the maximum flow area should
be used to avoid overestimation of convective heat transfer and additive form
loss coefficients should be used to obtain correct pressure drops.

|
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5.12.4 Flow Restrictions at Cell Ends

If the volume of a cell is rare than several times larger than
0.5(FA )DX, it should be divided into two cells. This gives more realistici
values for pressure drops (LANL).

5.12.5 Interpretation of GRAY

The one-dimensional omponent input variable, GRAV, is defined as
follows:

.

.

GRAV = [ elevation (vertical)d'fference between cell centers)/(flow length
t between cell centers)
)

- (elevation of center of Cell 2) - (elevation of center of Cell 1)
/(1/2 DX2 + 1/2 DX )3

Only for straight pipes (no bends) does this reduce to the cosine of the angle
between a vertical fector pointing up and a vector from Cell N to Cell N + 1

3 as described in the input description.
)

For a TEE at the interface between the primary tube and side are, the
above expression for GRAV also applies, with Cell I being the primary tube
joining cell and Cell 2 being the first cell in the side are.

5.12.6 TEE Component

if possible, a TEE should have at least one cell between the secondary
~

junction and either of the primary end cells:

JCELL > 1 and JCELL < NCELLI.

This is .equired to correct the momentum source terms in the primary ler'. One
exception is if tne primary leg is joined to a VESSEL, a FILL, or a BREAK.
Then, the secondary leg may enter the cell adjacent to that junction (LANL).

-

5.12.7 Junctions

The smaller flow area at the interface between two dissimilar pipes
should be used at the connecting junction for both pipes.

At the interface between components, input the same interface values (FA,
FKLOS, RKLOS, GRAV. HD, VL VV) for that interface in each component.

O
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5.12.8 Conysiting from Steady-State to Transient Run

A convenient method of ~ initializing a BWR-TRAC plant deck is to perform a
steady-state run~using control system assisted initialization (Section 2.4.2),
then use EXTRACT to create a new input deck corresponding to the steady-state
condition of the system. A transient run may then be initiated from this new
deck. If this procedure is used, three items should be checked on the new
input deck to ensure continuous conditions at the start of a new run:

1. If a steady-state pressure controller was used, the open area
(ALIVE) and open hydraulic diameter (liVLVE) of the pressure control
valve should be set so that the same valve characteristics are used
at the beginning of the transient run as were set by the control
system at tne end of the steady-state run. The valve type (IVTY)
must be changed to an appropriate value if the valve is not te be
operated by a control system during the transient run.

2. If a steady-state downcomer water level controller was used, the
feedwater FILL velocity (VIN) should be adjusted on the.new deck to
equal the fill velocity set by the control system at the end of the
steady _-state run. The fill type (IFTY) must be changed to an
appropriate value if the feedwater FILL is not to be operated by a
control system during the transient run.

3. If a recirculation flow controller was used, the recirculation pump
speed (OMEGA) should be adjusted on the new deck to equal the final
pump speed set by the control system dur'ng the steady-state run.
The pump type (IPMPTY)~must be changed to an appropriate value if

U the recirculation pump is not to be operated by a control system
during the transient run.

5.12.9 Freezing Control System Output

It is sometimes convenient on a restart run to freeze the output on a
control . system at its current value. This is often easily achieved by setting
the time constant to a very .large value (10E10 s) in the lag control block
smoothing the control system output. _ For example, LAG 2 in Figure 5-? will
cause subsequent output changes to be lagged by the vary large time constant
chosen.

5.12.10 _ Courant Limit in VESSEL Component

.It is possible that the problem time step size might be limited to an
'

unnecessarily small value'by the Courant limit applied in a VESSEL component
;, with very small radial dimensions. This might occur in the model of a small-
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scale test facility when a source, such as a steam line, is connected to a
radial face on the VESSEL component. Even though a momentum solution is not
performed at this face, the momentum solution form of the Courant time step
limit will be applied, resulting in a severely restricted time step size.
This unnecessary limit can be eliminated by using an artificially large flow
area at the junction between the VESSEL face and the adjoining component.
This will reduce the fluid velocity in the junction, resulting in a larger
Courant time step limit at the junction. This artifice will have no harmful
effects on the overall analysis, since the velocity at the vessel s;urce
junction is not used in a junction momentum solution.

5.12.11 Modeling of ECCS Injection

< heen observed that the injection of cold ECCS liquid into a hot,
steam - injection pipe can cause abrupt condensation and water packing in
aF ,01 model, of ten leading to small time steps and/or code failure,-

may be alleviated by including in the model a section of
) ward-oriented injection piping between the ECCS FILL and the
el . The vertical section should be initially filled with water

- erature corresponding to the turn-on pressure of the ECCS FILL
This section of piping will remain water-filled until ECCS.

injection is initiated and will allow a smoother (and more physical)
initiation of ECCS flow.

5.12.12 Use of Choking Model

In order to achieve the best possible critical flow calculation with the
choking model, the choking flag (ICHOKE) should be set to 1 only at junctions
where there is no flow area change frum the next junction upstream.

5.12.13 Downcomer Level

When attempting to match downcomer level as predicted by TRAC-BF1/ MOD) to
plant data, an additional level calculation may be performed using the control
system:

1. lake the pressure data points, one in the liquid downcomer and one
in the steam region above it. The exact location depends on the
specific plant configuration.

2. Use the control system to perform +he calculation

P - P,/pg .g

p may be obtained via the control system or in a way dependent on
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iE the actual plant control. system. g = 9.801 m/s .

._The output will be a relative level that is analogous to how the' plant control-
system attempts to determine level. To relate _this level to plant level, the
relative value obtained from the TRAC-BFl/ MODI control systera may need to be
referenced to the' zero point of the plant -level measurement.

--5.12.141 Time-Step Size and the SEPD Component

The Courant-number specified on~the MAIN cards may be very large and
still produce accurate results. The time integration algorithm is always
stable, and accuracy is preserved by reducing the time step if the rate of
change of state variables is large. However, 'the efficiency of the SEPD-
component :is: an explicit calculation and,- as such, may exhibit some time-step

-size-dependence. _ If the model is performing-in the regime where high
-efficiency is: achieved, this is not a problem. However, when efficiency is
degraded, the results may change. The model should be checked for time-step
dependence in cases of low inlet void-frafdction or high mass fluxes.

[T
U

<

--
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'd 6. SAMPLE PROBLEM

The sample problem chosen for_ inclusion in this manual is two-loop test
apparatus (TLTA) Test 6423, a full BWR simulat on
usedfordevelopmentalassessmentofTRAC-BDl.j3,withanexperimentalbaseThe design base accident
test case No. 5423 simulated a large-break (200% area) in one of the main
circulation lines. The emergency core cooling system action simulated low
flow rate and high injection liquid temperaqture.

TLTA configuration SA, as used for test 6423, was designed to model
fatures of a BWR/6, including the fuel channel-to-core bypass leakage paths.
Figure 6.1-1 shows a facility schematic, wnich is described in greater detail
in Section 2.4.3 of Reference 6 l-
on a General Electric Co. model J. The input model of the system was basedg

and had 16 vessel levels, with two cells
per level, and a total of 25 components. Figure 6.1-2 shows the original
TRAC-BDl/ MODI model nodalization.

The transient input deck has been modified for use with TRAC-BFl/ MODI and
is reproduced in Appendix A. A representative major edit for this problem is
reproduced in Appendix B.

O
V

:

i

f

.
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Figure 6-1. TLTA system schematic.,
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Figure 6-2. TLTA test 6423 TRAC model nodalization.
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. TRANSIENT INPUT DECK FOR TLTA TEST 6423!

,

This appendix contains the TRAC-BFl/M001 transient input deck for the |sample problem TLTA-Test 6423.:
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TRAC-BD1 TLTA 6423 - TRANSIENT INPUT=
** IEOS NTRACE IST NEXTR MASTPROPTIONS 0 5 0 0 3CHECKOUT 5 0 0 0 0 0 0 0

*
COMPONENT DESCRIPTIONS

,

COMPONENT. DESCRIPTION*

* 1 BROKEN LOOP SUCTION LINE TEE* 2 BROKEN LOOP PIPE
3 BROKEN LOOP BLOCK VALVE

*

4 BROKEN LOOP JET PUMP
*

5 SUCTION SIDE BREAK
*
* 6 GUIDE TUBE PIPE WITH LEAK
* 7 ZERO VELOCITY FILL TO GUIDE TUBE* 8 INTACT SUCTION LINE PIPE AND VALVE

i * 9 INTACT LOOP PUMP AND DRIVE LINE
10 IMTACT LOOP DRIVE LINE VALVE

*

11 INTACT LOOP JET PUMP*

12 64 ROD BUNDLE CHANNEL
*

13 DISCHARGE SIDE BREAK
*

* 14 MAIN STEAM - NEGATIVE FILL* 16 BROKEN LOOP DISCHARGE TEE
* 19 HPCS PIPE

20 HPCS FILL*

21 LPCS PIPE*

22 .LPCS FILL*

23 LPCI PIPE*

24 LPCI FILL*

* 25 FEEDWATER PIPE* 26 FEEDWATER FILL* 27 VUSSEL
.

.

** DSTEP, START TIMET
MAIN 01 0 0.0
*" STDYST' TRANSI NCOMP NJUN WATERPAKMAINO2 0 1 24 27 0
** CONVER EPSO EPSI EPSS IMPCONMAINO3 1.0E-04 1.05-05 1.0E-02 1

ITER OITMAX IITM10( CSFID NTRX NLEAKP NAXN
**

MAIN 04 7 0 100. 4 3 7* UDMPTR ICTR IBORC IAIR NROT
MAINOS 0 0 0 0 0* NOMMPT LEV 1 NDISLP ICONTA
MAIN 06 0 0 0 0
** COMPONENTS LIST ORDER CARDS
COMPLIST01 1 2 3 4 5 6 7 8 9 10.COMPLIST02 11 12 13 14 16 19 20 21 22 23
C.O. M. PLI. S. T. 0 324 2

.......... 5.... 26 27
.. ..............................................

.... ....
**** POWER INPUT ****
.... ....
.......................**......................................***....
.

* RPOWRI IRPOP N-POINTS
* POWER 00010 6.4614E+06 1 0 0 0 0
***** VLTB
POWER 00010 6.4614E+06 2 0 31 0 0
.

POWER 0PTAB00 0.000 6.4614E+06 0.500 6.4614E+06
POWER 0 PTAB01 0.623 6.4066E+06 1.631 5.8300E+06
POWER 0PTAB02 3.647 4.0478E+06 4.659 3.5819E+06
POWER 0PTAB03 5.674 3.1538E+06 7.186 2.6325E+06
FOWEROPTAB04 9.202 2.0327E+06 10.209 1.7706E+06

NUREG/CR-4356 A-4
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POWER 0PTAB05 13.233 1.3134E+06 16.257 9.0858E+05[m. POWEROPTAB06 18.777 7.4841E+05 20.289 6.6687E+05t

T' j'' :POWERU PTAB07 23.816 5.5912E+05 26.840 4.8632E+05
POWEROPTAB08 29.863 4.2226E+05 32.383 3.8731E+05''

POWER 0PTAB09 35.909 3.4654E+05 38.429 3.2033E+05
POWER 0PTAB10 40.949 2.9703E+05 45.989 2.6500E+05
POWER 0PTAB11 50.020 2.3879E+05 60.099 2.0385E+05
POWER 0PTAB12- 70.177 1.9802E+05 1J0.412 3.8055E+05

-POWEROPTAB13 200.203 1.8346E+05 300.592 1.7764E+05
POWER 0PTAE14 399.592 1.7473E+05 400.592 0.00003+00
POWER 0PTAB15 800.000 0.0000E+00
** AXIAL POWER DISTRIBUTION ***
* ZPOWER
POWER 002POWR0 0.527 1.032 1.330 1.381
POWER 00ZPOWR1 1.330 1.032 0.529

4

.

...............................** **....
TIME STEP DATA* *

...***........................****......
t

DTMIN DTMAX TEND RTWFP*

* EDINT GRFINT DMPINT SEDINT
TIMESTEP011 1.E-6 0.10 15.00 1000.
TIMESTEr012 5.0 0.10 5.0 25.0
TIMESTEP021 1.E-S 0.10 0.00 1000.
TIMESTEP022~ 2.0 0.10 2.0 1000.
* TRIP DATA
* ITID ISID TSP TDT TITLE ID1 ID2 ID3 ID4
TRIP 011 1- 0 -0.0 0. " TIME ZERO 0 0 0 0"

TRIP 020 2 0 20.0 0. "ItRACT LOOP VLV a 0 0 0 0
/' TRIP 030 3 0 0.0 0, "NOT USED 0 0 0 0"

t T.RI P040
4 0 1000. O. 'NOT USED 0 0 0 0"

x

......................*******......** ....
*

. . . . . . . . .C. O. NT. RO. L S. Y. S. T. EM. . FOR. . T. L. TA
*

. . .. . .. ............
.

* TYPE STPT ICON COMP CELL COMP CELL COMP CELL COM
*STEADYST010 WLEVC 2.150 3,54 27 1 14 1 25 1 26
*STEADYST040 PRESC 7.163E6 0.25 14 1 14
************** CONTROLLER CHANGE CARDS
*.

*CNTRL90987 2.0 40.0 - 1.0 1.E+50 -1.E+50 3.054E-03
*CNTRL90983- 0.0 0.0 1.0 1.E+50 -1.E+50 .1957
*CNTRL90984 1.0 0.0 1.0 755. -745.0 .0484
*CNTRL90985 2.15 0.0 1.0 1.E+50 -1.E+50 -2.15
*CNTRL90986 0. 0 . 0.0 1.0 1.E+50 -1.E+50 9.9101E-03
*CNTRL90988 -0.0 0.0- 1.0 1.E+50 -1.E+50 3.4904
#CNTRL90989 0.0 0.0 1.0 1.E+50 -1.E+50 .10542,

'*CNTRL90990 1.0 0.5 1.0 755.0 -745.0 .0558
*C1HRL90991 3.54 0.0 1.0 1.E+50 -1.E+50 3.54
*CNTRL90992 0.0- 0.0 1.0 10.0 0.0 3.49
*CNTRL90993 0.0 0.0 1.0 1.E+50 -1.E+50 445.5
*CIERL90994 .35 0.0 1.0 1.0 -1.0 8.911E-03
*CNTRL90995 -7.16E+06 0.0 1.0 1.E+50 -1.E+50 7.163E+06
*CNTRL90996- 0.0 U0 1.0 1.E+50 -1.E+50 .399
*CNTRL90997- 2 . '.- 0 5 1.E-05 1.0 10 -1.0 8.914E-03
*CNTRL90998 .25 0.0 1.0 1. E.+ 5 0 -1.E+50 .250
*CtRRL90999 0.0 0.0 '1.0 1.0 0.0 .2589
S

$$$$$$ - TEE HEADER CARD

. (Q
TEE 01000 1 " LOOP SUCTION PIPE MASS FLOW "

$$$$$$- TEE PARAMETER CARD' V) '

JCELL NODES MATID COST ICHF IPVHT NCELL1*=

A-5 NUREG/CR-4356

_



- _ _ _ _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ - - _ _ _ - - _ _ - . _ - _ - _ - - _ - _ _ - _ -

APPENorx A

TEE 01010 4 1 6 1.00000000E+00 0 0 10
JUN1 JUN2 ITRP*

TEE 01011 4 5 0
RADIN1 TH1 HOUTL1 HOUTV1*

TFE01012 3.68300000E-02 7.60000000E-03 .00000000E+00 .00000000E+00
TOUTL1 TOUTV1*

TEE 01013 5.47000000E+v2 5.47000000E+02
MCELL2 JUN3 RADIN2 TH2*

TEE 01020 1 22 3.5;000000E-02 7.60000000E-03
HOUTL2 HOO 2V2 TOUTL2 TOUTV2*

TEE 01021 .00000000E+00 .00020000E+00 5.47000000E+02 5.47000000E+02
IHTS IWT*

TEE 01050 0 0
***** DX
TEE 01DX0 2.60400000E-01 2.79400000E-01 2.42900000E-01
TEE 01DX1 2.40900000E+00 2.72900000E+00 1.36400000E+00
TEE 01DX2 1.02200000E+00 2.04500000E+00 1.02200000E+00
TEE 01DX3 4.96900000E-01 E -

von.....

TEE 01VOLO 1.09600000E-03 1.19100000E-03 1.03500000E-03
TEE 01VOL1 1.02700000E-02 1.16300000E-02 5.81200000E-03
TEE 01VOL2 4.35500000E-03 8.71400000E-03 4.35500000E-03
TEE 01VOL3 2.11700000E-03 E
..... pg
TEE 01FAO 3.08900000E-03 4.26100000E-03 2.797400E-04
TEE 01FAl R08 4.26100000E-03 E,
***** FKLOS
TEE 01FKLOSO 1.50000E-00 3.50000E-01 3.20000E+00
TEE 01FKLOS1 R03 .00000E+00 3.50000E-01 R02 .00000E+00
TEE 01FKLOS2 3.50000000E-01 .00000000E+00 E
***** RKLOS
TEE 0lRKLOSO 1.50000E-01 8.70000E-01 . 20000E+00
TEE 01RKLOS1 R03 .00000F+00 3.50000E-01 R02 .00000E+00
TEE 01RKLOS2 3.50000000E-01 .00000000E+00 E
***** GRAV
TEE 01GRAVO 1.00000000E+00 4.82400000E-01 R04 .00000000E+00
TEE 01GRAV1 -4.28400000E-01 R02 -1.00000000E+00 -6.72900000E-01
TEE 01CRAV7 3.00600000E-01 E
.. .. 99
TEE 01HD0 6.27000E-02 7.36600E-02 1.88730E-02
TEE 01HD1 R08 7.35600000E-02 E
..... EPSD ~

TEE 01EPSD0 R09 6.00000000E-04 R02 6.00000000E-04 E
***** ICHOKE
TEE 01ICHOKE0 R02 0 1 R08 0E
***** ICCFL
TEE 01ICCFLO R09 0 R02 0E
***** ALP
TFE01ALF0 6.80677199E-10 5.96646388E-11 6.81190850E-12
TEE 01 ALP 1 9.38650251E-14 1.15078335E-15 2.80865019E-17
TEE 01 ALP 2 9.25979566E-19 6.58819767E-20 2.96670601E-20
TEE.01 ALP 3

5.57535666E-20 E.
yn.. ..

TEE 01VLO 1.53704575E+00 1.11427976E+00 1.67181378E+01
TEE. 01VL1

R06 1.11470554E+00 R02 1.11468265E+00 E
.. .. yy.
TEE 01VVO 1.75660697E+00 1.28307135E+00 1.70958498E+01
TEE 01VV1 1.27034070E+00 R02 1.27000125E+00 1.25645863E+00
TEE 0lVV2 1.23853009E+00 1.23850217E+00 1.24865120E+00
TEE 01VV3 1.27924336E+00 8

- ..*** TL
TEE 0lTLO 5.47136696E+02 5.17128013E+02 5.47005167E+02
TEE 01TL1 5.46968384E+02 5.47026997E+02 5.47087390E+02
TEE 01TL2 5.47153291E+02 5.47365906E*02 5.47492949E+02
TEE 01TL3 5.47558441E+02 E
...** TV
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TEE 01TVO 5.60741667E+02 5.60728319E+0;' R04 5.57164116E402
/'. _h ~ -TEE 01TV1 5.57193194E+02 5.57305265E+02 5,57417162E+02

_( /! T. E. E01.TV2 ~ . 5.57452520E+02 E
x/. ..; _. p

. TEE 01P0 -7.18069712E+06 7.17920048E+06 6.81128272E+06
TEE 01P1- 6.81114768E+06 6.8108G551E+06 6.81067681E+06
TEE 01P2 6.81422442E+06 6.82557166E+06 6.83691582E+06
T. E. E. 01. P3

6.84050352E+06 E
gppp.

T.EE01QPPPO
R09 .00000000E+00 .00000000E+00 E

.... m
TEE 01 W0 5.47136570E+02- 5.47127987E+02 5.47005141E+02
TEE 01TW1 5.46968305E+02 5.47027108E+02 5.47087620E+02
TEE 01TW2' 5.47153620E+02 5.47366436E+02 5.47493575E+02
TEE 01TW3 5.47559113E+02 E
***** DX

T.EE.01DXSO . 2.74000000E+00 E
. . . von

TEE 01VOLSO 1.16800000E-02 E
***** FA
TEE 01 FASO 4.26100000E-03 4.2610E-03 E
***** FKLOS
TEE 01FKLOSSO R02 ,02000000E+00 E
... .- ggtog

TEF01.RKLOSS0 R02 .00000000E+00 E
.... oggy
TEE 01GRAVS0 R02 1.00000000E+00'E
***** .HD
TEE 01HDS0' . R02 7.36600E-02 E
***** EPSD
TEE 01EPSDSO R02 .00000000E+00 E
***** ICHOKEp) - 1 ETEE 011 CHOKES 0 0
***** ICCFL,

,

-\_/ T.E. E. 01.ICCFLS OR02 0E
Anp

T.E.E01. ALPS 0 1.2813626SE-17 E
yn.

T.EE.01VLSO '
-2,42367656E-06 .00000000E+00 E

. . . . yy
TEE 01VVS0 1.37689037E-02 .00000000E+00 E
...** TL
TEE 01TLS0- 5.47025125E+02 E
***** TV

T.EE01TVS0 5.56971456E+02 E
. . . . - p

TEE 01PS0 6.79181667E+06 E
*****

. OPPP

T.EE010PPPS0 .00000000E+00 E
.... m

TEE 01TWSO 5.47025147E+02 E
$
$$$$$$ PUMP-HEADER CARD
PUMP 02000 -2 * LOOP PUMP - MASS FLOW *

$$$$$$ PUMP PARAMETER CARD
NCELLS NODES JUN1 JUN2 MAT*

l PUMP 02010 6 3 5 6 9
* ICHF IPVHT IPMPTY IPFACE IRP IPM IPMPTR NPMPTX

L PUMP 02011 0- 0 1 2 0 0 1 28
' * RADIN TH HOUTL HOUTV.

PUMP 02013 3.68300000E-02 7.62000000E-03 1.17200000E+01 1.17200000E+01
TOUTL TOUTV*

.. PUMP 02014 5.51000000E+02 5.51000000E+02
./" * RHEAD RTORK RFLOrl RRHO'

-( PUMP 02020 2.12390000E+03 7.59250000E+01 7.57080000E-03 7.56050000E+02
'

\ RCMEGA EFFMI TFR1 TFR2*

l
-
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PUMP 02'21 3.71760000E+02 1.03240000E+00 .00000000E+00 .00000000E+00
* OMEGAN OPTION
PUMP 02022 3.37000000E+02 0
.

PUMP 02030 11 11 11 11 2 2 2 2 11 11 11 11 2 2 2

PUMP 02031 2 11 7

HSP1*****

PUMP 02HSP10 -1.00000000E+00 1.60000000E+00 -8.00000000E-01
PUMP 02HSP11 1.35000000E+00 -6.00000000E-01 1.23000000E+00
PUMP 02HSP12 -4.00000000E-01 1.16000000E+00 -2.00000000E-01
PUMP 02HSP13 1.13000000E,00 .00000000E+00 1.12000000E+00
PUMP 02HSP14 2.00000000E-01 1.11000000E+00 4.00000000E-01
PUMP 02HSP15 1.10000000E+00 6.00000000E-01 1.09000000E+00
PUMP 02HSP16 8.00000000E-01 1.06000000E+00 R02 1.00000000E+00 E

ggp2.....

PUMP 02HSP20 -1.00000000E+00 -4.00000000E-01 -8.00000000E-01

| PUMP 02HSP21 -5.10000000E-01 -6.00000000E-01 -5.40000000E-01
PUMP 02HSP22 -4.00000000E-01 -5.60000000E-01 -2.00000000E-01
PUMP 02HSP23 -5.80000000E-01 .00000000E+00 -5.60000000E-01
PUMP 02HSP24 2.00000000E-01 -5.20000000E-01 4.00000000E-01
PUMP 02HSP25 -4.60000000E-01 6.00000000E-01 -3.30000000E-01
PUMP 02HSP26 8.00000000E-01 .00000000E+00 R02 1.00000000E+00 E

HSF3*****

PUMP 02HSP30 -1.00000000E+00 1.6000C000E+00 -8.00000000E-01
PUMP 02HSP31 1.22000000E+00 -6.00000000E-01 1.01000000E+00
PUMP 02HSP32 -4.00000000E-01 8.80000000E-01 -2.00000000E-01
PUMP 02HSP33 7.80000000E-01 .00000000E+00 7.10000000E-01
PUMP 02HSP34 2.00000000E-01 6.90000000E-01 4.00000000E-01
PUMP 02HSP35 7.00000000E-01 6.00000000E-01 7.60000000E-01
P.U.MP02 HS P3 6

8.00000000E-01 8.40000000E-01 R02 1.00000000E+00 E
pgp4...

PUMP 02HSP40 -1.00000000E+00 -4.00000000E-01 -8.00000000E-01
PUMP 02HSP41 -2.40000000E-01 -6 00000000E-01 -8.00000000E-02
PUMP 02HSP42 -4.00000000E-01 1.30000000E-01 -2.00000000E-01
PUMP 02HSP43 4.80000000E-01 .00000000E+00 6.40000000E-01
PUMP 02HSP44 2.00000000E-01 6.90000000E-01 4.00000000E-01
PUMP 02HSP45 7.00000000E-01 6.00000000E-01 7.60000000E-01
PUMP 02HSP46 8.00000000E-01 8.40000000E-01 R02 1.00000000E+00 E

HTP1*****

PUMP 02HTP10 -1.00000000E+00 .00000000E+00 1.00000000E*00
PUMP 02HTP11 .00000000E+00 E
***** HTP2

-

PUMP 02HTP20 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 02HTP21 .00000000E+00 E
***** HTP3
PUMP 02HTP30 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 02HTP31 .00000000E+00 E

HTP4*****

PUMP 02HTP40 -1.00000000E+00 .00000000E+00 1.00000000E+00

PUM.P02HTP41
.00000000E+00 E

TSP 1.. ..

-PUMP 02 TSP 10 -1.00000000E+00 1.00000000E+00 -8.00000000E-01
PUMP 02 TSP 11 7.20000000E-01 -6.00000000E-01 5.40000000E-01

-PUMP 02 TSP 12 -4.00000000E-01 4.20000000E-01 -2.00000000E-01
PUMP 02 TSP 13 4.20000000E-01 .00000000E+00 6.00000000E-01
PUMP 02 TSP 14 2.00000000E-01 7.00000000E-01 4.00000000E-01
PUMP 02 TSP 15 7.90000000E-01 6.00000000E-01 8.80000000E-01
PUMP 02 TSP 16 8,00000000E-01 9 90000000E-01 R02 1.00000000E+00 E

T3P2*****

PUMP 02 TSP 20 -1.00000000E+00 -2.50000000E+00 -8.00000000E-01
PUMP 02 TSP 21 -2.15000000E+00 -6.00000000E-01 -1.73000000E+00
FUMP02 TSP 22 -4.00000000E-01 -1.22000000E+00 -2.00000000E-01
PUMP 02 TSP 23 -7.60000000E-01 .00000000E+00 -4.20000000E-01
PUMP 02 TSP 24 2.00000000E-01 -1.70000000E-01 4.00000000E-01
PUMP 02 TSP 25 4.00000000E-02 6.00000000E-01 3.00000000E-01
PUMP 02 TSP 2 6 8.00000000E-01 6.70000000E-01 R02 1.00000000E+00 E
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TSP 3.*****

, ''h :' PUMP 02 TSP 30 -1.00000000E+00 1.00000000E+00 -8.00000000E-01('t l PUMP 02 TSP 31 9.80000000E-01 -6.00000000E-01 9.50000000E-01b~ / PUMP 02 TSP 32 -4.00000000E-01 9.10000000E-01 -2.00000000E-01
PUMP 02 TSP 33 8.70000000E-01 .00000000E+00 8.30000000E-01
PUMP 02 TSP 34 2.00000000E-01 7.60000000E-01 4.00000000E-01
PUMP 02 TSP 35 7.20000000E-01 6.00000000E-01 6.40000000E-01
PUMP 02 TSP 36 8.00000000E-01 5.60000000E-01 1.00000000E+00
PUMP. 02TS P37 5.00000000E-01 E
**. TSP 4
PUMP 02 TSP 4 0 -1.00000000E+00 -2.50000000E+00 -8.00000000E-01
PUMP 02TS!41 -2.31000000E+00 -6.00000000E-01 -2.03000000E+00
PUMP 02 TSP 42 -4.00000000E-01 -1.620Q0000E+00 -2.00000000E-01
PUMP 02 TSP 43- -1.04000000E+00 .00000000E+00 -6.10000000E-01
PUMP 02 TSP 44 2.00000000E-01 -3.50000000E-01 4.00000000E-01
PUMP 02 TSP 45 -1.20000000E-01 6.00000000E-01 6.00000000E-02

-PUMP 02 TSP 46 8.00000000E-01 2.40000000E-01 1.00000000E400
PUMP 02 TSP 47 5.00000000E-01 E
***** TTP1
PUMP 02 TTP10 - -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 02TTP11 .00000000E+00 E

TTP2*****

PUMP 02TTP20 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 02TTP21 .00000000E+00 E
***** TTP3-
PUMP 02TTP30 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 02TTP31 .00000000E+00 E
***** TTP4
PUMP 02TTP40 -1.00000000E+00 .00000000E+00 1.00000000E+00
P. UMP 02 TTP41 .00000000E+00 E
..** HDM

PUMP 02HDM0 R02 .00000000E+00 1.00000000E-01 .00000000E+00
PUMP 02HDM1. 1.50000000E-01 5.00000000E-02 2.40000000E-01

../~. h PUMP 02HDM2 8.00000000E-01 3.00000000E-01 9.60000000E-01kg PUMP 02HDM3 4.00000000E-01 9.80000000E-01 6.00000000E-01'

PUMP 02HDM4 9.70000000E-01 8.00000000E-01 R02 9.00000000E-01
PUMP 02HDMS 8.00000000E-01 9.60000000E-01 5.00000000E-01
PUMP 02HDM6 1.00000000E+00 .00000000E+00 E
..*** TDM
PUMP 02TDM0 R02 .00000000E+00 1.00000000E-01 .00000000E+00
PUMP 02TDM1 1.50000000F-01- 5.00000000E-02 2.40000000E-01
PUMP 02TDM2 5.60000000E-01 8.00000000E-01 5.60000000E-01
PUMP 02TDM3 9.60000000E-01 4.50000000E-01 1.00000000E+00
PUMP 02TDM4 .00000000E+00 E

IHTS IWT*

PUMP 02050
**"*+

. 0 0
SPTBL

PUMP 02 S PTBLO .00000E+00 3.37000E+02 2.45000E-01
PUMP 02SPTBL1 3.24900E+02 4.45000E-01 3.06300E+02
PUMP 02SPTBL2 6.47000E-01 2.8810E+02 8.47000E-01
PUMP 02SPTBL3 2.72200E+02 1.0500E+00 2.58200E+02
PUMP 02SPTBL4 1.45000E+00 2.3330E+02 2.05500E+00
PUMP 02SPTSL5 2.06400E+02 3.0620E+00 1.72100E+02
PUMP 02SPTBL6 4.10900Ev00 1.4570E+02 5.11400E+00
PUMP 02 S PTBL7 1.26400E+02 6.1210E+00 1.10200E+02
PUMP 02SPTBL8 7.12600E+00 0.9820E+02 8.13400E+00
+' -8.8000E+01 9.14000E+00 7.97000E+01
+- 1.0150E+01 7.27000E+01 1.22400Ev01
+ 6.0800E+01 1.40500F+01 5.28000E+01
+ 1.6060E+01- 4.54000E+01 1.81200E+01
+- 3.9400E+01 2.01700E+01 3.43000E+01

2.2180E+01 2.92000E+01 2.42?00E+01+

+. 2.4600E+01 2.50400E+01 2.30000E+01.

4 3.0070E+01 1.35000E+01 3.51400E+01
g . 5.2000E+00 3.81600E+01 0.00000E+00f-w +

( PUMP 02SPTBL9 4.00000E+02 0.00000E+00 E
A
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....* DX
PUMP 02DX0 4.96900000E-01 3.04800000E-01 2.20000000E+00
PUMP 02DX1 8.25500000E-01 R02 8.02500000E-01 E
..... von
PUMP 02VOLO 2.11700000E-03 3.47500C00E-04 2.50900000E-03
PUMP 02VOL1 9.41200000E-04 R02 9.14900000E-04 E
..... pA-
PUMP 02FAO R02 4.26100000E-03 1.14000000E-03 3.80000000E 04
PUMP 02FAI B03- 1.14000000E-03 E

FKLOS*****

PUMP 02FKLOSO R02 .00000000E+00 7.20000000E-01 2.250u0000E+00
PUMP 02FMLOS1 4.00000000E-01 R02 .00000000E+00 E
***** RKLOS
PUMP 02RKLOSO E02 .00000000E+00 7.20000000E-01 2.25000000E+00
PUMP 02RKLOS1 4.00000000E-01 R02 .00000000E+00 E

GRAV***'

PUMP 02GRAVO 3.00600000E-01 .00000000E+00 R02 1.00000000E+00
PUMP.02GRAV1 5.07100000E-01 R02 .00000000E+00 E

no... .

PUMP 02HD0 R02 7.36600000E-02 3.81000000E-02 2.20000000E-02
PUMP 02HD1 R03 3.81000000E-02 E
***** EPSD
PUMP 02EPSD0 R02 6.00000000E-04 .00000000E+00 R04 1.20000000E-03 E

ICHOKE*****

PUMP 02 ICHOKE0 R03 0 0 R03 0E***** ICCFL
FUMP02ICCFL0 R07 0E

alp.....

PUMP 02 ALP 0 8.54727879E-20 3.98334709E-20 4.10742095E-20
PUMP 02 ALP 1 1.21622449E-20 6.96635569E-20 3.15897674E-20 E..... yn
PUMP 02VLD R02 1.11467912E+00 4.16021937E+00 1,24810989E+01
PUMP 02VL1 R02 4.16137051E+00 4.16145937E+00 E..... yy
PUMP 02 VVO 1.27924336E+00 1.11468268E+00 4.44542702E+00
PUMP 02VV1 1.29034751E+01 4.43259678E+00 4.40924000E+00
PUMP 02VV2 4.40895977E+00 E
***** TL
PUMP 02TLO S.47627020E+02 5.48096286E+02 5.48185585E+02
PUMP 02TL1 5.48148482E+02 5.48180796E+02 5.48215559E+02 E...... TV
PUMP 02TV0 5.57440988E+J2 5.70567736E+02 5.70426518E+02
PUMP 02TV1 5.68450983E+02 5.68375652E+02 5.68350710E+02 E..... p
PUMP 02P0 e.83933330E+06 8.27582934E+06 8.25922427E+06
PUMP 02P1 8.02963395E+06 8.02097848E+06 8.01811429E+06 E...... g,.p p
PUMP 020PPPO R06 .00000000E+00 E
.***** TW
PUMP 02TWO R02 5.47640006E+02 5.47653289E+02 RC2 5.48101650E+02
PUMP 02 TW1 5.48113173E+02 R02 5.48187431E+02 5.48198651E+02
PUMP 02TW2 R02 5.48150353E+02 5.48161724E+02 R02 5.48184179E+02
PUMP 02TW3 5.48195429E+02 R02 5.48218907E+02 5.48230032E+02 E
$
$$$$$$ VALVE HEADER CARD
VALVE 03000 3 " LOOP BLOCK VALVE "

$$$$$$ VALVE PARAMETER CARD
* NCELLS NODES JUN1 JUN2 MAT ICHF IPVHT
VALVE 03010 2 0 6 7 6 0 0
* RADIN TH HOUTL HOUTV
VALVE 03011 1.90500000E-02 5.08000000E-03 .00000000E+00 .00000000E+00
* TOUTL TOUTV
VALVE 03012 5.47000000E+02 5.47000000E+02
* IVTY IVTR NVTX IVPG IVGS AVLVE

-VALVE 03020 3 3 0 2 4.73100000E-04'

* HVLVE PVC1 PVC2 ALEAK DELSTP

NUREG/CR-4356 A-10
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_ f-~K VALVE 03021 2.45400000E-02 .00000000E+00 .00000000E+00 .00000000E+00 .00
[ i *- IHTS- INT
1(j VALVE 03050 0 0e

***** DX
' VALVE 03DXO R02 6.80000000E-01 E
..... von
VALVE 03VOLO R02 7.75200000E-04 E
VALVE 03FAO 1.14000000E-03 4.73100000E-04 1.14000000E-03 E

FKLOS*****

VALVE 03FKLOSO .00000000E+00 3.50000000E+00 .00000000E+00 E
RKLOS*****

VALVE 03RKLOSO .00000000E+00 3.50000000E+00 .00000000E+00 E
.**** GRAV

; VALVE 03GRAVO R03 .00000000E+00 E
..... yo
VALVE 03HOO 3.81000000E-02 2.45400000E-02 3.81000000E-02 E
***** EPSD
VAI VE03 EPSD0 R03 1.20000000E-03 E
***** ICHOKE

' VALVE 03ICHOKE0 R03 0 E
***** ICCFL

VAL.V.E. 03 ICCFLO
R03 0E

..
. Anp

VALVE.03 ALP 0 3.97314944E-20 3.44575942E-20 F
yn...

VALV.E03VLO 4.16145932E+00 1.00276392E*01 4.16213731E+00 E
... .- yy

-VALVE 03VVO 4.40895977E+00 1.03682742E+01 4.41221787E+00 E
'

i***** TL
VALVE 03TLO- - 5.48243739E+02 5.48223035E+02 E
..*** TV

VAL.VE0?TVO . 5.68327661E+02 5.66954353E+02 E
.. ..' p7

,t
VA.LVE0320 8.01546822E+06 7.85902684E+06 E

-( . ..* VLTB
VALVE 02VLTB0 .00000000E+00 1.00000000E+00 5.00000000E-01
VALVE 03VLTB1- .00000000E+00 1.00000000E+03 .00000000E+00 E
S-
$$$$$$ TEE HEADER CARD
TEE 16000 16 * PUMP DISCHARGE "

.$$$$$$ TEE PARAMETER CARD
* JCELL. NODES MATID COST ICHF IPVHT NCELL1
TEE 16010 1 . 1 - 6 .00000000E+00 0 0 4
* JUN1 JUN2 ITRP.

TEE 16011 7 8 0
RADIN1 TH1 HOUTL1 HOUTV1*

TEE 16012 1.90000000E-02 5.00000000E-03 .00000000E+00 .00000000E+00
* TOUTL1 TOUTV1
TEE 16013 5.47000000E+02 5.47000000E+02

'

-NCELL2 JUN3 RADIN2 TH2. *
TEE 16020 2- 23 2.50000000E-02 7-. 0 0 0 0 00 0 0E-03

J* HOUTL2 HOUTV2 TOUTL2 TOUTV2
I . TEE 16021 .00000000E+00 .00000000E+00 5.47000000E+02 5.47000'00E+02

IHTS IWT*

TEE 16050- 0 0
...** DX

T.EE16. DXO
3 04800000E-01 R02 1.13900000E+00 3.55600000E-01 E:.

t. ... von
i

T. EE.16VOLO
3.47500000E-04 R02 1.30000000E-03 1.58500000E-04 E

,- . .. pA-

f TEE 16FAO R04 1.14000000E-03 4.45800000E-04 E
L. .***** FKLOS .

i. TEE 16FKLOSO R02 4.00000000E-01 .00000000E+00 2.50000000E-01
; TEE 16FKLOS1 .

.00000000E+00 E
- s ~' .....: ggtog<

I TEE 16RKLOSO R02 4.00000000E-01 .00000000E+00 2.50000000E-01i
3 .\
t

i

! A-ll HUREG/CR-4356
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i
T.EE16RKLOS1 .00000000E+00 E

j~
TEE 16GRAVO 1.00000000E+00 3'.34100000E-01 R02 .00000000E+00
...* GRAV

| TEE 16.GRAV1 7.62500000E-01 E
.... 39
TEE 16HD0 R04 3.81000000E-02 2.38300000E-02 E

EPSD*****

TEE 16EPSD0 R03 1.20000000E-03 R02 1.80000000E-03 E
***** ICHOKE
TEE 16ICHOKE0 R05 0 E-
***** ICCFL
TEE 16ICCFLO R05 0E
..... Anp
TEE 16 ALP 0 4.65418120E-20 4.89619691E-20 5.24760778E-20

;
T.EE16 ALP 1 9.04636915E-20 E

r .... yg.
I

T.EE16VLO R03 4.16213731E+00 4.16220720E400 1.06440656E+01 E
} yy.. .

| TEE 36VVO 4.41221787E+00 4.42512504E.00 4.41075007E+00
[ AEE16VV1 4.54137986E+00 1.10454800E+01 E

.....y 79
;. TEE 16TLO 5.48236150E+02 5.48285171E+02 R02 5.48336140E+02 E
; ry.....

TEE 16TVO 5.66938798E+02 5.66876681E+02 5.66840691E+02
TEE 16TV1 .5.66474026E+02 E,- ...*. p

! TEE 16PO 7.85726852E+06 7.85025013E+06 7.E4618607E+06
| TE. E.16 P1 7.80487379E+06 E

gppp.. ..

TEE 160PPP0 R04 .00000000E+00 E>

- ***** TW
TEE 16TWO- 5.48236324E+02 5.48285347E+02 R02 5.48336319E+02 E

DX*****

TEE 16DXSO R02 1.40000000E+00 E
yon.....

TEE 16VOLSO 1.56400000E-03 2.60000000E-03 E
I ***** FA

TEE 16 FASO 1.1400000E-03 1.904000E-03 5.200E-05 E' ***** FKLOS
TEE 16FKLOSSO R03 .00000000E+00 E' ***** RKLOS 1

TEE 16RKLOSSO R03 .00000000E+00 E
....* GRAV

-TEE 16GRAVSO R02 1.00000000E+00 .00000000E+00 E
***** HD

'
TEE 16HDSO 3.810'00E-02 4.9000E-02 8.137E-03 E
***** 'EPSD
TEE 16EPSDSO R03 .00000000E+00 E

ICHOKE*****

TEE 16ICHOKESO R02 0 1 E
***** ICCFL

TE.E16ICCFLSO R03 0E
. ... nnp

- T. EE16 AL PS 0R02 .00000000E+00 E
.... yn

TEE 16VLSO 1.02368009E-05 5.91E37145E-06 .00000000E+00 E
*.... yy
TEE 16VVS0 1.17522447E-02 1.17732405E-02 .00000000E+00 E
*'** TL
TEE 16TLSO 5.46855489E+02 5.46831266E+32 E
....._ 7y-

TEE 16TVS0 5.66882071E+02 5.66788765E+02 E
..... p
TEE 16PS0 7.85085900E+06 7.81032522E+06 Er

gppp.....

TEE 160PFPS0 R02 .00000000E+00 E

NUREG/CR-4356 A-12
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..... rw
_ (''\: TEE 16TW50 5.46855428E+02 5.46831199E+02 E

I $:

Y)I $$$$$$ JETP HEADER CARD
JETP04000 4 " LOOP JET PUMP "

$$$$$$ JETP PARAMETER CARD
JCELL NODES MATID COST ICHF IPVHT NCELL1*

JETP01010 1 J 6 1.00000000E+00 0 0 3

JUN1 JUN2 ITRP*

JETP04011- 28 9 0
RADIN1 TH1 HOU7L1 HOUTV1*

JETP04012 2.69880000E-02 4.76250000E-03 .00000000E+00 .00000000E+00
TOUTL1 TOUTV1*

J ETPO4 013 . 5.54820000E+02 5.54820000E+02
NCELL2 JUN3 RADIN2 TH2*

JETPO4020 2 8 1.18110000E-02 3.96240000E-03
HOUTL2 HOUTV2 TOUTL2 TOUTV2*

JETP04021- .00000000E+00 .0000000')E+00 5.54820000E+02 5.54820000E+02
* NJETP-

.JETPO4060 1
EPSDFF EPSDFR EPSNZF EPSNZR*

JETPO4070. 5.50000E+00 3.80000E-01 5.50000E+00 3.80000E-01
FINLET FOTLET*

JETPO4071 4.00000000E-02 4.50000000E-01
IHTS IWT*

JFTP04050 0 0
***** DX
JETPO4DXO 2.89800000E-01 3.4990C000E-01 7.26500000E-01 E
***** VOL
JETPO4VOLO 1.22700000E-04 4.31100000E-04 1.66200000E-03 E
***** FA
JETPO4FAO 3.19300000E-04 4.23300000E-04 R02 2.28800000E-03-E
***** FKLOS

g].
-

JETPO4FKLOSO R04 .0000J000E+00 E
t RKLOS*****

?s ! JETPO4RKLOSO R04 .00000000E+00 E
***** CRAV
JETPO4GRAVO R04 -1.00000000E+00 E
***** HD
JETPO4HD0 2.01600000E-02 2.32200000E-02 R02 5.39700000E-02 E
***** EPSD

.JETPO4EPSD0 R04 .00000000E+00 E
***** ICHOKE
JETP04ICHOKE0- 1 R03 0E
*****- ICCFL

JET.PO41CCFLO-
1 R03 0E

** **: ,. ALP

J.E.TPO 4 ALP 0 8.98479658E-13 3.03387163E-13 3.79565746E-14 E
yt...

JETPO4VLO 2.19159829E+01 2.77554769E+01 5.13300211E+00
-- JETP04VL1 5.13285941E+00 E

yy....

JETPO4VVO 2.25993976E+01 2.80014998E+01 5.29494811E+00
JETP04VV1 5.32030953E+00 E
***** TL
JETP04TLO. 5.47574S87E+02 5.47696518E+02 5.47714249E+02 E
***** TV
JETPO4TVO. 5.58397377E+02 5.61992685E+02 5.62246935E+02 E
...... p
JETP04P0- 6.93691848E+06 7.31348302E+06 7.34070139E+06 E
*****. QPPP

JE.TPO4QPPPO R03
.00000000E+00 E

. ... qw
-JETP04TWO R03 5.47574900E+02 R03 5.47696539E+02 R03 5.47714305E+02 E
..... DX-

-j ) .JETP04DXS0 3.52500000E-01 3.93900000E-01 E
V

A-13 HUREG/CR-4356
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von.....

JETP04V0LSO 8.99020000E-C~ 1.75600000E-04 E"

..... yA

JETPO4 FASO 1.04000000E-04 R02 4.45800000E-04 E
***** PKLOS
JETPO4FVLCSSO R03 .00000000EiOO E
***** RKLOS
JETPO4RKLOSSO R03 .00000000E+00 E
..*** GRAV
JETP04 3RAVSO 1.00000000E+00 -1.00000000E+u0 -7.62500900E-01 E

HD*****

JETPO4HDSO R03 2.38300000E-02 E
..... gp39
JETPO4EPSDSO R03 .00000000E+00 E
***** ICHOKE
JETPO4ICHOKESO R03 0E

ICCFL*****

JETPO4ICCFLSO R03 0E
...** Anp
JETPO4 ALPS 0 9.17835327E-20 9.11880919E-20 E
4.... yn
JETPO4VLSO -4.56317913E+01 -1.06442703E+01 -1.06440656E+01 E
..... yy

'
JETPO4VVS0 -4.61894734E+01 -1.12072142E+01 -1.10454800E+01 E

! ..... 7L
JETPO4TLSO 5.48304767E+02 5.48331910E+02 E
...** TV

JET. PO 4 TVS 0 5.65431734E+02 5.66317053E+02 E
}

.. .. p
}- JETP04PS0 7.68836093E+06 7.78723937E+06 E

*****
. OPPP

J ET. PO. 4 QP PPS 0 R02 .00000000E+00 E
.. . 73 ,

1 JETPO4TWSO R03 5.48304797E+02 R03 5.48331973E+02 E
~$
$$$$$$ BREAK HEADER CARD
BREAK 05000 5 " BREAK SUCTION SIDE *

* JUN1 IBROP NBTB ISAT ICOMT
BREAK 05010 22 1 3 3 0
* DXIN VOLIN ALPIN TIN
BREAK 05011 2.74000E+00 1.0000E+05 1,0000E+00 3.73000000E+02
* PIN,
BREAK 05012 1.00000000E+05
***** -PTB
BREAK 05PTB0 .00000000E+00 6.70000000E+06 1.00000000E-01
BREAK 05PTB1 1.00000000E+05 4.00000000E+02 1.00000000E+05 E
$

S$$$$$ BREAK HEADER CARD
L BREAK 13000 13 * BREAK DISCHARGE SIDE "

* JUN1 IBROP NBTB ISAT ICOMT
BREAK 13010 23 1 3 3 0
*

. DXIN- VOLIN ALPIN TIN
BREAK 13011 1.40000E+00- 1.5000E+05 1.0000E+00 3.73000E+02
* PIN,|

'

BREAK 13012 1.00000000E+05
...** PTB

[' BREAK 13PTB0 .00000E+00 7.80000E+06 1.00000E-01
BREAv13PTB1 1.00000E+05 4.00000E+02 1.00000E+05 E,

! $-
'

$$$$$3 PIPE HEADER CARD
FIPE06000 6" CUIDETUBE PIPE "

$$$$$$ PIPE PARAMETER CARD
| HCELLS NODES- JUN1 JUN2 MAT*

| PIPE 06010 5 3 32 33 6

PIPE 06011 2 2.573 OE-01 2.11 0000E-02

| NUREG/CR-4356 A-14
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HOUTL HOUTV TOUTL TOUTV*
-

..[ -sY ' PIPE 06012 .00000000E+00 .00000000E+00 5.50000000E+02 5.50000000E+02
R +7 IHTS INT*

^~I PIFE06050 0- 0
* - NCLK- FALK- CLOS VMLK DELZLK
PIPE 06040 5 5.8570000E-'05 5.0000000E+00 -7.4706415E+00 .0000000E+00

.NCMPTO NCLKTO NLEVTC*

PIPE 06041 27 1 4
.**** DX
PIPE 06DXO 8.8900E-02 4.6;71E-01 4.0881E-01
PI. .P E. 0 6 DX 1

1.1578E-01 1.0910E-01 E
. . . von
P.IPE06VOLO R04 1.05700000E-02 1.29800000E-02 E
... pg

PIPE 06FA0 R05 4.85600000E-02 4.56000000E-03 E
*****- FKLOS -

PIPE 0CFKLOSO R06 .00000000E+00 E
*****. RKLOS
PIPE 06RKLOSO 806 .00000000E+00 E
'***** GRAV-
PIPE 06GRAVO R06 1.00000000E+00 2
'***** HD.

PIPE 06HD0 R05 1.24300000E-01 3.81000000E-02 E
***** EPSD
PIPE 06EPSD0 R06 .00000000E400 E
***** . ICHOKE '

PIPE 06ICHOKE0 R06 0E
ICCFL......

PIPE 06ICCFLO- R06 0E
***** ALP
PIPE 06 ALP 0 3.03739703E-22 R02- .00000000E+00 1.17289371E-22

I _
P. .IP. E0 6 AL P1 1.87316894E-15 E

yn-.-

14 PIPE 06VLO .00000000E+00 1.00198608E-06 2.00398694E-06
i /v. . I. P. E. 0 6VL1 2.84405816E-06 3.68413961E-06 9.60055347E-02 EP

. . yy-
'PIPF06VVO~ .00000000E+00 1.29779911E-02 1.29828183E-02
P. I PE06VV1 1.29868004E-02 1.30034319E-02 1.43783880E-01 E

. TL..**

PIPE 06TLO 2R02' 5.47161456E+02 R02 5.47143447E+02 S.4Ti?6339E+02 E
..*** TV
PIPE 06TVO 5.61291529Et02 5.51276111E+02 5.61260691E+02
P. I. PE. 0 6TV1 - 5.61245267E+02 5.61225474E+02 E

.. p-
_

PIPE 06F0- 7.23882787E+06 7.23719299E+06 7.23555809E+06-
- PIP.E0 6P1 :7.23392315E+06 7.23182541E+06 E-

. ..
.

gppp-
-PIPE 06QPPPO .R05 .00000000E+00 E
*****- . TW
PIPE 06TWO 5.47520140E+02 5.47650107E+02 5.47774457E+02
PIPE 06TW1 5.47520140E+02 5.47650106E+02 5.47774456E+02
PIPE 06TW2' 5.47457903E+02 5.47566957E+02' 5.47671505E+02
PIPE 06TW3 5.47457903E+02 5.47566957E+02 5.47671506E+02
PIPE 06TW4 R02 5.47787545E+02 5,47795916E+02 E
***** KLVC

PI. P.E06KLVC0
1 2 3 4 5 E

* . gave
PIPE 06KRVC0 ROS 1 E

-

$.
-CSS $$$ FILL HEADER CAED
FILLO7000- 7 'ZERO VELOCITY FILL* *

FILLO7010 -
JUM1 IFTY IFTR' NFTX ICOMT*

32- 1 0 0 0
DXIN . VOLIN .ALPIN VIN*

1/~N FILLO7011 2.17700000E-01 1.05700000E-02 .00000000E+00 .00000000E+00
' ' TIN PIN BORCIN*

(
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FILLO7012 5.54820000E+02 7.17740000E+06
S

$$$$$$ VALVE HEADER CARD
*crigVALVE08000 8 " INT SUCTN LINE : PIPE & VALVE *

VALVE 08000 8 * INT SUCTN LINE PIPE AND VALVE *
,

$$$$$$ VALVE PARAMETER CARD
NCELLS NODES JUN1 JUN2 MAT ICHF IPVHT*

VALVE 08010 9 3 26 2 9 0 0
RADIN TH HOUTL HOUTV*

VALVE 08011 3.G8300000E-02 7.62000000E-03 1.16800000E+01 1.16800000E+01
TOUTL TOUTV*

VALVE 08012 5.47000000E+02 5.47000000E+02
IVTY IVTR NVTX IVPG IVGS AVLVE*

VALVE 08020 1 2 0 0 4 1.06530000E-03
HVLVE PVC1 PVC2 ALEAK DELSTP*

VALVE 0B021 3.68280000E-02 .00000000E+00 .00000000E+00 .00000000E+00 .00
IHTS IWT*

VALVE 08050 0 0
..... vy
VALVE 08DXO 2.60400000E-01 8.36600000E-01 2.57700000E+00
VALVE 08DX1 1.07700000E+00 1.15800000E+00 R02 2.31600000E+00
VALVE 06DX2 1.15800000E*00 3.84200000E-01 E

VOL.....

VALVEU8VOLO 1.11000000E-04 3.56500000E-03 1.09800000E-02
VALVE 08VOL) 4.59100000E-03 4.93400000E-03 R02 9.86800000E-03
VAL.VE08VOL2 4.93400000E-03 1.63700000E-03 E

pg.. ..

VALVE 08FAO 3.08900000E-03 n02 4.26100000E-03 1 06530000E-03
VALVE 08FA1 R06 4.26100000E-03 E
***** FMLOS /
VALVE 08FKLOSO 1.50000000E+00 3.50000000E-01 .00000000E+00
VA!VE08 FKLOS1 1.70000000E+01 3.50000000E-01 R03 .00000000E+00
VALVE 08FKLOS2 3.50000000E-01 .00000000E+00 E
***** RKLOS
VALVE 08RKLOSO 1.50000000E+00 3.50000000E-01 .00000000E+00
VALVE 08RKLOS1 1.70000000E+01 3.50000000E-01 n03 .00000000E+00
VALVE 08RKLOS2 3.50000000E-01 .00000000E+00 E
***** GRAV
VALVE 08GRAVO 1.00000000E+00 2.37300000E-01 R02 .00000000E+00
VALVE 08GRAV1 -5.18000000E-01 R03 -1.00000000E+00 -7.50900000E-01
VALVE 08GRAV2 8.62500000E-01 E
***** HD -

VALVE 08HD0 6.27100000E-02 R02 7.36600000E-02 3.68280000E-02
VALVE 08HD1 R06 7.36600000E-02 E
***** EPSD
VALVE 08EPSD0 R09 6.00000000E-04 6.00000000E-04 E

ICHOKE*****

VALVE 08ICHOKE0 R09 0 0 E
1CCFL*****

VALVE 08ICCFLO R09 0 0E
alp.....

VALVE 08 ALP 0 4.12306261E-09 1.03450764E-10 9,66287544E-13
VALVE 08 ALP 1 2.13968533E-14 4.64385549E-16 5.07658359E-18
VALVE 08 ALP 2 8.33253630E-20 .00000000E+00 4.43056357E-21 E
.+... yn
VALVE 08VLO 1.41719165E+00 1.02743490E+00 1.02739341E+00
VALVE 08VL1 4.10937910E+00 R02 1.02751553E+00 1.02749787E+00
VALVE 08VL2 R02 1.02747929E+00 1.02746127E+00 E
..... yy
VALVE 08VVO 1.76015703E+00 1.04833943E+00 1.17512732E+00
VALVE 08VV1 4.35744395E+00 1.16070833E+00 1.14647874E+00
VALVE 08VV2 R02 1.14644259E+00 1.15360229E+00 1.20084927E+00 E
..... yt

VALVE 08TLO 5.47130368E+02 5.47116534E+02 5.47094054E+02
VALVE 08TL1 5.47063480E+02 5.47094031E+02 5.47273502E+02
VALVE 08TL2 5.47560580E+02 5.47728303E+02 5.47786318E+02 E
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..... Tv[''N VALVE 08TVO 5.60353982E+02 a02 5.60723095E+02 5.59619823E+02
1 I VALVE 08TV1 5.59659301E+02 5.59783038E+02 5.59947666E+02N/ VALVE 08TV2 5.60070874E+02 5.60110386E+02 E***.. p

VALVE 08PO 7.13992991E+06 7.17874001E+06 7.17859291E+06
VALVE 08P1 7.06322215E+06 -7.06733059E+06 7.08021980E+06
VALVE 08P2 7.09739690E+f 7.11027346E+06 7.11440671E+06 E
..*.. . Qppp
VALVE 080PPPO R09 .0000cv20E+00 E
..... TW
VALVE 08TWO R03 5.47129806E+02 R03 5.47115929E+02 R03 5.47093869E+02
VALVE 08TW1 R03 5.47063380E+02 R03 5.47093794E+02 R03 5.47272822E+02

-VALVE 08TW2 R03 5,47559018E+02 R03 5.47726194E+02 R03 5.47784010E+02 E
$
S$$$$S PUMP HEADER CARD
PUMP 09000 9 " INT LOOP PMP /JD DRI /E "

$$$$$$ PUMP PARAMETER CARD
* NCELLS NODES JUN1 JUN2 MAT
PUMP 09010 8 3 2 50 9
* IC9F IPVHT-IPMPTY IPFACE IRP IPM IPMPTR NPMPTX
PUMP 09011 0 0 1 2 0 0 1 16* RADIN TH HOUTL HOUTV
PUMP 09013 1.90500000E-02 5.08000000E-03 1.16800000E+01 1.16800000E+01* TOUTL TOUTV
PUMP 09014 5.47000000E+02 5.47000000E+02* RHEAD RTORK RFLOW RRHO
PUMP 09020 2.06410000E+03 7.59250000E+01 9.14810000E-03 7 . 5 6 0 5 0 0 " '. c + 0 2* ROMEGA EFFMI TFR1 TFR2
PUMP 09021 3.71760000E+02 1.03240000E+00 .00000000?+00 .00000000E+00*

. OMEGAN OPTION
P, UMP 09022 3.29000000E+02 0

} PUMP 09030 11 11 11 11 2 2 2 2 11 11 11 11 2 2 2
-

%/ PU.M, *PO S 031 2 11 7i

HSP1. *

PUMP 09HSP10 -1.00000000E+00 1.60000000E+00 -8.00000000E-01
PUMP 09HSP11 1.35000000E+00 -6.00000000E-01 1.23000000E+00
PUMP 09HSP12 -4.00000000E-01 1.16000000E+00 -2.00000000E-01
PUMP 09HSP13 1.13000000E+00 .00000000E+00 1.12000000E+00
PUMP 09HSF14 2,00000000E-01 1.11000000E+00 4.00000000E-01
PUMP 09HSP15 1.10000000E+00 6.00000000E-01 1.09000000E+00
P. U.M. P. 0 9 HS P16 8.00000000E-01 1.06000000E+00 R02 1.00000000E+00 E

ggp2.

PUMP 09HSP20 -1.00000000E+00 -4.00000000E-01 -8.00000000E-01
PUMP 09HSP21 -5.20000000E-01 -6.00000000E-01 -5.40000000E-01
PUMP 09HSP22 -4.00000000E-01 -5.60000000E-01 -2.00000000E-01
PUMP 09HSP23. -5.80000000E-01 .00000000E+00 -5.60000000E-01
PUMP 09HSP24 2.0?000000E-01 -5.20000000E-01 4.00000000E-01
PUMP 09HSP25 -4.60000000E-01 6.00000000E-01 -3.30000000E-01
PUMP 09..... HSP26 8.000000COE-01 .00000000E+00 R02 1.00000000E+00 E

33p3
PUMP 09HSP30 -1.00000000E+00 1.60000000E+00 -8.00000000E-01
PUMP 09HSP31 1.22000000E+00 -6.00000000E-01 1.01000000E+00
PUMP 09HSP32 -4.00000000E-01 8,80000000E-01 -2.00000000E-01
PUMP 09HSP33 7.80000000E-01 .00000000E+00 7.10000000E-01
PGMP09HSP34 2.00000000E-01 6.90000000E-01 4.00000000E-01
PUMP 09HSP35 7.00000000E-01 6.00000000E-01 7.60000000E-01
PUMP 09HSP36 '8.00000000E-01 8.40000000E-01 R02 1.00000000E+00 E

ggp4....

PUMP 09HSP40 -1.00000000E+00 -4.00000000E-01 -8.00000000E-01
PUMP 09HSP41 -2.40000000E-01 -6.00000000E-01 -8.00000000E-02
PUMP 09HSP42 -4.00000000E-01 1.30000000E-01 -2.00000000E-01
PUMP 09HSP43 4.80000000E-01 .00000000E+00 6.40000000E-01

.r'~s -PUMP 09HSP44 2.00000000E-01 6.90000000E-01 4.00000000E-01

-(v) PUMP 09HSP45 7.00000000E-01 6.00000000E-01 7.60000000E-01
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PUMP 09HSP46 S.00000000E-01 8.40000000E-01 R02 1.00000000E+00 E***** HTP1
PUMP 09HTP10 -1;00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09HTP11 .00000000E+00 E

HTP2*****

PUMP 09HTP20 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09HTP21 .00000000E+00 E
***** HTP3
POMP 09HTP30 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09HTP31 .00000000E+00 E
***** hTP4
PUMP 09HTP40 -1.00000000E+00 .00000000E+00 1.00000000E+00
PU.MP09HTP41 .00000000E+00 E
* *** TSP 1
PUMP 09 TSP 10 -1.00000000E+00 1.00000000E+00 -8.00000000E-01
PUMP 09 TSP 11 7.20000000E-01 -6.00000000E-01 5.40000000E-01
PUMP 09 TSP 12 -4.00000000E-01 4.20000000E-01 -2.00000000E-01
PUMP 09 TSP 13 4.20000000E-01 .00000000E+00 6.00000000E-01
PUMP 09 TSP 14 2.00000000E-01 7.00000000E-01 4.00000000E-01
PUMP 09T".15 7.90000000E-01 6.0000C000E-01 8.80000000E-01
PUMP 09 TSP 16 8.00000000E-01 9.50000000E-01 R02 1.00000000E+00 E***** TSP 2
PUMP 09 TSP 20 -1.00000000E+00 -2 50000000E+00 -8.00000000E-01
PUMP 09 TSP 21 -2 .15 00 0 0 0 0 E + 0 0 -6.00000000E-01 -1.73000000E*00
PUMP 09 TSP 22 -4.00000000E-01 -1.22000000E+00 -2.00000000E-01
PUMP 09 TSP 23 -7.60000000E-01 .00000000E+0) -4.20000000E-01
PUMP 09 TSP 24 2.00000000E-01 -1.70000000E-; 4.00000000E-01
PUMP 09 TSP 25 4.00000000E-02 6.00000000E-Oi 3.00000000E-01
PUMP 09 TSP 26 8.00000000E-01 6.70000000E-01 P02 1.00000000E+00 E***** TSP 3
PUMP 09 TSP 30 -1.00000000E+00 1.00000000E+00 -8.00000000E-01
PUMP 09 TSP 31 9.80000000E-01 -6.00000000E-01 9.50000000E-01
PUMP 09 TSP 32 -4.00000000E-01 9.10000000E-01 -2.00000000E-01
PUMP 09 TSP 33 8.70000000E-01 .00000000E+00 8.30000000E-01
PUMP 09 TSP 34 2.00000000E-01 7.60000000E-01 4.00000000E-01
PUMP 09 TSP 35 7.20000000E-01 6.00000000E-01 6.40000000E-01
PUMP 09 TSP 36 8.00000000E-01 5.60000000E-01 1.00000000E+00
PUMP 09 TSP 37 5.00000000E-01 E
***** TSP 4
PUMP 09 TSP 40 -1.00000000E+00 -2.50000000E+00 -8.00000000E-01
PUMP 09 TSP 41 ~2.31000J00E+00 -6,00000000E-01 -2.03000000E+00
PI 09 TSP 42 -4.00000000E-01 -1.62000000E+00 -2.00000000E-01
P0..P09 TSP 43 -1.04000000E+00 .00000000E+00 -6.100000.00E-01
PUMP 09 TSP 44 2.00000000E-01 -3.50000000E-01 4.00000000E-01
PUMP 09 TSP 45 -1,20000000E-01 6.00000000E-01 6.00000000E-02
PUMP 09 TSP 46 8.00000000E-01 2.40000000E-01 1.00000000E+00
PUMP 09 TSP 47 S.00000000E-01 E
***** TTP1
PUMP 09TTP10 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09TTP11 .00000000E+00 E
***** TTP2
PUMP 09TTP20 -1.00000000E+00 .00000000E+00 1.00000000E+00

. PUMP 09TTP21 .00000000E+00 E
***** . TTP3
PUMP 09TTP30 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09TTP31 .00000000E+00 E
'*** TTP4
PUMP 09TTP40 -1.00000000E+00 .00000000E+00 1.00000000E+00
PUMP 09TTP41 .00000000E+00 E
***** HDM
PUMP 09HDMO..R02 .00000000E+00 1.00000000E-01 .00000000E+00
PUMP 09HDM1 1.50000000E-01 5.00000000E-02 2.40000000E-01
PUMP 09HDM2 8.00000000E-01 3.00000000E-01 9.60000000E-01
PUMP 09HDM3 4.00000000E-01 9.80000000E-01 6.00000000E-01
PUMP 09HDM4 9.70000000E-01 8.00000000E-01 R02 9.00000000E-01
PUMP 09HDM5 8.00000000E-01 9.60000000E-01 5.00000000E-01
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J)''4 PUMP 09HDM6 1.00000000E+00 .00000000E+00 E
i ) ....* TDM
JN_,/ . PUMP 09TDM0 R02 .00000000E+00 1.00000000E-01 .00000000E.00

PUMP 09TDM1 1.50000000E-01 5.00000000E+02 2.40000000E-01
PUMP 09TDM2 5.60000000E-01 8.00000000F-01 5.60000000E-01
PUMP 09TDM3- 9.60000000E-01 4.50000000E-01 1.00000000E+00
PUMP 09TDM4 .00000000E+00 E

IHTS IWT*

PUMP 09050 0 0
***** SPTBL
PUMP 09SPTBLO 0.0000E+00 3.2900E+02 4.4500E-01
PUMP 095PTBL1 ~2,9500E+02 6.4700E-01 2.7250E+02
PUMP 09sPTBL2 1.5000E+00 2.3820E+02 2.0600E+00
PUMP 09SPTBL3 2.2710E+02 3.1500E+00 2.0300E+02
PUMP 09SPTBL4 5.0000E+00 1.5750E+02 7.0000E+00
PUMP 095PTBLS 1.2510E+02- 8.3000E+00 1.1580E+02
PUMP 09SPTBL6 1.0500E+01 8.9000E+01 1.2200E+01
PUMP 09SPTBL7- 6.5800E+01 1.4300E+01 4 6300E+01
PUMP 09SPTBL8 l.6'00E+01 3.6100E+01 1.8100E+01
+

- 2.2200E+01 1,9200E+01 0.00000E+00
PUMP 09SPTBL9 4.00000E+02 0.00000E+00 E
***** DX
PUMP 09DXO 3.77800000E-01 6.63600000E-01 R02 2.25000000E+00
PUMP 09DX1 7.93100000E-01 6.84700000E-01 2.61000000E+00
PUMP 090X2 6.84700000E-01 E

von.....

PUMP 09VOLO 1.61000000E-03 7.56500000E-04 R02 2.56500000E-03
PUMP 09VOL1 9-00200000E-04 7.80700000E-04 2.97600000E-03.

PUMP 09VOL2 7.80700000E-04 E
..... pg
PUMP 09FA0 K02 4.26100000E-03 1.14000000E-03 3.80000000E-04
PUMP 09FA1 R05 1.14000000E-03 E

(O . FKLOS-*****

). PUMP 09FKLOSO R02 .00000000E+00 5.20000000E-01 2.25000000E+00
N /. PUMP 09FKLOS1 .00000000E+00 4.00000000E-01 R03 .00000000E+00 E

***** RKLOS'
PUMP 09RKLOSO R02 .00000000E+00 7.20000000E-01 2.25000000E+00
PUMP 09RKLOS1 .00000000E+00 4.00000000E-01 R03 .00000000E+00 E
***** GRAV
PUMP 09GRAVO 8.62500000E-01 .00000000E+00 R03 1.00000000E+00

-PUMP 09GRAV1 5.36700000E-01 R02 .00000000E+00 5.84800000E-01 E
***** HD-

PUMP 09HD0 R02 7.36600000E-02 3.81000000E-02 2.20060000E-02
PUMP 09HD1 R05 3.81000000E-02 E
***** EPSD
PUMP 09EPSD0 R02- 6.00000000E-04.R07 1.20000000E-03 E
***** ICHOKE
PUMP 09ICHOKE0 R03 0 0 R05 0E
***** ICCFL
PUMP 09ICCFLO R09 0F
.... Ang
PUMP 09ALPG 4.98906912E-20 4.97207016E-21 4.12881487E-20
PUMP 09 ALP 1 4.49125759E-20 2.915320090-20 3.72868291E-20
PUM. P09 ALP 2 4.05106294E-20 6.893345700-20 E

yn.. ..

PUMP 09VLO- R02 1.02746127E+00 - 3 83504879E+00 1.15054312E+01
PUMP 09VL1 3.83609002E+00 R02 3.83615570E+00 R02 3.83621548E+00 E
..... yy.
PUMP 09VVO- 1.20084927E+00 1.02746394E+00 4.10743322E+00
PUMP 09VV1 1.19108884E+01 4.11400263E+00 4.09492515E+00
PUMP 09VV2. 4.07306230E+00 4.07296883E+00 4.09648764E+00 E
***** TL
PUMP 09TLO 5.47843230E+02 5.48302844E+02 5.48396899E+02

s PUMP 09TL1_ 5.48423943E+02 5.48455084E+02 5.484S4150E+02
( PUMP 09TL2 5.48602488E+02 5.48632439E+02 E
( TV*****

,

A.19 NUREG/CR-4356



APPENDIX A

PUMP 09mVO 5.60086530E+02 5.72148888E+02 5.71986872E+02
PUMP 09TV1 5.69981645E+02 5.69844481Es02 5.69780531E+02
PUMP 09TV2 5.69737725E402 5.69694898E+02 E
......_ y
PUMP 09PO 7.11291098E+06 8.46352550E+D6 8.44414220E+06
PUMP 09P1 8.20708323E+06 8.19105866E+06 8.18359586E+06
PUMP 09P2 8.17860348E+06 8.17361099E+06 E
..... gppp
PUMP 09
.. .

0PPPO R08 .00000000E+00 E
;y

PUMP 09TWO R03 5.47840336E+02 R03 5.48300579E+02 R03 5.48396040E+02
PUMP 09TW1 R03 5.48423068E+02 R03 5.48453450E+02 R03 5.48482481E+02
PUMP 09TW2 R03 5.48600671E+02 R03 5.48630584E+02 E
$
$$$$$$ VALVE HEADER CARD
VALVE 10000 10 " INTACT LOOP VALVE "

$45$$$ VALVE PARAMETER CARD
* NCELLS MODES JUN1 JUN2 MAT ICHF IPVHT
VALVE 10010 4 3 50 3 9 0 0
* RADIN TH HOUTL HCUTV
VALVE 10011 1.90500000E-02 5.08000000E-03 1.16800000E+01 1.16800000E+01* TOUTL TOUTV
VALVE 10012 5.47000000E+02 5.47000000E+02*

.. IVTY IVTR tIVTX IVPG IVGS AVLVE
' VALVE 10020 1 2 0 0 3 3.76200000E-04* RVLVE PVC1 PVC2 ALEAK DELSTP
VALVE 10021 2.18900000E-02 .00000000E+00 .00000000E+00 .00000000E+00 .00* IHTS IWT
VALVE 10050 0 0
***** DX
VALVE 10DXO 5.36600000E-01 5.57200000E-01 2.22900000E+00
VALVE 10DX1 5.33400000E-01 E
..... von
VALVE 10VOLO 6.11700000E-04 6.35300000E-04 2.54100000E-03
VAL.V.E10VOL1 2.37800000E-04 E
.. . pg
VALVE 10FA0 R02 1.14000000E-03 3.76200000E-04 1.14000000E-03
VALVE 10FA1 4.45800000E-04 E
***** FKLOS
VALVE 10FKLOSO R02 .00000000E+00 6.00000000E+00 R02 .00000000E+00 E***** RKLOS
VALVE 10RKLOSO R02 .00000000E+00 6.00000000E+00 R02 .00000000E+00 E***** GRAV

' VALVE 10GRAVO 5.84800000E-01 4.90600000E-01 R02 .00000000E+00
VALVE 10GRAV1 6.16300000E-01 E
***** HD

. VALVE 10HD0 R02 3.81000000E-02 2.18900000E-02 3.81000000E-02
VALVE 10HD1 2.38300000E-02 E
***** EPSD
VALVE 10EPSD0 R04 1.20000000E-03 1.60000000E-03 E***** ICHOKE
VALVE 10ICHOKE0 R02 0 0 R02 0E***** ICCFL
VALVE 10ICCFLO R05 0E
..... Anp
VALVE 10 ALP 0 4.50524051E-20 4.71140884E-20 2.62067038E-20

'V.ALVE10 ALP 1 2.08194807E-20 E
.... yn

VALVE 10VLO R02 3.83623739E+00 1.16250800E+01 3.83778196E+00-
VALVE 10VL1 9.81434648E+00 E
***** VV
VALVE 10VVO 4.09648764E+00 4.09310372E+00 1.19837883E+01
VALVE 10VV1 4.18359365F+00 1.01913235E+01 E
*****

. TL
VALVE 10TLO 5.48655621E+02 5.49680243E+02 R02 5.48659006E+02 E..... TV

NUREG/CR-4356 A-20



. - - . , .. - - .- ---_ . -.-... -. - --..- _-. _ ..... . . _- -

|

1

APPENDIX A |
l
1

}/''N1 VALVE 10TVO 5.69656028E+02 5.69624556E+02 5.66326736E+02
) VA. . LVE.10 TVI -

5,66011387E+02 Eg

-x .. p
'

VALVE 10PO- 8.16908182E+06 8.16541611E+06 7.70832625E+06
VALVE 10P1 7.75298953E+06 E

. OPPP*****

VALVE 10QPP.P0 R04 .00000000E 00 E
..... - pg-
VALVE 10TWO R03 5.48653738E+02 R03 5.48679200E+02 R06 5.48657974E+02 E
$
$$$$$$ JETP HEADER CARD
JETP11000 11 * INTACT LOOP JET PUMP - 7.711 "

$$$$$$ JETP PARAMETER CARD
JCELL NODES MATID COST !CHF IPVHT NCELL1*

JETP11010 1- '3 6 1.00000000E+00 0 0 3
JUN1 JUN2 ITRP*

JETP11011 29 13 0 0
RADIN1. TH1 HOUTL1 HOUTV1*

.JETP11012 .2.69880000E-02 4;76250000E-03 .00000000E+00 .00000000E+00
* TOUTL1 TOUTV1
JETP11013 5.47000000E+02 5.47000000E+02

NCELL2 JUN3 RADIN2 TH2*

JETP11020 2 3 1.18110000E-02 3.96240000E-03
* HOUTL2 HOUTV2 TOUTL2 TOUTV2

-JETP11021 .00000000E+00 .00000000E+00 5.47000000E+02 5.47000000E+02
* NJETP
JETP11060 1
* EPSDFF EPSDFR EPSNZF EPSNZR
JETP11070 5.50000E+00 3.80000E-01 5.50000E+00 3.80000E-01
* FINLET FOTLET
J ETP11071- 4.00000000E-02 4.50000000E-01
* IHTS IWT

~N'~' JETP11050 0 0
1 ***** DX
''N

.ETP11DXO 2.89800000E-01 3.49900000E-01 7.26500000E-01 EJ
.... von

- JET. P11VOLO 1 22700000E-04 4.31100000E-04 1.66200000E-03 E
.. .. pg
JETP11FAO - 3.19300000E-04 4.23300000E-04 R02 2.28800000E-03 E
*****- FKLOS

1JETP11FKLOS0- R04 .00000000E+00 E
***** RKLOS .

-- J ETP11RKLOS 0 R04 00000000E+00 E-
i

- ***** GRAV.

; J. E.TP11GRAV0 : R04 -1.00000000E+00 EE
.. yo

JETP11HD0 2.01600000E-02 2.32200000E-02 R02 5.39700000E-02 E:

} .***** EPSD
JETF11EPSD0 R04 .00000000E+00 E
***** 'ICHOKE .

'

/JETP111 CHOKE 0 1 R03 0E
***** ICCFL
JET.P11ICCFLO 1 R03 0E-
.. ..o ggp;

fL J.ETP11 ALP 0 8.09635854E-13 2.52452637E-13 2.82654795E-14 E
... - yn

JETP11VLO 1.82353102E+01 2.41013556E+01 4.45753866E+00
JETP11VL1 4.45744096E+00 E
. . . . . - yy
JETP11VVD 1.88576811E+01 2.43201890E+01 4.60948881E+00e

[, JE.T. P11VV1 4.63157659E+00 E
. .. To
JETP11TLO 5.47765895E+02 5.47866222E+02 5.47882867E+02 E
***** TVI \ JETP11TVO- 5.59117742E+02 5.62043763E+02 5.62244439E+02 Ekj *a*** P
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JETP.11PO
7.01113257E+06 7.31894479E+06 7.34043385E+06 E

gppp... .

JETP11QPPPO R03 .00000000E+00 E :

***** TW
JETP11TWO R03 5.47765910E+02 R03 5.47866244E+02 R03 5.47882925E+02 E
...** DX
JETP11DXSO 3.52500000E-01 3.93900000E-01 E
..... von

' JETP11VOLSO 8.99020000E-05 1.75600000E-04 E
...** FA
JETP11 FASO 1.04000000E-04 R02 4.45600000E-04 E
***** FKLOS
JETP11FKLOSSO R03 .00000000E+00 E
***** RKLOS
JETP11RKLOSSO R03 .00000000E+00 E
***** GRAV
JETP11GRAVSO 1.00000000E+00 -1.00000000E+06 -6.16300000E-01 E
***** HD

- JETP11HDSO R03 2.38300000E-02 E
EPSD.....

JETP11EPSDSO R03 .00000000E+00 E
***** ICHOKE
JETP11ICHOKESO R03 0E
***** ICCFL
JETP11ICCFLSO R03 0E

alp.....

JETP11 ALPS 0 9.45063446E-20 6.91419018E-20 E
***** VL
JETP11VLSO -4.20741483E+01 -9.81454302E+00 -9.81434648E+00 E
..... yy
JETP11VVSO -4.26015930E+01 -1.03549694E+01 -1.01913235E+01 E
***** -TL
JETP11TLSO 5.48636022E+02 5.48658866E+02 E
..*** TV
JETP11TVS0 5.65086509E+02 5.6584640$E+02 E
.... p

J. ET. P11 PS O
7.65006948E+06 7.73455201E+06 E

gppp. ..

JETP11QPPPS0 R02 .00000000E+00 E
.**** TW
JETP11TNSO R03 5.48636050E+02 R03 5.48658926E+02 E
$
$$$$$$ CHAN HEADER CARD
CHAN1200000 12 64 ROD BUNDLE **

$5$$$$ CHAN PARAMTER CARD
*

~

NCELLS NODES JUN1 JUN2 MAT ICHF IPVHT IEDTEM ITMINR
CHAN1200010 9 3 20 21 6 2 0 5 1

-RADIN TH*

CHAN1200011 d.43270000E-02 2.62260000E-02
HOUTL HOUTV TOUTL TOUTV*

CRAN 1200012 .00000000E+00 .00000000E+00 5.47000000E+04 5.47000000E+04
NGRP NCHANS NCDESR NMWRX NFCI*

CHAN1200020 4 1 6 0 0
NFCIL NRFD7 NZMAX NZMAXW*

CHAN1200021 0 0 8 10
HGAPO PDRAT PLDR*

CHAN1200030 1.00000E+01 1.31680E+00 .00000E+00
* ICRNK ICRLH NCRZ NROD BUNDW
CHAN1200031 2 2 7 8 1.32460000E-01
* ALPTST EPSR EPSC IRAD NRDMX IANI
CHAN1200033 9.000000005-01 7.00000000E-01 7.00000000E-01 0 10 1

DZNHT DTXHTW(1) DTXHTWt2) DZNHTW*

CHAN1200034 .00000000E+00 .00000000E+00 .00000000E+00 .00J00000E+00
NCLK FALK CLOS VMLK DELZLK*

CHAN1200040 2 1.7700000E-04 3.7300000E+00 7.7022535E+00 .0000000E+00
NCMPTO NCLK'IO NLEVTO*

i,
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CHMJ12 0 0041 27 1 6
* IHTS IWT
CH A!J12 0 0 050 0 1
***** DX,

j CHA!11200DXO 2.36600000E-01 1. O M 0 0 0 0 0 E- 01 %.08000000E-01
CHMJ12 00 DX1 7.62000000E-01 5,60]DOGDE-01 ?.54000000E-01
CHMJ12 00DX 2 5.04000000E-01 7.62000000E-01 5.08000000E-01 E
..... von
CHM!12 00VOLO 1.26600000E-03 4.68800000E-03 5.01000000E-03
CHA!11200VOL1 7.51600000E-03 5.01000000E-03 2.50500000E-03
CH.M11200VOL2 5.01000000E-03 .51600000E-03 5.01000000E-03 E
. ... FA
CHMJ12 00 FAO 2.99200000E-03 . 75D00000E-02 5.35200000E-03
CHA!J12 06 FAI R06 9.86300000E-03 .3350D000E-03 E
....u yytog
CH A!J1200 FKLCS O 1.00000000E400 5.00n"0000E-01 2.36000000E+00
C)lA!J12 00 FK LOS1 R06 1.46000000E+00 B.50,J0000E-01 E
***** RMLOS
CHNJ1200R KLOS O 1.00000000E+00 5.00000000E-01 2.36000000E400 -

CHA!J12 00 R KLo31 806 1.28000000E+00 7.90000000E-01 E
***** CRAV.

CHAH1200GRAV^ R09 1.00000000E+00 1.00000000E+00 E4

..... no
CHN '12 0 0HD0 6.17200000E-02 8.25500000E-02 R07 1.30900000E-D2
CHO 1200!!D1 8.54400000E-03 E
..... gp39
CHA!J1200EPSD0 R09 4.10000000604 4.10000000E-04 E
***** iCllOKE
CHAN12001 CHOKE 0 R09 0 0 E
*****

.

ICCFL
C.HA!J12001CCFL0 2 R08 0 1 E
.... WETP

CH. A.!J12 00WETP0 1.93900000E-01 R09 .00000000E+00 E
. .. Anp
CHAN1200 ALP 0 1.91790090E-12 1.69721463E-13 2 . 0 57 8 3 4 . "' b O 2
CHAN1200 ALP 1 4.02956932E-01 5.79660065E-01 e.3872606eE-01
C.ll A.N12 0 0 ALF 2

7,15208626E-01 7.72671603E-01 8.16409143E-01 E
. . .. yn

CHA!J1200VLO ?.18658909E400 1.22874078E+00 3.7635a153E+00
CHAN1200VL1 2.14093942E+00 3.40755454E+00 4.63813329E+00
CHAN1200VL2 5.25221989:400 6.3?.536486E+00 7.39007360E400

CH. AN1200VL3 .1906644fE+01 E _

. ... yy
.CHAN1200VVO *i.68385600E400 1.29325807E+00 4.29822886E+00
CHAN1200VV1 1.37026782E+00 3.75973884E+00 5.66226813E+00
CHAN1200VV2 6.7523472BE+00 8.73058611E,00 1.10699313E+01
CHA!J1200VV3 1.58489585E+0] E
....' TL
CH A!J12 L . . La 5.47850987E+02 5.47910884E+02 5.54'111937E+02
rHMO;00TL1 5.60249412E+02 5 . 613 4 2 2 .' 1 E + 0 '. 5 61502043E+02
CHAE1200TL2 5.61595166E+02 5.61534673E+02 5.61411810E+02 E
. . , . . TV
CP'.N1200TVO 5.61958422E402 5.62000261E+02 5.61830932E+02
C.AN1200TV1 5.61762320E+02 5.61663137E+02 5.61559597E+02
CHAN1200TV2 5.61454913E+02 5.61315461E402 5.ti1124200E+02 E
..... p
CPAN1200P0 7.30982107E+06 7.31429292E406 ".29621971E+06 .

CHAN1200P1 7.28890288E406 7.27851993E+06 ' .26815418E+06
CHAN1200P2 7.25790460E+06 7.24243800E+06 7.22349467E+0; E
***** c!PP
C.HAN12000PPP0 R09 .00000000E+00 ''
.... m

CHAN1200 WO R03 5.47851300E+02 POS 5.47870441E+02 R03 5,53458772E+02
CHAN1200TW1 R03 5.57673911E+02 R03 5.60630511E+02 R03 5.61391403E+02
CHAN1200W2 R03 5.61562147E+02 ~'3 5.61549596E+02 R03 S.61459454E+02
CHAN1200TW3 R03 5,61411812E+02 ,
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..... RDPWR'
C;IMJ12 00 RDPWR 0 n04 .000000000 00 R02 4.74214845E+04 n04 .00000000E+00

i CHMJ12 00 P DPWR1 R02 4.74214845E+04 R04 .00000000E+00 R02 4.74214845E+04
) CH.MJ12 00 RDPWR2R06 000' 00% N 00 E

i

4

i . .** CPONR
i CHMU 200C PCWR 0 1.69796604E-02 1.64396712E-02 1.54796904E-02
; CH A!J12 00C POWR 1 .00000000E400 E
j RADPW*****
;

| CHM.112 0 0 RADOWOR07 1.00000000E400 E
... . gpx

! CH A!J12 00 RDX 0 7.0000P000E40; 3.10090000E+01 2.40000000E401
CHMJ12 00 RDx1 2.. 000000E+00 E'

; RADRD*****

j Cl* M112 00RADRDO .00000000E+00 1.00000000E-09 3.17000000E-03
CHAN120taADRD1 5.50000000E-03 5. 62 0 0 0 0 0 0 E -- 0 3 6.13400000E-03,

! CHAN1200RADhD2 .00000000E+00 1.00000000E-09 3.17000000E 03' CHNJ1 ; 00RADRD3 5.50000000E-03 5.62000000E 03 6.13400000E-03
CHAN1200RADRD4 .00000000E+00 1.00000000E-09 3.17000000E-03

| CHAN1200RADHD5 5.50000000E-03 5.62000000E-03 6.13400000E-03
i CHAN1200PisDRD6 .00000000E+00 1.00000000E-09 3.17000000E-03
4 CHA!J1200RADRU7 5.50000000E-03 5.62000000E-03 6.13400000E-03 E
! ***** MATRD

CHAN1200MATRD0 a 3 F02 11 10
; CHAN1200MATRD1 4 3 R02 11 10

CHA!il200 MATED 2 4 3 R02 11 R02 10
| CHAN1200MATP.D3 3 R03 10 E

***** llGAP
| CHAN1200HCAPO R09 1.00000000E+01 R09 1.00000000E+01 809 1.00000000E+01

CHAN1200HGAP1 1.00000000E+01 E
ppgo;.. ..

CH.iN1200FPUO20 804 .00000000E+00 E
..***

) FTD
1 CHAD 1200FTD0 h04 9.40000000E 01 F
a ...** BURN

CHAN12 00 BUR!JO R09 .00000000E400 R09 .00000000E400 R09 .00000000E+00,

CHMJ1200 BURN 1 .00000000E+00 E
***** RFTN
CHAN1201RFTN0 R05 5.73990722E+02 5.66779448E+02 R05 5.84793888E+02
CHAN1201RFTN1 5.73534339E+02 R05 5.94623364E+02 5.79124630E+02
CHAN1201RF_N2 R05 5.99659301E+02 5.81591076E+02 R05 5.99640053E+02 '

CHAN1201RF'!U3 5.87571483E+02 R05 5.94183016E+02 5.78677485E402
CitAN1201RFTN4 E05 5.84937157E+02 5.73668362E+02 R05 5.74497902E+02

i CHAN1201RrTN5 5.67262891E+02 E
! ****' RF*N
} CHAM 1202RFTN0 R05 5.73466468E402 5.66481723E+02 ROS 5.84199895E+02

CHAN1202RFTN1 5.73291117E+02 R05 5.93787931E+02 5.78773362E+02
1 CHAN1202RFTN2 R05 5.986638', " '. 5.81158021E+02 R05 5.98631479E+02 t

CHAN1202RFTN3 5.81122069E+02 R05 5.93275957E+02 5.78253729E+02 '

| CHM 11202 R PTN4 R05 5.84250819E+02 5.73339933E+02 R05 5.74094961E*02
CHMJ1202RF7NS 5.67088088E+02 E

; RFTN*****

| CHAN1203RFTN0 R05 5.72526756E+02 5.65942312F+02 R05 5.83113612E402
| CHAN1203RFTN1 5.72846924E+02 R05 5.92286340E+02 5.78133693E+02 ,

CH/.N1203RFTN2 R05 5.96878476E+02 5.80371128E+02 R05 5.96811715E+02 '4

CHAN1203RFTN3 5.80306254E+02 R05 5.91649009E+02 5.77437366E+02
; CHAN1203RFTN4 R05 5.83022960E+02 5.72735279E+02 R05 5.73376653E+02

CHAN1203RFTNS 5.66775673E+02 E
***** RFTN
CHAN1204RFTNO R06' 5.54708941E+02 R06 5.57655925E+02 R06 5,60625664E+02'

CHAN1204RFTN1 R06 5.61390667E+02 ROS 5.61565123E+02 R03 5.61558873E+02
CHA.N1204RFTN2 R06 5.61459057E+02 R06 5.61411403E+02 E-

RFTN.. .'
' C; TAN 1200FIJO 5.14200000E-O' 4.35000000E-02 6.24500000E-02

CHAN1200FIJ1 9.46200000E-03 3.88800000E-02 1.92700000E-01
CHAN1'00FIJ2 5.54500000E-01 2.00100000E-01 1.54700000E-01

| CHAN1200FIJ3 5.34700000E-01 2.14100U00E-01 1.54900000E-01
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:

/''N CHAN1200FIJ4 5.92900000E-01 2.89800000E-07 2.10200000E-01
l CHAf11200FIJ5 2.70300000E-03 9.98300000E-03 2.41500000E-02 '

\s CHAN1200FIJ6 5.41000000E-01 7.26400000E-04 7.63500000E-02
CHAN1200FIJ7 2.37100000E-01 1.20400000E-01 4.99300000E-03
C.H. A!112 0 0 FIJ 8 2.15500000E-01 E -

.. pyg
CilAN12 00RIJO 1.03000000E-03 1.15800000E-02 1.05600000E-02
CHAN1200RIJ1 2.95900000E-02 1.48900000E-02 1.*5800000E-02
CHAN1200RIJ2 3.00500000E-03 1.09400000E-02 1.03600000E-02 ,

CHAN1200RIJ3 9.18300000E-03 1.05600000E-02 1.09400000E-02 '

CHAN1200RIJ4 2.94100000E-03 1.18900000E-02 1.08900000E-01
CHAN1200RIJ5 2.95900000E-02 1.03600000E-02 1.18900000E-02
CHAN1'00RIJ6 1.05100000E-03 5.68400000E-02 1.48900000E-02e .

CHAN1200RIJ7 9.18300000E-03 1.08900000E-02 5.68400000E-02
Cll AN12 00RIJB 2.34500000E-02 E
$
*$$$0$$ VALVE HEADER CARD
* VALVE 14000 14 * MAIN STEAM ISOLATION VALVE "

*$$$5$$ VALVE PARAMETER CARD
* NCELLS NODES JUN1 JUU2 MAT ICHF IPVHT
' VALVE 14010 2 0 18 45 6 0 0

RADIN TH HOUTL HOUTV*

' VALVE 14011 3.68300000E-02 7.62000000E-03 .00000000E.00 .00000000E+
* TOUTL 10UTV
' VALVE 14012 5.60640000E+02 5.60640000E+02
* IVTY IVTR NVTX IVPG IVGS AVLVE
* VALVE 14020 1 2 0 0 2 5.47940000E-04
* HVLVE PVC1 PVC2 ALEAK DELSTP
* VALVE 14021 9.482000E-03 .00000E+00 .00000E+00 .00000E+00 0.0
* IllTS IWT
' VALVE 14050 0 0 ,

..*** DX

/'~'s . V. A. L. V. E14 DX O R021.00000000E+00 E*

g _

yon

.' V. A. LV. E14 VOLO R024.26100000E-03 EN
. pA

* VALVE 14FAO 4.26100000E-02 5.47943500E-04 4.26100000E-03
***** FXLOS
' VALVE 14FKLOSO R03 .00000000E+00 E ,

***** RKLOS
' VALVE 14RKLOSO R03 .00000000E+00 E
***** GRAV ,

* VALVE 14GRAVO R03 .00000000E+00 E
***** hD

*V.ALVE14HD0 7.36600000E-02 9.48186666E-O' 7.36600000E-02
. .** EPSD
* VALVE 14EPSD0 R03 .00000000E+00 E
-***** ICHOKE
* VALVE 14TCHOKE0 RP' 0E '

***** ICCFL

'VALV.E14IOCFLO R03 0E
.... alp:

*V. A.LV.E14 \; PO 9.99999989E-01 9.99942785E-01 E
yn. .

* VALV. E14 VL ) 2 48197206E+00 1.710S2418E+0? 2.45333754E+01
.... fy
* VALVE 14VVO 2.21709960E+00 1.72562091E+02 2.35962398E+01
***** TL

.

'V. AL.VE14TLO 5.60545047E+02 5.55378561E+02 E
l . .. TV

' VA. L.VE14 TVO 5.60423105E+02 5.51395053E+02 E
.. . p

! * VALVE 14PO 7.15999892E.06 6.63152310E+06 E
l *$[' *$$$$$$ BREAK HEADER CARDI

Q) * BREAK 15000 15 * MAIN STEAM LINE "
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i

* JUlJ1 IBROP NbTb ISAT ICOMT
*BPEAK15010 45 0 0 3 0 '

DXIN VOLI!J ALPI!J TI!J*

* BREAK 15011 1.000000E+00 4.261000E-03 1.000000E+00 5.55353082E+02 '
PIN,*

* BREAK 15012 6.63000000E+06
3

$$$$$$ STEAM FILL HEADER CARD
FILL 14000 14 _ * STEAM FLOW VELOCITY *

FILL 14010 0 2 0 10 0 1.0 4.261CE-03
FILL 14011 1.0 -21.15 560.6 7.1692E+06
FILL 14040 4.261E-03 27 2 16

VAPOR VELOCITY TUL****

FILL 14110 0.00 -21.15 4.56 -20.97 1

FILL 14111 5.17 -13.44 5.38 -10.91 '

'

FILL 14112 6.25 -4.01 8.70 -3.91
FILL 14113 10.08 -4.06 11.48 -1.52
FILL 14114 12.00 0.0 400.0 0.0
$
$$$$$$ PIPE HEADER CARD
PIPE 25000 25 * FEEDWATER PIPE *

$$$$S$ PIPE PARAMETER CAPD
!JCELLS NODES JUlli JUli2 MAT*

PI PE2 5010 1 0 10 11 9
* IHTS IWT
PIPE 25050 0 0
..... DX-
PIPE 25DXO 1.00000000E+00 E
..... yot

P. I. P. E. 2 5VOL O 4.64100000E-04 E
pg.

PI PE2 5 Ft.0 R02 4.64100000E-04 E
***** FMLOS
PIPE 25FMLOSO R02 .00000000E+00 E
***** RKLOS
PIPE 25RKLOSO R02 .00000000E+00 E
....* GRAV

PI. P. E25GRAVO R02
.00000000E+00 E

. .. HD

PIP.E25HD0 R02 2.43100000E-02 E
EPSD.. **

PIPE 25EPSD0 R02 .00000000E+00 E
***** ICHOKE
PIPE 25ICHOKE0 R02 0E
***** ICCFL

P. .I PE2 51CCFLO R02
0E

... Anp

PIP.E25 ALP 0 .00000000E+00 E
yg.. ..

P. I P. E2 5VL D 9.04419130E+00 9.04482231E+00 E
. .. yy

s.ieteSVVO
9.04419130E400 9.23241532E+00 E

**** TL

PI PE.2 5TLD 4.92980411E+02 E
TV... .

P. I. P. E2 5 TV O
5.60452576E+02 E

.+ p
PIPE 25PO 7.15028052E+06 E
S

$$$$$$ FILL HEADER CARD
*FILL 26000 26 * FEEDWATER FILL

JUN1 IFTY IFTR NFTX ICOMT*

FILL 26010 10 2 1 3 0
DXIN VOLIN ALPIN VI!!*

v1LL26011 1.00000E+00 4.641000E-04 .0000VE+00 0.977000E+00
; * TIN PIN BORCIN
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L

FI.LL26012 2.943000E+02 7.24640000E+069 FILL 26VMTBD
. .** VMTB

.000000E.00 0.977000E.00 5.000000E-01
FILL 26VMTB1 .00000000E400 1.00000000E+04 .00000000E+0V E .

$ !

$$$$$$ PIPE HEADER CARD
PIPE 19000 19 * HPCS PIPE *

$$$$$$ PIPE PARAMETER CARD
NCELLS NODES JUN1 JUN2 MAT i

*

PIPE 19010 1 0 16 17 9 ,

IHTS IWT* *

+..B19050 0 0PIF
.* DX

P. I PE19DXO 1.00000000E+00 E |

.... von
P. I. PE.19VOLO 1.13100000E-04 E '

.. y3
PIPE 19FAO R02 1.13000000E-04 E
***** FKLOS
PIPE 19FKLOSO R02 .00000000E+00 E -
***** RKLOS '

PIPE 19RKLOSO R02 .00000000E+00 E
***** GRAV
PIPE 19GRAVO R02 .00000000E400 E i
***** HD '

P. I. PE1911D0R02 2.55700000E-02 E
*** EPSD

PIPE 19EPSD0 R02 .00000000E+00 E !
***** IC110KE '

PIPE 191 CHOKE 0- R02 'O E
***** ICCFL
PIPE 191CCFLO R02 0E

@ P. I. P. E19 ALP 0 3.09988054E-24 E
***** ALP

. yn
PIPE 19VLO .00000000E+00 1.07845945E-07 E '

***** VV
FIPE19VVO .00000000E+00 1.05568508E-05 E ;
***** TL

.PIPZ19TLO 5.50758204E+02 E
7y.....

PI PE191VO 5.60902207E+02 E
..... p
PIPE 19PO 7.19763159E+06 E ,

S-
$$$$$$ FILL HEADER CARD
FILL 20000 20 * HPCS FILL '

* JUN1 IFTY IFTR NFTX ICO'1T '
FILL 20010 16 5 1 14 0
*

. DXIN VOLIN ALPIN -VIN
FILL 20011 1.00000000E+00 1.13100000E-04 .00000000E+00 .00000000E+00 1
* TIN PIN BORCIN
FILL 20012 3.66480000E+02 7.24640000E+06
***** VMTB
FILL 20VMTB0 . 00000000E+00 1.82100000E+00 4.99300000E+05

. FILL 20VMTB1 1.82100000E+00 5.21200000E+05 3 R2100000E.00
FILL 20VMTB2 LS.56200000E+05 1.82100000E+00 5.75900000E+05
FILL 20VMTB3 1.82100000E+00 6.19700000E+05 1.82100000E+00
FILL 20VMTB4 8.71500000E+05 1.82100000E+00 1.18000000E+C6
FILL 20VMTBS~ 1.89800000E+00 1.82800000E+06 1,90500000E+00
FILL 20VMTB6 2.67300000E+06. 1.87100000E+00 3.97800000E+06
FILL 20VMTB7. 1.79200000E+00 4.89500000E+06 1.52700000E+00
FILL 20VMTB8 4.94800000E+06 .00000000E+00 1.03400000E+07 *

. FILL 20VMTB9 .00000000E+00 E

$$$$$ PIPE HEADER CARD
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PIPE 21000 21 LPCS PII E* *

$$$$$$ PIPE PARAMETER CARD
* IJCELLS IJODES JU!!1 JUN2 MAT
P1PE21010 1 0 14 15 9

IHTS lWT*

PIPE 21050 0 0
...** DX

PI P.E21 DX O
1.00000000E400 E

yen.. ..

PIPE 21VOLO 1.12000000E-04 E
..... pg
PIPE 21FAO R02 1.13000000E-04 E

FKLOS*****
iPI PE21 FMLOS O R02 .00000000E+00 E

***** RKLOS
PIPE 21RKLOSO R02 .00000000E400 E

GRAV..'**

PIPE 21GRAVO R02 .00000000E+00 C
.a... yo

PI PE.21HD0 R02 2.55700000E-02 E
EPSD... *

PIPE 21EPSD0 R02 .00000000E+00 E
ICHOME*****

PIPC21ICHOME0 ' J2 0E
***** ICCFL
PI PE211CCF LO R02 0E
***** ALP
PIPE 21ALF0 3.16870363E-23 L
.... yn

PI. PE21VLO .00000000E+00 1.11217794E-07 E
. ..+ yy

P. I: E21VVO
.00000000E+00 5.86340659E-06 E

... 7L

PI P. E21 TLO 5.50653392E+02 E
7y.. .

PIPE 21TVO 5.60931390E+02 E
..... p
PIPE 21PO ?.20071327E+06 E
$
$$$$$$ FILL }:EADER CARD
FILL 22000 22 LPCS FILL* *

JUlJ1 IFTY IPTR !JFTX ICOMT*

FILL 22010 14 5 1 17 0
DXIN VOLI!J ALPIN VI!J*

FILL 22011 1.00000000E+00 1 '3000000E-04 .00000000E+00 .00000000E+00
TIN PIN BORCI!J*

FILL 22012 3.66480000E+02 7.24640000E+06
***** VMTB
FILL 20VMTD0 .00000000E+00 2.36803000E+00 5.05900000E+05
FILL 22VMTB1 2.36800000E+00 5.34300000E+05 2.34100000E+00

! FILL 22VMTB2 5.56200000E+05 2.30300000E+00 5.93400000E+05
'

FILL 22VMTB3 2.26400000E+00 6.56900000E+05 2.22800000E+00
FILL 22VMTB4 7.42300000E+05 2.15400000E+00 8.71500000E+05

; FILL 22VMTBS 1.97100000E+00 9.54700000E+05 1.91300000E+00
FILL 22VMTB6 1.,6000000E+06 1.79100000E+00 1.18000000E+06
FILL 22VMTB7 1.62100000E+00 1.32200000E+06 1.42300000E+00
FILL 22VMTB8 1.48000000E+06 1.13800000E+00 1.627000'0E+06

8.50800000E-01 1.60200000E+06 3 67300000F-01+

+
. 1.82700000E+06 .00000000E+00 03400000E+07'

I FILL 22VMTB9 .00000000E+00 E
$

$$$$$$ PIPE HEADER CARD
* *PIPE 22000 23 LPCI PIPE

$$$$$$ PIPE PARAMETER CARD
NCELLS NODES JUN1 JUN2 MAT*

PIPE 23010 1 0 12 13 6
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* IHTS IWT
/' PIPC230C0 0 0
i ***** DX
Na

P. I. P. E. 2 3 DX O
1,00000000E+00 E

yot

PI P. E. 2 3 VOLO
2.26100000E-04 E

n. . pA
PIPE 23FAO R02 2.26000000E-04 E '

***** FKLOS
PIPE 23FKLOSO R02 .00000000E+00 E
***** RKLOS

P. I. PE2 3 RKLOSO
R02 .00000000E+00 E

... ogAy

P. I PC23GRAVO R02 .00000000E+00 E
... ;go

' P. I PE. 2 3 HD0 R028.48000000E-03 E
.. ppso

PIPE 23EPSD0 R02 .00000000E+00 E
***** ICHOKE
PIPE 23ICHOKE0 R02 0E
***** ICCPL

~ P. I. PE. 2 3 ICCFLO R02 0E
. alp

P. I P. E. 2 3 ALP 0 2.27517263E-24 E
. yn

P. I P. E. 2 3 VLO
.00000000E,00 6.05953302E-09 E

yy.

.IPE23VVO .00000000EiOO 8.01641779E-09 EP
.*** TL

PIPE 23TLO- 5.48999817E+02 E r

.**** TV

' PI. P. E. 2 3 TVO 5.60974961E+02 E
. p

('~' PIPE 23PO 7.20531617E+06 E
t $s

-- $$$$$$ FILL HEADER CARD'

FILL 24000- 24 LPCI FILL* *

JUN1 IFTY IFTR NFTX ICCMT*

FILL 24010 11 5 1 16 0
* DXIN VOLIll ALPIN VIN.

FILL 24011 .1.00000000E+00 2.26100000E-04- .00000000E+00 .00000000E+00
TIN PIN BORCIN*

F1LL24012 3.66480000E+02 7.24640000E+06
***** VMTB
FILL 24VMTB0 .00000000E+00 2.07200000E+00 5.05900000E+05
FILL 24VMTB1' 2.07200000E+00 5.34300000E+05 2.04100000E+00
FILL 24VMTP2 5.55200000E+05 2.01400000E+00 5.93400000E+05
FILL 24VMTB3 2.00100000E+00 6.56900000E+05 1.89300000E+00
FILL 24VMTB4 7.42300000E+05 1.79700000E+00 8.71500000E+05
FILL 24VMTBS 1.62700000E+00 9.54700000E+05 1.51300000E+00
FILL 24VMTH6 1.06000000E.06 1.36000000E+00 1.18000000E+06
FILL 24VMTB7 1.16000000E+00 1.32200000E+06 8.79000000E-01
FILL 24VMTB8 1,480000002+06 4.75700000E-01 1.97600000E+06
-+ 2.20800000E-01 1.59200000E+06 .00000000E+00
FILL 24VMTD9 1.03400000E+07 .00000000E+00 E

-$
$$$$$$ VESSEL !!EADER CARD
VESSEL 2700000 27 *- VESSEL *

$$$$$$' VESSEL PARAMETER CARD
* NASX NRSX NTSX NCSR IDCU IDCL IDCR
VESSEL 2700010 16 2 1 13 13 6 1
* ICRU ICRL ICRR
VESSEL 2700011 11 3 1
* ROHS CPHS CHS EMHS

rs VESSEL 2700012 7.83300000E+03 4.60000000E+02 4.30000000E+01 8.00000000E-01
| ) -ISDU ISDL ISDR C"SDL CRSDV*

-V
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VESSEL 2700013 11 14 1 1.00000000E+26 1.00000000E+26
HODESD DHOUTL DHOU'I*/ DTOUTL DTOUTV*

VESSEL 2700014 3 4.226600E+00 4.226600E400 2.970403E+02 2.970400E+02
,

LEVOFT ALPCUT DALPC DALPCI EPSALPL*

VESSEL 2700015 1 7.000000E-01 2.000000E-01 1.000000E-01 1.000000E-03 ,

IHTS*

VESSEL 27000$0 2
;.....

VESSEL 2700110 8.8900E-02 5.7861E-01 9.8742E-01 1.10'2E+00:

VESSEL 2700111 1.2160E+00 1.4384E.00 1.5685E+00 1.944BE+00
VESSEL 2700112 2.8812E+03 3.9642E+00 5.1436E*00 5.4316E400 i

VESSEL 2700133 6.4174E+00 7.1882E+00 7.6319E400 7.8296E+00 E
***** PAD

VESSE.L2700120
1.3233E-01 2.0472E-01 E

.... 7g,

VESSEL 2700130 6.2832E+00 E
*
;

ISRL ISRC ISRF JUNS ZJN*

VESSEL 2700140 7 2 2 4 1.00000000E+00
VESSEL 2700141 9 2 -2 28 .00000000E+00
VESSEL 2700142 2 2 2 9 1.00000000E+00 |

VESSEL 2700143 6 1 -2 33 .00000000E400 '
,'

VESSEL 2700144 7 2 2 26 1.00000000E+00
VESSEL 2700145 9 2 -2 29 .00000000E400 t

VESSEL 2700146 2 2 2 30 1.00000000E+00
VESSEL 2700147 3 1 2 20 1.00000000E+00
+ 12 1 -2 21 .00000000E+00
4 9 2 3 11 5.00000000E-01

13 1 3 17 5,00000000E-01+

12 1 3 15 5.00000000E-01+

+ 11 1 3 13 5.00000000E-01
* LEVEL 1 DATA
***** HSA

VES.SEL2701HSA0
4.23500000E-02 5.64700000E+02 E

,

.. .* HSM

VE.SSEL2701HSMO
6.57200000E-01 1.14300000E+00 E '

. .** DSA
'

VESSEL 2701DSA0 .00000000E+00 1.14400000E-01 E
***** DSTH,

VESSEL 2701DSTH0 .00000000E+00 2.38000000E-02 E :
***** MATDS.

VESSEL 2701MATDSO B02 9E
***** DST
VESSEL 2701DSTO R03 S.47000000E+02 5.45635128E+02 5.45104923E+02
VESSEL 2701 DST 1 5.44603214E+02 E

FKLOS-T*****

VESSEL 2701FKLOS-T0 R02 .00000000E+00 E
***** FKLOS-Z.
VESSEL 2701FKLOS-ZO R02 .00000000E+00 E
***** FKLOS-R
VESSEL 2701FKLOS-RO R02 .00000000E+00 E

RKLOS-T***** .

VESSEL 2701RKLOS-T0 R02 .00000000E+00 E
RKLOS-Z*****

VESSEL 2701RKLOS-ZO R02 .00000000E+00 E
PKLOS-R*****

VESS.EL2701RKLOS-R0 h02
.00000000E+00 E

von... .

VESSEL 2701VOLO 4.40900000E-01 5.06600000E-01 E
...'* FA-T
VESSEL 2701FA-T0 R02 .00000000E400 E

FA-Z.....

VESSEL 2701FA-ZO 4.40900000E-01 5.06600000E-01 E
***** FA-R;

VESSEL 2701FA-RO 2.03000000E-01 .00000000E+00 E
...** HD-T
VESSEL 2701HD-T0 R02 7.39700000E-02 E
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h

..... ;go.g

V. E S. S. E. L2 7 01 H D- Z O
7.39700000E-02 5.69700000E-02 E

. no.R
VESSEL 2701HD-RO R02 8.43900000E-02 E
***'' EPSD-T

V. E. S S EL2 7 01 E PSD-70 R02
.00000000E+00 t

*** EPSD-Z
R02 .00000000E+00 C

V. E.S. S EL27 01 EPSD- ZO.* EPSD*R

V.ESS EL2 7 01 EPSD-RO
R02 .00000000E+00 E

#... us79

V. ES. S E. L27 01 HSTM 0
5.4776674BE+02 S.47790694E.02 E

ALpg. .

VESSEL 2701ALPM0 4.83150016E-11 3.36013046E-11 E
'***** VJN -T

VESSEL 2701VVU-T0 R02 .00000000E+00 E
VVN-Z*****

VE. S. S. EL27 01VVM- Z O
5.88963158E-02 -1.5310729BE-02 E _

. . yyn.g

V.ESSEL2701VVM-R0
-7.26352155E-02 .00000000E+00 E

.... yLg.T

VE. S.S. E.L27 01VLN-T0 R02
.00000000E+00 E

. yLg.g

V. ES. S. E. L27 01VLN - Z O
3.35678788E-02 -2.09718205E-02 E

. - yng.g

VE.S. S.E.L2 7 01VLN-RO
- 5 -- 4 2 618 4 3 3 E- 0 2 .00000000E+00 E

779.

V. E. S. S. EL27 01TVNO
R02 5.62298428E+02 E

TLU.

V. E. S. S. E. L2 7 0 ? TLN O5.47769037E+02 5.47790228E+02 E
.py

VESSEL 2701PN0 R02 7.34622354E+06 E
***** ILEV
VEDSEL2701ILEVO K02 0E
***** DZLEV

VESSE.L2701DZLEVO R02
8.09000000E-02 E

.... - yngy
VESSEL 2701VLEVO R02 .00000000E+00 E
***** ALPP

VESSE.L2701ALPPO
R02 .C0000000E+00 E $

.... ALpg
VESSEL 2701ALPM0 R02 .00000000E+00 E -

ICCFL*****

VESSEL 27011CCFLO n02 0E
* LEVEL 2 DATA
. ... ggA
VESSEL 2702HSAO 2.33300000E-01 3.11100000E-01 E
***** HSM

V.E.S. S EL27 02 H SMO
4,72200000E+00 6.29600000E+00 E

.. 93A
VESSEL 2702DSA0 .00000000E+00 6.29900000E-01 E
..*** DSTH

VES.SEL7702DSTH0
.00000000E+00 2.38000000E-02 E

.. .. MATDS
VESSEL 2702MATDSO R02 0 E
***** DST
VESSEL 2702DSTO R03 5.47000000E+02 5.46609276E.02 5.46077400E+02
VESSEL 2702 DST 1 5,45573543F+02 E
***** FKLOS-T
VESSEL 2702FKLOS-T0 R02 .00000000E+00 E
***** FKLOS-Z
VESSEL 2702FKLOS-ZO R02 .00000000E+00 E
***** FKLOS-R
VESSEL 2702FKLOS-R0 R02 .00000000E+00 E
***** RKLOS-T

$ VESS EL27 02RKLC S-TO R02 .00000000E+00 E
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***** RMLOS-Z
VESSEL 2702RKLOS-ZO R02 .00000000E,00 E
***** RELOS-R

VES. S E. L 2 7 02 R K LOS - R O
E02 .00000000E+00 E

.. . von
VE.S(EL2702VOLO 4.40900000E-01 5.06600000E-01 E

FA-T. .**

VE S S. E L27 02 FA- TO
E02 .00000000E+00 E

... . yA_; .

VE S. S E L.'7 0 2 FA - 2 0
4.40900000E-01 4.65300000E-01 E

pA.g.. ..

VESSEL 2702FA-R0 2.03000000E-01 ^000000CE+00 E.

....' HD-T
VESSEL 2702HD-T0 RC2 7.39700000E-02 E
..... 39 3
VESSEL 2702HD-ZO 7.39700000E-03 4.99000000E-02 E

go_a.....

VESSEL 2702HD-RO R02 4.64900000E-Oi E i

....* EPSD-T
VESSEL 2702EPSD-TD R02 .00000000C+00 E

EPSD-Z*****

VESSE.L2702ErSD-ZO P02 .00000000E+00 E
gpco-g....

VESSEL 2702EPSD-RO R02 .00000000E+00 E ,

***** HS7N
VESSEL 2702HS7NO 5.47867717E+0? 5.47e2888?E+02 E

ALPN*****

VESSE.L2702ALPN0 1.17599954E-11 2.65978299F-13 E
yyg.T....

VES.SEL2702VVN-TO R02 .00000000E+00 E
yyn,. 3.. ..

VESSFL2702VVN-ZO 4.08648054E-01 4.84B42463E-01 E
..... yyp4 n

VE.SSEL2702VVN-RO -1.21827005E-01 .00000000E+00 E
. .c* VLN-T

VESS.EL2702VLN-T0 R02 .00000000E+00 E
yLg.g... .

VESSEL 2702VLN-ZO 3.42774161E-01 3.82077162E-01 E
VLN-R*****

VESSEL 2702VLN-RO -9.07375831E-02 .00000000E+00 E
***** TVN
VESSEL 2702TVNO R02 5.62278189E+02 E
***** TLN
VESSEL 2702TLNO 5.47867564E+02 5.47828592E+02 E
..... pg

VESS. EL27 02 PNO
R02 7.34405276E+06 E

Iggy... .

VESSEL 27021 LEVO R02 0E
DZLEV*****

VE.SSEL2702DZLEVO
R02 4.89710000E-01 E

* ..' VLEV
VESSEL 2702VLEVO R02 .00000000E+00 E
***** ALPP

V.E3SEL2702ALPPO_ R02 .00000000E+00 E
.*** ALFh

VESSEL 2702ALPM0 R02 .0000000SE+00 E
***** ICCFL
VESSEL 2702ICCFLO R02 0E

LEVEL 3 DATA*
..... g3A

VESSEL 2703HSA0 1.47600000E-02 1.96800000E-02 E
**?** HSM

V. E. S. S. E. L2 7 0 3 H SMO
2.98800000E-01 3.98400000E-01 E

p3A
VESSEL 2703DSA0 .00000000E+00 5,26000000E-01 E
***** DSTh

I

!
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VESSEL 2703DSTH0 .00000000E+00 2.38000000E 02 L
***** MATDS
VESSEL 2703MATDSO E02 9E
...'* DST
VESSEL 2703 DST 0 R03 5.47000000E402 5.46946385E.02 5 . 4 6 413 2 91 E . 0 ;'
VESSEL 2703 DST 1 5.45908480E402 E

FKLOS-T*****

VESSEL 2703FMLOS-TO R02 .00000000E+00 E
FMLOS-Z*****

VESSEL 2703FMLOS-ZO R02 .000L n00E400 E
***** FKLOS-R
VESSEL 2703FMLOS-RO R02 .00000000E400 E
***** RKLOS-T
VESSEL 2703RKLOS-TO R02 .00000000E.00 E
***** RELOS-Z
VESSEL 2703RKLOS-ZO R02 .00000000E+00 E
***** RKLOS-R
VESSEL 2703RKLOS-RO R02 .00000000E400 E -

***** VOL
VESSEL 2703VOLO 4.91400000E-01 5.55000000E-01 E,

***** FA-T

VEC. S. E. L2 7 0 3 FA- T0
R02 .00000000E+00 E

.. pg_;

V. ES. S EL2 7 0 3 FA- Z O
3.82800000E-01 4.76300000E-01 E

FA-R. **

VES. S. E L2 7 0 3 FA-R O 2.03000000E-01 .00000000E+00 E
.. * HD-T

V.ESSEL2703HD-T0
R02 7.55800000E 02 E

.*** HD-Z

VE. S S E. L27 0 3 HD- Z O 7.55800000E-02 5.51100000E-02 E
. .. gg_p
VESSEL 2703HD RO R02 3.88200000E-01 E

EPSD-T*****
'' VESSEL 2703EPSD-T0 802 .00000000E+00 Ej EPSD-Z*****

VESSEL 2703EPSD-ZO B02 .00000000E+00 E
. ***** EFSD- R

VEDSEL2703EPSD-RO R02 .00000000E+00 E
***** HSTN -

VESSEL 2703HSTNO R02 5.47859338E+02 E +
..... gtpg
VESSEL 2703ALPHO 7.06127600E-12 6.01580854E-13 E -

...** VVN-T

V.ESSEL2703VVN-TO
R02 .00000000E+00 E

.... yyn.;
VESSEL 2703VVN-ZO -2.65746359E-01 1.97575794E-01 E
***** VVN-R

VES.SEL2703VVN-R0 -1.6860556CE-01 .00000000E+00 E
*. *. yLN.T

VES.SEL2703VLN-T0 R02 .00000000E+00 E
.. .. yLg.:

VE. S. S EL2 7 0 3VLN- Z O -2.15226029E-01 1.36147948E 01 E
yLy_g. ..

YESSEL2703VLN-R0 -1.25444359E-01 .00000000E+00 E
TVN*****

VESSEL 2703TVNO R02 5,62244719E+02 E
.**** TLN

VESS. EL27 0 3TLMO
R02 5.47E59109E,02 E

pg... .

VESSEL 2703FNO R00 7 . 3 4 0 4 6 3 8 5 E 4 0 t> E
..... Ingy
VESSEL 2703ILEVO R02 0E
***** DZUsV

VESS. EL2 7 0 3 DZ LE'/0 R02
4.08810000E-01 E

.. 2 yLgy

VESSEL 2703VLEVO R02 .00000000E+00 E
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..... ALpp
VESSrL2703ALPPO R02 .00000000E+00 E

Anpg.....

VESSEL 2703ALrM0 R02 .00000000E+00 E
***** ICCFL
VESSEL 2703ICCFLO 2 0E
..... WETP
VESSEL 2703WTr0 R02 .00000000E+00 f:

LEVEL 4 DATA*

ggA.....

VESSEL 2704HSAO R02 .00000000E+00 E
..... ngg
VECSEL2704HSMO R02 00000000E+00 E

DSA...**

VECS E. L2 7 0 4 DS A0
00000000E+00 1.40800000E-01 E

.... DSTH
VESSEL 2704DSTH0 .00000000E+00 2.38000000E-02 E
***** MATDS
VESSEL 2704MATDSC R02 9E
***** DST
VESSEL 2704DSTO R03 5.47000000E+02 5.45912455E+02 5.45381791E+02
VESSEL 2704 DST 1 5.44879476E+02 E

FKLOS-T*****

VESSEL 2704FKLDS-T0 R02 .00000000E+00 E
***** FKLOS-Z
VESSEL 2704FKLOS-20 R02 -00000000E+JO E.

***** FMLOS-R
VESSEL 2704FKLOS-h0 R02 .00000000E+00 E

RKLOS-T*****

VESSEL 2704hMLOS-T0 R02 .00000000E+00 E
***** RKLOS-Z
VE S S El.27 04 R KLOS - Z O R02 .00000000E+00 E

kKLOS-R*****

VESSEL 2704RKLOS-RO R02 .00000000E+00 E
.**** VOL
VESSEL 2704VOLO 3.82800000E-01 5.59000000E-01 E

FA-T...**

VESSEL 2704FA-T0 R02 .00000000E400 E
..... pA_z
VESSEL 2704FA-ZO 3.82800000E-01 4.76300PSOE-01 E
..... pA_n
VESSEL 2704FA-RO 2.03000000E-01 .000C3000E+00 E
...** HD-T
VESSEL 2704HD-T0 R02 7.55800000E-02 E

HD-Z*****

VESSEL 2704HD-ZO 7.55800000E-02 5.51100000E-02 E
***** HD-R
VESSEL 2704HD-RO R02 1.09800000E-01 E
***** EPSD-T
VESSEL 2704EPSD-70 R02 .00000000E+00 E
***** EPSD-Z
VESSEL 2704EPSD-ZO R02 .00000000E+00 E.

.e*** EPSD-R
VESSEL 2704EPSD-RO R02 .00000000E+00 E
...** HSTN
VESSFL2704HSTN0 R02 5.54R00000E*02 E
.**** ALPH

V.ESSEL2 7 04 ALFN0
2.61659008E-12 8.10152600E-13 E

.*** VVib T
VESSEL 2704VVN-T0 R02 .00000000E+00 E
..... yytp ;

VESSEL 2704VVN-ZO -1,37216638E-01 1.01948998E-01 E
***** MbR
VESSEL 2704VVN-R0 -1.77955993E-01 .00000000E+00 E
***** VLN-T
VESSEL 2704VLN-T0 R02 .00000000E+00 E
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..... yLn.g
VESSEL 2704VLN-ZO -1.13594771E-01 6.55348876F-02 E
..... yLn.g
VESSEL 2704VLN-RO -1.31911964E-01 .00000000E+00 E
.**** TVN
VESSEL'704TVNO R02 5.6J226675E+02 E
..... 7tn

V. E. S S. EL2 7 0 4 TLM O 5.47800008E+02 5.4786603EE 02 E
pn. .

VESSEL 2704FNO R02 7.33852969E+06 E
***** ILEV
VESSEL 2704ILEVO R02 0E
***** DZLEV
VESSEL 2704DZLEVO R02 1.15780000E-01 E
***** VLEV
VESSEL 2704VLEVO R02 .00000000E+00 E<

***** ALPP
VESSEL 2704ALPPO R02 .00000000E+00 E
***** ALPM
VESSEL 2704ALPM0 R02 .00000000E400 E

_

***** ICCFL
VESSEL 2704ICCFLO R02 0E
* LEVEL 5 DATA
..... g3A
VESSEL 2705HSA0 2.02700000E-02 1.43100000E-02 E
***** HSM

V.ESSEL2705HSMO 3.17500000E+00 2.24200000E+00 E
...* DSA -

VESSEL 2705DSA0 .00000000E+00 2.88200000E-01 E '

***** DSTH
VESSEL 2705DSTH0 .00000000E+00 2.38000000E-02 E
***** MATDS
VESSEL 2705MATDSO R02 9E
***** DST
VESSEL 2705DSTO R03 5.47000000E+02 5.45613477E+02 5.45082v54E*02
VESSEL 2705 DST 1 5.44561179E.02 E
***** FKLOS-T
VESSEL 2705FKLOS-T0 R02 .00000000E+00 E
***** FKLOS-Z
VESSEL 2705FKLOS-ZO R02 .00000000E+03 E
***** FKLOS-R
VESSEL 2705FKLOS-RO R02 .00000000E+00 E
***** RKLOS-T
VESSEL 2705RKLOS-T0 R*2 .00000000E+00 E
***** RKLOS-Z
VESSEL 2705RKLOS-ZO R02 $0000000E+00 E
***** RKLOS-R

VES S. E. L2 70 5 RKLOS -R O 802
.0?,00000E+00 E

... yot

V. E. S. S. E. L2 7 0 5VOLO5.44600000E-01 6.75100000E-01 E
pg.T

VESSEL 2705FA-TO R02 .00000000E400 E
..... FA-Z

V.ES S. E. L2 7 05 FA-20 R02 .00000000E+00 E
.. pg.g

V.ESSEL2705FA-R0 7.33100000E-01 .30000000E+00 E
**** HD-T

VESSEL 2705HD-70 R02 1.92500000E-01 E
..... go.g

VE. SS. EL27 0 5 HD-Z O
R02 1.93500000E-01 E

. . . go.g
VESSEL 2705HD-R0 802 1.92500000E-01 E
***** EPSD-T
%ESSEL2705EPSD-T0 R02 .00000000E+00 E
***** EPSD-Z
VESSEL 2705EPSD 20 E02 .00000000E+00 E
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***** EPSD-R
VESSEL 270$EPSD-R0 R02 .00000000E+00 E

HS T!J*****

VES SEL27 05HST!J D 5.47731422E402 5.47768019E+02 E
..... ALPN
VESS EL27 05 AL PtJ O 3.77528412E-12 2.09722921E-12 E
..... yyp.T

V.ESSEL270 W/N-TJ
E02 .00000000E+00 E

y4ft y. 3....

VESSEL 2705VVM-20 802 .00000000E+00 E
yyp_g.....

VESSEL 2705VV!J-RO -4.7178776?E-02 .00000000E+00 E
....* VLN-T

VESSE.L2705VLN-TO
R02 .00000000E400 E

.... ytt;. g

VESSEL 2705VLN-ZO R02 .00000000E+00 E
..... VLu.g

VES.SEL2705VLN-??
-3.4787805eE-02 .00000000E+00 E

.. .. 7yn
VESSEL 2705TVNO R02 5.62219371E+02 E
***** TLf1
VESSEL 27( STL!JJ 5.47734457E.02 5.47770213E+02 E
..... pg
VESS EL27 05 P!JO R02 7.33774681E+06 0

ILEV..'**

VESSEL 2705ILEVO R02 0E
DZLEV*****

VE.SSEL2705DZLEVO
R02 1.12900000E-01 E

VLEV. ...

VESS.EL2705VLEVO
R02 .00000000E+00 E

Agpp... .

VE. S. S. EL27 05 AL P PO
902 .00000000E+00 E

Anpg. .

VESSEL 2705ALPMO 2.61659008E-12 8.10152600E-13 E
***** ICCFL
VESSEL 270SICCFLO R02 0E

LEVEL 6 DATA*

..... ggA

VE. S. S EL270 6 HS A0
1.06400000E-01 .00000000E+00 E

. .. ggg
VESSEL 2706HSMO 1.66700000E+01 .00000000E+00 E
***** DSA
VESSEL 2706DSAO R02 ,00000000E+00 E
.**** DSTF
VESSEL 2706DS7H0 R02 .00000000E+00 E
***** MATDS

VE.SJ EL27 0 6'.tATDS 0
R02 9E

. ,** DST
VESSEL 2706 DST 0 R06 5.47000000E+02 E

FKLOS-T*****

VESSEL 2706FKLOS-T0 R02 .00000000E+00 E
FKLOS-Z*****

VESLEL2706FKLOS-20 R02 .00000000E+00 E
***** FKLOS-R
VESSEL 2706FKLOS-RO R02 .00000000E+00 E
***** RKLOS-T
VESSEL 2706RKLOS-TO R02 .00000000E+00 E
***** RKLOS-Z
VESSEL 2706RKLOS-20 R02 .00000000E+00 E

RKLOS-R*****

VESSE.L2706RKLOS-RO R02
.00000000E+G0 E

.... yot

V.ES S. E L27 0 6VOLO
8.29000000F-02 .0u000000E+00 E

pA.T.. .

VESSEL 2706FA-TO R02 .00000000E400 E
.**** FA-Z
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,

e''g VESSEL 2706FA-ZO 8.29000000E-02 .00000000E+0n E
..... yA.g
VESSE1.2706FA-h0 R02 00000000E+00 Es .

***** HD-T

VE. SSEL27 0 f HD-T0R02' 3.81000000E-02 E
. ..* HD-Z

VE.SSEL2706HD-ZO R02 3.81000000E-02 E
go.g. ...

VES. S. E. L27 0 6 HD-P O
R02 3.81000000E-02 E

.. gpSD-T
VESSEL 2706EPSD-TO R02 .00000000E+00 E

EPSD-Z*****

VE. S. S. EL2 7 0 6 E PSD- ZO R02.00000000E400 E
EPSD-R. .

VESSEL 2706EPSD-RO R02 .00000000E400 E
***** HS771
VESSEL 2706HSTN0- 5.47861787t+02 5.54800000E+02 E
***** ALiti
VESSEL 2706ALPN0 3.70289882E-13 .00000000E+00 E
***** VV!J-T.

V. E. S. SEL27 0 6 VVN-T0 R02 .00000000E+00 E
* pt-z,

VESSEL 2706VVN-ZO 4.96988181E-01 .00000000E+00 E
***** VVN-R

VE. S. S EL27 06VVN-RO R02 .00000000E+00 E
* .. VLM-T
VES.SEL2706VLN-T0 R02 .00000000E.00 E
*. *. yLg.z
VESSEL 2706VLN-ZO 3.94949903E-01 .00000000E+00 E
***** VLN-R

VES. S.EL27 06VLN-RO R02 .00000000E+00 E
.. . 7yn

/"'N
; } VE3.SE.L2 7 06TVNO 5.61205481E+02 5.60135168E+02 E

.. . 7Lu
\d VE. S. S.E.L2 7 0 6TLNO 5.478G1531E+02 5.47000000E+02 E

pg.

VEFSEL2706PN0 7.22970700E+06 7.11700000E+06 E
***** ILEN.

' VESSEL 2706ILEVO R02 0E
***** DZLEV
VESSEL 2706DZLEVO R02 2.22400000E-01 E
***** VLEV .

VLSSEL2706VLEVO R02 .00000000E+00 E
***** ALPP

V.E. S. SE.L2 7 0 6 AL PPO R02.0000LJ00E+00 E
. Anpg

V.E.SS. EL2706 ALPM0R02 .00000000E+00 E
. . ICCFL

VESSEL 2706ICCFLO- R02 0 E-
LEVEL 7 DATA*

..... gsA

V.ESS E. L27 07 HS A0 2.02700000E-02 1.03800000E-01 E
pgg...

V. ESSE.L270? HSMO 3.17500000E+00 1.62700000E+01 E
... DSA.

VESSEL 2707DSA0' 6.22600000E-02 3,10200000E-01 E
***** DSTH
VESSEL 2707DSTH0 1.58800000E-03 2.38000000E-02 E
***** MATDS
VESSEL 2707MATDSO R02 9E
***** DST
VESSEL 2707DSTO. R021 5.47708309E+02 5.47694745E+02 5.44988447E+02

.

VE. S. S. EL27 07 DST 1 5.44459219E+02 5.4395S892E+02 E

- [ ^Y
. FKLOS-T. *

,

VESSEL 2707FKLOS-TO R02 .00000000E+00 E

.

j). ***** FKLOS-Zy
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VESSEL 2707FMLOS-ZO R02 00000000E+00 E
***** FKLCS-R
VESSEL 2707FKLOS-RO R02 .00000000E.00 E
***** RKLOS-T
VESSEL 2707RXLOS-T0 R02 .00000000E+00 E
***** RKLOS-Z
VESSEL 2707FKLOS-ZO R02 .00000000E+00 E
***** RKLOS-R !

VESSEL 2707RKLOS-RO R02 .00000000E+00 E !
..... ypt

VE.SSEL2707VDLO
1.50600000E-01 1.07400000E+00 E

. ... pA.7
VES SEL27 07 FA -TO R02 .00000000E+00 E
***** FA-Z
VESSEL 2707?A-ZO 1.65600000E-01 9.75500000E-01 E
..... pA g
VESSEL 2707FA-RO H02 .00000000E400 E
**... no-7

'

VE S. S E. L2 7 0 7 HD-T0
5.38500000E-02 8.36500000E-02 E

go 3.. .

V. ES. S EL2 7 07 HD- Z O
5.38500000E-02 8.36500000E-02 E

gp_g. ..

VESSEI.2707HD-RO 5.38500000E-02 8.36500000E-02 E
EPSD-T*****

VESSEL 2707EPSD-T0 R02 .00000000E+00 E
....* EPSD-Z
VESSEL 2707EPSD-20 R02 .00000000E+00 E
***** EPSD-R
VESSEL 2707EPSD-RO R02 .00000000E+00 E
***** HSTN
VESSEL 2707HSTN0 5.47857033E+02 5.47142314E+02 E

ALpg.....

VESSEL 2707ALFN0 4.68331989E-13 7.29281023E-09 E
***** VVN-T

V. ES. S. EL2 7 07VVN-T0 R02 .00000000E+00 E
yw ;. .

VESSEL 2707VVN-ZO 2.75413031E-01 -1.46607790E-01 E
***** VVN-R
VESSEL 2707VVN-RO R02 .00000000E+00 E
***** VLN-T
VESSEL 2707VLN-T0 R02 .00000000E+00 E
..... yng.3

VES. S E. L27 07VLN- Z O 1.97711834E-01 -1.22049370E-01 E
yLg g.. .

VESSEL 2707VLN-RO R02 .00000000E+00 E
'***** TVN

VESSEL 27077%HO 5.61190314E+02 5.60765155E+02 E
TLN*****

VESS.EL2707TLN0
5.47857050E+02 5.47145182E+02 E

... . pg
VESSEL 2707PNO 7.22810023E+06 7.1831727;2+06 E
***** ILEV
VESSEL 2707ILEVO R02 0E
***** DZLEV
VESSEL 270?DZLEVO R02 1.30100000E-01 E
...** VLEV
VESSEL 2707VLEVO R02 .00000000E+00 E
***** ALPP

VE. S. S EL27 07 AL PPO R02.00000000E+00 E
. .* ALPM
VESSEL 2707ALPMO R02 .00000000E400 E
***** ICCFL ,

VESSEL 2707ICCFLO R02 0
LEVEL 8 DATA*

..... HSA
VESSEL 2708HSA0 R02 .00000000E+00 E

NUREG/CR-4356 A-38
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..... g33 ,

V. E. S. S. E. L 2 7 0 8 H SMO R02
.00000000E.00 Ei

pgA
VECSEL2708DSA0 2.55200000E-02 4.840000COE-01 E
***** DSTH
VESSEL 2'0&DSTH0 1.50800000E-03 2.38000000E-02 E
***** HAT 1

VES.S.EL27 0 8MATDS O B02
9E

DST.. *

VESSEL 2708 DST 0 R02 5.47598769E+02 5.47584342E+02 5.45243515E+02
VESSEL 2708 DST 1 5.44713680E+02 5.44212737E+02 E

FKLOS-T*****

VESSEL 2708FKLOS-T0 F,0 2 .00000000E+00 E
***** FKLOS-Zc
VESSEL 2708FKLOS-ZO R02 .00000000E.00 E
***** FKLOS-R
VESSEL 2708FKLOS-RO R02 .00000000E+00 E
***** RKLOS-T
VESSEL 270BRKLOS-70 R02 .00000000E+00 E
***** RKLOS-Z

VES.SEL2708RKLOS-ZO R02
.00000000E+00 E

-** ** . RKLos-R
V. ESS. E.L2 7 0 8 RKLOS-RO R02

.00000000E+00 E
.. von

VESSEL 2708VOLO 1.65600000E-01' 1.01900000E+00 E
***** FA-T-
VESS.EL2708FA-TO R02

.00000000E+00 E
... * FA-Z
VESSEL 2708FA-ZO 1.65600000E-01 1.09600000E+00 E
..... g3.R

VE. S. S. EL27 0 8 FA-RO - R02
.00000000E+00 E

HD-T* .

g ~% VE.SSEL2708HD-TO
5.38500000E-02- 1.06900000E-01 E

. .** HD-Z
VESSEL 2708HD-ZO 5.38500000E-02 1.06900000E-01 E
***** HD-R.
VESSEL 2708HD-RO 5.38500000E-02 1.06900000E-01 E
***** EPSD-T
VESSEL 2708EPSD-T0 R02 .00000000E+00 E
***** EPSD-Z
VESSEL 2708EPSD-ZO R02 .00000000E+00 E
**.** EPSU-R
VESSEL 2708EPSD-RO R02 .00000000E+00 E
***** HSTN ;

VES. S. E. L2708 HSTNO R02
5.S4800000E+02 E

Anpg..

VE. S.S. E. L27 0 8 AL PN0 1.00936678E-12 4.57190330E-09 E
yyn t.

VESSEL 2708VVN-TO- R02- .00000000E+00 E
***** VVN-Z
VESSEL 2708VVN-ZO 2.75547401E-01. -1.28860502E-01 E
***** VVN-R
VESSEL 270BVVN-RO R02 .00000000E+00 E
*****- . VLN-T
VESSLL2708VLN T0 R02- .00000000E+00 L

y*,N . z.....

V. E. S.S. EL2 7 0 8VLN-ZO1 .
1.97711372E-01 -1.08639802E-01 E

.
-

yng.g
_

_

VESSEL 2708VLN-R0 R02 .00000000E+00 E
***** TVN

VES.SE. L2708TVN0
5.61172509E+02 5.60747114E+02 E

' .. . qng

V. ES. S. EL2708TLNO
5.47824704E+02- 5.47200208E+02 E

PN. .
'

/''N VESSEL 2708PNO 7.22621436E+06 7.1812L 15E+06 E
1 ***** ILEV;v,

b
(s
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VESSEL 2708ILEVO R02 0E
***** DZLEV
VESSEL 2708DZLEVO R02 3.76300000E-01 E
***** VLEV

,
'

VESSEL 270BVLEVO R02 .00003000E+00 E
***** ALPP
VESSEL 2708ALPPO R02 .00000000E400 E
..**. ALpg
VESSEL 2708ALPM0 R02 .00000000E400 E

ICCFL*****

VESSEL 27081CCFLO R02 0E
LEVEL 9 DATA*

HLA....*

VESSEL 2709HSA0 R02 .00000000E-00 E
..... HSM
VESSEL 2709HSMO R02 .00000000E+00 E
***** DSA
VESSEL 2709DSA0 6.35200000E-01 1.20500000E+00 E
....* DSTH
VESSEL 2709DSTH0 1.58800000E-03 2.38000000E-02 E
***** MATDS

.

VESSEL 2709MATDSO R02 9E
DST*****

VESSEL 2709DSTO R02 5.47581942C+02 S.47570220E+02 5.45723376E+02
VESSEL 2709 DST 1 5.4519260BE+02 5.44690572E+02 E

FKLOS-T*****

VESSEL 2709FKLOS-TO R02 .'0000000E+00 E
***** FKLOS-0
VESSEL 2709FELOf-ZO R02 .00000000E+00 E
''*** FKLOS-R
VESSEL 2709FKLOS-R0 R02 .00000000E,00 C
.**** RKLOS-T
VESSEL 2709RKLOS-T0 R02 00000000E+00 E

RKLOS-Z*****

VESFOL2709RKLOS-20 R02 .00000000E+00 E
***** RKLOS-P

VE.S S. EL27 09 RKLOS - R O
R02 .00000000E400 E

. .. von
VESSEL 2709VOLO 1.65600000E-01 1.13400000E+00 E
***** FA-T
VES. S. EL27 0 S FA-TO R02

.00000000E+00 E
pg_g.. .

VES.SEL2709FA-ZO
1.65600000E-01 1.13800000E+00 E

.. ** FA-R
VESSEL 2709FA-R0 R02 .00000000E+00 E
***** HD-T

VES.S.EL2709HD-TO .
5.38500000E-02 1.27100000E-01 E

.. . 39,3
VESSEL 2709HD-ZO 5.38500000E-02 1.2710000CE-01 E
***** HD-R'

VESSEL 2709HD-R0 5.38500000E-02 1.27100000E-01 E'

l- ***** EPSD-T
VESSEL 2709CPSD-T0 R02 .00000000E+00 E
***** EPSD-Z

VES.SEL2709EPSD-ZO
R02 .00000000E+00 E

.. ** EPSD-R'

VE.S. SEL27 0 9 E FSD-RO
R02 .00000000E+00 E

. ** HSTN
VESSEL 2709HSTN0 R02 5.54800000E+02 E
t****- ALPN
VESSEL 2709ALPN0 1.32585786E-11 2.01124579E-12 E
..*** VVN-T

VE.S. S EL27 0 9 VVN-TO R02
.00000000r+00 E

VVn, z. ..

VESSEL 2709VVN-ZO 2.75561535E-01 1.78751900E-O'. E
VVN-R*****

HUREG/CR-4356 A-40
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!g 's VESSEL 2709VVN-RO R02 .00000000E,00 E ,

k ESSEL2709VL h R02 .00000000E400 E
***** VLN-Z
VESSEL 2709VLN-ZO 1.97695254E-01 -2.05944783E-01 E .

***** VLN-R |
!VESSEL 2709VLN-RO R02 .00000000E+00 E

...** TVN

VE.SS.EL27 0 9TVN0
5.51126030E+02 5.60700280E+02 E

..* TLN

V. E. S S. E. L27 0 9TLHO
5.47765394E+02 5.4"i316260E+02 E

pg.

V. E. S. S. E. L 2 7 0 9 PH O
7.22129320E.06 7.17633644E+06 E

Iggy
VESSEL 27091 LEVO R02 0E,

***** DZLEV-

VESSEL 2709DZLEVO R02 9.36400000E-01 E
***** VLEV ;

VLSLEL2709VLEVu R02 .00000000E+00 E d

..*** ALPP

V. E. S. S. E. L27 0 9 AL P P O
kO2 .00000000E+00 E ,

Anpg
VESSEL 2709ALPM0 R02 .00000000E+00 E
.**** ICCFL
VESSEL 27091CCFLO R02 0E
* LEVEL 10 DATA
..... ggA

VE. S. S. E. L2 710 HS A0
R02 .00000000E+00 E

ngu.

VESSEL 2710HSMO R02 .00000000E+00 E
***** DSA
VESSEL 2710DSA0 7.34500000E-01 1.39300000E+00 E

p DSTH" * * *

$ j VESSEL 2710DSTH0 1.58800000E-03 2.38000000E-02 L
***** MATDSNJ
VESSEL 2710MATDSO E02 9E
***** DST
VESSEL 2710 DST 0 5.57347942E+02 5.576C1473E+02 5.57853557E+02
VESSEL 2710 DST 1 5.59924857E+02 5.59356278Ee02 5.58818381E+02 r
***** FMLOS-T
VESSEL 2710FKLOS-T0 R02 .00000000E+00 E-
***** FKLOS-Z
VESSEL 2710FKLOS-ZO R02 .00000000E+00 E
***** FKLCS-R
VESSEL 2710FKLOS-RO R02 .00000000E+00 E
***** RKLOS-T
VESSEL 2710RKLOS-TO R02 ,00000000E+00 E
***** RKLOS-Z
VESSEL 2710RKLCS-ZO R02 .00000000E+00 E ,

***** RKLOS-R

'.VEo. a. EL1710RKLOS-R0 R02-
.00000000E+00 E

.. . -yon

- . . S. SEL2710VOLO
1.65600000E-01 1.13300S00E+00 EVE

** FA-T
VES.SEL2710FA-TO R02

.00000000E+00 E
.. .. pA g
VESSEL 2710FA-00 1.65600000E-01 1213800000E+00 E
***** FA-R

'

V. E. S. S. EL2710 F A- R O
R02 .00000000E+00 E

HD-T.-

- V. ESS EL2710HD-TO
5.38500000E-02 1.27100000E-01 E

**** HD-Z
VESSEL 2710HD-ZO 5.38500000E-02 1.20100000E-01 E

['' \ESb L2710HD h 5.38500000E-02 1.27100000E-01 E
( EPSD-T*****
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VESSEL 2710EPSD-T0 R02 .00000000E.00 E
..... gpso.7
VESSEL 2710EPSD-ZJ R02 .00000000E+00 E
....* EPSD-K
VESSEL 2710EPSD-RO R02 .00000000E+00 E,

| ...** HSTN
VESSEL 2710HSTNO H02 5.54800000E+v2 E
..... Atpg
VESSEL 2 710 ALM'O 1.478850920-10 7.80537170E-01 E
***** VVM-T

VE. S. S E. L2 710VVN-T0 R02
,00000000E+00 E

. yyg_
VESSEL 2710VVN-20 2.76613353E-01 -4.;3692359E-03 E
..... yyg_a

VE.S.SEL2710VVM RO R02 .00000000E+00 E
VLN-T. '*

VESSEL 2710VLN-TO R02 .00000000E+00 5
***** VLN-Z

VE.SSEL2710VLN-20
1.98549972E-01 -1.66525087E.00 E i

yLg_g. ...

V. E. S. S. E. L 2 710V LN - R O
R02 .00000000E+00 E

TVN
VESS EL2 7107*A10 5.61054651E+02 5.60681862E+02 E
..... 7tg

VES. S E. L 2710TLN3 5.49512570E+02 5.60676839E+02 E
.. . pg
VESSEL 2710PHO 7.21374079Et06 '/.17439653E+06 E
***** ILEV
VESSEL 27101 LEVO O 1E
***** D2 LEV
VESSEL;710DZLEVO 1.08300000E+00 1.19767140E-01 E
..... yggy

VE. S. S. E. L2 710 VLEVO .00000000E+00 -3.19924185E-04 E
. ALPP<

VESSEL 2710ALPPO .00000000E400 8.76678021E-01 F ,

***** ALPM
.

VESSEL 2710ALPM0 .00000000E+09 2.01124579E-12 E
***** ICCFL
VESSEL 27101CCFLO R02 0E

LEVEL 11 DATA*

..... ggg
VESSEL 2711HSA0 R02 .00000000E+00 E
..... ggg

VES. SEL2711HSMOR02 .00000000E+00 E
.. .. 933
V. ES L.EL2 711 DS A 0 8.06P00000E-01 1.51700000E+00 E
.. . DSTH

VESSEL 2711DSTH0 1. 5 8 8 0 0 c 'i O E - 0 3 2.38000000E-02 E
***** MATDS
VESSEL 2711MATDSO R02 9E
...** DST
VESSEL 2711DSTO 5.57857999E+01 5.59075927E+02 5.58292604E+02
VESSEL 2711 DST 1 5.59951844E+Ce 5.59383190E+02 5.58845222E+02 E

FKLOS-T*****

VESSEL 2711FMLOS-T0 R02 .00000000E400 E
***** FKLOS-2
VESSEL 2711FKLOS-00 R02 .00000000E400 E
***** FKLOS-R
VESSEL 2711FMLOS-RO R02 .00000000E+00 E

RELOS-T*****

VESSEL 2711RKLOS-T0 R02 .00000000E+00 E !

***** RKLOS-Z
VESSEL 2711RKLOS-ZO R02 .00000000E+00 E
***** RKLOS-R

VES.SEL2711RKLOS-RO
R02 .00000000E+00 E

.. .. von

NURE0/CR-4356 A-42
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[sT V.E.SSEL2711VOLO
1.65600000E-01 -1.13900000E+00 E

*** FA-T
( ,/ V. ES. S. E. L2711 FA -TO

R02 .00000000E+00 E
FA..

VES.SEL2711FA-ZO 1.65600000E-01 7.96200000E-01 E -

.. .. FA-R -

VESS.EL2711FA-R0 R02 .00000000E+00 E
... . HD-T

V. E S. S. E. L 2 711 H D -TO5.38500000E-02 9.62500000E-02 E
pp.g.

V. E. S. S. E. L 2 711H D- Z O5.38500000E-02 9.62500000E-02 E
gp_3

VE. S. S EL2711HD- RO 5.38500000E-02 9.62500000E-02 E
** EPSD-T

VES. S. EL2711 E PS D-T0 R02 .00000000E+00 E
.. . rpsp.g

V. E. S. S. E. L2 711 E PS D- Z O R02.00000000E+00 E
EPSD-R

VESSEL 2711EPSD-RO R02- .00000000E+00 E
***** HSTN

V. E. S. S. E. L2 711 HSTNO R025.54800000E+02 E
ALpg

VESSEL 27117LPN0- 1.46934014E-10 8.76678021E-01 E
***** VVN-T

V. E. S. S. EL2 711VVN- T0 R02.00000000E+00 E
yyn.g.

VESSEL 2711VVN-40 5.47020468E-01 -1.19101469E-02 E
...** VVN-R

VE.SSEL2711VVN-R0 R02 .00000000E+00 E
. ... VLg.T
VESSEL 2711VLN-T0 R02 .00000000E+00 E
***** VLN-Z

~ /''g VESSEL 2711VLN-ZO 1.99365147E-01 -1.57151560E+00 E
l *****, VLN-R
\m,/ VESSEL 2711VLN-RO R02 .00000000E+00 E

..;:e qgy
VESSEL 2711TVNC 5.60974961E+02 5,60669570E.02 E
***** TLN

V. E.SSEL2711TLNG 5.51136825E+02 5.60662704E+02 E
pg...

V.ES. S. E.L2711 PN 0 7.20531617E+06 7.17310205E406 E
. Iggy

VESSEL 27111 LEVO R02 0E
***** DZLEV

V.E. S. S.E. L2711 DZLEVO 1.17940000E.00 .00000000E+00 E
yngy

VES.S. EL2711VLEVO R02 .00000000E+00 E
.+ . Anpp
VESSEL 2711ALPPO R02 .00000000E+00 E
*****

. ALPM
VESSEL 2711ALPHO 1.46934014E-10 .00000000E+00 E
***** ICCFL
VESSEL 27111CCFL0 R02 0E
* LEVEL 13 DATA
..... g3A

V.ESS.EL2712 HSA0 1.30800000E-01 1.96100000E-03 E
. ggg.. .

VESSEL 2712HSMO 2.04900000E+01 3.07200000E+01 E
***** DSA
VESSEL 2732DSA0 1.41900000E-01 3.96100000E-01 E
***** DSTH.

VESSEL 2712DSTH0- 4.75000000E-03 2.38000000E-02 E
***** . MATDS
VESSEL 2712MATDSO R02 9EC ***** DST

( VESSEL 2712DSTO 5.60703283E+02 5.60682971E+02 5.60663014E+02
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1

VESSEL 2712 DST 1 5.60041249E+02 5.59472353E+02 5.58934157E+02 E***** FKLOS-T
VESSEL 2712FKLOS-T0 R02 .00000000E+00 E
***** FMLOS-Z
VESSEL 2712FKLOS-ZO 2.00000000E+00 .00000000E+00 E
***** FMLOS-R
VESSEL 2712FKLOS-RO R02 .00000000E.00 E
..... pytos-T
VESSEL 2712RKLOS-T0 R02 .00000000E+00 E
***** RKLOS-Z
VESSEL 2712RKLOS-ZO R02 .00000000E+00 E
***** RKLOS-R

VESS.EL2712RKLOS-RO R02 .00000000E+00 E
... . you

VES S. E. L2 712 VOL O 7.98800000E-01 7.04500000E-01 E
... pA.7
VESSEL 2712FA-T0 R02 .00000000E400 E
...'* FA-Z
V. E. S S EL2 712 FA- ZO 5.67600000E-01 6.77000000E-01 E

... p3.g

V. E. S S. E L 2712 FA- R O R02.00000000E+00 E
.. gg.T

VESSEL 2712HD-T0 1.99400000E-01 9.6550v000E-02 E
*****

| MD Z
VESSEL 2712HD-ZO 1.99400000E-01 9.65500000E-02 E
..... go.g

| VESSEL 2712HD-RO 1.99400000E 01 9.65500000E-02 E
i ***** EPSD-T
i VESSEL 2712EPSD-70 R02 .00000000E+00 E

*****
| EPSD-Z

VESSEL 2712EPSD-ZO R02 .00000000E+00 E
***** EPSD-R

V. E. SS EL2712 E PS D-P OR02 .00000000E+00 E
| .** HSTN
; VESSEL 2712HSTNO 5.60844719E+02 5.00656062E402 E
! ***** ALPH
' VESSIL2712ALPN0 8.15385976E-01 8.13396872E-01 E..*** VVN-T

VE.SSEL2712VVN-T0 R02 .00000000E+00 E
. ... yyn.

VE.SSEL2712VVN-20 3.71434538E+00 -1.47633919E-02 E
. ... yyn R
VESSEL 2712VVN-RO R02 .00000000E+00 E
***** VLN-T
VESSEL 2712VLN-TO B02 .00000000E+00 E
***** VLN-Z

| VESSEL 2712VLN-20 3.10662613E+00 -1.80904121E+00 E
' ***** VLN-R

VESSEL 2712VLN-R0 R02 .00000000E+00 E
| ***** TVN

VESSEL 2712TVNO 5.60914521E+02 5.60659203E+02 E
i ***** TLN

VE.S.S EL2712 TLNO 5.60844712E+02 5.60656061E+02 E
. .. pg
VESSEL 2712PN0 7.20071327E+06 7.17201000E+06 E
***** ILEV
VESSEL 2712ILEV) -1 0E
***** DZLEV

VES. S. EL2712 DZLEVOR02 .00000000E+00 E
.. . VLEV

V. E. SS. EL2712VLEVORO? .00000000E+00 E
.. Anpp

| VESSEL 2712ALPPO R02 .00000000C400 E
| ***** ALPM
! /ESSEL2712ALPM0 R02 .00000000E+00 E
| ***** ICCFL
i
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VESSEL 2712iCCFLO R02 0E
/ * LEVEL 13 DATA'

..... FSA

V. E.S. S E. L2 713 H S A0R02 .00000000E+00 E
ggg.

,

V. E. S. S E L2713 HSMOR02 .00000000E.00 E
** DSA

VESSEL 2713DSA0 8.03100000E-01 1.24200000E+00 E
***** DSTH
VESSEL 2713DSTH0 4.19100000E-03 2.38000000E-02 E
***** HATDS

VE. S. S. EL2713 MATDS O R02
9E

. . DST
VESSEL 2713 DST 0 5.60760729E+02 5.60711887E+02 5.60663802E+02
VESSEL 2'/13bST1 5.60034872E+02 5.59465993E+02 5.58927813E+02 E ,

***** FKLOS-T
VESSEL 2713FKLOS-TO R02 .00000000E+00 E
***** FMLOS-Z
VESSEL 2713FKLOS-ZO 6.00000000E-01 .00000000E+00 E
***** FKLOS-R
VESSEL 2713FKLOS-RO R02- .00000000E.00 E
***** RKLOS-T
VESSEL 2713RKLOS-T0 R02 .00000900E+00 E
***** RKLOS-Z
VESSEL 2713RKLOS-ZO R02 .00000000E+00 E
" * * * RKLOS R'

VE. S. S. EL2 713 RK LOS -RO902 .00000000E+00 E
. . yot

V. ES. S E. L27131/OLO S.99200000E-01 9 53800000E-01 E ~

. . yA.7
VESSEL 2713FA-T0 R02 .00000000E400 E
...** FA-Z
V03SEL2713FA-ZO 1.33900000E-01 9.53800000E-01 E

[ ***** FA-R
\

V.ESSEL2713FA-RO B02 .00000000E+00 E
*** HD-T

V. E. SS EL2713 HD-T0 9.68400000E-02 1.94800000E-01 E
*** HD-Z

VESSEL 2713HD-ZO 9,68400000E-02 1.93800000E-01 E
***** HD-R
VESSEL 1713HD-RO 9.68400000E-02 1.94800000E-01 E
***** EPSD-T

VE.SSEL2713EPSD-T0 R02 .00000000E+00 E
. *** EPSD-Z
VESSEL 2713EFSD-ZO R02 .00000000E+00 E
***** - EPSD-R
VESSEL 2713EPSD-RO R02 .00000000E+00 E
***** HSTN

-VESSEL 2713HSTN0 R02 5.54800000E+02 E
***** ALPN

VES. S.EL2713 ALPN0 8.34412637E-01 8.09381829E-01 E
.. . yyg.7

VE.SS.EL2713VVN-T0 R02 .00000000E+00 E
. .. yyg.g

V.ES SE. L2713VVN- ZO 1.53790960E+01 -1.02778806E-02 E
.. yyn.g

VESSEL 2713VVN-RO R02 .00000000E+00 E
***** VLN-T
VE. S. S. E. L2713VLN-T0 ' R02.00000000R+00 E
. yLn.g

V.ES.SE.L2713VLN-ZO . 1.46867507E+01 -2.25022155E+00 E
yLu.p..

VE.SSFL2713VLN-R0 R02 .00000000E+00 E
w *** TVN

- '~'s VESSEL 2713TVNO 5.60901113E+02 5.60647532E+02 E
***** TLN

~ A 45 NUREG/CR-4356
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VESSEL 2713TL40 5.60898503E+02 .60646310E.02 E
..... pg

VESS.EL2713PN0 7.19763160E+06 7.17078158E+06 E
Iggy... .

VESSEL 2713ILEVO -1 0E
DZLEV*****

VESSEL 2713DZLEVO n02 .00000000E,00 E
VLEV...**

VESSEL 2713VLEVO R02 .00000000E+00 E
ALPP.****

V. E. S S E. L^ 713 ALP P OR02 .00000000E+00 E
Anpg..

VESSEL 2713ALPMO R02 .00000000E+00 E
***** ICCFL
VESSEL 2713ICCFLO R02 0E

LEVEL 14 DATA*
..... ggA
VESSEL 2714HSA0 .00000000E+00 2.90000000E-01 E
..... ggg
VESSEL 2714HSMO .00000000E+00 7.21100000E+00 E
..... 93A
VES.SEL2714DSA0 2.86100000E-01 9.91400000E-01 E
.. .* DSTH
VESSEL 2714 DSTH0 3.17500000E-03 2.38000000E-02 E
***** MATDS

VE. S. S EL2714 MATDS O R02 9E
. .. DST
VESSEL 2714 DST 0 5.60679062E+02 5.60664520E+02 5.60650150E+02
VESSEL 2714 DST 1 5.59863622E402 5.59295205E+02 5.58757463E+02 E
***** FKLOS-T
VESSEL 2714FMLOS-T3 R02 .00000000E+00 E
***** FKLOS-Z
VESSEL 2714FrLOS-20 3.90000000E+00 .00000000E+00 E
***** FKLOS R
VESSEL 2714FKLOS-RO 6.06600000E+01 .00000000E+00 E
***** RKLOb-T
VESSEL 2714RKLOS-TO R02 .00000000E+00 E
***** RKLOS-Z
VESSEL 2714RKLOS-ZO 1.21300000E+01 .00000000E+00 E
***** RKLOS-R

VE. S. S. EL2714 R KLOS-ROR02 .00000000E+00 E
. . ypt

VES.SEL2714VOLO
2.10000000E-01 1.S2800000E+00 E

.. .. 73 7

VES. S. EL2 714 FA-TO R02 .00000000E*00 E
pg.g.. .

V.ESSEL2714FA-ZO 1.42800000E-01 1.46500000E+00 E
..** FA-R

VESSEL 2714FA-R0 7.69800000E-02 .00000000E+00 E
***** HD-T

VESS.EL2714HD-T0 1.00100000E-01 2.52300000E-01 E
... . go.g
VESSEL 2714HD-ZO 1.00100000E-01 2.52300000E-01 E
..... 39 3
VESSEL 2714HD-RO 1.00100000E-01 2.52300000E-01 E
....* EPS! T
VESSEL 2714EPS0' , R02 .00000000E+00 E
***** EPSD-Z

VE. S S. EL2714 E PSD- ZOR02 .00000000E+00 E
EPSD-R.*

VESSEL 2714EPSD-R0 R02 .00000000E+00 E
'

HSTN*****
,

V. E. S S. E. L2 714 HSTN0 5.54800000E+02 5.60638379E+02 E
ALpg.

VESSEL 2714ALPN0 6.52487908E-01 8.91257036E-01 E
***** VVN-T

|
.
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V. ES. S. E. L2 714 VVN-T0
R02 .00000600E+00 E;

N-
f . yyn.g

$ VESSEL 2714VVN-ZO 1.85429865E+01 -5.57573329E-03 E
***** VVN-R
VESSEL 2714VVN-RO 5.78642144E-26 .00000000E+00 E >

***** VLN-T
VESSEL 2714VLN-T0 R02 .00000000E+00 E
..... yLn.z
VESSEL 2714VLN-ZO ' -3.66954413E-25 -1.82776320E+00 E
***** VLNrR

V.E.S S. E. L2714VLN-RO
1.04377799E+00 .00000000E4: 0r

3g9;.

V. E. S. S. E. L2714 TVNO
5.60660795E+02 5.6063699BE+02 E

7tg

VE.S. S. EL2714 TLNO 5.60707340E+02 5.60638379E+02 E
. * pg
VESSEL 2714PN0 7.17378375E+06 7.16966637E+06 E
***** ILEV
VESSEL 2714ILEVO -1 0E
***** DZLEV

- VESSEL 2714DZLEVO R02 .00000000E+00 E
***** VLEV

V. ESSE.L2714VLEVO
R02 .00000000E+00 E

.** - ALPP

-VES.SEL2714ALPPO
R02 .00000000E+00 E

+. .. ALpg
VESSEL 2714ALPM0 R02 .00000000E+00 E
***** ICCFL
VESSEL 2714ICCFLO R02 0E
* LEVEL 15 DATA
..... . HSA
VESSEL 2715HSA0 .00000000E+00 5.00100000E-01 E

[ ) VESSEL 2715H 0 .00000000E+00 1.24400000E-01 E
\

***** DSA
-VESSEL 2715DSA0 1.80300000E-01 5.70700000E-01 E
- ***** DSTH
VESSEL 2715DSTH0 3.17500000E-03 2.38000000E-02 E
***** MATDS
VESSEL 2715MATDSO R02 9E
***** DST

' VESSEL 2715DSTO R03 5.60630508E+02 5.59761209E+02 5.59193069E*02
- VESSEL 2715 DST 1 5.5865S589E+02 E
***** FKLOS-T
VESSEL 2715FKLOS-70 R02 00000000E+00 E.

***** FKLOS-Z
VESSEL 2715FKLOS-ZO 2.90000000E+00 .00000000E+00 E
' ***** FKLOS-R
VESSEL 2715FKLOS-RO R02 00000000E+00 E.

***** RKLOS-T
VESSEL 2715RKLOS-T0 R02 00000000E+00 E.

*****' RKLOS-Z
VESSEL 2715RKLOS-ZO R02 00000000E+00 E.

***** RKLOS-R

VES.SEL2715RKLOS-RO R02
00000000E+00 E.

.. .. yot
VESSEL 2715VOLO 2.39000000E-01 1.48100000E+00 e
***** FA-T

./ES. S. E. L2 715 F A-T0
R02 .00000000E+00 E

_ FA.g.

V. ES. S. EL2715 FA-20
1.59600000E-01 1.24700000E+00 E

FA.R. .

V. E. S. SEL2715 FA-RO
R02 .00000000E+00 E

HD-T**

/
- VESSEL 2715HD-T0 1.05700000E-01 1.95100000E-01-E

HD-Z*****

u
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1.05700000E-01 1.95100000E 01 E
VESS.EL2715HD-ZOHD-R... *

4.04600000E-02 ,1.95100000E-01 E
VES.SEL2715HD-R0EPSD-T.. ..

VESSEL 2715EPSD-TO R02 .00000000E+00 E
***** EPSD-Z
VESSEL 2715EPSD-ZO R02 .00000000E+00 E
***** EPSD-R
VESSEL 2715EPSD-RO R02 .00000000E+00 E
* *** HS111
VESSEL 2715HSTNO 5.50600000E+02 5.61084145E+02 E
***** ALPN

V.ES S. EL2715 ALPN0
R02 9.99999999E-01 E

yyn T** .

VE. S. S E. L2715VVU-TO R02
.00000000E+00 E

yyn.;. .

VESSEL 2715VVN-20 1.00'68130C.01 ~6.55164233E-03 E
***** VVN-R

VES. S E. L2715VVM-RO R02
.00000000E+00 E

vLn.7. .

I VESSEL 2715VLN-T0 R02 .00000000E+00 E
***** VLN-Z

VESSE.L2715VLN-ZO
1.01885714E+01 -6.78659002E-01 E

.... ynn_p
VESSEL 2715/LN-RO R02 .00000000E+00 E

TVN.....

VESSEL 2715TVNO 5.60613751E+02 5.61083967E+02 E
TLN***** -

V. ESSE. L2715TLN0
5.60649946E+02 5.60633764E+02 E ,

... pn

VE. S. S E. L2715 PN0
7.17103580E+06 7.16933235E+06 "

ILgy. .

VESSEL 2715ILEVO -1 0E
DZLEV*****

VE. S S. E. L2715DZ LEVOR02 .00000000E+00 E
vtgy. .

V.ESS. E. L2 715VLEVO R02
.00000000E+00 E

ALPP..

V.E. SSEL2715 ALPPO
R02 .00000000E+00 E

... ALPM
VESSEL 2715ALPM0 R02 .00000000E400 E
***** ICCFL! '
VESSEL 27151CCFLO R02 0E

LEVEL 16 DATA*

..... ggA

V. ESSE. L2716HSA0 R02
.00000000E+00 E

... ngg
VESSEL 2716HSMO R02 .00000000E+00 E
***** DSA .

VESSEL 2716DSA0 1.37500000E-02 2.73400000E-01 E
"*** DSTH.
VESSEL 2716DSTH0 R02 2.38000000E-02 E
***** MATDS
VESSEL 2716MATDSO R02 9E
***** DST
VESSEL 2716DSTO R03 5.60632049E+02 5.59731045E+02 5.59162987E+02
VESSEL 2716 DST 1 5.58625584E+02 E
***** FKLOS-T
VESSEL 2716FKLOS-T0 R02 .00000000E+00 E
***** FKLOS-Z
VESSEL 2716FELOS-ZO R02 .00000000E+00 E
***** FKLOS-R
VESSEL 2716FKLOS-RO R02 .00000000E400 E

RKLOS-T*****

VESSEL 2716RKLOS-T0 R02 .00000000E+00 E
***** RKLOS-Z

NUREG/CR-4356 A-48
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,

k
VESSEL 2716RKLOS-20 R02 .00000000E+00 E
***** RKLOS-R

.i
VES. S. EL2716 RKLOS-RO R02

.00000000E+00 E
yot.. .

VESS.EL271dVOLO RG2
1.00000000E+00 E

... . pA.T

VES. S.EL2716 FA-TO R02
.V0000000E+00 E

pA.g.. .

vESS.EL2716FA-ZO R02
.00000000E+00 E

pA,a.. .

. SSEL2716FA-F0 1.00000000E+00 .00000000E+00 E
***** HD-T

VE. S SE.L2716HD-T0 R02
2.95400000E-01 E

39 3. ..

VE.S.S. EL2716 HD-ZO
R02 3.95400000E-01 E

" HD-R

VES. S. E. L2716HD-R O
R02 3.95400000E-01 E

** EpSp.T
VESSEL 2716EPSD-T0 R02 .00000000E+00 E
***** EPSD-Z

V. E. S. S. E. L2715 E PS D- Z O R02
.00000000E+00 E

gpsp.g
VESSEL 2716EPSD-RO R02 .00000000E400 E
***** HSTN
VESSEL 2716HS1tl0 R02 5.60600000E+ 02 E
....* ALPN

VE.SS.E. L2716 AL PN 0
R02 9.99999981E- 01 E

. . VVN-T
-VESSEL 2716VVN-T0 R02 .00000000E+00 d

C) ***** VVN-Z

VE.SSEL2716VVN-ZO R02
.00000000E+00 E

.

r

V . ... yyg.g
VESSEL 2716VVN-RO 5.78514128E-01 .00000000E+00 E
***** VLN-T
VESSEL 2716VLN-TO R02 .00000000E+00 E
***** VLN-Z

V. ES. S. E. L2716VLN- Z O
R02 .00000000E+00 E

. yLN.g

VE.S. S. E.L2716VLN-RO
1.06622987E-01 .00000000E+00 E

qyn.

V.E. S. S. E. L2716TVNO
R02 5.60584910E+02 E

7tg .

V. E. S SE. L2716TLNO
RG2 5.60634127E+02 E

.. pg

VE.SSE.L2716 PN0
7 .1693'/ 061 E+ 0 6 7.16921457E+06 E

ILgy. . .

VESSEL 2716ILEVO -1 0E
***** DZLEV
VESSEL 2716DZLEVO R02 .30000000E+00 E
***** VLEV
VESSEL 2716VLEVO R02 .00000000E+00 E
..... ALpp
VESSEL 2716ALPPO R02 .00000000E+00 E
..... ALpg
VESSEL 2716ALPM0 R02 .00000000E+00 E
***** ICCFL
VESSEL 2716ICCFL0 R02 0E-
CHECKOUT 5 0 0 0 0 07
.

/

's
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APPENDIX B

REPRESENTATIVE MAJOR EDIT Foa TLTA TEST 6423

1

_
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; o
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LAPPENDIX Br
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:This appendix contains a-representative major edit taken from a TRAC-
BFI/M001-. output printout for the sample problem, TLTA Test 6422.- ,

,

. ,

o

,

)

,

4?

|

I

.-9

i _P

T

5

_._

.

i

B-3 NUREG/CR-4356

" 'NA-"" -emt w w_, _, _''



a.. . . _ _ . - . . - ~ -. - - . - - ~ + - ~ ~ - _ ~ . - ~ . ~ . - - - - . - - . - - .. ~.- _ . - n u -...- ~ , . ~

.-

APPEMOIx B
.

s1 d.h, o 4
O U

O O
U,e H

r4
(d bl
:4 o M
O O
7 o x
U ')
H H

to mm
00

RA s < 6
1* Id (d

* o eo ww * b * *

H. m. m. * O id e >
[ e [4 - m 4 4-

my sp
4 41 w e aC

4 (L 4,4 * A. N--g 1

.e -- r+. wg4 xy ( aC.wH b
n. ru o e o o

e J e e 1

h1 Id ad Id** sw
8 A. N. N a f a
H e+ n4(p) t t4

c5 W ~ * E^ M a

m a CC 4 ; ZMdf }') m ed
- 3. 3. Os

.

,j . N "4 Ed E
f) to td E m.er a t.

(i) OO 3' Gs
N s Oh N s% 0

O Z 3* O fL E m OO 0+ M
a x <( - 4 14 W st -

M bb
p, us t. > 64 >
4 33 .1 f4 +{ mN

4"> f) M o A OO

['$ G > 0 + +
4 .+ MMM -

UN * * * * *-n a m s,
"U 3; - 6W bEm (LmO NN mD. b

a 0, O s t- **m ON

(d [/. h4
HO Hoo OUm M

e* T' 9 14'me ) c h O u; F 3
L ti;r

o e ea- o e-o -
** ;;5

A 14 iO Ae o I o J

O Moo N vi e o u o W

M =

! et 33' e Oe e -

D E1 PLt J QO e Id e o
M UU e tal e e .1 Z~
tn 14 + t. J e e A o F+ O

'f; O O >+ Ne .a! 4 4 4-O 4-

K> b su ru
=

id , e a to cww a m <x
.

o e : MM e * (al M >- - se W DD > - "
$5

o Id DQ * td I (d W = &: =( o E *) d

11 +U (d 61 * E a > >* * * H E F W *= H is. A (+
$4 so O, Q 5.J Z o ,6 pie a ve a

.ta oH Ho e bi e, = w = tq toj.
in o (a 3' y' s an ( sn an M U1>

N HH > t = ta c ue < st
ea *4 *e *3 N fat SJ .J at t d i E 3:,

1A . W l m * O Ed ei

4 * i OOO
- = td i Omo o D-

e N th e id t, iY HMv =e' aa == Hww
. d- . e. e%} }d.

* * am u a-r. . H r.e e t. m T, == th o e. m bl (4
*

e + 6, e ooo 64 E. w

()*
gn N en i

6 e dN M 1e it w
v M i /) MM

,O I(L fas Dee- F4 9 +

d i D. w Z % es Z %N

)O } {} a- n,t H M4
Id 'JI I M O OO4 O

4' r*
' ' * '

I * Id D. 4 8264 oop To fi Ui b e A ue as; M
o

| e 4d o Y (* e- (1 g6oo un m
I e fC [94 & O. ch-

MU tas [ 4 li 4 ',R tu . OO
'^

4D O F4 a f*'s ep GO $4*.'

i - e Q v1 e c J, a <,( m n. . ++ o s( x w .? oo 4 t4

f a t} e o' H, to e Ed (af e o M- - He t * Mv
id o f* o o O N Nm. f*1oo M o 14 W

*$.
| a

Zt oo se H (g w f/) e %C e-4 F+3 ED 10' *

r e *4e . id in x H w -4 s 04) so m m M mm
e n et es ww

O( (e in t;2 o. Rioo o. E. .
I * (

$4.e ud 4 . i on
I . . rm

. s.. M n. Rooooaa w . o -> w . m
e b at e = rC W r4 9e - - m 5 J 3
e a wh A MME m LJ400 m e .J- aC se O d --;

* * om b ~ *: H en ui e * p rn tn .a na MM
le. >%

1 ( b F+ c,o n,) e E
i e M p s e4 .e E. n. E-...e,.a $(J.e W H. mi

, N p ( UpZ . Ei . $
a, - H

u.c n
. m Za

"' O -((o o $ " t o. >w; i ld B 'u<. *t s "b im t.d c . > .vn
mi D e t% MN 4 8 t 3 7N WW

er. Z U E n o 9 [i(* )
== O e F * F-

O suiO M N N H H ) Ea P P J # *( st
N sh 2NO N J 1 a to 14 en ki it W

,d ** 3~ n. m .1+-E O*= E rr. M td *a E.

't'
N ES H "b 3 W fa= *,

i bita ba
O O- Q em -UII O H O ti' s e >s

.o. J
. >sm n.

*C . .o s ca H D '' U .oe Zv ooop 3r( e + em .3 4 EH c. == %
- ,bl >= tt' id H W O O *C (b ' 14 14 4 O- o Z WN 0-

O ubDP kkb H - (< i H
ce se > H e4 + a= O M

i
'

It **ttemW Efl 44 w J N td H 3

n H u t a m n. o o o m bi o r= i c= 9
o - o o(d L4 w id M J o n. $,ee o w or U o se 74 U

* * * O El b. t o in Al iP. m (t;H O %a " o H b e4 D *(L e4 *( o
o. o. .E ; Ld W c. M Id 6

a. m o H a:e in iO E s: HMp 3mm
WH O P L63 4 i E }| H o O E W o o Le a W

O to 't ddto d T. tal =( E J )O t+ n; ** si'
O Z it H td W Ld {.c[d + d. 4W W 14 m o N .J d L

f4 3N F* LeJ O o N *t NM O
w 4 H H td H U U U W h OU asZ */ L* 16 - p O f4 O n. + #

$ 4 E E.* 6 W (d 4} E 3. c4
o

t A * <( e4 +9 aC

. 'bO ,'t O % k "; hk@ Id Z M*
*1U n; > 4i

+ > (d + >EdEWW
E O y; H st =f H e4cD li e rt; O O[vH ** *

w O Id td hi a: ta l Ild E N, H H.
H H D H w at

.a u to o t' td tn ca M H m b 9 s < ..a o aa
*P G1 EE9 dt* K J E* + E*
up ti. f . n. D E tt A. N E o. =( H c id M H v M

= W id td I) E 3| E F F.td n O MG M - LP- Q id M-*

CW D 's
J e Z & H ]s J M= a

D. = -4D:1 aC.w
e N sc til

6 In fa[)o O.4 9 e M .*. O O O to M E o ma
6- e n J* MnH

v u u < d[t<H e
ge Ld M*

N a( d
14 tal(d tt nC U U U a ee e et HH La t- t1 W e4 Id

td 3* E E Lal * =( a( a( id M G1 e e M E * en AZ tv (o * bp >+ E

nt 0 e n. * LO O D (L =-( J n' iL
EHHee> . F. tr. LY, ;U (x t b em I tj E= s '7 sy

'o. H b ta ta at F4 b i- <*) e H e
* 3. dJ ,-eey e EC e

d o e s-< dlu a ea y s
' e e e ad e a: w

4 e as * U em i D+ O
000000 e:3 O " o a o o O o

|

|

|
i

NUREG/CR-4356 B-4

L
l
i

s-- , _- -.w., . ~ , . . . - , , , ,,,v.,w.,-,.-,m. ., -



)|ji||;)1||iI|l!iI -| IIi

3" I' 3 I C 2 4 <> c
o

1"3C>

6776666666
(/ 0000000000

+ + + + + - + + + L.,, 00000et0000 Q EEEEEEEEEE F 00 O
.

-
,

,

I 4760000000 C I

((k 0000c000000 L 9113333333 C 00 L 4
Y 6336666666 I Y 5
E . E 1
R 0000000000 R

0010000000c.
E
K 01

- 3457912344 O - 3
00000000000 0000011111 H 00 1

S - - - - - - - - - - C S -

A EEEEEEEEEE I A E
G 8814189304 C 7
Y 3946085117 Y 2

6 55 E 1451241159 55 E 1
0 00 R 00 R
+ ++ 0000000000 T + 0

EE.. O EEE -
9. 89 s. 2 7. 8 3 3 b 0 T'A33.54 1

N N 46
74672941187 O PF92 O 0

51 I -

29 3223 T A8 19 I +473560511.31 . T E
0- 00- C P 452444;1125 T 00 C P 87

- - I I 11011111111 L I I 62
R L E R L 5.1F S 11111111111 D F S

0
L e ) L -

7722224179 A - N31 A
5544444555 I 2 EM3 I

C ) M D/ C 1 -
7755555555 A S / G5 A S
3333333333 F I- G PK3 F I -

R RF397866568885 K A( R RF337 I
E AFF V E AFM
T EE/03022222222 1 T EE/21
N PCG22122222222 0 N HOG 56
I SCK - I SC?(( E )

8. a.6 6 5 4 3 9 6 5 0 N35
9 EM

5555555444 - C 1 D/1 C
6666666666 I G6 I

QR77777777777 M 4 M
I A SA S

N E L N E
YY 8855555444 R = YY 4 R
DT 4433333333 U DT 3 U

T0000000000 T T OI 0
EIL A U ML A

2293083573 RA 0000000000 R O 1 RA 0 R
4356659015 EU - - - - - - - - - - E P)7 EU - E
7711111344 HQ P X AK9 HQ P

T M U V( T M
0077777777 E L 6 E

55555555S5 L E7853734r +9 5 L)
T66555555F5 ) T F T 5

E5- L LD3206285 95 S L LD2
Q A AI11090013'
I 45680 )444 W IS . .45 S Q A AI0

A I 2 W IS
Ll 11112'22222 DN7776777777 M L) 2 DN7

- E AI4+E. EFEEEEEEEE
- - - - - - - - - - E AI4444444444 57358773638 * E.D R<5555555555 Q)2 . E O R<53206285695 (

)/ 1109001345 ) /P)?1130e3896 ? IK0 /P)9 I

E.V/0472350559AJ3160435599
S L( E)E

E.V/9AJ2
S

7776777777 S T 7 S T
4444444444 S * J5435615312 U T 4 N T J6 cj'

' O TC 0000000000 S D TO 0
5555555555 E OR( C 5 E OR( r

N - - - - - - - - - - C / N - C
O I G O I
C T K C T

2293083573 = E A 1 = E A

7711111344 .
T 3911357888 E 3 T)7

.
T 5 B4356659015

A)0011111111 A 0 AK9 A)1 A
N SRS- - - - - - - - - - I

- E 6 S S /E D 7
- S( M SRS- I

5555555555- L MEK5939863294 ( LJ- - - - - - - - - - 3 5 L MEK5 (
E. J 10077777777 S S /EEEEEEEEEE D E.)54444444446655555555 A ARG84157E4110 A 1111111111 5 T 5 A ARC 9 A
LJ-

F F(3242713565 F/EEEEEEEEEE 7 F F(9 F/E
= LS 1191125711 /J4362B47555 13 = LS 1 /J4
+ AN R T(2501789379 1 00

( TA 0 E O 1
,

+ AN R T(4
TA 0000070000 E O 2111111631 - -(

OR - - - - - - - - - - F T . . L)EE OR - F T
63000069999 R TT S Q 0000000000 = ES79 R TT S Q 0

77753347 E N - - - V/73 E N581.22222222 F A T M39 F A72.7 . . . ... . . S E R 1 U P(16 S E R 3
11111111111 N T T 0 O A N T T 0

A A - V 00 A A -
T T)E E R SR) T T)ER

S R 'S 0 0 0 0 0 0 0 0 0 0S A OW5590365480 T T S S0 A OW1T
AR/0000000000 E T(268157233.72 A 53 AR/0 E T(3

R 00 T MEG 0 H Q 5QT MEG 0000000000 H 8534667.21 L) A FK0A FKc.000000000LS( : N 0000000 0 W ESEE E LS( N 0E7'4155555555 H LW 0000000000 O - - - O V/43 H LN 0 O
A I L M27 AA I317,11111111 U11111111 L Wr T F 0(44 L WR T51.5 A * C .)

L I 0 E K)
1 25 A T C

11111111111 I ~ 4567802333 E K
C 0000011111 V P- 00 C 1 V P-
A A - - - - - - - - - - N A20000000000 - A A - N A20
F * EEEEEEEEEE O M0000000000 C F * E O VM0V./00000000000000000000 R C I0610823020 C 1 A-0 R C )7 C / 0,00000C0000 E T F6054333495 HW . . . . . . . . . . R 0 E T K9- HW

0000000000 T H /410636072: L (0000000000 F 0 T H /4 L (s

0000000000 O
(W7779114511 L L 0 N W1 L0000000000 N

0000000000 I R A L R 0 I R t

W
)

A
0^ 00000000 W 4554444444 E O 0 O c

. P )0000000000 C P . P
0000000000 A - E K+ + * - + + * + ++ A 0 A E K

V .
- O O EEEEEEEEEE V V D Q-

- 3456802233 I I20771111111 0 I I25
6666c66666 0000011 211 S LM0447777777 6 1 S LM
00000,00000 A - - - - - - - - - - N /9447777777 0 A - M /2
+ + + + ++++ + * EEEEEEEEEE I HW - * E I HW3
EEEEEEEE E C )2109755B40 t0000000000 E E C )3 (

1011114671 K9212766436 R)2 * K9

118889.S.888
'"H8811111234 /4449620153 UA9 H /9

W2 C0W1111238122 E0000000000 CP7
TD0000000000 E S( Q ( TD00 (

77f6666666 : 0000000000 O B E 6 I 0 C
L HM7777777777 U R L HM7

T P
L L
L1234567890 E L L .1"

t 12345678901 E 1 D L12 L 12 E1234561890.i '

E 1; C I E E C
C S C C

0 0 0 0

(\
'"
1
Y$
| 3,n

C: 3 'P ([d
7g *j*cO 2C2 rps*g*

_

I I}tjI i |f ,' ll !'|||'f|> || I , || |.|ii|t||| |||||i|'



. - ~ . . ~~ - . . - -.a.-- .- .._ ,_. ~_- .- , . . , - _ , . _ _ . = - _ _ . _ _ _ . ,

APPENDIX B

W6hhhb 'oocO00
d s+e se+

o A noooooo O w w W id w w
o O H o m m N N e4

E+ O 0mo0000 J m v4 m m e sr4
Out te k4

w s. c4 -4 s e4(L a M . . e

OG p. oOoooO
40 (*O 14) b
O s W O O o O O O *- O

f C O FS e i m up m m o

W .T ooo06o,, c 4 r4 u .-4 -4 e4 W
m O t/] e s t i 4 I of
m H s( W I.) M h3 ' 314

a

m. W m. m.b @

o
T O e e # c e4 1@

. t - .

s.
N

m Ma N q m we o in e4 .

-o omew*)O N nn @ td
e4. e4 N @ N. a.

-

*r enn .r s a rd m6' e b+ ocu tr. .e
. - + n:

b4
+++ ococco ta o - i - e i i# . mW www wp, .e.

m ,. .. .-a m v-own, . .. ;*, p' eet o m w + m m ma r-* CL A.O V @ N sn + 4 O *E e4
a m m m Na.a&n

e -o s m. N. @to N N a.aC +

mo
,. W t O rs' @gn re m @ m

m w .t s. a r m
|

gr
o e oooo b n. mormowe w o

'
p*

s

O. W tc d
bDg . - . N.

'o4 * +4 H s' s

e e o o o o.o. o.I D sd W<( m -r- e c,n i.e ec r,e
- - +

we vw wo v, N
r?

N @ n u. m ~~~~4,4~

x m m m m m 6n n. ma m io
.1 3 th (a to") e 4 t/I th

-T to cu w s o aC Z U cc e t( I4 to aC tal f a ;*l rn
H O W NN|

- e bin NN h y:in e o o. @= m EEON * . Q H .

N %%
l U e d@ EE
I 6 r4 1.d m NN OmvetNNN of

4.-

f) * 6) Z OO
41 . rt

. bl Z f. 'a 4 CJ O N M M 4 4 'P W W N H t

b a - XK d( ~ m tv' A m o o e m m er m td g r- t- f . b t- 6 b 4 NN
W [.! 6 (4 e4 > M a( ti E o O + - - -

h'n C, =a( N H oR d mmO d Nm Es W W - O. L P- m W @ tr O > E .a ,re ca c4,4 a e6 u oo4 w oO g n: 0 0 o a s ri c4 4 re s a s
M. Q +4 H to U W O o Ues td 3 Q 4 +

mA N la)M MW |L 3~-
O til *K: al

0. h& O Nm
- #

d cr mm
hE** m ee nt' m. o. o m.- . + .)On M O* N Gl

w t4 a( ta m ,4 - ( 3 % =c ein gn ir, g O nc (4 ,4 ,4

6 [f= s( c. td (r) + D @ hp w @ @ w a *t .a ,-r +

m aj O *L' h 0) m Q;s' N 6 P N 6 P- 3: , O mm

o . cc. H- et Ed o
] *i O

.--M b & r . h.e. N# {/} -

e O-4 o
re II N b> w a =p e m sn +4 o wh9

I o. Ot. m cr; 40 e- 6 e to O a e i e h
OH

O. O. O. O. O. O. p H N H r-4 v4 H r4 e-4 > U.
C

kt ( *
>' O O M

O 4 E H a re e4 e a O tr Z aO dC y. O J I:J
O+ HO se r c4@ a u .4 ococco % W H

O. m* 3 a.a mD' id.6d o E ka t
n. . . w w N m s~. m

wo e i e 4 sin '
=t ts. w sn ar et. e . 8

x0 y e XMi M n be XX
( W + 3. cn .Jd is "t+ o c to ag e (*

-

ga) um [d DD* W F- UD * *+

tu . 3c 3d
Gi G # H - km [* m tw h @ w tD + Q EO m H AA

laJ.14
. f4 r4 th m W L& @ W eJQ Ed 'as'. (*

6 e so m . J y: e = uM
O *NeOOoOOO ef M m f/1 M**@ m f/1 W*
H v 4 W V U *F3O '#' -

Uc o .%u N3 e U b o O *T C. f'. O. 3 e4 um of *(2
i 3- r aNNNNN - x -- i 3E

p/ h4W e4 :d * ra' N r- w w en a w
ta3 N M td W W w

oooooo
4 M.

i e s e i e
m W 4 D N m c0 W 430 H

-

w

inl ee%CO e M
H M @ o. r4. rt r4 N w .h e-.so m e m + @

ee

e. . . - : r o m m m m N .e y. m ae. a wr-
@ 8D cu V U to CO to rU fe n * > % m <o ch m w w -aW res m tw e m m O co == 0. .

*Jqt i e e i I EO-
tal. ec4 c4 re ce rt r 4 C4* W a, m h4 4 4 V *P W W "

b i % *f. W ur. e-ets mmmmmme b D (Y. - * . + =

. i . W w w ui hi rd oe u to ta
e F*EN * F* eG *

Mm p Do ooooonO6 Po > cc
i < r s e t NP)mem6OW U em P NwO e 2, %%

b';
+ f ~ M r4 4 ef W tr

W @ c4 Sf m N 4 OO# 0O . ] f.,) as W |ag
i dm # MM Q

* *

0oOoOO.' al' # OO E * ~ *f @ m m F in I b f0 th P4 m CO m = La a]6
. . . . . e( L( W1 M . 4 cn f* e-I @ s-e 9 N

m oo
E le O.O at M W an. *P. W. m. m. m a' m 4 r.e r.4 e.4 e.t e,t

-

t'3. )* O. O.
* al - r-

. + w. x .
o ao ww r o u re m m o n Nwamumw e wW
f4 m A4 e+e E4 an h h @ @ @ e( <C Cr O N m m m an N s la en mg
0 W mm mainmmm a 3. W 2.r @ e N m % .p- o r4 N
d #k it) c4 @W k it, w m m N Nb O .C3 d 1B @@.

. e et W mM + ,* N. =r. n. m. eno. , b -m.vei v in. m h. . a mmqu
. ry

en n . . m . .

O E 4 - ek a- a m*Wm D
m .- m a. be O. O o O O, O, . e.t

x N.
4 a s . . . w n r. ~-, .

o . . taammommm cr. ou m r ..
'e N & e-4 e e m O O nn.1 W D i e

*
e4 6 st J

* + + * 4 14. ON
3* N et tF N. W SP. 4

oN 4

rA N td Oe1NO4m +H na Z4m * */*, (% ~
b '% W O cG ui M et id @ Htd m H of e4 c. ep e4 V sf -F

k'"' af [1: -W ed et. r4 r4 N.
i

wO # 7.s af 4m w
.

ww 3 m su W m Md- a: b W + - . - =p e 4 td W
|- * - a Q .O bb (e ta vincocco D M wh cn ce co st co N e bb

| h. e t
el AF EC *( *( O| % O O O O C C (* 4 4 *P W *F er @f WC dCI

e A (d 3. N b Eld O o o o C o o (4 msnmmmin . 5 es (g CIC,e .o a .- .c u. x o * * * - < m
t e e M .hn gni ta td d ta . c o o o o.t p 3td * =
' td Oh |;m sm m o ce c4,4 r4 :n d 7; oooooo :n s D

tt E se .J d#M $* af * * , . E e4 =-t @ wP @ @ W aC *(v
O M *S W tas F* O at 44. J. 3 tr.O *"r< e 4 r4. N+ e4. 4. e4

a

v a a.- sn m a >mx . H . .

(*) N e 1 re ed w ee ur y er H m er m g e w HAe si'. W;
(4 rs

th M
[+ dC. NeT sa.a # U et r4 r4 e4 e4 e4
u'; EooL Soo 3;E D. - .( e( e e i a 4 e

# @ () 4 4 (d M id lal N M 14 6 N O "* O '*> O O > # hf
> 3: *E O D O t' O G.

D; b r4 Net W ut OOOOO& E O m W O *F e4 thD|| r* .

e4 m ooocco a p x o co m e r- co
.f3 -oo. o so on as

- - . + MH + msd H =
en u O w ococon b x swmosem

3. M. c-9 e4 re % E 4
U sT Z # O. = ,*T 's#. 88 Om O4 d eI oCOOOO Vi

3H N .-3 44 O r"4 % (d d. 3 C OOOODO at E *- * * * * -

- 4 tn A m m h 4 N f M3 WD {.:
N Q **. E *P 14.3 d

9 (.. E). O O Q O o O. k3
OOOODO a vu- - woooocoaJ w eV

ZQ +*) @ aC OoDoDO at ..sC O e + * 4 ; ** 7. O *%

3 .H N W W L4' til fd klNO +nal U e . ;,s >
) E r4 M v4 P * * * * Z MN N m v m w r*l TF

@ w@T@@@ e-4 r=4 e4 ed e4 e4 14I 4 %r-@WWmm Om
.M fl o00 Coo 4C t e i i e GI 3 f etw wN N CL M **

- = * > - - E sf bE# $4 rv +e+ ++e a ta3 W M M W W **
-o a -|) O O O OMGM v4 m WC O W W M W Lal W id y --.m M o m *F cu m M @

U. O Oe fr. .,m m t% o H cn t. ; e4 @ @ c6 N N Z U (1 .

M Ed td D d( M h in r"' N r* |1. % W f*- O N N P- t4 lad f id M*

a tunEn M c, w. N. N. o. o. u. :c m m. N. u. u m. .anocoOou a e) >a
a( (t as Ja( go y On (4 . - D - . . .JOpoooooNE - -- 90 c -*t.o as n u w a .w m m te H ococco >pQ re: es; 4 y'. . gY. ,.3 U6Fhf*N6N O IK es

(.w n m tw O bu O
de 4e $ y Z Cas M S D

~J *e n. .1 J
+.5 -4 N m v u s @ * ** * H .)eamwmwe J e m m erm w n
1N 45 0e M e' t Ld bel

9e t b* U J "" U * I

O o O O O D O g

HUREG/CR-4356 B-6

__ ____ -____ _ _ ___ _ _. ._. -



, , I4. ; '
& ' :fi i! '|;f!; *1 e{ t et| *1 ; , y i ei i!! f!!t ![t jii | . k ;1k ii : ,

-

,
e-

.

. ,.

3 m

>U7mZQHX 0 _"

77 7777
00 0000

.

- VI L + L + + + L -.

. n\d
.F c00 O EE F 00000 Q EE2r- F

C I 11 C I 2226 C _
C t00 L 77 C 00000 L 2227 C
I Y 11 I Y 1111 I(' E .E .

R 0000 _B 00 -
E 7 E E
K 000 - 0 N 00000 K .

O 73 - C 3333 O
H 000 11 E H 00000 1111 H
C S - - 3 C S - - - - C
I A EE 4 I A EEEE I

G- 00 0 C 7613
Y 6796Y - 07 4

55 E 11146 E- 21
0 P - 3 * 00 R

r + 00 - * T - + 0000 T
f O EE OC - E "~ Ti0 . 13 T* )04 . =

A08536 N .A068 N ' PP01617 O PPF055 O
0041 I -

A- (0. 7 4 T A-(017 I
A 1 T )R 6.

T 00 C ? 636 E 0 T 0 00 C P 66694 T

E
-

I !. 000 V - L I I 00000 L
E

D F S 111 JO
E E R L . .

DF i.
2 D F S 11111:

R 3
L S

I) L U 9 SS 1

A - N382 A 3 - - N31750
OM56 F.

4 22 EM6553 - 2 EI M DMM D/ . C )D/ C ) U
G21 A 5 .R 2 // G1111 A S /

PK44 F I - JH GG FK4444 F I - G P
A( F RF3079 T = FK A( R RF309992 K A
V E AFM0 6 T V E aft 0 V

T EE/025 0W L 33 T EEi05542 1

N MOG 11 +O E G0 N HOC 1131 0

)
SCK0 EL D ++ I SCF0 -I

( 9F EE ) ( E
N387 2 36 N36544 0 N
EM 2S 83 EM 8 E

DS 11 D/4444 C 0D/44 C
4. A 1 G6666 I%66 I

QK77- M 1M 0 38 QF7777 M 4 C
A S II( A 0 I(
I E LL N T 0 L '

J =r YY 9887 R =YY 59 =2 0
DT 6666 UDT 76 r

oI 00 YC 0 T OI 0000 T T
1uL GR NU ML A t

94 RA 30 RE IC 9714 RA 0000 R O
P)25 EU - - EP P)3747 EU - - - - E P

_. AK39 HQ N . XX AF9884 HQ P X A
8 E UJ V( T M U V/( T E '.86 M LU 6666 E L_

_ .
T 66 RG 9 I FF T 6666 ) T F T

55 EK T 5555 L E6566
T 8 SS L LD3833 S

Q - A4 5 SS Q A AI2233 S
I . 44 W1 0 AA I 4444 W * S A_

L) 22 - MM Lj 2222 DN8888 M
- - - - E AI4444

+ E.- 4? - - TE 4 6566
(+ E. E5EE D R<5555 QEE N3 Q)3833Q)42 (

/P)9433 I I

I, )s
IK22 ) /P)59 E3 5 IK2233 )

AJ1369 S LL( - E E.V/7928AJ29 N6 = L( EE.V/34 O2 9 P 3388 S ' T88 S~

T 44 N r J43 P E T 4444 N " J4458 U T
55 E CR( M4 4 T 5555 E OR( Ot

_. !
TC 00 O S S5 9 TC 0000 S/ D

* - - C G N // N - - - - C /

C = GG O I G
C LS i FK C T K

E 3 AS 9714 = E A, - 84

m T P9 T 9889 S 5 T3 TA f 00 T)3747
,

T ,2 5
A)1111 A 0 AA)11 3 OM 00 AK9834AK39 - SS( H SRS- - 9 T 8 ++ E( H SRS- - - - I

9 T EE 6666 S S /EEEE D E' 5444 E96 S S /EE
E 5 97 T 6666 A ARG6984 A .)1111 2 TT 66 A ARG32

55 L MEK79 9 O 22 5555 L MEE6237 ( LJ- - - - 2
F F(58 9 L 3 66 F F(1675 F/EEEE 1

= LS 86 s LS 41,13 /J2920 _

+ AN R T(5011 2* AN . # 31
( TA 0000 E O 5221TA 00 = G

L)
(

OR' - - K2 # L) OR - - - - F T L
N 1 == ES25115 4 TT S Q 0000 = EES972 R TT

. E 0 - #1 E V/12140_ F N VV/03.4 F A TT P 0E T M 4 4,4 5.1M4.0 S E O +7 5 NU P( S E R U PP(
A 414 N T E5 IO A 44441 N T T O A
V A A T 79 8 3 V A A V

ER SR) - N 55 2 EE R SR) -D T)OW4937 TS S00 E 8 8 TT T S S0000
AR/00 C 13 n AA AR/0000 E T(0680 A

RT MEG 00 R 8 RR T MEG 0000 H Q 277,4 LL) A FK00 E 1 3 L! A F K 0 0 0 0. -N WW Ef E LS( N 0000 W EES E LS( F = 4 .
EU OO V/22224 H LN 0000 O O VV/132 N LN 00

M606 AA =R 4 GJ LL M66666 AA ! L
F QL WR T

)
L .Q(1111.0O(1.01 L WR C R FF

A T C
IA T SR 5 A II

KL 414 I 44 SR H L 44441 I 4344

W A20000P-C , ,11C 11 4 AE 9
E A A - - - -A A - - 0 M

. C' F * EE - Y 8 I8 C F * EEEE C VM0000 C
A 00 R C )90 E RT D 14 A 0000 R C )7303 C - /0 2 A
R 00 E * K71 . 9 EI 8 R 0000 E T K1623 HW.000 R
F 00 T R /06 4 TU P= ' 0000 T H /6384 L - (0000 F

00 N W32 ? AN 4 M LL 0000 N W1661 L L
A L RR 00 I R ( 0 WI U2 LL R 0000 I R {U000 W 5555 E OO 00 O 00 3 T 2 PN EE O 0000 O

)0 C PK.000TN U CC P . PP P 7
+ + + ANO +J A 0000 A E. A 00 A

.

.
. V ' V 4 EC 6 V V D Q EEEE V

44 N 6 4334 I I23337

_ .
66 11 CS 1 6666 1111 S LM5551

- /2224 ,00 A - - PS s 000G A - - - - N
+++ + * EEEE ! HW- + * 5E = MA T.I 7 E EEEE C')4347 (0000 E- E EE C - )81 OM

. Rl59- T K54 A C D E P)7065 T K3766 R
U. UA15- H /13 E T E B UA5540 H /2239

.E0u00 S .SP05 W65 R LN = U SP3888 W3112 E S. S( - Q ( A AE # E T S( - Q (

T D 0. D. 0 0 S E m

E 37 I 00 TC E1 E- 7777 I O .

U R -_ . R L E OR # TN V R L -
0000

HM7777
F V TE U R P T P

.

.

.
L P # - J A L_

.

L L A * M L L L1234 E

_ .
E - E * R F E C IL123 L 123 V f * I w12345 L 12345 E D

_ )/4 C C f - P C C S

. m,
N

.

. O 0 O 0 O 0_
_

.(\
_

_
_

N OmO~hsSWUG
m t

_
_ -

_
_

-

i' ' a ' 4 iI 1t |{44 7<Ii:I , ,;4' j I 'j! !1j !'$3 * i | .
-

;



, . ._ .._. ._ . _. .m. m - . _,,

APPENDIX B

Abb
400

d +4
Q00 O A e=8 O O O O LM W Let

O GD O d 6 +
U6-4 OO s H 9 f0 m
O O C' O O d e4B)e4

>+ * th *4 > *P W N
&al ..te m ta' = * *
KC X C O t3

r- (d
OCH e M recco

B MW . s O , @ @ l'
*> C o Nf3 taf V; Tb O O O 000

'M t 4 m (1 M 4 s e
at W id v H *( W (si W
O Oo CC O F m to
> t/) 4, Ut > m .0 r 4

@ lo %,)
m. LO

PTm taJ mmN
OO 4 * 4 4 COO E * + +
+ 4 OO s * * ** OOD
hl N e r W hl10

. i e9 O h
,e eCmWNH */,

4-*r @ N -
d( CF m m *$ =P er,

4 () D O O . fO Q t A 4 *9 h b d 0

(d' trl
a<

@ d( - * *M h
+ ' -N m f l m HH

* V r* "P* [4@ * [C
o t4 OOoe rj n. mHmoOO U *k mmq

(*J 1 d I t 4. H 0000H t4
.e4 m Nto 4 o W W ct 4 - - -m .3

4 4 - e re P N O he M re e e4 H
ou d *m

-. .) (na
No

m MO .- g
7mm sm t- H

.ai,; ux #N

s - O D~

cn e *
Emm - mm ..

- E 3. ('.) % - - - () ~

O e4 H st M= m N %s
O. 0 4 o) ce)

aC m
00

m tr; W m co r . 8 > {T.
Mov W to a E m m r9 k H e

4 m MM <- m m A m m . em m-

6d af A E - +m W b > pl s( A E *m - *

[:4
W id % cs o m o3 J qM p. bl W % N(o m ch., xoDe#N +b w oo . x our mme in ~ w

.m -
M.} O + +H WQM bt L'l O M

m e t*e N CD + **m@mm
-

t' a c4
ft, fu h) kl -

m @. r=.
TM hN b Tr' - - a bbbE * *

( .1 wM @m ONve# O =P *P Wsh t *
D$m H = *( e-e a O@WW *-4 tom m
M r- b E w =C o et m Oi n r- r- I

s( O o u- et M' + +

7 kd f*4 O p. I d
O is a b" cn o n a m e- gb.*s . WM M it ,J - niop on p ( mmm a res

t. 79 o P OH o o o. b.( - - -
OH o. n mwh
EJ - 4 0 n; 7a E .3 -

Nm tr. aC eo rd n. m *-* O F en h W. =( coo m b r- ^
a tn en id a i I W b) O. A = Ch (* 4 b) D B t 1 M V y of

-M 0) f* TO A
-*al

.

f. > < > * *1" M ei m W T C1 4 m to in
* - b 3| as M ')*) ?* - - - &* E.

em w E aa cc.,n m

an th
e b (f, O es H 6A Ee ab)W e FW@

Win H WM g4 use im .I N e & =p
4-] e.} O m m [s gs .+4 {d M .] d Q f- m yda

atO *t' a( H u,i c0 et et m m
0) f,A ,O a( rim. @. h.H HH 3 H fr. . 3s se e, er ( 4 rn& co 3 H L3

d- f9 m f E*, @ W r t*W EE da of H H O.2* b 6 f*
a'd d >v<e=p y erww a e v .=n m pMH e =c go hi me to h er

-s f4. - re m M H

*n r4 4 eq q $ N *W i :
o o o-ne~ . www.n m -s Aew 64

mo
.leM to tf1 e

m .c o co w w Zm a e
b e re

H M m. W. B. ~ addommm u- . w a- u
M am D- to * e P,6 l.a w N m m b4.<. ~ e> Nmo p

R a)
M

r .nNW .a , w ,, b nm ao- ; m . N. N. oin m U re: ~ - . O tN w 4 a m min fu
O 4O OO .) (1 Q (J *O O00
*/. t I O se * " , *( O H NN Z e e i O,

O H 's >Ho 00 O H
O b dM = F-a e MM U

D.(* [4 at <M w et td 6mh is
rd..N m O summ 4 y em tra ag en dgo oo b - en m o e a( -,N c4 NM 40 b

= 14 (t 4 0 t H < go <ZW 6 * O~ - - 't". (/)m Q t t 8 H
mL-NN =C 3. al e o C1 a( 34 m m es 4 a ,4 at

* "t"
' =' @' W -s id W G lal r- 6 b U m M (d <ti H N M M N Ed h3 M C) td WemM ti) tr, O n orer, vt; am es r4 ta en H - r- m b sa P W *( *1* D' O O h m at + a e r+ e4ww eC

d. Q .1 en m e.) umm a E W M to r4 m * WMi 4 eE M M N ng - 49s sth m
k (n. N W M Idis b-OW (s. % (d 4d SJ es 4

fi. m. A.i JM"A,mN
)7 g a. Nhho

. ge m( Q O O go p s( 7
c NH % e j e oc we4 *4 e4 a Ig)

- (g e win m - 6

* 40 O m ** m
a.

m b * N CD NOOO 4 et

Hsf COOe 8 * * b+ 00 kl N ep

(d e t a m bt. M O
- - O HO -

aMWM O .. e e la . . oc e* *C fd W # f4 M o oin o Et; le(* E4 (,4 ono
ts. o et F* + 4~ OA > N E4 - - -

% h t- @ M *2, t 4 O# 1st (1.' CO >%@OmN Id
$"8E e-4 eem N a(

o ~ad
@ p I . +N A

. En xa <- N eo . m.~~He M u a mN O w re -
04 b on tehn es 64 O aC N s imin 1* b b oo* * - **

ooo Q r s s wo e m -

W M.
> d <(

'

s e
m ta w - b a - ta w H tt M cc - b . . - m idm m.b+ fA Moo er 3 er en w m bF b

eq M.t; E s o o o
Mooo et 3 re m o

w in n -t it; s o n d -wm min u ed -wmm.t; M b EMOOOO Z O M @ e-4OOO EW ENOOC iT.' Ch re t 46 e4 K
#{ N M O O.

* * 4J", m O d-
d'
a AMOCO + . +i l 9

eM fd M (d hs . i t/* - + ** co e et << e 33 {d M .10) - - - - 'i*; OOO
00 d p)e a . HM qb .,* x N D m en I,

. \ ?.4 d,c 'rd ooQ Q'- w es) t~ x
EN ,m- 4 H ng

n. n tawo
o . e. mE e n .-4

...

h.-oe a a rt p
- M v. . x

O
. H e - . a 3x b.m. .sme -( b o < e

* * - H H e4 (4 M ta n: .3 + m 4 NNum H b r- s h1 v.
i d id Coc De *000 () N, N -* p.+

a D to -

O.( h'*
*i

{d
&.( as o o p, L3 my a( i e a at N O tm oa( v( e

N * Id td > 3; a o > w b e E,ia -
3 O N * WWW O >Eov7

oc m
OO bl

, M I "( -

mep* o40 o isoo a -m < 000 m u -New v . sooom

"O Nh$ .i w t') O $**)
e b e( O e4 M OOC H b EDDO T3 > - -W&e as

{<.s
k 000 '.f| N r+ d *O00

'a be O. {r*. 3 -. m. M
OO 4

- e aa ooo r e a3mm a <r a. e.00
*t Av QNw *t ta JJ m ano H W ~ - - - 2 wmm

tao H te ~ . ~ a
~ i. . po. o. p~ ou N vZn um* td u p oon o ooo

- m -000a, n 3 o oue

a' M Du
OO =( tal at OOO aC (d 74 6 + 4~* O q a(

H Z m,< > > a. O+wwwp> a i +
ne r - HNeem~o H HNom n y M o .

@TW OOO M 3 E e-s an hWW N oe L*) JE +
(L M ft A OOo at i e t f. s % ci& N
OM H W m

OO w*' s t Z e s 6A m
+ 4 9 Id tal M 7.l; 3 m m E |4 bI A 4 4 f 4 Ed Id Ed H 13 * - *

e m 04 w f) 3. H m (d (d O O (d (d M M [] -in W ^ wo O' O{I.} | I
f(). 3s; m co y O ND uo M m - N M .-4 P E6HW.r4O

d( m 4 *i; w ep rt $4 (d t* 4 th ? .af e 'sv 4 *# 3 %ra@N
Da cc to 3 q% o (4 o o d" et M aC fu O MQ4mmm 3 NN r* WOO &

=*

.O
w = *

[ * O o. o. a( b to tai A r0 f* %~ + ' = 0 - * * + bOOOO
e o +2 o u u ,. Hx e id w r- n H eoo O -

..) "I' L N r- pJ Cf
c- o

tt &* Z b 3' f* > m ,J ;t X r- f' h-
bM D 9 ff. D.

<< dd tu em ano
4 a sten e a E d . .) d *4 N m

td
%$ v4 4-) #8% b N $ &1 *IHNmY & P4 N O YPO .*4 %$
Q Q a it' W td U

U Q 4e i O O O
O O O O 00 C O

HUREG/CR-4356 B-8

9 ~ - r.- -_ _ _ _ _____ .____ ._ __ _ . _ _ _ _ . _ __ ___



~a+ - . ~w~.- .- . + ~ ~ - ~ . - . ~ ~ ~ ~ . ~ - ~ . - - - . - - - - - - . - - - - - - . . _ , . - _ ~ _.

.

I

l

APPENDIX B - !
- |

1

bb
; /* GO O
/ . o ad W -

O+ %
ooo W o o b

3 .

2 H wm
'

7i
i coo He o o

H sn H H H H
%f w + +

,

daJ es Id ad W
M 000 o x o w' o M j;
O rem : O O O

a

oon H. 4 W I o .T o 3;

;t' ,U e s .e U U U
H (d M ,e H H H .

!L H va .c.'

e W>< m e.#m N H. st. H e e ooo gs
+ + on i e e - o *

* , e
WW e. -. ~ o e b~o e. w u, o n

a< e< en n E e aC o e do +
e ib ia. o e N tw o * A.

rh A sn ec o O
-

w
ewo e

e ~d.m o .e w o 4 - w aC !u
a ( - wet - - b .

N o p o o 1 o o Po Po u D, caen w
.H o. rt. o.

> e eJ s J * +J t
sd 'i H H

O b til W W bria J
O A tra r4 c4 c4 7' c, C4 N Q N O

n m m m
tn 01 m

. W . U'w m tsm e
'

*> cc - m - s'nW , . so *mw e s s e **
le U" m se. fal E N w Ne' 'a' a

mt

U Er. e. ts % - - Es
+ w

t sn. H
H

o%
% O o ce . eC

- .n -si a% U
(<1 m ra Ow N Ou s's s% %

0 he M er w be Ht eJ Di 8s. t*t 4 is; *t DD D Oe
M et - oc ' Nm . .o 4 e aC - # at - # MW W *C

> M k. B: o c o 50 1 > (* > fa > '

o3 1 4 .J nw M

b* 4 bi s w w o* th N +G hl M bl OO OM
:r O e4 e4o o A ++ +

e H M M o on sa a o
m ' e-

om
hs id

Id.en 1%(d = w
m. M. r m

** m o.UEe m m.
w UE ow e+ w7. m m.m.

io
ME co co eMm

e=8 Q%vv U V4 re b) ONW Q%W Om P Q
H 04 ed ON e4 + +

4 O W 4D - H m g. ) +

o OMo o O ;e o oo+ in ON a,07 OMob- ,r' o u-- o H- o e H
s tw q O

is o .J o a o 4M-J Z. eu- n- g an N e. o. o. o.> me
- 9 om

e x t
p . .ww

J o o n - 3.,

4 OH o. o. (* m. m. L . ,t=,
' oc e so m al N W s 4

Nt-
1' n, - m e* . w1 i i wv um 'b -m n. aa 4%

e n N ot M et
-( M o. *C M, W.; - ts. - sn sn aI: -M at M e n. - d. - e to > , to * > M p) e- ;, - - 4

.

H H sn e H 6e w e H A6 E F*m 643 4D E W E ) *(
A b ww. ~ + . it (3 e

- 6 in H m F*ite m a ta mN WM
. .' Cao m (4 e e e t.) M

M ...
M *C m @ t/l m D UI(

H o "%. 4*1.3H. e ch e es e aC
. H - ww .I

An NN a Z co te e o H 2; .J
.

e Nte 0ie.

' th N 4W s * .- Ed =(Hww [*. Law . Ed M n gEVmm W 0-m id O wi ld OOmom UO H
M ,M. w. e'm *es H 's; O c0 *

:- . HMMM n . %, th m e4 D H
4 u aW m J- a #

.

4 A en e) -
H N aC M N th to - "o4 3~+ *

M * e h w sn e % w ee en m
e h te to . [J . . W . (- sn o (4 we td It> > % tr so.L

f F+ vv " i'

i # inta fr * * O 7:N e m= * an e
O re 6 e 1 01 M C4Nd M 2 O c.os ; t U u - .- - 2 = z e a s% s

00 O0 - H a

ree . 'U &< J ta ne w e MM VM
h <d aC << Nw to e

f4 - m m - tr6 = bam a F. N e o ,4 4e 6 ,

o H -m ee - a. at is; e < oo o nte at" aC x o.aC M w m. . T M Mi t - H --o -- ce c
* e M w- e ta - e e e e t t/)

6 to w .
- Ed in W t/ N Ed Ed Q

M.
mm. b 10 %D (41 M Id
r* et 6 m Fe so e b W e oe W [+t% . $4 w 40 gf. O N to

eCw
t1. id Ld

44Mmm i I to fd gn M O as e
N in m . ,
%d5 (n. A ~ m fPi 4 me Me t/) em om m

m 8E m af = - * *

O 3|e* # d til e4 m
%<wF)P C0 = to

' O' O M t'4 N O 6

,
OE= Om mM + aC R . s af. . r4 0

e t
4

- : w e%
da - N e t A * * M ,4 e d ..M 4 ee .J -M .J e .4

M m *( W ti tt

p> MiB WC.n- 14 th e*m '' D' $4. M CO- e4
,, Nm # %W e (d% r4 4 Q La4 -

' OI e bEm *

D E Ch3' * s * A- O LG* '
~@ *e Nw@ *e M *C A.D wna c't el to p N e4 + to se .

aC e aC * H gg aCD *C . tea m(4 o7 re
'4 c.4 r4 . m > a * - o e >..-> I ~-

N (4 t a - 54 14 afd - t- o (d M i
e b

O.*H F* ta c o *C 54mo in - e e
6 m tel 0: % O O M. * ~ th r4 G1 H M m

" is' $4 -
A te' O. O. ,

oo, a m .to , u) td . * N {il m ld

EdOOO 3.: % N e4 . .i . Q O e M O e b '

.> + * e4 H .2-f da 8
e- W

, Ma
4. 3

. m-
no - wm O .=sr D.

n- ' > s m v v . 3;
l? EWWW at . 44 uN.* 7, - Eb e er k; es e H J

fm s( O-mm & 4 O
. "3 4 O - D ' Q . s=n o wj'

- O' . gn, o* o.
- .

H :r* H an o u H
r- M

- J . M tv . e.,

ne ta tt 4 3 - a O ) - a bl 4I- .J www ed an g M
.Ae etid me o ble M O Ed a p)g

Q|
) p 4 H et

- A a Ed M
. aC r : s o E D m 6i wet a< a <

>3co >. = M U tri es p u e, e m O

-.
N - OO [E ) = m -4 . O i % C. O. (E P -et O da a( t'. N 1m .9 m o aC

t.; W o r- e a ocan n tu;
t oo - I + M ee p - 33 Id. H

e
F at 6 o - 6 o * ~4 e A

. _ N oo e 3; NNw -on
3 cz e,e - . .c . e pl ome O N te p J. +oo ~ ON 4 + a:

Ii oO ' at' 3 F+ n cr o tr Et o - N id 14 4
t' .co H' cr- - -

3 Wd- 4 N 0)
O. .

+ aC eR +h *L '

Ci (Q o.
t

-

O. O. . -on p* O
. Og U

6
+ at e4 W( ' *( -oc *C Id, .W* *

6 . > + > + >,1 U .> > a.ww
ww vt H N at ed ,'*. .n (d q 's td to*

40 %@ et e'1 fd t.) K P4 CO OM w I* t'4 WH
# D *s' es

o *( F*
e Ne4m (4 M A-00. *( 4 + 2 ' !!* j 4m + (Y E4 4

-64 e %d k H + + )* a( (*
- M sd td U e-oe+- --on OK H N id hJ H m Ed W ** N 10 .

EL n'+ # h Fe M in O O ( N =a0 0 'N N ** m O M m
Ed *)D aC O M *' 8C. m (44 bb4, 16| D aC en 46 2; N@N A f-st (0 m e . te

' h me3 * - 3 e-a m (d o o *

() U NN . f>1 w *ke
(A w *Ae ik t

w * * Fe O 0 0 N e 64 .
1d W m ed (d' (d~ Mw = * . 'O H e*

P' M e az mf' p . Q - ta* t* u OO
i 3 as a x xr.u - . =alm- aa a. Me in g a

A A D A
,D f.a .J M.C #he A t ce o toj a m e ,

j ,J e eN e d M e d % +

i

- - y e4 N ('% J - 9-4 N m %d te e e+4 e 4 dH e #

[''. e
-

>4 M (s 1 Q 4 $a + (d #

'o- ' to Q U es # Q 48 e U *

i :. .o o o o o ou o co
I

\ ,

w

-

B-9 NUREG/CR-4356
.

,,

.''
a gy,.es.- wr so--w'-3=*- Tw#7 W -- ' W- ie-,s.wu. ,-wr--we---w- w -ws .- w w wm-r 4 +-+4- + + - - - - + k-e-e-4-es . ew- dv--e- y-m r w w. ess=% g



- - _ _ _ - _ _ - _ , _ ,

. th

APPENDIX B

nn
a
+ d d

cocoon O W L o W cococco
w es A. tr G U Q*4
e4 . o O o a cao o o o r ooconoo d.> + in a to m H H

W e ra rd W *
m o

th bl lij

ococco o Z o K 0000000
* O O

e3 m m m o4
V t s e 1 e

- a :t; o 1 oooonooooocoo
.

oNN+
o V ()

wi' W W W id id m H H4

O. w . . N. c.f m.4
m to e co w ,

y m m cn e m . + c a to to
tf m w sn mm h)

er. W e4. m. N.
. ) --N + e 4 M -

4 DO O oo4 D; 3 6e 4 H te b tr *O E
4 oOooO W 1-< 0 4 4 4 $ l4 4 + 4 + 9 -6 4

N la. * b e WW W WW
.m.

. - er H e4 m*r
In a e Ee - o *-m . . . . . z o y a ac e e et N m en e r*m w h er m

< v. 4 m m m e s ad ti

h A mr m or .w o n.a r.- co b .w ts
A m..o

aN o o. , o-w w .a o ri a sc n .r N N. w -
w at - w 4( - . e4 .v... r t e4 n N N b le t F4 r- r- 6 e ce g

W D (4 O o (* co O IOO
L C +. b. h. w. e. h.

o U N o * ew .O
i a e e e.)>DnWo. tn w , t r4m N m m 5n.

i
e +e H

*( hi - h t.r .r s'r er
t r 6 O 14 W W Wts .3

t4 O n Q
Y.in ts erk M v4 t~ r# * re r4
(Y m me iO E v i W m vi tn

t 1 M,
-m - e

[q. m ". m v. e] e

-m ee .-s o m b sq f. -

er. bl L en. . 3. x

mmw e m etem
;*l y m m.m m m m o

i
ta.

- -
H + etei

s u -
O

E m. e. m. m. s0 os . . .os.am
O c- r- h w w whIt c4 3h N s %OhtsN6b 4, la ti

- h i. 00 rwMmmmmmmm
.aq' .4 mMmmmmm W w e U .- te w. W st, -b3 :s F et- f4 (T; N m o f .4 f.3 N. .s t*.

p/. aC N C o. o o o.
W .(6Eo . n. e'. O r . *' * o o

1. .
> t. >noouo r-

1 .ml mNe m in m m tn e3
{A id W s u.m uim m e;r O D O>E - - - *Q M td oc
w fnUWo Uisococo id J O L 4 4

T3 WN- -

.1 -
wW -

m us
.--

c. /* = m y! m m m. m. e. r. we. m.m e* m. m m. w- J wO b) F - mm h s; . .y . -
U .( (2 s te m m m m m y

o .tA
Os 3 u. m-s moo enin -r O ip w w w w w wt o 0n e4Omewww H N er =r

*s. h h h h t - 3: o o mE o O A t- o ra t- 0 ;s. 6 h h h h t- o

a( M + o o u- o H-.er

'b.
o d o d

m . hi pO -

. td . >. sd
o si tiew w n/ o.>. oocom .a

nb m m gun w n o i m c.e w N
66-4 c. o. o. o u- p> H ra e d. h r. m J. g )O o o 4

rq -

() d E N
e e o n. .

i s o o u. M o no .cmNommmrie muun m.. cooco
n. - sn N r 4 N m m <r

n . re-mt%wwN sd u s t e o e .x3- Wu
al' W b.

p X %; et M m. h. r . no. w &. &.b N N. N N N. ZO v a

b. = M DD $->'oes M+ + - b
*ed W.* H .4 * W E ,)d DoommmmE

w w w e so O MO e a b w = w 66 D so so w us minin
uim muun dO Ww (* a b teno m m m m e

dE F. e e to M
O NiooooO st N m o tn to M

*) D o. o. o. a. o.
3e o ew =< qu w ee 6e

a. s 4 r n.d- Nm Na
.u e o We

'

o rs =r m v =p recaemmw
. hi W td M -- [/ ow e er e t- -4W i e i e r- r- r.- e- f%

0-N o O, n r4 m w o r- w

W e4 e4. c4. r* r*
. s N --N er O + ui bl e e H E M. H M M. ce o. o. o. N.m.

oe
e o o e .. . W W < v.w o m 7. m

,

,F 6 b r+ t* ta . > s m m o m en . h3 m riNm n yw w n. =r (L t- h r- 6 d r- r-o. =ann . . . r- .4
b er er w v v v v1..-~sose 5.. . W D iner q w o sa v- m - . re o. cn , e .Jqa i e e i Em = b m oe gain min e m minemmm

O *O ococo msWMMMW Oi en L1 MM
*t t i e > . s h m m N a ce U e Z m T ss

ht M El OO
. [4 * 'm. Bn N e4 f-4JM = na b;:6O *r. m. m m.
*

+ -( m o =r m e4 o m en teNio r m tn k. 14 . +e
se b-a e no b-enNNNmcow6

aC -N N NH
. ococo 446 o u' om-m r- u =r N

et M t t h. h. w. w. h. m1. *( M b. 7. oo
-+-M N N r 4. N. N. ta . -to - o %e * *'.c M tt un i e i =
r4r4a.4r4 C to sMM bl M o td 64 o o o m m tr m
w isuo w w af tr. O uuo o =r w .

ge
A et F. W M an r 4t- te w e w m m mui

a! td w m m4 c m m
.

43-
O ut in +r sn m e m minin

M.t et
o =r min ut sn to m ,

d a mmN-oN .- - r- . ,4 E 14 . .r e s s e4 m JM w m. o. r a w* * .mN * # # > fim

- WMMhl
'

t o ss! Of3o00 . ) t*% G}OOOO t *( 7 * 6

$ c e4 rm . O
d.( = d.(

a I 6 e '.v 4.O n; e i i * - e s re ri m a xN = J-
td M o . . n W to o co m r raw eM o .-i te sn o m rc pla m r,e >%.o im > s e .r e- m e er vsommmmm ad w s w

O
o. N n. L o ~ :p E b o 4 m. ee s e +m

. - o,
v N h.K o N N N m,4 ~ , . a n- . . . . .o W M comme-o m..

. - '/.<
64Q aC r4 e4 et er c4,.4 e4M N Ch e(

6.<4 7.d ct .,N N t.n L.
a- s

. em . > o . >cocono . M o.; - m. m. r. e. h. o us a NWa %pA
r6h m . m 4 te A F* D( M -f' c'c =r ,e rH M MOOOoo

b v* Mm a w =C atrr. % n o o o ov *r a m s at; W o o o o o oE le m m m tr.e s e u at N rs. rt:occoo E.
*C *r A .3- d-w ts; o o. o. o. o. p t/)

i 4 e e i et.- h) M 541 M id W et 1 'I te.1 M+1M- = W 'l seQ
M3womow I d ?, cocco 1 >= pso Oh >shbhmmmh
EouwNNo <c. um en F. Eo om N ad EoNr.oNNN

O H 0-o o a WW 0- w o. ::> re c o.o.- o r- m m ,4 + d 3 rr: 9 -
M t't, e t) Hof b n a.ta.i

O O.
4 et H H - . .

O. ct. m. m. H. m. .d, w a 4 - * . . ~dMmH mo mm
1 o o seuocono t, c4N ca n b CN .T Id =

.% 6 4 aC s( 9 i t i O>Ecoooo F Ed s''' ec an UW e WW NN Wesooooo >+ e * O
%_

o000000

4 11; sNhoNW
. -

db d o J smococo r4 0 >'; T 3 c. o. c. c. o..~ o r- o m r4 o= a ocococot wronom Id a = o m o pconco w
O C o r3 Q Q t e ") m 6 o O MH W oo00o00

[J. 3 m.N. or4N. U sf h
cotsOO

e M O es J) OOOOoDOooOOO
'( H ti m O [*N d el (f 0oo000oocooO H tY. - - *
.

N * O
- . a ** b{ h"), . .N Z j; WM

h.3o. O. O. O. o. o. OOOo70 )
o O. O O. O. k'l x _ _a ou .

c cooooooococo 4 .c o e 70 , et o sq
i

ii U * > W + >*> ;t H N . . . - - Z r- H com aK
m o.J m.4 0

OOOOo aC * + i

1al e wm m e m e4 1 C4 w e( wwwwwww50 W w w se re f

O % *t m m @ w e-4 E5 M M o %# ooGoOOO
WW e H -m tn 4n 1(I w S. s{ p + b + o 6 +4 +*

-m g O m'M ial& 4 6 e t e
m M CE e-4 N td W *E H La 1:1 hJ W W W W W WN W hl W tal U

- ces b w v r 4 $+ t4 ci u o h w Z Q G m m-h QO N p. emmmbob

.
!.) *C. h b) b'; or h c'- w w m mtal [- W a Lej td M

at m a m m M N s V we o wr fn

',* w in. o. N. 4 a. d O 8"' C o o O dZ s_l il .'-9.P 4. e 4. O. O O. O.
M D e4 A > b

hen.N.N.N.N. .) U-- .
+ ..) C o o. o. o o.

et td * .1 .M- ase O
HH W b M sI H td ht'DhbDh. Di E - pUNNh&N H oooOo

d * U e 6 f- r N 6 gm as a. Z Cr. la go >Z m
a b4 t e tti D b s'C D D.

A O. * M Ee 9 %
m1 J .1 e d e d
dr4Nmvmw d aN m v uno -,1 emm rm a e Jo = * JHNevmeh
41 N .We a W e W
b U -U to Q me i fI

o o o o o o

NUREG/CR-4356 B-10

|
|

_ _ _ _ . _ _ _ . . _ . _ . . _ - _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ .



A #*.

APPENDIX-B

w W h 61D w e4D w
onDoooooo

d.a 4 4 6 4 4 4 4 *4

.O M 4d Os) td W 1al teJ 14J h4 o la. ooooooooo5.r D C3 o
-4 r4 rt e r4 H en o Q

e ooo 4 o.e co n, m en e. . q
o co rtsmme E+ u ooooooooo -

IO l43 Hb
w m. e-4. .-. an. m. m. no. in.h) * . no

E ococooopo (39
d t', eo td

oOO O * W 0o0o0oo00
m f0 4 o O

m er w a' o N.4 H r 6no c c o r4 H to x coooooooooco
M i 4 6 # a i s 4 i

-

r4 ()
*( , td hl bl W W M laj W tsj e' &4
0 ** w o o m e.h rs h . H m m e o Nw. rah m .

o Gl ed I> h w me w m m o *F la
t i m m. w u s. at. so mm to

N. A. N. w. r . co. u. e. r .
) -r i w

.t. h. w an sn.
Do hmwe

N e4 o D+ ooooo a m .3 * -.4
e ooooooooo ad ;s -c o o c> i e et td <. + + 4 4

- W h. e oo b WWWW
..so . . u n e em p,oNeo,m..

aC oin m h o N m N o.en w + r, e
ed. n. h..u m m.m w io o rr, r 4Nnm o e

o c4 e.N ed er e e enH owwm=Pmmww 4n 4

H. e4 =PwN D H m e m e m o sn N m
-

w < . 4 .bwwwa
5o e coocoo s- U ga. .e N apw m N N N N b

oce re o. o. o. m. m. e .b. hi 'D 1W . . i .1- i H
e.4 N o. ce. o. c4. 4. H. a. c4. c41 *C - r- r h o h h t- t- 6 O W t% Edtc

6 M e4 H vv e4 H e4 M H H H bl er 4 w w *P W w *p w P, ea w G
z in snin so m sn min tn a m io

q w e u tn -

. 4D e 84. Z h4 e6 et isl i 4 i., m 6 e en w (O e4 c0 Ln

W s: ee m. N. h w e m sn.re s. O ~ <e ew NNH
oN . . .. U .D

. ..J H k; E
r- b aC

- H
e t tr N td sn %%

- n O r~ msnm m m m mmm N He U -
rb p ,4 >
u ,L- Om 00 wmwwww=#ww

is . KM aC -
r r- r . b r r~.r- 6. t+ 6a tr, A m . m. w. an. m. w. in. in. tn. ra W

.g s k. 3:m . .

g. bl td % H N eP er W w w w w w
.c h: f> 0 Hin N e< N N N N N N >E4e-+ e4.H H H .H H. H H

o 't d f 4MaC N e

* c4 re 4 r HH +b N oo
H c) U M e% W) Q 4 4

-

.E3- mN m so to -

P m m. w. e4 eo. rn. o. w.n.w sh.
.e

* o sn N
6d a: .

'!
. Nn O+ mm

*r w U se. u 4W m. m. Owwwwwmww
o % w4nsn w e w w w

my re ta r-ww H 3
r- t 3: *2 O Tw eN Ox h h 6 6 6 6 r- b '

<( W o & H-- .
o - J- n ug$w t- as cs w w .c .y er m H M r b r . F.r .b r~.r .e.
O e4 ma.

>. k I
-

Z ba
f3 H w *f op V *P *P =P *y * MOe 4 e e ,

Q o mfm m H.H,4,HveHeer.HOH o c. o. c. o. n. o. c o. *> ,.3 E r g
H ea re c4 H

7%) e4 e ts 3: o.

Ho M e( occoooooo
6 es WD e e a a a i 4 e

-
E id. kW n.

h it h N w re em ini% 4+ HO
O. m 3

~ n M t- ;m x
.C w o re m m. en. e. t . w.o. r d. f* e: O

-

Wo m w en en =p co m e

h. et M so DD >-4 ,

3: r. u .3 o N .-s e rh rh m moo in
AN b w e r- w w w w seno w * n a: 0 m H

inm .40 ta g. b et sninin m m min m '
. W a: H =

' mm
'O < ha e c o o rd o n o c o <N sn um

.U
<<a m mr- m o N w m s. .U b o.o.o. o.o.o.o.o.o 3a e

)- Co 33:u; - *
H e4 H, H N N N N e$e .

q

- W id W W W W 6.I!d ta -
ococoocco W = m ns m m r- w in w N N

Nm -Wso w * e i e i e : i .
o u. i. O v o m NW CD o m,

he. . s ib -m o r- o N H m re wh m m W H g m. m. m. w. .p w w w4-La td =( % w m sn w h sn o w w Zm e rc e . . . .

. . N. ae*i v er se -s w m c3 =rQ. e..
tr = rn. Om h to m ine m e cor- r* ta > % m w H ee w w w e m

J ru. - . . J e3 ,e e4 e4 et e4 et re r4 e4 4 m. h 47*f*P*F*P9P w *Flb Ed
m sn .

P
' 4 5 N. N. h. es M. m. in. N. ee.

ww
hl e e e e iie xn a b < ..un e m m sn m in

4 % td W W W id td tu id td O O >w M *.nff G 00000o00o,- t 6 i 1 e e a 4 % h r- o N e wun =* -4 N O * Z %%
8

.U
-+ h m h o rss H w H o e 00

4'
.- h. N. ue. c4 e4. r . r m.te. 4m- W h:)

. o at; h m h M =r e4 m sn
er

e4 o si W
h et i b m os o N SF e r* m m *> coooooooo o e oo b-m V Cf5 E w CO M M /

Id -c o e4 re ve a re r9 re e e i e eit i e e o "I co
O. H. . In cd M e i e t i i i e i e o . m oc e e st w o. r.e m. m.4r.a r h. wuw 4 ix
oc b) N N hl ta ta td W W td.d * D Wo Id W omemmmmmo. M e A+ t% m b we r* w w W ie eWe aC N Oin min N w e4 m c m e

mm , 3; hi m m e4 m e m ann m m ~ o a La <r e sn sn sn e sn nn sn sn
53 o .) e MeA N ~e r- m e e m m tn c4 - .

m. m.qm
co. w. c4. ce. m.m. e4.m. e1 )

@ *P (* % U1w o. O. w.
. e er m *: M

1 -M b e r- m m o ro m e4 0] ea

-
*L P+

d . m O E .o.oooooooo N.ro.r m.w.N e w H WN . m a-.m e i t ei i i 4 . .

b (x ocioc# nw e et M Ntac4r-r
e* w m m.6 m

aw
w m f3 Ld Ld 4 4 4 9

~ e i 7 e4 wa
tal re e m > % c N o @ e4 m e '

-.4. e4 N.
A 55. n. oW p

E N. o. c.t .H o o. c. o.Z 4- e4 6 -. u W M o 40 v m we m m w *P Q 6N m
H b)co e.e s y b P mm m w m b in N cn Ww aC re e., r H e e my g w

d *< ad tr: - H. r.a o. c o N. in h. h.D.w m W >
;

be
mnw - w. > m

w ta.n n. -
M- Moooooooon b fA .+ t% h b r- r- b r- b h N w. = H o ut ;
a( a: N o o o o o n t> o n H w w w w er e w e g fJ m. m .W* CN -

tv:
b E 810 Co o OO o o o o b L0 tn m m th 6it tn an tn M # Q h3 E in

4.. W ta. p o. c. o. c. o. n. o. er W m .m 4-at

)M- . h} a. e e n .1 c- 3 sd teid
ra t% h * .J P compococo T P O m. P > s h r- sn ** w w w d e
NNN . =s' d d > 4. z'NNminmmer6ma rc e

O -o o m. c4o.o o . -]' 3 rE 2: -
h a n..O w A h.

H + to m, m. m.e.- - *e b o h:
r4 ee c e H w w4n m m e4m r0 m H L% . t,1 sr. E 4 H ee r 3 H M M m m m

sij nd = (i.U c o c o o r e ,4 H e4 e( N m
s< =C + s. i i i e i i > 3:n o c o n occo o E
N e W uJ ta td W hi tu td W i Nooooooooo * % = No U

oc rc U -h e re m re o I 3 o o.o.o.o.o.o.o.o. sd mb gm a ci aC cococcoo
- eo . W b W e m w N m e.N o H .'.N en en - o Wu o b N m oooooooo
no P x N e w o cc oo N HN > coooooooo o bg 4e o - A cooooooo
v0 7

3 e m a. m. N. m ee. n. t . O m *C u == 0+
a d) - oconocon

oooooooo

{4 ~b. m m
60 3u eNIW a. mno H rg - - - -

- w w m .n e w r o w w id W o c o c.c o r.1 o.hno. u o. ooooooooo -

.HL 1 gooococcoo
o. H t. H w QU 6 - - --

UU
4 et ococooooon a< et O e e e + e* ++* ~O 4h

> - 3 HN W hi .o W Wid W W W e4 * >
ae w to h m o r9 cs w uEwmmme-mmr9N Z m r-

' w LO . O o o o o e4 H H e4 - rd i % *F No.e .n N su N N N OM @wwwwwww
Q Z '.it to. h e. ea. r* r . h. &. N.

oo 8C 1 i s t a e a 6 e L (d 9 o(Joooooo
H ~ . . a 2:dC - c. N *+++++4 *+4 * td W W W W to td W sd

cocconoco 03' *4 N<o til WWWWWWWWWW U .mwNmmNeon en
Z sy Q Cl 0e 0; - et af tr e ei er a wo or -

b M m t+ N w cc () w w m?#

"F7) 8C ** w *f o m e h h
e4. e+ 3 m t .r9. H. v ee. r w c4 ~

H.. ooooooooon m 4 . W W idtd tsae9 H T N r4 M c4 thm o w m
I' n. c.e ep w Ni 4 H. ve e.am .a r o

aC *C = F Om W-O ** + . . 0o.00.o.00000 - 4 * - *.

a E DU pH N sd *- m e m e m m e ir- r- H Ooooooooo
47 - K.

1
[ >3 .Qt r* h & 6 r- r% f* t+ t* W ON e

a. p > eW m
i r a p. a f 2

4 .]
'

aC 9 tb .3 1i

.] H M M 'P m w h m m: _ mmo 4 H N m ur ft w h co ch o .d. e-4 N m e tn w h f0 0* > # e H
,

tsr* td e-e Ed em # E e4
h UQ ~Q * 'o<. o o o j

|
.

|

|
,

,

L B-Il MUREG/CR-4356

_ - - . _ _ - _ _ . _ _ _ - . _ __ ._... . _ _ _ _ __ _ . - - ._ _ . __ -_ _ ___ _ _



_ . . _ _ _ . . _ _ _ . _ __ _

APPENDIX B

@ h h h 6 t- 6 P- FFFN
ooOOOOOO 6 OOC
4 4 4 4 6 4 4 4 ,1 +4 4 4

o sd u W W W u M W t ooooo O WWWW
se r s e m to m e=m m m O H m ck's ts

a. re h.-a:a wrb s .-e a n U oOOon.1 er< o b.4 e g a r4 c4 r4 > 4o> m. e.e. . . . . (d . . +bJ
m coococon cr. ococ

''- 1.I
, O 1,r." OOOOO

i O m e *'* **' etq e M m e m (*. m
- W $ oOOOOe4 H e 4 H r 1 e 4 e4 H + 4 e4 H.

-

M e s a i e e t 1 N U til e t
Ld W ic es'ie o a *(si' a.a.: W W tal W W W td

+=$e e4"
Q w sg r- e ,< w res u; re f. re m ens a ts> A m O ste r t w r- - 4

i Ch >* ts s tth r.'s b e * H> (hWN*POF4mm
. 3 -. = -H -O P. *F = N.W h e r4 q M 4 et t 4 * @ ui W id e* N e4 m -

+3m
+

a 3 r< m r r 4 se m e 4 m m e OOU M . - * LLin * * * * . - * tr e

++4 OOOO id *"g)aoOOOOODO LI .p - e e
s id W bi N5, e

MM es e [e-O - 4 =r e
*

k7 e at O @ h m et **

v*b.
-

w wm ,N + -

tD st' *m + + * |e |1 4!\

,,

(L. L o. t4) f- en m.
Qe

-a # m m H a ,,
.

$s e ofD& NLAtoO m ((
O 0, t- c h w h t- @ w t- y - fe *2 m as * *e w * W O b O ooo O N N P- m m * K-@

O.OOOO
b D :s; +F* 'a Is" * * * - * - *- 4 a u u

e4 O O O. O O o O Q
H H

. < . . . > + a M -n w ir m e tn w er
,

un td p. a - - A M ~ cocx a
t' 8 O k M A v4 r 4 *4 4 Wb *9

gaa in re r.t r4 9 A rt rA rA r-t e-4 W V*
W'F 4 *".* *r *r *t *t 't

e
Z M nD tA W m sn m D m 1 @

.4 % to MM - s]
e( Z he~ w < s ee

re - o 7 m N O o ffs at 7

Ld r m. m. f'a m
u O

41 -
O. ,+4

Ca w - . U - H7.) . EE
a.( %

.

+ 6r. N %% st' M [*g. f4 O m m re O
.

b H 4 (f .= 9 ,L QQ 4a. * P * P *f 4 A M e y -
Ld

:.C. * R.T u. r'n C m @ h. r"4s c 24.' &.
8 a. , N n*

W 's*4 O O e4 8D. ef. *P. 97. *P. V.f. o 16, h. b.f * b. b. 6 h h ga # W%(t
W 0 . . .q ;DO . c.. by

mm 14 I.d us % O. b ri a.N.
h. ei r.4,4Le ha w o

.

8*

x o n . o. tre m b.b b h4.'.4 $*, a( N et eA. r4 e4 e-4 H - e ,403 aa age OO roO a ce r - p>x-roc r4 -4 o u x A r ~ r4 ~ ~ ~ ~ 4 o,.
44 M V tit' O O b8 % Wa O 4 + H MQXO (?

% 3"-
I

.

x3 en u. td W - -

a~

a - 6 ne m a m N.N r e d ~.) CD M m Ch WE 8 - -

O e( e4 M e up Q % of =7 m rq U d(
e4 3 4 e. i + + owwwm u 3
P' r4 3! O NN DAhhhb x
ed Id t3 64 --

j* e
aC (al

P o a O -M n r.

en 'd o. O t4 f h@@ moi *b m s o s c o eb e u y u se g mmae H ac h

O '. k; b t- 6.h h t- & t -.
>(s O

P w m m te sti o) b r- tz) O 4 * * - * i
e

a .
5. a. x ~h.H O. M. o. t ?. O. O. O. O. { 3 a' N r** .-6 H e,* M e 4 * 6 +1 z {a O,; H C* C. O. O. p 6 4 rt ,4+6

r -. .m 4 - ~ .m om i

8L 00000000 b6 5 .,( e O c. O.N M id HO w mi r4 N

G" w u i i z3uai. ru -n N wu i maw
ta" . W nn :. ls' f. W. m. O. L. O

*%%O If ,X>' *(.
id

b
W - M' .)a m (S W W

*O tv. O e >4 AA b aW@@ O

.db}O N k; (* 40 W tD M
.a.a 1. P = 'A M . a P' oWa.O .NiGoonOoCo r( m a MM <>

N N e,r .P e Q { e o.=. Q b o o. O. O O O. O O 4 v4 e et d H Qws
. ;t'

9 ** to et of =P e ' @ W
x . s e - n yy aa, t r4 .a~ N NetrN N N N N

- % D,(,.-d o 6 e,en o m e
-

OOOOOOOO f * til as @Ome
- = W N W E.d w

O4 tal i s q I .4W e p i e 1 e e t e

'* Lal W h4 W N Ed W W / es O ~4 n (o m an

~ M .t n N,A n to m
to N to er (d es se % 0. + wr er m hm :., W

W $.a-... W .r o mM W %sNh an i.

we n .P as ab a o? cc en M =>% -.W **
. -,4,r m m v v. e e ca Q a)en . > % m e fN N m m w cr.) . t.)

1 c4 e4 re Sh , id b er sr =P er f*, (* * P)m m N e AF-4 i* . - eg2*
W f> rr. ~).,m.@ m. m. m. up V t-. ..)qe e i i e e e a yN t< mmma M O EY * * * * - *JMt- . -

O UD 00000000 + W s td N td W W W la s W O a. MM (i bO 0000 4%M
Z t i e # a e n = % h @ N atA =P h st o U ice ;,- sw Z i a e t *%%d
0 t a ~ tsi-s h h c'$ h w r- it OO O , E a -+ f-

.J M M A 'ad O .O h.t/. . O. N. f * N. N. m. m m (b.6 W .( . . .at' u w t,a h ~4 a Ld .(*
airiN t (+ (S CP CL .h .,,4 O

(i-to m m a.4$.(4
CD wh 61 CD m m m tXs * Cs O O o O C' O O O

(3. F
4 af e Oo8

af g .r -e a o r. t~ . -a c4 m ,-e M e r4 i 6 i e e * i e i oo
se + + M- + - . . ;r- M p; u i e e i*t;, fA m M e e > 5 e i 4 : (

(, WW (d m W 4' u () % Ld W W idL lil % W W W isi bild W M

.a(**
C.3

*C E O N m O m m r> Ch a O as m e, D ww@w ,( .( m 0 0 a o co .

3I W M r 6 @ mb r' W W CO sp e.P
'

$4 .4 m d a W 141 | . O) d e4 N .b=.

A W-mmeomemm 03 = mm L N-ohwH 03
e . et aM tra to w4 e .kieWle aM r4 r. ci m D m) m r4 + (-* -W *7 C0 N h m o @

k . + + + + + . .O er f%(I *@N *d * # Mm + a( J * - * * .U (E)

'=' h+ u O. O. O. O O O O. O. . th. n.
%. O - *m - O w * * ef' C O, O, O, . N

+ a( l'
.

t i 4 m-mn-m xN . u om i
(*It CS O I i 1 k 6 t 4 eat u 15 y M @ m in up G n; g--. P (r; e(y - W t O * e ,.= ' e m th t,0 5 4 W Wla!

"f" f E O. O r* H. O
A NW W OW M

k' r*
** 9OeNmmOm tal N t-6 D sic V *P H Q e-4 ' ' *

W M *FJ fu - 4 ()M [d M o etW m m N H r 4 + fr. es
'' O64

ad' C41 -W+*[ G' - CD. r' m. W W *P. =O. W.G h.
e La u(d *(

th *b);m:m*p h; m cr N [d n, MM-LL MN-
he (f) (t) O O O O b a)C mm c% . m .

[ + b,a;b 4 O C O O O O. 2 O O (* M *- D mp 7 + ss e,V mr e v
-

.( .c x %ocoo P *b or e v er a) N<msoO000000
$ N O r L L O() O O O fa W W. u u W $ W t#' W g5 (r; Lg [e 1* (d C O O O O b W+

a u - . o. o. o Ile m J ,. g w u: o
aM- - D {,d

3,) 3
h W o o. c. o. o. o. O. o. - o . WM W .

o O O O O (3 0 0 ;t. a - O :s w w w meD=r x .a r ocoo ;t:

a( K,
'L .c dt um . < aa m m e. n ,4 .. 3x 2 -

+ m m. e4
wmo . m o.q 3m p. -

M C% e H . . * $$ O k.84 $5 O h*.
M M =P W **t 9 t- e A * O 10 4. J qus e co m m H ur v we @ H De t

=P M.t H e.4 H c1 e4 eA
H

r4 b s( NHr b e et N e( W 4 O ,U e-o e 4 r.a b 9. E OO ( .t e i +d4 =( < 6 e e s * ( 4 (l > 3' o O m O 9 e o o E ^

N 4 Ld W hlid W W id (d Wt s O O O O O O Oc't ). m .j m O k o W Lal W W idiNO

h.1 .--O M m f 4 # O,M 0 {e* Z .2 O. O. O. O. O O. O. Oft;( .s b) y I 3 O.c4 se aC O O s3 O rt' aan N h (%
-

(C
u conO W xmne, ,,

j , 8:W ..m emm Om -- . = d ,.

J A oOoC g. Z w h m @ th O O( '* I N("- r- O e 8 W th ( ) v'% O OOOOOOOO b. p
- Y .I N. W W. U3

3 f0 m. H r 4 NN. e4 in Q af si en wt, ),j C"i e O O A.s.
g/ 9+ r* a .44 Cr nOOO H tr.- * * * = 6 3uH E

f UOOO a edp)N p a n O O. b) ] MQ
OOOOOOOO a .- =P W d @ @ t i e M n g+ NQ

.C o .' O, o C O. O. O O. O. H. b.1 1s bZ QQ
6.(

. - =

< .c o . .u*
0000+ + + no nc

S 3 6 t ra L1 W id W W id W W Ld Q e *> > *{HNN
er o mite axhm m m m sp=p m m ,17: Nc s N N h r. h h n o. s cwwp <ee e -< We %me a re , * e r a a ." W s ~Nmmmmmmm OM

et AM u poco aC i e * t C T 3 r4at t t 6 s e # 4 G T 3 h rg et. v. N N, r eu - . . - 3; .r b + * + 4 W td W W H - += WWWW JW WW
U CNhmcoOW M 0 0 *.3 0 0 t'. 0 0 QE N C W W W kJ is) ') - O =f e t o M O
{* L(.O N H 43 h N e * 6 i I) (3 en 5 - CI'm m tD m f* M = f fe. m M Z
Z N @ m ert a 4 tv ** O 4 1d f+ W W 9 at @ @ to # c %WmmW H hi

e > 54 W W '
.s h. h. 3 to. W. e-' 0' .aOO't e.1 h N h #. #. N. e . .1COOCOOOOO a ''kaf em t, ) - - 4, u ~ * -

. ) O O.< . - e .

. 3 O O. O. O O O. O o o. t, . h ,}4(*'s . to 3;
- . O a. m to & & & H DOOO .WEa O c O O O O O (3 U'h.1 iOt b b t < h l' S h ta Op eie N . ft a

$+ e4 W ) 6. b
I N m. I *3 Z

d d o wl *) *d
a co 4m st m e h e ch J e-, N m v m @ h e = e a ra N m m? A J -t N m *P m el c4

(d , t.J ao e 64 hl - La; to

U +. U ar ; Q V ~O
o o o o O

NUREG/CR-4356 8-12

- _ -- __ _ __ - - __ _ _ _ ___ .____ _ _



.i>PI - I!' ' I.fL| Ei[?'

D
.

y. .g m MX Wg

777
000

. )).
C 0000 L 528 C 000 L

L +++ L
F 1000 Q EEE F 000 Q
C - I 345 C I

, I Y 341 I Y
E E!

- P 000 R
7 E E
0 K 1000 K 000

. O - 667 OE H 0000 000 H 000
5 C S - - - C S a1 1 A EEE 1 A

113 0 C 821 G
3. 31 3 Y 284 Y

665 E 721 65 E
313 3 " 000 P 00 R ,

- T ++ + 000 T +
* O EEE O EE

= * T)2s9 . i- T)990
" A5749 A840 N;

FF6011 O PP340 O983 ) -(132.36 I -(680 I
755 R 6 A T A T666 E 0 T 000- C P 1134 T 000 C PV - L - - I I 0000 L - - I I
989 O E E R L .

D F S
E R L

444 N 2 D F C 1111
555 te 3

N 8 SE ) L S ) L
5 - N3991 A - N367 A(' 22 EM535 *

R 2 // G643 A S)

2 EM38 I4

.U MM D/ C M D/ C .
/ G00 A -

JH GG PK333 F I- G PK40 F I
777 T = KE A( R RF33.9 23 K A( R PF

6 T V E AFM V E AF-11u11 0W L 43 T EE/3207 J T EE+O E 00 N MOG5331 663 0 N MO ,
EL D + I

3F EE ) SCK( 668 + I SC
E )

7. e. 87 69
E M .66N34 5 N353 ,

9S 90 777 9 EM ..

C 444 4 D/33 CS 34 D/444 -
I 5556. A 1 O666 066 I

3M 0 13 QK777 M 7 QK77 M
0 I( A S - It A

* 0 L N E L - N777 ~=N 0. - == YY 011 R 663 = YY
E 3T 455 U 668 DT

111 YC 0 T 0I 000 T 788 T CI
111 GP NU fL A U *LRE IO 844 PA

EP P)144 EU - 000 R 777 O 76 RA
- - - E 444 P)84 EU

N , XX AK102 HQ P 555 X A 'e 0 8 HQ.-E . E UU V! T M U V( T
M LL 922 E L 55

RG . I FF T T F T 56EK *. - 566 )
555 L E563 55

T . 1 SS - L LD658 S .
000 A4 5 0 SS Q A AI788 S Q
000 W1 . A- AA I 778- W IS A I

- T4 MM L) 111 DN777 M L)
000 TE . E3 563

(
- - - E AI444 69

E. + E.
+

N3 7 O)565 EEE D R<555 Qr35 (

E4 . 4 IK733 ) /P)033 I IK66 l

E. V
/P

m}) N8 = 0 L( E E.V/992AJ940 S L( E A
434 O6 . P S 777 S C 88 S
111 P E E 5 T 444 N T J412 l T 44 N * -

,Q - - - M5 . T U 555 E OR! O 55 E OK
EEE O- S L SS 0 TC C00 S D " O( 847 C . N' AO1 // N - - - C / N
129 = VI0 0C O 7
936 LS . T- KK C 1

G O
K C$' AS EAF 844 = E A' 76 - E

*'A . LR3 00 T)144 - T 223 B 0 T)84 - T000 0
- - - 0 OM E 3 00 AE102 A)111 A 0 AK08 AE PRS- O SR0 T . PN9 + S( - - I + S(

0 T C 7 EE 922 S S /EE1 C E.)655 E 55 S S
111 1 T 66 A ARS . I 7a T 566 A A9O871 A

0 O .

P 47 F F(400 F/EEE 3 F F
L 3 59 55E L MEK979 LJ- - - 4 55 L ME(

0 L 4

29.5 . . AO0 47 + AN - R T(378 3 + AN
7 1 P = LS 129 /J156 . = LS

0.1 E G ~I0 TA
312 K2 . 1 T+ L)

t TA 000 E C 914 - (

OR
.

OR - - - F T - L)
- - - N 1 1 AE =s ES6202 R TT C Q 00O = ES059 R TT

E 0 - . 7 V/83.66R9 13 E N V/631 E
P 0E 3 T M F A T M F

988 C +5 . 7 (200 S E.
755 E8

--M3 NU Pf84 S E R 11 U
'A3 IO A 12e4 N T T 00 O 411 N T

566 T 14 . 3 V A A - - V - - - A A
1 EE R SR) T T)E E' E R SRN 58,8a3 E 7 . P TT T S S000 A OW369 T T S

555 R - . U 1 RR T MEG 000 H Q 361 tA AR444 C 01 M= AA AR/000 E T(447
T MEc

E " P3- 0 L) A FK000 L) A F
P = . N A- WW ES E LS( N 000 W ES E LS

TU
T. 5 LL

E OO V/4037 H LN 000 O O V/754 H LN.M AA I L 11 AA=R . .EJ M 0. 8 9C|2155 L WR T F O L WRO J .1 FF 44 I' 2 . . A TSR . 5 I 84 A T C )

L 499 ISP P * 9 L 1244 I 479 E K
4 AE . O fC 000 F- - - - CT.000 0 M O P E 4 A A - - - A2000 A At

100 - Y .. . L0M U C F * EEE O VM000 C F *000 E ET 3U L 13 A 000 R C )K389 HW R 00 E T
1B8 C /000 2 A 00 R C

0 EI . T P AO1 P 000 E T
000 0 TU C= VI0 F 000 T H /906 L (000 F 00 T H

. 2 W1
.

T2E AE LL R 000 I R (W914 L L 00 N0 AN . AT T- LL 000 N
A L S 00 I R

ER9 EE O 0 0,0 C 000 W 655 E O 00 O556 6 C2 NNJ.V P )000 C P P7 T;
.

;U 1 CC P000
IO +JA IN1 A 000 A E K+ . . A 00 A!+++

EEE 3 EC * T 7 V i D Q EEE V V-
551 N 1' S C 779 I I2459

443 PS = .
1 I E 3 - 665 -000 S LM074 66339 OS

F 600' A - - - N /162 00 A
's MA T- E F + + + * EEE I HW ++ *

' (000 E EE C'000 OM r 9E CO0 E EEE C s7 7 S
R)05 TA C a 2T. I0 E R)190 I V37 t
UA53 FT+ B UA114 F /913E CE - =S- AE U SP033

000 A AE . E I R9 T S( ; Q (W129 E000 SP67,000 R L!
?D000 E S( Q

777 E OR . TNT M3 Y R L
- 000 O B E 77 ITC E1M 3 E 777 - I

hR777 U R L

J*
3 R P T P -V TE J

A LL P .
A * 1 M L L L123 E L L

24 V . * I L1234 L 1234 E D L123 L
* R E E C I E E

&
.

0 0 00 .
P C C S L C

m ). -

0 0 0
. -

.

y!
.

nly y" Cpm Q $wuC.oa
c

.

,i' t(; !|t r , 1$| 1 it|~ , ,1i. , + i , ) ;



) l1l1J |' fl|i |J' ||l |1|1;!I ;iij ,!l |J1|| ;i|| |]I |,1

>25mgy4< U
379rgg>> C

77 766666665 )

9
00 003000000 L+ + L + + + + + + + + + EEE F 2000000001 Q EEEEEEEEE C
60 C - - I 381933911 N
7a C 0000000000 L 319679665 A.
4. l. I Y 292111111 F

E .

00 P 000000000 E
~ E E
0 K 0000000000 S

23 - O 574556666 g
11 E H 0000000000 000000000
- - 5 C S - - + + + + + + KEE 0 I A EEEEEEEEE C
46 3 G 43991343S Y
25 J. Y 251610492 SG

5 5 555555 E 1422711 12 IR13
1 * 0 0 000000 E . E

00 - * T + + + + + + + 000000000 CN 0588899* O E E EEEEEE TE 1000000
= * T)4 9 .906534 H - - - - - - -

* A6208343450 N D EEEEEEE
P F 0 7 5 3 0 0 0 5. R.3 C .I 9304913*

)

6 A 4 7 . . . .2 oui 7813009- (3413111 I
R T ELJ2635004

164 E 0 T 0 0 000000 C P 7540029320NF/2212225
000 V - L I I /J0014122343.AT(0000000. O E E R L . . .5 . .

111 M 2 D F S 111 111111(U - - - -
R 3 0 TU 9 S5 S ) L DQ
T 3 - - - N3365159343 A I

U(
22 2 EF332210093 I 4 4 89U

. MM M C/ . . . . C 0 L)

.R 2 // / C933889577 A
i 0

C 0. F )S S + +
- JH GG G FF333333333 F ! - E E EE O

T

3. 0 T = KK K A( R0 .3 . .1 50NA3 RF365.20900234AFM9 6 T V E AFM .
/179 0W L 33 3 T EE/8492.7S031.8412.CVH+
G19 69 +O E 00 0 N HOO122
(

O 35 EL D + + + I TCK( 0 00 NIK 0
66 5F EE E )

TCt6.396260317.2
OOW3 . . . .23

5 59 9 N3657951902
89 7S 99 9 EM (

=S 4044
2. A

9 D/440466566 C RT 0636307
55 14 G655333333 I EO 14241332M 0 52 5 QF777777777 M

F "Q
- - - -

S 0 I( A S
E T 0 L M NJ L = = = fY 004563996 A03 R 69

=C 0. L66' U 35 X DT 552270493 1)!
00 T 66 YC 0E T U CI 000001112 DK

A. OR C NC L ML A-
00 P 98 RE IU F 401239232 RA 000000000 YR2
- - E 44 EP ,

XX S AK903765431 HQ F? * 000 0 000
F)503665612 EU - - - Gt* 0000000

P 55 N .1
M E # E UU C V( . . T EAM0000000E . M LL A 121111111 NV/0000000

L) T RO # I FF M T 666666666 EWE69 EK TP 555555555 H(0000000L LD35 T i U SS K L
A AI66 A3 5O SS A Q L

44 W IS W1 6 R AA E I 675555556 A
22 DN98 - C MM L L) 120000000 W))

s. - - E AI44 TE 4 112922663
+ E.

- - - - - - - - - DKEE D R<55 N6 D Q)511440931 EEEEEEEEE RA-

9
(

w )37 I E% 8 C IK397235554 ) /P)996153422 OR2J23 S * .R L( . . E AJ695902948 F(* 0000000E.V/429362949 0*0000000/44 T O6 # P 774011111 S
J96 U P EN T 445666666 N T J113638316 D1M0000000( O M4 # TI 555555555 E OR . . . . . EL/0,00000000 O S SS S D TO 300000053 S W

- - C C # NS // / N - - UM(0000000
I = I GG O OT LS # KK K C LA AS H 00125704' = E L

99 3 rA # C 11 0 T)5036E6724 T 111 1 A)
M I 00 0 AK908765431 ,

f)11 A
W A)110 0 WVS- - I # H + + S( . H SRS- - - - 1

*/EE D E.)55 T W EE E 121111111 S S /EEE E Noa 0B9
( LJ- - O ,

65 0 F F(655564725 CT(

A 11 S # 40 2 T G66665666 A AR0094609909 AC)3 . . . .23
K05 44 4 555555555 L MEK102543810 Ht

W6.3s6260317.2(98 F/EE L # 2
12 /J99

. s
= LS 411563327 O 06369070

R !(36
E "Q

11 . + AN . 3 1424133 I
- 00 E v 12 G E ( TA 000000000 - - - -

- - F i . T1 f 1 L) OR - - NS V 00 1 1 =s = ES4380J231?6 R TT NN 0 - i 9 E V/3997665355 E I
A 0E 5 T T M62237677.05 F
R 11 +3 9 1 NU A P( . S E I 2 R
T 00 E2 8 IO R A 7141356811 N T C 0 O)- '

A A - - FV)- - 97 8 V
T T)EE 64 5 EE W R SF) E E J)S00 A OW62 9 4 ST O T S 5004013286 SC'K00000000000000

/00 E T(99 82 = AA L AR/004474552 EC20000000G00 H Q 69 # RR F T MEC006615545 I(*0000000
F00 1 E L) A TF004773318 TF*( N 00 = # R WW K ES E LS( 1AM000000000 O EU OO A V/7931882637 H LN 000000000

I - W
TV/

I =P # LT LL E M3264015199 AA *AH(T
) SR # NR I

C DA FF L Q( .

T UC 12 714. f. 2 3 4.1 L WP
A54 E K SP UE L 7132345671 * 67 565665 Q

11 V P- AE # SP C 00 000000- - N A200 M M A A - - + + + + E
3EE O VM00 Y s ?E1 C F * EE EEEEEE C34 C - /00 RT CT2 '9 2 A 008706708 F C )B7 011249 A) 555555
K91 HW EI 8 R R 00/562070 E T K251329221 PV) 000003
/42 L (00 TC E= F 005967264 CH /492227035 ENK ++ + + + +W81 L A! # 4C LL L 00929S526

00 W C2 FN EE E O 000456779 O
(W216415114 VO- EEEEEE

I A
- 65

WI 6A2 LL L R 002073171 ! R 1 AC2 953293
00 000000 i*2935456

)00 T! RU CC C P P LQ*8800024E K+ + NC ,UJ A 000000000 A LIM 5211223D Q EE EC +S V V EL/2 .

44 I I201 N 2 66 666666 CW 00c00011 S LM25 OS 1M 666666666 00 000000 H(
- - N - /15 PS . U 000000000 A - - + + + E
EE * HW MA T M ++3 + * + + * EE .EEEEEE V

)97 (00 OM I I0 E 2EEEEEEEE C )61 916762 I 1567176
K92 C D X4 : )04693SS24 T K590445361 * 6665175
/64 0 E A 0A119976542 H /856041838 CF 8651045/W12 E00 L* NM= 3F332222222

I 52212,53 ER) .

W 41. 6 . . /UK7059111( TD00 AE i A St . . . O
WCt455566600 O TC F E 777777777 ! 00 000000uHM77 OR 8 C ? L 5555555

TE . ? CL P 8 - J
L12 * L L L

123 E 8 * L1234S67390 L 1234567990 L

O
C * E 1 E 1 E1234567

8 - C C C
0 7 0 00 0 0

5C0M7 [p,J0Uc g,sh>0Nm g
3 C 3F E]$ p -4

-

f
||, | i1l 1|1| -| |' || ||Il



APPENDIX B

;

- > >
M O O

I
bl a. K
Q M ha
aC R 10 W th e m W @ K Wicit$0 e @ @
E W oCsooooo~ k o00o000-
W e f e e e i t % 6 e e a e a t Z,

| > Q - Id W tal W W W W M O -- W W W W W kl N to
a( H Fi m t/s m N m er r- N H r} H N o 9 me N @ W

=P h E D N W o o *f m H *F E
$4}

.%
D % @ e-4 o a m,4 CD @ d 9 M 97 e4 N H CS m
. ) ''r fi er. e 4. N . . *b La. -- * * * - * = * (L.

R4"

M e* kw * =

m( ~. oo000000 % ooCocooO.
t/| [4 (e (*

* kl O
bta, 4 *

[JL 'l O
.4

M I* 64 4

mmOooQ (%jsi
H o m We4c4N o m N .) d

* 6 i W M6 mh mm 4mM e4 J -% .J

m. m. r so @ rn. m. in v =r
O .( tj aC

tat W )E--
p.

w; * * i- . s a

N
@ @ @ h Ve W @ dE; LO @ @ @ W LD @tb b . 3
ooooooom w oocco omf- h m r - o ,4 H H -e@

mo. D of *P @ d D@@@@@ + +++++4 +O + 4 + + + 4 4 6O
W W h' in trim e tr m gn m an m *3 Id id N W lu Isl 14 64. S M Bd W W 10 M I:1 A
+* , sal 4 - m o 6 4 m W iti [* -tato w @ m N mI

o O @U O p3mmr S m m Ch ti) m eP LO .-4 e 4 h 12 r9 O3t N o m o ya M Q N H M 40
4 O U w y b. t,.,'.4 m b er H Q wwp p th m m.b =# LdLt & rai f 4 sh b b @ @ tD m b en

Iq W h c h t** m W M o r-t * h m c4. m. 0. @. @a
e Z c.a o m W e e H N o m fke -- o o o o o o o(4

. - = N
W N N. et

--- + -a + * *H

at,
d f6 CO *F W @ m m. 60. <*. **- 4

CC to m m e-4 e 4 to m hs
* ooooCoo|* . + .==

ft @ m th e4
a + e . . . W Lp h h (@ T h h to i.d Q f a-h (O.J Af

n+ F= h m h o ed re ed e4 H A M o t/i m m @ A nn D. m in M W
(4 Q 4 W O M W sft @ W 4D W O O
f., *( W ati sn e m m m tnin de t/. n.
W (C e .- 6 e4 er m m o m f* to . - - D. @ o en v -

U OM $ m N 4 w to m m OM @ O CD W
V a.J a( t O

Ch 6 %D %D 40 ce. m. W-
aC 4 O 9 N b %D

(d J Id c.
.c cun t- m h m m . o h f 4 is' N. m or -, m e . .,- m N. o 0 0 0 0 0 0 0

-

o e ** r4 c4 N n m W - o c o c o n o D)
. . * * Hs H

-- m me
oooOooo & CO & m th th 'f th e o o o o s. o o n I hMmmf do M 3 H SC & -F W @ m m M =$ @ N4

i Ed M - = * * . * - - -
aC F o. o o o o.O. o. W *( E O o o O. O. o o Nm n/ t tn W m m da in m nD m @
%w - . . ">N e + e - -b@st 7. & f- m t- O e et .-4 v4 4

@ t#1 { 4 H g =/ A 6n nn W W @ @ to a3oooaoQoI- e3oooooooI-
mriM yto mtrufun W etnt.e m 1-- 14 W e4 *P s-i m o m D tb ;T + OM (D o EU =P

t N
i

ht + e7 m N tn g <c f=% m W- @ o c0 to
(b E m b Q W W e-t m 4 E =P, r a h. 4M .Q- M - + , . + -

W ha m =f m co(v. -- NN m w e'* th cb er =r 9 - - -

> r!. D db @ C8%t he * OE ' f'- @ (h m th m CD f% Q ts".* m
o st' 4 OO inanaDW m W W m s( I O *) @@#M

aN m E.x 0 mm m F4
O.

O .
, ~e at aCH A i o o e, o c3 o c o o o H we et et

O o D WC *( N O O o 4".o o o o o O D On oonooco sr. e< =p r s m o m b fr- D O e o o o o n t*.> o ( sc o co y

oo Ji4 >3. o. c.o. c e.c.> e . o. o. o.r J +-4 E n o o o o o O O M th fn N tn 4 CD t''t e a H T o o o o o o o O id %D o CO @
0 0 6 e# t N - . W 3 N O c 0 0 0 0 o W D. m.e w W W e t m. w*

A J**oocro.o00 web er. rg e . @.oo OZ3oooooaoooo
-- I-oocounoDM m er er ch m =p * *f

*3 - = * * - to F =

* .J -
e3 = + * = = s 2to 3. s * * - *

"M
m -o n o o c c- o D Laj m y e-s e

oo64Z k ( h Ec th m m @ CO h Fe 6 50 m m
(40 m A in m :n in in m m m x A memm q
UH - ' O .

f. OO H *f o th o m b cp C S% O. Q .
% td O IW

b fJ
[d O E O 5 00 6 o tn 9

* b to V w & W @ so i e m N m o Co m m, b r_g g3 g to go g gp gp 7 g n g) sp,* b) O t b o0000000'
e. r . @. @. @. H m -- a; U-++++4 4 +zJ

,

oooooooO
.

oo' HNoooooooooo - - * N. r . w.at/.4 Ec o c o c o co o o m -+++e++6Z
m 47 er m (h 4 W W W - 3$d14Ld W(dLJtalstos( m we M U)(Noa(Q 8 % o o g.)o o J o o o o (al ~.1 W W M M W W W *(4o QZM - - - = = - - - + L lwmoNNemm H h to e e m m te h A wein to w m N m. e, r- to m m

=P. h. m. r* m.p SF. W(T; h.
''

N N oc0 o e4f%0 0 mmmm%a Q id wt.)o o Q o Q o Q o 47 O O (c m m o M rq (h 4 Q Unm Wtram W m m M
*Md l' f4 . 4 6 (3 0% th r- er H *(

O. o. D d = .
t *C N * * - * * O n;d O

on 4 r2 ooooooob m -4 -c o m o .o t- m m oooooooe a r- o m ,
M3 b 14 th m N W er G7 m m [* Lal-O 3 Ce s0
id - bcc h.@.@.w.H.ch e. - t.} m. n.t- @

e
ri ni >- ad ;- . .

O .~
t* V in W O W

>- id . .

OO O O N m er 4 m .h et ** * O k *p e te

O U h er ch e rn m en t- rt O O h re e myH id n.
-N a th m m m th m th E V WWin e tnW W W N 5-- M O 17 3

h c o.% m m m mm th En.o. coco nN. m. z {. 3 rd E. o. o. o. o. o.o. o. o. o. o.
~* E M. o. o. o. o. o o, o. ~ 2 U1 '1' O o o o o o c c o n o **

iL1 o i
b3 &

t i i
Ow uNewwwwww H m to <n o m m um N id w .d ed u m m H m.~

- h@O E t+'"s c o o d o o oO C O -e oc oco 3o Z E O MWo mNe*N O w e o c o c o O O ;* E o f0 m o

G. e o r) o o o o o.-4 H ** |afO F4 -m W m m,8jo N N tr O C. e c o c o o c o O b.aan d > e |E; O --e+ @ ro tn .

mND r4 fE;
et 3' e 4 e-4 H. e4. e4 e4

* * * = = - N E d4 E e4 e+ e+ v4 e * e4 c4 H $4 = * * * -

ey a >w . . . . f .6 -o h g e g N co m >w . . . . . . . b 6 - o h .p 4t

3. M * 3 O o o o o o o aC T o e o o o o th m n' a 3 o o o O o o o % it; Qmoo
N - It O Iw FU W W W *D W W t/t m W G I+ 3; t i W @ W %O- i
Ow E W n. b E A tt b
l==- "'

O. O.
D

E o.3 ti Z Q hZ +
E w .aH .

ca. 4 H a u -4

c o "Q,oo . M "3 % D D
' ' . O Q e, 4 -. O %~

k,;. a. M. c o c o o n ,.w o o u m hz S o. Le.s00000000 x M .. w O ne cococou

o.O b *( sil' No o o o o O O O o o O sa)
O e sain m ee m m * * =C 'E't o c o o o n o o

O id C * tn m e e tn e tn H et N o o o o

U b > E o. o.o. o. o. o. o. o o o
H UNooooooct

* * * + O >eE c. o. c. o.,Neecoco+ + + + + +{> i %o.o.o.o.o.o.o o.U oH>
. a b -e e + +

*4
oco ( 3 s - - - rr. D e 4 s

MWWWWWWOI'Eccocoooo O H On W Ld in M td N td D T 3 c o c o002300o000000o O H

O 'E (O ih N tw CD sr e O + N (+ H J.m N @ N m e-t r* O **o{' ~ - ta. g~a H

u-H@moconz z a wsomooorzUb M N.
H in ep tn min tn m m m a w p x . ?. "F. m. m. m.m. o r m. v. s. e. m. u t m O1 3 d*n * O Ct; =t i3 a

O us tn e tnmmmmmmmm ad n .

I * rm c, c o n o c o o (s. O ococooo c o cococ.o N O ococopo =cooo
M ) Me 6 + 6a e **+ 6 M T N6 + + + + e e * O M* !s; + 6 * +

ta) * T O I M $d [ 2 *' $a) mob (d in.] f.d W 1B} La) (d td
**k

I) Ed O 4 (dMMM
a u% 3; U H r a n m. m.d Laj Id M M M %.d ,NO.( A.(. r~o w.,moraENruOmoooh u.

s

Q. til H N w cc e-e m
O.c

4 m m e rn aa tr* -4 at W H N i.p m h ce m N tn N

e M ,J n d''' m m N, e H. wp M Z 3 '. * tr. W @. 4f.i tn. W=
f* D''

4 wNao ,NEan:Nowaon a u E te r wohWwNm u
* + M () $ %t e > =* hW l %P > -in m W 4 w f'% e4 & % M V 'F 4

(a) ts) 54 Q 'M 3 '4 Et.r N. s t N. N. m. M. V. W.
t* 0,

- = M M. Q.@. r.e @ h. r.6 EklT3 * * . *
. Lal d. . g.]

4. m m.m a . la -oooooooO 5* > E-m W LY a--O o f"> o o o o o o o b > . M -ooco0; w
emd *( *( D o@oe+ocoK at ne D m W Ch H m m o tY.
*f M O tu id & r~ cri to co b b at tai M w r- h te r - r 6 -(

9. *P. U a(
I 4 b @ @ m @ n I sti ) O De 'T.; J b i.n W W @ LA m m O D.

3 4 UAH 1 U h.ea
004 O td I cc e3 c o c o c c o O td Emocoo

. I td O O O O F+ O V '') U b
d. O tv O m O
3H N M & W Ld Cti id

O so M O > O N m o e e d o m. O > O H 4 m o r- o c . O
c a-i ZTOcocoow oNNo ** H h m h to it e * in % C N N t9 5's NN N N H H th v e%=romo I O N N r'f N

m V. H M E N, N, N N N N, f 4. *P. v. ne F4 4. ^* o N. M m o. e-4 m. M E o. w. w. @ tr w. w 4 b J -b. m. @. e* @ h h- M E. o. V. W. W-td i i e - U h - e . . Wi . O e ts; . . - Las -

.

+ E (M=

e rs e e - are o o c4 N N e e 14 Rwo@OHoWm E b N N N r t N N r4 N W rE -m tn Ch *4 Ch @ m EDNNNNes ce
>

"u% 6.n & tri CO C0 6 4
g% D se r II

w w' N (L' h & W
WW
+ sn 7 w+mmmm s M m m min e

O b O 1
O U*

.-4 N m =r e w h co tt o JHNmvm@h I d e* N m e d e r' :".m
a fA en e4 d td se e-. N e*1 *P A 'O N m .1 fd 48 ** N m 4

GB rh W W M tal Ed
~E V 3; O I

O o o

B-15 NUREG/CR-4356

- . _ _ _ _ _ . - _ __ _ .- _ --



+. I
* 6 t * 0 |. 1

>73tE34< G
311p3C > C

O
Y Y
G G
R R
E E
N 6L655f6 N 788d898
E 0O000O0) E 000O000)

E E E E E E E "S
- - - - - - - - - - - - - H

D) D)EEEEEE;S
IJ87' 0692E IJ4949207E 6
/474'269M U/445374EM 0U.J2392178 L J 16 71111. P -1

F( . . . . . _ .P F( . E
/ 0000000C / 0000000O 5
T T T - - - - - T 9
O O 4

T T T T 0

Q *O Q U
B B 4

-

L :
! L ) L =

D A D A
A 6666666 A 554 44
R 0000000R R 900 00 R )

+ ++ 4 +++O + +++ + O R
V EEE52EEF V EEE Lr .F E

VN)1139601 N)1 i4 62
2453 OW5052575S 27416756 OW6'183129S 9661# 991 O

"Ot

6112E 052?6551 N
1230 (C(4699864.E C(216.5 . 9I 76535544 R
2539 44370337

I 98133477
000 00 T UT 0000000T

- - - - R 47011111 T1337 %
-

R 52500726
8776 1 E 67739776 T E E5666666 (

5555 7 P 55555555 Q P 55555555 U
O O .R
E R JH

3759 DK)
P 74632937 )) P P6615991 T1615 )

22871427 DF 05296551 7
6220 A- D 51238603 A- D 766,35544 0W

d +O
8344 (R2 I . T2 I .

EL* 0000000U 2326613' (* 0000000O 47011111
9987 P * 0 0 000C0 L 73999987 P * 0 0000 00 L 55666666 4F

AM0000000.FAM0000000.F 555555$5 S5555555 45555
V/ V/ hS
W0000000H) W0000000H) 2. S1615 'r ( SV 74 42937 HL EK 96615991 A

6220 M 51239693
;

05296551 2M3759 E! 22871427 E(
! 76635544

3 . S T8344. E 23266133 )) EE 47J11111 =N
9987 DK2) \R 73999937 DK VR 55666666 E
5555 A- JJ 55555555 A- OU 55555555 YC

D ?2 BT D R2 BT OR
* AA REAA II ?*

'Q * 0 0 0 0 0 0 0 R 96615591 EP1615 U Q*0000000 R 74682937 U
3759 L IM0000000DE 22871427 L IM0000000DE 05296651 N
6,220 L/0000000.SM S.1 2.S.s.6 0 3 T L/0700000.EP 76635544 E 9F EP

. - W . - W TM .

9344 N N(0000000UE 23266133 N Hs00c0000UE 4? O1 ,111 RG 8

9987 A T 78999937 A T 55L66666 EK
5555 H F 55555555 M F 55S55555 T 8

HE C HE A7C
) CD ) CD W0 9

2615 O V TO 74792937 O V TO 96615592 -

3759 T N 66656S6 N 22871427 T N 554 44 N 05295651 TE 8

6220 O 0000000D 51239603 O 00c 00 t 76635544 N6

. 93344 E (WEEEE5EEAA 23166133 E fC) + + + NL . .

N9
R C) * + : + + + +NL . . R E0 6

WEEE ,0 E .AS 47011)11
I 55666666 C7 49957 F T(113B601 I 73^9998 F T(174 62

5555 S C 5352575PD 5555559'5 S 0 618)129PD 55555555 P
2IA M6 8

A 0 . .8 6 4. I A N 0N " 468J 216.5611.9RR O-RR A C
2615 F 0000000T R74792937 R 000 00 T R56615592 C 8

3759 T
-

E 2 2 3 7 14 2 7 T - - - - E05296651 =

T76635544 LS 5T51288603 , N , AS
6220 ,

Y EI E N . . .

C
) O C55565666 OM

D E23?66133 D E47011111 TA 3L)9344
O C78999987 R9987

5555 E V)9999999M <55555555 E V)9999999M <5555L555 T 4

N NK0000000( N NK0000000( T
N S 4E O- - - - - - - - N E O- - - - - - - -

C2EEEER2E I 00000010 OC2EEEEEEE I5003 17'5093592 209927
D (*000000dNM 00000 080 L 49?34 D (*0c00000NH

8274 C P*0000000Oi)76359274 C P*0000000OT)00000020
. 8AM1111111.TF(00000040A M 1111131. T F 4

I:K . . .I :K . 4 R3 R
V/ GV/ . 9 4642954235

0099 R - W0000000AH 9"9000099 R - W0000000AH 1 K6 #

E655 : O H( MC 55666655 . O H( Mr 6 0
M F ?T s T PT 1 - B

U O U' O 0E
N D F N D F +3 .

E M E N E5
P S I P S I 37 8

3 V)
) U U ) ) 29U U )

N K O V) J h 5 8

0000 R S NK OF 000U0000 R S NK OP - 00000000 73
0000 C E O s555555IA2000L0000 O E O 5555555!A200000000 - 8

C20000000TVM00000000,00,00, C 2 u 0 0 0 0 0 0 T V M 0 0 0 0 0 0 0. c.
1I I

A T t* + + + +e +C / . R T i* + + : + +C / . = 8

Q EEEEEEEUHW
F T. I M" 9 9 6 3 6 6 4 D (50000000 O I Q*EEEEEEEUHWI 2R 8

000000000000 O I
F T IM9147175D

r L/0479997N N L/2649492N O
O F A - C SR 8- R A - W3444445.C W 212 2 3 3 5. C55555555 E U H( 55555% 25 SR5555 E U 'h (

)0 F Q 0000000 )00000000 tE 80000 F Q 0000000
7

0000000
+ + - + + S R K+ + + + + + + M+ + S H

EE N E EO EEEEEEEE Y d

SQ EEEEE2.P8EFEE N. E
A C P iI203592941 RTEI206033920 A G ?

9907 B A A 5029715MLM2958 96 ? A A 2188295MLM74071623 EI e
4456 T P V!9953915 /3344 - 46 T R V)8407603 /21223346 TU

. AN #. K1104554.EHW(00000000 WIK 2 4 2,3 817. E H W(00000000 T V R(S
. E -E -

. . S0000 T V R(
A A U 9590859R A A U 6911111R T 2
E S 6773776A E S 5566666A TN
H L T 5555555O P H L T 5555555C P NO

L CFI L CF! EC
0000 D E HR00000000 D E HP00000000 N

C C DCT O C DCT OS
R G R O PS =

E R E E D E MA T
V O 003B450 D V Q 532325J D OM I

2222 ! ! 8263647 HO22222222 I I 5268603 hOu0000020 C D
222242 T E4444

' L)2423802 EM04444444 T L)5504554 SA'
. . LN. 'C - K . E- . . . C - K , . . E -

2222 E R(9590959 MT22222222 E R(591l111 MT11001121 AE 8

r U 5772776 H V U 556f666 H TC
T S 55$5555 N S 555S555 CR 8

O T O T TE
P iC C

L' 234t57 H L1234567 H
567S L CeI2345678 L 3d12145678 4

9E E F. E
C M C M s

0 b 0 O

Eh,3 s43 h3m O e. hDhncNC3)3cm
.

Ce bC

i



PeRC FORM 336 U.S. GQICLEAR REGULATORY COWMGSON 1. HEPORT NUW3ERgg g (Asagrert ty NRC. Add WL. S@, R.v.

m.m BIBLIOGRAPHIC DATA SHEET """""*d""
(s= *=$w a r= w NUREG/CR-4356

j |vnuwosuonra
'

EGG-2626
Vol . 2TRAC-DFl/ MOD 1: An Advanced Best-Et,timate Computer Program for

Boiling Water Reactor Accident Analysis gt;ntP PumgEo3

une M2User's Guide
4 FIN 04 GRANT NVWBCR

L1485
5 AUTHOR (S) 6. TYPE Or HEf' ORT

F.esea rchEdited by W.H. Rettig, N.L. Waoe
"" "Contributing Authors

M.M. Giles, G.A. Jayne, S.Z. Rouhani, R.W. Shumway,
G.L . Sincer. D.D. Taylor. W.L. Weaver

a un o wm - uE mo econcss t,wic.-.m m . , u s w % w. w w .A w--

Idaho National Engincering Laboratory
EG&G Idaho, Inc.
Idaho Falls, ID 83415

e sogopuw cm - muE mo 4aoness t,m m. s . -. . s, - w.c o.. ~ % u s - % c .

Division of Systems Research
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

.

Washington, D.C. 20555
O. SUPPLEMEP(TARY NOTES

13. ABSTRACT (200 wence or sees)

The TRAC-BWR code dcvelopment program at the Idaho dational Engineering Labor; tory has
developed versions of the Transient Reactor Analysis Code (TRAC) for the U.S. Nuclear

' Regulatory Commission and the_public. The TRAC-BFl/M001 version of the computer code
provides a best-estimate analysis Capability for analyzing the full range of postulated
accidents in boiling water reactor (BWR) systems and related facilities. This version
provides a consistent and unified analysis capability for analyzing all areas of a
large- or sma~ll-break loss-of-coolant accident (LOCA), beginning with the blowdown

, -

phase and continuing through heatup, reflood with quenching, and, finally, the refill
phase of the accident. 'Also provided is a basic capability for the analysis of
operational transients up to and including anticipated transients without scram (ATWS).
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