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ABSTRACT

Research has been conducted to develop and demonstrats 4 methodology
catculation of the time interval betweon receipt of the contain ent isolation sigt -
andd the first fuel pin failure for loss-of coolant accidents (LOCAs). Demozistratic -
calevlations were perforinad for a Babeock and Wilcox (B&W) design (Oconee)
#nd @ Westinghouse (W) four-loop design (Seabrook). Sensitivity studies were
performed o assess the impacts of fue! pin burnup, axial peaking factor, break size,
smargency core cooiing system (ECCS) availability, and main coolant pump trip
on thess times. The analysis was performed using the following codes:

FRAPCON-2, for the calculation of steady-state tuel behaviov, SCDAP/

RELAFS/MODI and TRAC PFI/MODL, for the calculation of the transient
thermal-hydraudic conditions in the reactor sy<tem; and FRAP-T6, for the calcala-
tien of transient fuel behavior. In addition to the calculation of fuel pin failury
timng, this analysis provides a comparis: n of the predicted results of SCDAP/
KELAPS/MOD3 and TRAC-PFI/MODI for large-break LOCA analysis.

Using SCDAP/RELAPS/MOD2 thermal-hydraulic data, the shortest time inter-
vals calcutated between wiitation of containment isolation and fuel pin failure are
104 seconds and 191 seconds for the B&W and W plants, respectively. Using data
generaled by TRAC-PEI/MODI, the shoriest interval for the W reactor is 29,1 sec-
onds. These ntervai: - ¢ for a double-ended, offset-shear, cold leg break, using the
techmical specification maximum peaking factor and applied to fuel with maximum
des.gn bumup.

FIN L1611 -LOCA Pin Failure Source Term
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EXECUTIVE SUMMARY

A design basis accident postulated for
licensing of nuclear power reactons has heen the
loss-of-coolant accident (LOCA ), in conjunction
with an assumed instantancous release of fission
products from the fuel into the containment,
Cerntain equipment performance capatilities. such
as rapid closure of containment isolation valves,
were required 1o facilitate complianve with
regulations regarding offsite radiological

conseguences.

The objective of this research was to develop a
viahle methodology for calculating the timing of
the earliest fuel pin cladding failure, relative to
the containment isolation signal, for LOCAs, The
calculation was expected to show that, with
regard to radiological consequences, certain
isolation valves may not have to be closed as
rapidly as now required.

Methodology

To meet this objective, a calculational method-
ology was developed using the FRAPCON-2,
SCDAP/RELAPS/MOD3, TRAC-PFI/MODI,
and FRAP T6 computer codes. This four-code
approach provided a defensible calculational
methodology for performing the analyses, incor-
porating « fully assessed calculational path, using
FRAPCON-2, TRAC-PFI/MODI, and FRAF-
Té, and a parallel path, utihzing FRAPCON-2,
SCDAP/RELAPS/MOD3, and FRAP-T6. Dem-
onstration calculations were performed, applying
this methodology to two plant designs, a
Westinghouse (W) four-loop design analyzed
using a Seabrook plant model and a Babcock and
Wilcox (B&W) design analyzed using an Oconee
plant model. Sensitivity studies were performed
to assess the impact on failure timings of break
size, emergency core cooling system (ECCS)
availability, reactor coolant system (RCS) pump
trip, fuel pin bumnup, and axial peaking factor.

The calculational methodology that used
SCDAP/RELAPS/MOD3 s illustrated in
Figure ES~1. In these calculations, FRAPCON-2
was used to calculate the burnup-dependent fuel

X1

pin nitial conditions for FRAP-T6. FRAP-T6
was used 10 caleulate the inttial stcady -state fuel
pin conditions for SCDAP/RELAPS/MOD3],
SCDAP/RELAPS/MOD? was run 1o obtain the
system thermal-hydraulic boundary conditions,
consisting of the fuel pin power distribution and
thermodynamic conditions of the coolant chan-
nel. Finally, FRAP-T6 was used to caloulate the
transient fuel pin behavior,

SCDAP/RELAPS/MOD3 was chosen as the
primary thermal-hydraulic code for the analysis,
since SCDAP/RELAPS/MOD3 provides a con-
siderable cost savings over TRAC-PFI/MODI
for calculation of system thermal-hydraulic
response under LOCA conditions, SCDAP/
RELAPS/MOD3 is a relatively fast-running code
that can execute from a workstation platform, as
opposed to TRAC-PF1/MODI1, which requires s
mainframe platform. However, because of the
lack of code assessment for SCDAP/
RELAPS/MOD3, a supplemental TRAC-PF1/
MODI caleulation, duplicating the case resulting
in the shortest time to pin failure for Seabrook,
was run to provide an evaluation of its accuracy

The supplemental calculation utilizes a similar
methodology with the exception that SCDAP/
RELAPS/MOD3 is repiaced by TRAC-
PFI/MODI, as illustrated in Figure ES-2
Initialization of burnup-dependent vaniables for
the TRAC-PFI/MOD! fuel components is not
necessary, since the code does not have a fue!
performance model. Howetur, a comparison of
initial stored energy caleulated by TRAC-
PEI/MODI 1o that calculated by FRAP-T6 ind:-
cated reasonable agreement.

A significamt software development effort was
conducted to implement the chosen methodelogy.
This effort included conversion of the
FRAPCON-2 and FRAP-TE& codes to portable
FORTRAN 77 to allow execution on a 32-bit-
based UNIX workstation, and the creation of
interface codes to link the thermal hydrauhcs
codes 10 FRAP-T6. In addition, advanced
graphics capabilities were added 10 the FRAP-T6
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FRAPCON-2

Calculates burnup-dependent
fuel pin initial conations

'

Initial values of:

Released fission gas inventory,
Retained fission gas inventory,
Pegrmanent cla strains,
Cladding oxide thickness,
Amount of open tue! porosity

t
SCDAP/RELAPS FRAP-T6
Calculates primary system thermal- Steady-state case run 10 provide
hydrauuo response, including: initial steady-state conditions for
SCDAP components
tom pmuuns Iomperatures
void dlll
8030‘m laola:g:\ signal, timings, l
0 9 initial gap conductance
Fuel pin bailooning and ruplure intial g‘g Gat prossure
Radia emperatura profila

|

Time-dependent lables of bulk thermal-
hydraulic conditions in gore nodes and core
intet and outlet vrlumes.

Coolant mass fiux in core nodes.

Fusi pin power distribution.

FRAP-TG

= Calouiates transient fuel
performance

'

Fuel pin failure timing

LFO10003

Figure ES-1. Flow chart of methodology using SCDAP/RELAPS/MOD3 thermal-hydraulic data.
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A more detailed treatment of containment
response would require the use of a containment
analysis code. For Seabrook, results indicate that
the containment isolation signal from the pressur-
izer low pressure tnip trails the signal received
from high containment pressure by only about
three seconds. Because of the approximate
nature of the containment pressure calculation,
the pressurizer low-pressure trip time was used to
determine the containment isolation signal time.
For Oconee, the containment isolation signal
from the RCS low-pressure trip trails the signal
received from high containment pressure by only
ahout 0.02-0.28 seconds; and the RCS low-
pressure trip time was used to determine the con-
tainment isolatton signal timing for the
large-break cases. The order-of-magnitude differ-
ence in contginment isolation signal times
between the plants is due to the locations of the
pressure sensors. For all of the small-break cases,
the high containment pressure trip trails the low
RCS pressure trip by several seconds, and the low
RCS pressure trip time was used to determine
containment isolation time.

The Seabrook TRAC-PFI/MOD] model used
for this analysis was also derived from an existing
TRAC-PF1/MOD1 model. The modifications for
this analysis included renodalization of the cure
region from five to nine axial nodes, describing
the hot channel and the central and outer core
region, removal of pumped ECCS, modification
of the core power distribution, and replacement of
containment pressure and decay heat boundary
conditions. Boundary conditions for containment
pressure and total core power history were
obtained from the corresponding SCDAP/
RELAPS/MOD3 calculation.

The FRAPCON-2, FRAP-T6, and SCDAP fuel
pin models were developed specifically for this
analysis. A single fuel pin design was modeled
tfor each plant type analyzed—the Mk-B9/10
design for the Oconee analysis and the
W 17 x 17 standard fuel design for the
Seabrook analysis. Reactor-specific fuel data was
obtained either from the fuel vendor or the appro-
priate Final Safety Analysis Report.

NUREG/CR-5787
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The results generated by this analysis are
dependent on the specific fuel design paranaters,
such as inital helium fill inventory, fuel peliet
dimensions, cladding dimensions, and plesum
volume. Fuel pin failure times can be eapected 10
vary by both fuel design and reactor design.

Sensitivity Studies

Using SCDAP/RELAPS/MODA, sensitivity
studies were performed for each 7 *actor type fo
vdentify the break size resulting in the shortest
time to pin failure. The following break sizes
were analyzed:

¢ A large-break LOCA, consisting of a
double-ended, offset-shear break of a cold
leg, with break sizes corresponding 1o 100,
90, 75, and 30% of the full design basis
analysis (DBA) cold leg break area (200%
of the cald leg cross-sectional area) without
ECCS

e A6in dia., small-break LOCA a1 the same
location used for the large-break case, with
and without ECCS.

Th.» large-break case resulting in the shortest
time to pin failure (100% DBA for both Oconee
and Seabrook) was also run with the following
variations:

. With ECCS available

*  With RCS pump tripped at time zero, with
and without ECCS available

For each set of large-break transient thermal-
hydraulic conditions generated by SCDAP/
RELAPS/MOD3, a series of 16 FRAP-T6 cases,
using best-estimate models, was run to determine
fuel pin failure times for a range of peak burmnups
and axial power peaking factors up 1o and includ-
ing the heat flux ho'  annel factor. The 16-case
FRAP-T6 matri repeated for the worst-case
break size (I' % DBA) using the available
licensing audit code options.

For each small-break SCDAP/RELAPS/
MOD3 calculation. an initial matrix of four
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FRAP-T6 cases was executed. corresponding 1o
the highest peakang factor at four burnups for ¢ach
reactor type. Since no fuel pin failare was
observed prior to 60 seconds in all cases, no addi-
nonal FRAP-T6 cases were run.

The 16-case FRAP-T6 matrix for the 1004
DBA case for Seabrook was also run using
therma!-hydraulic boundary condition data pro-
vided by TRAC-PFI/MODI1.

Cults Generated Using
SCDAP/RELAP5/MOD3

The fuel pin failure times for Oconee and
Seabrook calculated by FRAP-T6 for the worst-
case LOCA are summarized in Tables ES-1 and
ES-2. In cases where no fuel pin failure was pre.
dicted, the values given in the matrices corre-
spond to the transient time at the end of the
calculation, prefived by a “greater than™ symbaol
{>). The failure nodes are indicated by the num-
bers in parentheses: nodes are numbered from | at
the battom of the core 10 9 at the top.

The fuel pin failure times calculated by
SCDAP/RELAPS/MOD3 do not, in general, cor-
relate well with those calculated by FRAP-T6.
Except for the Oconee 1009% DBA LOCA cases,
the fuel pin failure times calculated by SCDAP/
RELAPS/MOD3 tend to be longer than those cal-
culated by FRAP-T6. This discrepancy increases
significantly as the break size is reduced. A fairly
good agreement is obtained between the two
codes for the 10G% DBA Oconee cases, both with
and without pumped ECCS. However, fuel pin
failure times calculated by  SCDAP/
RELAFS/MOD3 are about half of those calcu-
lated by FRAP-T6 for the two 100% DBA
Oconee cases run with main coolant pump trip.

The minimum time to fue! pin failure {or
Oconee calculated with the FRAP-T6 best-
estimate models was 13.0 seconds for the
100% DBA case without RCS pump wrip. This
minimum pn falure ume for Oconee was not
affected by availability of pumped ECCS. The
minimum time 1o fuel pin failure caleulated by

XV

FRAP-T6 for Seabrook was 24 8 seconds for the
100% DBA case without ECCS available, Oves -
all, the results generated by FRAP-T6 are consis-
tent with expected trends Pin fadure times
shortened us peaking factors, burnups, and break
wreas were inereased.

The earliest pin failure times calculated for
Oconee were significantly shorter than those cal-
culated for Seabrook. The shoner failure times
can be directly attributed 10 the higher lincar heat
generation rate and ihe larger fuel pin diameter in
Oconge, which results in higher imal stored
energy. In addition, the failure times calculated
for Oconee were stronger functions of burnup
than those reported for Seabrook. The pin tailure
times calculated for Seabrook were only weak
functions of burnup, with only about a total of
five seconds or less seperating the maximum and
mintmum pin failure vmes over the range of
bumups

As anticipated, no fuel pin fadures were ore-
dicted for the small-break cases during the 1.8t
60 seconds of the calculation. The smali-break
cases without pumped ECCS available w re sub-
seguently extended 10 6 minutes 33 seconds (at
which time code failure occarred) for Oconee and
o 10 munutes for Seabrook, with no fuel failures
predicted by either SCDAP/RELAPEMODS or
FRAF-TH

Results Generated Using
TRAC-PF1/MOD1

The system response calculated usimg 8. DAP/
RELAPS/MQOD2 agrees fairly well with that of
TRAC-PFI/MODI for the first 35 seconds, as
evidenced by comparisons of RCS pressure, pres-
surizer pressure, break flow, accumulator flows,
hot-leg Nows, and cold-leg Nows, However. the
hot channel thermal-hydraulic conditions caleu-
lated by SCDAP/RELAPS/MOD3 produce
higher cladding surface temperatures and carlier
fuel pin failure tmes.

The fargest deviation between the SCDAP/
RELAPS/MOD und TRAC PFIMODI results

NUREG/CR-3787
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f " X , Table ES-4. Timing summary for worst-case LOCA runs using ha, “est bumup and peaking factor,
Containment Earliest pin
: Thermal-hydraulic walation failure Interval
Plamt model (8) (s (8}
i Ocanee SCDAPRELAPSMOD? 26 130 10.4
Seabrook SCDAP/RELAPS/MODA e 4.8 191
Seabrook  TRAC-PFI/MOD! 5. 4.9 291
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FOREWORD

The infarmation in this report will he considered by the U.S, Nuclear Regulatory

Commission staff in Z.e forrulation of updated accident source terms for light

water reactors to replace those given in TID- 14844, calculation of distance factors

for power and 1est reactor sites, These source terms are used in the licensing of

= nuclear power plants 1o ass ire adequate protection of the public health and safety.

‘ Any interested party may submit comments on this repon for consideration by

r the staff. To be cenain of consideration, comments on this report must be received
by the due date published in the Federal Register Notices. Comments received after
the due date will be considered to the extent practical. Comments should be sent to
the Chief, Regulatory Publications Sranch, Division of Freedom of Information
and Publications Services, Mail Stop P-223, U.S. Nuclear Regulatory Commiss.n,
Washington, DC 20855, Further technical information can be obtained from

‘ Mr. Leonard Soffer, Office of Nuclear Regulatory Rescarch, Mail Stop NL/S-324,
U.S. Nuclear Regulatory Commission, Washington, DC 20558, Telephone
(301) 492-3916,

X NUREG/CR-5787
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Timing Analysis of PWR Fuel Pin Failures
1. INTRODUCTION

A design basis accident pos' ulated for licensing
of nuclear power reactors by s been the loss-of-
coolant accident (LOCA), in conpunction with an
assumed instantaneous relear ¢ of fission products
from the fuel into the conta nment, Source term
release 10 the environs is the n bas:d on releasing
this inventory from the con minmeant al the mux-
imum comainment leak ra e given in the pla.
technical specificanions. These fundamental
assumptions, governing soi ree-temy caleulitions
for light-water reactors, are detailed in Technical
Information Document (T D) 14844, “Calcula-
tion of Distance Factors for Power and Tes' Reac-
tor Sutes,” which providos the technical basis
supporting U, 8, Nuclear R egulatory Commission
(NRC) Regularory Guide  1.3% and 1.4 These
regulatory guides provide the assumptions to be
used for evaluating the po ental radiologicul con
sequences of a LOCA for beiling water reacton
(BWRs) and pressurized wwe, reactors (PWRs),
respectively. The radiolo sice ] consequences used
as reference values in t e ¢ valuation of reacior
sites are set forth in Title 10, Code of Federal Reg-
ulations (CFR), Part 10 4

The assumption of 2a instantaneous release of
fission products from !ne fuel to the containment
represents a very con ervative approach for the
assessment of the rac ological consequences of
postulated severs aci idemts, Certain equipment
performance requirer ents, such as rapid closure
of containment isc lation valves, have been
required to facilitat compliance with 10 CFR
100 regarding offsit. radiological consequences.
A more realistic approach for determining the
timing of a fission roduct release 10 the contain
ment from a postuilated severe accident would
include (a) caleuli tion of the time required for
failure of the fuel ladding containing the fission
products, resulting in a fission product release
from the fuel pti gap to the reactor coolant;
(b) calculation ot the release of fission products
from molien fuel, and (¢) caleulation of the ume

required lor tission products released from the
fue! to enter the containment

The research objective is 1o develop a viable
methodology for calculation of the timing
between the receipt of the containment isolation
signal and the earliest fuel pin cladd g failure
ldentifying this time is expected to show that,
with regard to mdmlugu al consequences., cenain
wolation valves may not have 1o be closed as rap
Wly as now reguired

In order to mect this objective. a calculational
methodology was developed employving the
FRAPCON-2.* SCDAP/RELAPS/MOD3 ® and
FRAP-T6! computer codes. Demonstration cal-
culanions were performed, applying this method-
ulogy 1o two plant designs, a Westinghouse (W)
tour-loop design analyzed using a Seabrook plart
model and o Bubcock and Wilcox (B&W) design
analyzed using an Oconee plant model. These
caleulations included several sensitivity studies,
which assessed the impact of break size, emet
gency core coohing system (ECCS) availability,
and main coolant pump trip on the fuel pin failure
and containment 1solation signgl times,

These calculations represent the first applice-
tion of SCDAP/RELAPS/MODS and were per
tormed using a prelminary version of the code,
prior to completion of the code assessment
effunts, In order to provide a basis for evaluating
the adequacy of SCDAP/RELAPS/MOD3 for
large-break LOCA analysis, a single TRAC.
PEI/MODI* calculation was also performed for
Seabrook. duplicating the worst-case SCDAP/
RELAPS/MOD3 calculation, consisting of a
complete, double-ended, oftset-shear break of a
cold-leg, withowt pumped ECCS, and assuming
that the mam coolant pumps continued operating.

The calculational methodology developed for
this analysis is discussed in Section 2, This meth-
odology required the resurrection of existing
codes and development of additional computer
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programs; these software development efforts are
covered in Section 3. The thermal-hydraulic
model development efforts are discussed in
Section 4. Development of the steady-state and
transient fuel performance models is discussed in
Section 5. The assumptions used for the sensitiv-
ity cases run for this analysis are discussed in
Section 6. The results oblained and technical

NUREG/CR-5787
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findings derived from this analysis are discussed
in Sections 7 and X, respectively.

All work performed on this project was fully
documented in accordance with . proved quality
assurance procedures. Appenc.x A provides
details of the procedures and a complete docu:
mentation list,
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4. THERMAL-HYDRAULIC MODEL DEVELOPMENT

Three thermal-hydraubic system models were
used in this analvsis 1o valeulate the hot-channel
therimal-hydravlic boundury conditivis for
FRAP-TH. These include SCCAP/RELAPS/
MODI and TRAC-PFI/MOD1 models of the
Secabrook plant design and o SCDAP/RELAPS/
MOD3 racsde! of the Ocanee plant desiga. Fuch of
these models was adapted from previously
extsting plant models. This section descrihes the
madification performed 1o tailar these existing
plant madels 1o calenlate LOCA hot channel
thermal-hydrautic boundary conditions

4.1 Oconee SCOAP/RELLPS/
MOD3 Mode! Development

The SCOAPRELAPS/MODS Oconce mo e
used for this analysis was derived from a

RELAPS/MOD2 mode! created tor evaluation
of operavonal safety of BEW plants.!7 § - sl
mosdificanons were reguiced wo produce the sede i
used for this analysis. These vclude tive addition
of & deiailed three charnel, 0 e-unial-node core
maddel, descricang the hot channe! and the centrai
and outr core regions with crosstiow modeling
between chunnels: point hinetics modeling.
SCUAP odeling: a simphified containment
wiodel, and a spit downcomes model I addition,
trip cards and control systems were added to
citlcuiate selected varigbles. These moditications
are detatled w Appendix E, The detailed Ocones
plant aecling diagrams used fTor the analysis are
ilustrated m Fi7ures 3 thvough 6

The contamment isolaiion semaints montored
s analysis were obtained from Ovonee
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Figure 6. SCDAP/RELAPS/MOD nodalization diagram of the Oconee pressurizer.

Technical Specificaiion 3.53'% and are summa-
rized in Table 1. A partial containment isolanion,
affecting nonessential systems, occurs when the
reactor coolant system (RCS) pressure falls
below 10.34 MPa (1500 psig). A full contan-
ment (solation occurs when @ containment pres-
sure of 0,028 MPa (4.0 psig) is reached.

A simplified containment model was used for
the analyses, consisting of a single RELAPS vol-
ume, with heat condu.tors representing steel and
congrete structures, This approach provided a
fairly rough estimate of containment response. A
more detailed treatment of containment respon e
would require the use of a containment unalysis
code; however, results for al! of the large-break
LOCA cases analyzed indicated that the contam-
ment isolation signal from the RCS low-pressure
trip trails the signal received from high contain-

NUREG/CR-57K7

ment pressure by only 0.02-0.28 seconds. For the
large-hreak cases, the RCS low -pressure tnip time
was used hecause of the approximate nature of

e contammment pressure caleulation. For the
snull-break cases. the high containment pressure
trip trails the low RCS pressure trip by several
seconds, and the low RUS nressure (rip Uime was
used 1o dedermine the time of containment
isolation,

A spocific reference for Oconee instrunent
response delay times was not available for this
analysis. For Jhe purpose of this calculation, a
delay time of 2.0 seconds was assumed, cor-
responding to the value used for the pressunzer
pressure instrumentat on in the Seabrook analysi..

The SCOAP/RELAPSMOD3 calculations
were performed assuming 102% core thermal
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Thermal -Hydraulic

pressuie caliulation, the pressunizer low -pressure
top b s used 1o detenming the contanment 1so-
lation signal tming. The containment selation
setpoints manitored for this analysis were denved
from the Seabrook technicul specifications and
are summarized in Table 2. As previously men.
toned, & twossecond instrament delay was pro-
vided. hasod on the Scabrook pressurizer pressure
nstrumentation

The SCDAPRELAPS/MODA calculation was
petformed assuming a 102% core thermal power
eyuilibnum core. A detailed three-channel core
model with nine axial nodes was used, with two
hot fuel pins placed in a center hot channel
regron, Ok pin is assumed 1o be operating w'th
ar axial peak exposure of § GWAMTU and the
other with an axial peak exposure of S0 GWd/
MTUL comresponding to the peak design burnup
stated in the Seatwook FSAR ! Both hot fuel pins
aie assumed 1o be operating at the technical
specification power distribution limits. A higher
internal pirt pressure exists for the high-va posure
fuel, becatse of an increase in fission product
passes

Appendix G provides a detailed description of
the caleulation of the radial and axial core power
distributions. The total power generated in the hot
channel is ¢ “verned by the technical specification
enthalpy rise hot channel factor, The hot pin
power distribution was defined by a chopped
cosing axiai power prof ke peaked at the core mid-
plane 1o obtain the techaical specification heat
flux hot channel factor, with the total pin power
bused on the enthalpy rise hot channel factor.
Prompt power and decay heat were modeled
ising the SCDAP/RELAPS/MOD3 point kinetics
model with end-of-equilibrium-cyele Kinetics
data based on Seabrook FSAR data.

4.3 Seabrook TRAC-PF1/MOD1
Model Development

The Seabrook model used for this analysis was
derived from a TRAC-PFI/MODI model used

NUREG/CR-S7X7

for the CSAU study '* Several modifications
were reguired 1o produce the model used for this
analysis. These included renodalization of the
vore region from five 10 nine axial nodes, desciib-
ing the hot channel and the central and outer core
region, removal of pumpad ECCS, modification
of the core power distribution, and replacement of
containment pressure and decay heat boundary
conditions. These madifications are documented
in Appendix H

Boundary conditions for containment pressure
and total core power history were obtained from
the corresponding SCDAP/RELAPS/MODA cal-
culation. As stated in Section 4.2, because the
approximate tature of the comainment pressure
calculation, the pressurizer low -pressure trig hime
is used 10 determine the contatument isolation
signal timing.

The calculation was performed assuming a
102% CTP equilibrium ¢ore. A detailed
three~channel core model with nine axial nodes
wis  used, identical to the SCDAP/
RELAPSMOD nodalization with the exception
that the core bypass flow is lumped into the outer
core region. Figures 9 through 11 show the
Seabrook TRAC-PF1/MOD] nodalization dia-
grams for this model

The wal power generated in the hot channel is
governed by the techmical specification enthalpy
rise hot channel factor. The radial power
distribution used 1h the TRAC-PF1/MODI
analysis correspongds 1o that used in the corres-
ponding SCDAP/RELAPS/MOD? analysis;
however, the TRAC-PFI/MODI model used one
axial power distribution applied to the entire core,
This limitation prevented setting the hot channel
axtal peak to the technical specification heat flux
hot channel faztor in the TRAC-PF1/MODI
model. However, this effect is compensated for in
the FRAP-T6 model, which applies a range of
axial power shapes, including the limiting tech-
nical specification profile used in the previous
analysis,



CEE - ol W e e
LU e e |5 )

- PR e e

a2t
25

S S ol w e
] - 2"-'

e

BT TR
TRl e =
—_ g ' 1

e B e

S B ,T=J—-. a_sues.
il = A el e -
A L - -—
X 1
. - i

‘Table 2. Containment isolation trip setpoinis for Seabrook.

Thermal- Hydraulic

Trp Allowable
setpoini vitlue
Trp (MPw/psig) (MPa/psig) Action

——— - -——

Containment pressure high- | 00Mp4 0037483 Safety injection
Contamuent
Phuse A isolution

Contatnment pressure high- 2 0.030/4.3 (L037/5 3 Stenm line
1serdation

Centainment pressure high-3 0 124/1K0 GA29/1IRT Containment
Phase B isolation
Containment
spray

Pres arizer pressure low 129%/1875.0 12.69/1840.0 Salety njection

 Contatnment

Phase A isolation
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Figure 9. TRAC-PFIMODI nodalization diagram of the Seabrock sysiem muodel
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). FUEL PERFORMAN( MODEL DEVELOPMEN1

| FRAPCON-2 and FRAP.TH
Fuel Performance | |
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mechanics caleulations. The FRACAS-I
mechanical mode! was chosen for the
FRAPCON:2 models: however, the FRACAS: |
mechanical model was chosen for the FRAP Té
model, since FRACAS-1 15 the only avaitable
mechamcal made! linked to the BALON2 (bal
looning) subcode BALONY calculates the extent
and shape of localized cladding deformation that
ovgurs berween the time that the cladding effective
strain exceeds the (nstability strain and the time of
claddimg rupture.

FASTGRASS. a highly mechanistic gas release
model that accounts for bubble formation, migra-
toen, conlescence, channeling, and eventual
release, was used in both the FRAPCON.2 und
FRAP-T6 fuel modeis. This model is the only gas
release model available in FRAP.T6,
FASTORASS is a suitable gas release mode! for
high temperatures and burnups.

Ocher model aplions in FRAP-TE were also
chosen 1o best suit the analysis requirements. The
Baker-Just metal-water reaction model was
chosen instead of the Cathean model begause 1t is
applicable for temperatures <1240 K. The
Dougall-Rohsenow film boiling correlation was
ghosen because it most closely matches the film
boiling currelations used in generating the
thermal -hydraulic boundary condinon data. The
detault eritical heat flux correlation tW-3) was
used: the W3 correlation is combined with either
the Hsu-Beckner, or moditied Zuber correlation
for cenain coolant conditions.

The fuel failure probability threshoeld in
FRAP-T6 was chosen to be (0.8, a5 recommended
m Reference 13, A caleulated probabiliny of 0.8
reflects the condinons when rupture is observed
in 30% of the rads in an experimenta) dac base
When e computed probability for fuel failure is
20,5, 4. tuel rod is supposediy failed and intemnal
pressure is set equal 10 the coolant pressure,

In addition to 2.ialyses performed using the
best-estimate models deseribed above, one series
of FRAP-T6 runs was made for each fuel type for
the worst-case aocident scenario ( 100% DRA),
using hicensing audit code (LAC) model aptions,
The availeble LAC model options are for ¢lad-

NUREG/CR-5787
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ding anial and dlametral thermal e xpansion. | lad-
ding specihic heat, elastic modulus, and thermal
conductivity, fuel specific heat, ¢lastic modulus,
emissivity, Poisson ratio, thermal conductivity,
and thermal expansion; cladding plastic hoop
strain; cladding surfuce heat transfer coefficient,
gas thermal conductivity: metal-water reaction,
fuel deformation; and gap conductance.

In FRAPCON.2 and FRAP-T6, four fuel pins
were modeled for each reactor, vorresponding 10
the hot ¢h v 1 hot pin, the hot channel average
pin, the middle ring average pin, and the outer ring
average pin, The FRAPCON-2 hot channel hot pin
mode!s were used 1o provide steady-state initial-
ization of burnup-dependent variables for
FRAP-T6 at specific fuel burnups and varied
peaking factors. The FRAP-T6 hot channel hot pin
inodels were used 1o determine time 1o pin failure
for the various LOCA cases as u function of
burnup and peaking factor. All of the
FRAPCON-2 and FRAP-T6 fuel rod models were
alsa used 1o provide initializing data for SCDAP/
RELAPS/MOD3 fuel components. Appendices |
and ) provide a more detailed description of the
FRAPUON- 2 and FRAP-T6 fue! pin models,

The axial power profiles for FRAPCON-2 and
FRAP-T6 were calculated for a range of axial
peaking factors using the basic assumptions and
methodology described in Appendices F and G.
Nine axial nodes were used in FRAPCON-2 and
FRAP-TH, as well as each of the thermal-
hydraulic system codes. A chopped cosine axial
power profile, peaked to the core midplane, was
assumed for the analysis. For each hot fuel pin
modeled, the total power integrated over the
length of the fuel was based on the technical spec-
ification enthalpy rise hot channel factor,

As recommended in Reference §, 14 radial
nodes were used in the FRAPCON-2, FRAP-T6,
and SCDAP models, with 11 nodes in the fuel pel-
let and 3 nodes in the cladding region. However,
the radial nodalization is not identical among the
codes, since the FRAPCON-2 nodalization was
hased on uniform cross-sectional areas, while the
FRAP-T6 and SCDAP nodalizations were based
on uniform spacing of nodes through the fuel pel-
let region. In each case, a normalized radial power
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profile was assumed. based on g Cross sechion
weighted distribution peabed from 0.9K al the fue)
peliet conterhine 10 1,02 at the fuel pellet edge o
account for self-shielding.

To generate FRAPCON-2 data al the specific
bumups required for this analyvis, the linear heat
generation rate was ramped 1o the peak power and
then beld constant. The time array was extended 1o
provide output datas beyond the maximum burnup
reqiired and then refined 1o give data at specific
axfal peak burmup levels (8, 20, 35, and S0 GWd/
MTU for Seabrook; 5. 20, 35, and §§ GWdMTU
for Oconee). The data files written for FRAP-T6
al the ime steps corvesponding 1o these burnups
were then used as input 10 FRAP-T6. These data
files contuned witializing vulues for released and
retined fission gas imventory, permanent ¢ladding
strains, permanent fuel strains, cladding oxide
thickness, and amount of apen fuel porosity

For each steady - state or LOCA case considered,
data files generated by either SCDAP/
RELAPS/MOD or TRAC-PFI/MOD1 were used
to provide the thermal-hydraulic boundary con-
ditions for FRAP-T6; 1.¢., coolant pressure,
enthalpy, temperature, and mass flux. Case:
specific FRAP-T6 power curves were denived
by normalizing SCDA/RELAPS/MODY o
TRAC-PFI/MOD| reactor power data,

5.2 SCDAP Fuei Performance
Model Development

A tota! of eight SCDAP components, repre-
senting fuel rods and guide tubes, were modeled
in the SCDAP/RELAPS/MOD3 inpui decks tor
each plant. The assemblies of the outer and
middle core regions were each represented by a
guide tube and a fuel rod component model. The
hot channel assemblies included a guide tube
component model and three fuel rod component
models. The hot channe! fuel rod models con-
sisted of a low-burnp fuel rod. a high-burnup
fuel rod, and an average hot channel fuel rod.

Two different fuel bandle matrices, cotrespond-
ing 1o current reactor fuel bur - designs, were
modeled by SCDAP fuel components. For

Fuel Performance

Oconee, a 185 = |5 bundle matnix, comaining
208 fuel pins and |7 instrumentcontrol rod guide
fubes, was modeled in SCDAP For Seabrock. o
17 % 17 bundle matrix, coptaining 264 fuel pins
and 28 mstrument/control rod guide tubes, v
modeled. The tuel rod nodalization consisted of
nine axal and 14 radial nodvs cortesponding 1o
that used i the FRAP-T6 modeis. The modeling
assumptions used w the SCDAP modeling were
patterned after that of FRAP-T6. Since the resulis
generated by this analysis are dependent on the
specific fuel design parameters used, such g
imitial helm Gill imventory, fuel pellet dimen:
sions, ladding dimensions, and plenum volume,
departure from these fuel designs may lead to
significantly different resalis,

SCDAP/RELAPS/MOD? cladding deforma
ton and tailure calculations are based on a Jocal:
ized ballooning model, as adapted from the
BALON2 model of FRAP-T6. This model is
intended for analysis of cladding deformation
during rapid blowdown transients, such us
LOCASs. The pin failure model does not tuke into
aceount any constraints imposed by the spacer
grids on ¢ladding deformation: however,
increased radiative and conductive heat transfer
at the spacer grid locations may reduce the like-
lihood of fuilure at these locations.

Prelimimnary comparisons of stored energy cal-
culated by SCDAP and FRAP-T6 during the
Seabrook calcalation indicated poor agreement,
As a resalt, modificabons were made 1o SCDAP 1o
allow modeling of the thermal resistance across
the gap region and adjustment of the initia, stored
energy to maich results generated by FRAP-T6,
The initial gap conductances generated by steady -
state FRAP-T6 runs are directly input to SCDAP.
Figures 12 and 13 tllustrete the excellent agree-
ment ohtained between the Oconee SCDAP and
FRAP-T6 models following implementation of
these modifications. In addition, the tmtial sieady -
state fuel pun internal pressures for SCDAP were
defined 1o match the steady - state values calculated
by FRAP-T6. This definition of internal pin pres-
sure involved an iterative approach, changing the
initial heliom 111l gas inventory input for ¢ach
SCDAF tuel pin component until the fuel pin
pressures closely matched those of FRAP-T6,

NUREG/CR-57R87
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midplane,
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The methodology employing SCDAP/
RELAPS/MODY was used to determing the sensi-
tivaty of fuel pin faillure nming to break size,
pumped BCCS, and RCS pump trip. An initial
sensitivity study was performed for each reactor
to wdentily the broak size resulting in the shortes
Hme 1o pin fadure, The large-break specirum
analyzed comsisted of double-ended, offset-shear
breaks of a cold leg, with break sizes vorte
sponding 16 100, 90, 78, and 50% of the full
design basis analysis (DBA) cold leg break area
2000% ol the cold-deg crossssectional area). The
hreaks were located ina cold leg close to the reac:
tor vossel. The break modeling consisted of
restarting o steady-stiute caleulation with a per
centage of the flow ares from each side of 4 cold
leg junction redirected into the contminment vol-
e, The abrupt arca change junction control flag
wits turned on {6: each break junction. In adds
ton, a6 i dia., small-break LOCA was mod-
eled by a trip valve located between the cold leg
und the comtainment at the same location used for
the large-break cuse,

The Jurge-break spectrum and the small-break
case were run without any pumped ECC - wail-
able, The accumulators were assumed 10 oc aval-
able Tor all cases. The 1005 DBA lurge-hreak
vave was identified as the worst case, 1., the Case
tesulting in the shorest time 1o pin failure. The
100% DBA and the small-break cases were
repeated witt; pumped ECCS available to deter-
mine its prpact on pin - ilure teing,

The buse analysis did not assume a concurrent
Joss of offsite power. As a result, the RCS pumps
are assumed 1o continue operation throughout the
transient. Sensitivity cases were run using the
worst-case break size, hoth with and without
pumped FCCS, 0 determine the impact of trip-
ping the RCS pumps al time zero.

For each lurge-break SCDAP/RELAPS/MOD3
caleulanon, a matrix of 16 FRAP-T6 cases was
exceuted. These cases correspond to four axial
peak bumups and four peaking factors, using the
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6. SENSITIVITY STUDIES

best-estimate model optinis of FRAP-T6. For
Oconee, the peaking Tactors chosen were 20, 3.2,
2.4, and 263 the bumuips were S, 20, 38, and 88
GWAMTU, For Seabiook, pesking lactors were
TR, 20,22 and 2320 anial peak bumups were §,
20, A5, und SO GWEIMTLU . A Tundamental
assumption go. g this methodology 15 that the
hot channel thermal-hydraulic conditions gener-
ated by SCDAP/RELAPS/MODX! do not vary
significantly for changes an hat pin axicl power
profile. In each case, the total fuel pin power,
imegrated over the length of the pin, is governed
by the enthalpy tise hot channe! factor and is there-
fore independent of the axial peaking factor
apphed.

For each small-break SCDAP/RELAPS/
MOD3R calcutation, a preliminary mstnx of four
FRAP-T6 Cases was executed. These cases corre-
spond to the highest peaking factor atfour burnups
tor each reactor, alvo using the best-estimaie
model options of FRAP-T6. Since oo fuel pin fail-
ure was observed priot 1o five minutes i all cases,
fio sdditionzl FRAP-T6 cases were run,

FRA®-T6 is a best-estimate onde, however, a
sel of evaluation models. including the
NUREG-0630° ballooning model, are available
as aptions that can setisfy most eritena specibied
in 10 CFR 50, Appendix K27 The evaluation
maodels include the areas of mechanical defor-
mation and rupture, thermal-hydrautic boundary
conditions, initial conditions. and material
properties of fuel and ¢ladding. The 16-case
FRAP-TO matrix was repeated for the worst-case
break size (100% DBA) using the ¢valuation
model options

I addition to the cases desaribed above, all of
whish wore run using SCDAP/RELAPS/MODA
thermal-fhvdraulic boundary conditions, the
f6-case FRAP-T6 matrix for the worst-case break
size (1005 DBA) for the Seabrook reactor with-
out pumped ECCS and without RCS pump top
was run asing thermal-hy draulic boundary condi-
tons provided by TRAC-PF1I/MODI,

NUREG/COR 5787
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RESULTS

7.1 Results Generated Using

l SCDAP/ RELAP5/MOD:




Containment
pressure
hi-1, hi- 2%

Containment
pressure
hi-3b

Pressurizer
Jow -pressure®
High burnup,
SO GWAMTU
pin fails'

Low burnup.
S GWd/MTU
pin fails'

150

27

0.77

8,01

b ¢

41.70

4140

0.08

0.77

A73

40,78

4078

0.08

183

0.7%

S41

An

»60.0

»60.0

0.08

»>60.0

»60.0

0.94

539

in

0.0

103

28

07

510

(.87

=393,

»393%,

1742

=600

713

0.0%

0.77

5.02

in

A8 RS

.18

e e e - ——

0.08

0.3

224

0.77

510

373

3145

30.60

0.K87

>60).0

>60.0

17.44

|

!

7.13 1
oo
!

|

»60.0

For Targe-break cases, broak size s given as s percentage of the design basis, double-ended. offset shear break; ¢, t
|

100% DBA corresponds 10 a wial flow aren of 200% of the cold leg cross section. (Cases & and 9 are small-break

LOCAs with o break diameter of 6 in )
i

Signal time corresponds 1o the tme at which this parameter exceeds the technical specification allow atde value and :

does not include the mstrument response time.

.

d.

:

(

ALO.O28 MPa (4 puig), the Oconee reactor building isolation is actuated.
At 1034 MPa (1500 psig), the high-pressure injection and reactor building (solation are sctuaed.
AL TZAT MPa (1800 puig), the Oconee reacton is tripped on low RCS pressure.

The fuel pin failore times generatest by SCDAP are not identical with those generaied by FRAP-T6 and should not

be referenced. FRAP-T6 results are documented in Appendix J.
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Figure 14. SCDAP/RELAPS/MOD3-calculated core thermal power for the Oconee 100% DEA case.
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Figure 16. SCDAPRELAPS/MOD3-calculated collapsed reactor water level for the Oconee
100% DBA case.
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Figure 16. SCDAP/RELAPS/MOD3-calculated reactor upper head and pressurizer pressare for the
Oconee 100% DBA case.
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Figure 17. SCDAP/RELAPS/MOD3-calculated ~ontairment pressure for the
Oconee 100% DBA case.
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Figure 18. SCDAP/RELAPS/MOD3-calculated total break flow for the Oconee 100% DBA case.
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Figure 18. SCDAPRELAPS/MOD3-calculated accumulator liquid volume for the Oconee
100% DBA case.
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Figure 20. SCDAP/RELAPSMOD3-calculated hot Jeg flow for the Oconee 100% DBA case.

0

10.0 ¢

Flow (kg/s)

1
4 128
O Owereafizmofl)  0.00
4 =~1.26
- ~2.60
o——0 161000000~mflow) | | S
o—=0 181000000~-mflow; :

a=—a 251000000~mflow]
o——e 281000000~mllowj|- -500

"26.0 = il ibkinssh & I_‘LA*J-JJJI.J_LALQ.AJ‘AA

0.0 16.0 €0.0 30.0 40.0 50.0 60.0

Time (sec)

Figure 21. SCDAP/RELAPS/MOD3-calculated cold-leg flow for the Oconee 100% DBA case.
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Figure 25. SCDAP/RELAPS/MOD3-calculated cladding surface temperature for the SS-GWa/MTU
fuel pin for the Oconee 100% DBA case.
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Figure 26. SCDAPRELAPS/MODI caleulansd cladding heop strains for the S5.GWAMTU fuel pin

As illustrated in Figure 14, prompt power drops
off rapidly in response 10 moderator density reac -
tivity foedback. Figure !5 illustrates the initial
drop in collipsed reactor water level. Staning ot
about S0 seconds, collapsed reactor water level
| begins a gradual recovery as flow from the accu-
| mulrtors begins 1o reach the core. As shown in
' Figure 16, falling pressurizer pressure lags the
| Jrop in system pressure, hecause of choking in the
pressurizer suige line.

reni solation is exceeded at 0.53 secunds: and,

as showr in Figure 17, the containmen: pressine
continues 1o rse 10 a peak value of about

‘ (3427 MPa (62 psta) at about 20 seconds, fol-
) lowed by a gradual decrease as condensation
!_ h ocvurs on the containment heat structures. it
. should be nored that the calculuted containment
: pressue is somewhat higher than would be
H evpectad, because of the s'mplified nature of the
[ containment moed, which Aoes not iaclude con-
, tainment spriay modeling, Hewever, the model
i does provide a conservatively low calculation of
containmrent prassure for the first few seconds,

:
|
|
J
i The containment pressure setpoint for contain-
;

T N I R g T L T N L N N Y T N I W e T e g e aS—

as

for the Oconee 100% DBA case

since it does not account for localized pressuriza:
tion of contamment compai ' nents in the vicinity
of the break where pressure sensors would be
expecied.

The blowdown phase of the LOCA lasts for
about 1020 secands. as ilustrated by Figure 18,
the total break flow, The intact loop sccumulators
begin 1o inject at about 18 seconds and have net
compietely drained at the end of the calou!stion
(60 seconds). Hot: and cold-leg Nows are shown
in Figures 20 and 21, respectively. As expected, a
large flow reversal occurs in the hroken cold leg.
Hot-leg raass Mows decrease as the fluid flashes
to form & ywo-ph ¢ mixture and reverse for a
short duration after about 10 seconds,

The hot channel core flow at several axial lev-
els is shown in Figure 22, Stagnotion points ane
established within the fuel zone @ several times
during the calculation, most notably during the
first two seconds of the LOCA. Stagnation points
are formed when the mass flow becomies predom-
mantly downward at the hottom of the core and
predonunantly upward a the top of the core,
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Results

Yable 8. FRAP To-calculuted bt fuel pin tadure time (a) and Tocstion as o function of bursap and
peaking fagsor for the Oconee SOG DBA without BCOS (Case &)

Bumup

Peaking
factor SOWAMTU 0 GWEIMTU WOwWAMI SSGWAAMTL

272 4) 30344}

110 4 21 6i4)

K5 205 (%)

574 (4) L3 (4)

Table 9. FRAP.-T6-calculated het fuel piat fudare time () and location as & funcbion of burnup snd
peaking factor for the Oconee 100% DBA without FCCS and with pump trp (Case $)

lsun:np

S GWA/MTL 20 GWAMTU WOWEMI SS GWAMTU

Yable 10. FRAP-T6-caloulated hot fuel pin faiture tme (5) and location as a functon of burnup and
peaking factor for the Oconee 100% DBA with ECCS on (Cuse 7)

Bumup

SOWd/MTU 20 GWIMTL 35 GWd/MTU SS GWdMITL
227 (%) 21,1 (4) 18.0(4) 13.0(4)

54,0 (4) 2494 2000 4 14.1 (4}

» 60,0 S0 (4 23.6(4) IR 5

» 60,0 » 600 2R (4 sa. 7 i)
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Toble 1. FRAP. T6-calculuted hot fuel pin failure time (80 und location us

peaking facior for the Oconee 100% DBA with panp tap and BCO S on (Case K5,

Bumigp

Results

& function of burmup and

0 GWAINMTL

T

I IS OWAIMTL

SSOWAMTI

Table 12.  FRAP-Th-calculated hot fuel pi failure time (8 ! location as a function of burnap. and
peaking factor for the Oconee S-in. break withow BCCS (Case 6)

mmemscra ez,
Burmup

1S GWAMTU

394 0

= i

Tabis 13.  FRAP-Tocalculuted hot fuel pin failure time (5) und location as & “unciion of buviap and
peaking tactor for the Oconee 6-in, break with ECCS (Case 99

Peaking

factor

Table 14. FRAP-T6-calculated hot fuel pin failure time (51 and location as a function of burnup and
peaking factor for the Seabeok 100% DBA without BCCS (Case 1)

Bumup

Peaking
fuctor

SOWIMTU
20,1 (%)

20GWdMTU
29.7 (8,

S GWAMTL
. 27.7(%)

SO GWAATTU
. Q4.5 ()

34185

6.7 (%)

8K

A543

4.5 (4

48.4 (4

4364

-Uhhh ]

= 6l 0

> 60

1Y)

- f‘“ "

= KO H
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Results

Table 18.  FRAP-T6-caleulated hot fue! pin fuidure ime () and location s o function of burnup und
peaking factor for the Scabcook 100% DBA without EOCS gnd with pump trip (Case 83

m:——.
Burnup

Peaking
factor

SGwWaMTU 20 GWAMTL IS GWdAMTU SGWEIMTU

212 27.6 (%) TR0 (8) 25.7(5) 3810 14)
285 312.24(5) 2.0 (5) 0.3 14,
A8 (01%) 18.5(8) 5.0 (4) 34,0 (4)
> 600 X0 (4) TR

Table 18. FRAP-T6-calculated hot fuel pin failure time (<) and location as 4 function of tumup and
peaking factor for tne Seabrook 100% DRA wiah ECCS on (Case 7)

o

SGWAATU 20 GWA/MTL

urup A‘

Peaking
factur

A GWAMTU

SOGWEMTH

30.2 (8 31348 249 4)
W95 | 36.2.(5, 38.51(5) RN EE T *
4254y 432 (4 42.7 14) 36| 4)
> 60,0 =600 - » (s(rm = H0.0 y

Table 20. FRAP-T6H-calculated hot fuel pin failure time 15) and Jocation as a function of burnup and
peaking fuctor for the Seabrook 100% DBA with pump trip and BCCS on (Cuse 89,

Buma; Il

Peaking

factor SOWA/MTU 0 GWAMTU IS GWAMTU SOGWAIMTL
232 M.3(5) XK (5) 27.7(5) 25.1 )
22 SETEE AT 32.0(5) 307 )
20 35.2(58) 36,2 (%) 15.5(§) 4.6 (5)
.8 > 6l > 6.0 42.1 (5} 42.0(4)

Table 21. FRAP-T6-calculated hot fuel pin failure time (s) and location as & function of barmup and
peaking factor for the Seabrook 6-n. break without ECCS (Case 6)

Burnup

Peaking |
factor i SGWJIMTU 20 GWAMTU W OWAMTU 55 GWAMTU

- BN i

R R TR BT
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Figure 28. FRAP-T6-calculated faiiure probability for the S5-GWd/MTU pin, peaking factor of 2.63,
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Figure 31, FRAP-T6-calculated fuel centerline temperature for the 85-GWd/MTU pin, peaking factor

of 263, Oconee 100% DBA case.
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Figure 32. FRAP-T6-calculated oxide thickness for the 55-GWd/MTU pin, peaking factor of 2.63,
Oconee 100% DBA case.
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Results

The stored energ® calcule® ~1 for Oconee does
not vary with eXpo.,ore 10 ane¢ SAmMe extent as
observed for Seabrook. Oconee failure times are
dominated primarily by the internal pin pressure,
resulting in stronger dependence on exposure.

It should be noted that the liminations of point
kinetics prevent modeling of the differences in
decay heat that would be associated with the dif-
ferences in fuel pin exposure, Feg this reason,
energy deposition in both the low- and high-
exposure pins i identical throughout the transient
and produces a conservative estimate of pin fail-
ure foi the lower-burnup fuel pins.

Tables 23 and 24 summarize the pin failere
times genarated tor the 100% DBA cases for
Oconee and Seabrook using the FRAP-TA evalu-
ation model options, Note that, in all cases except
for the highest peaking factor and bumup combi-
nation for Oconee, the fatlure times calculated
using the evaluation models are longer than those
gencrated using the best-estimate models (see
Tables § and 14), In addition. the fuel centerline
and cladding sutface temperatures calculated
using the evaluation models do not correlate well
with either SCDAP/RELAPSMODA or the best-
estimate results calculated by FRAP-T6.

S'nce the peak cladding surface temperatures
calculuted using the evalpation models of
FRAP-TE are at or above those caloulated using
the best-estimate models, the differences in pin
failure times are due to differences between the
evaluation and hest-esumate rupture models. For
cases in which the cladding temperature is mono-
tonically increasing, the evaluation mode! may
predict rupture to occur at nearly the same ume as
the best-estimate model. But, for cases in which
the cladding temperature decreases afier balloon-
ing has begun, as was the case for these calcu-
lauons (see Figure 30), the 2valuation model is
outside of its intended range of applicability and
may calculate results significantly different from
the best-estimate model. The evaluation mode!
correlation for rupture temperature is based on
constant temperature-ramp rate experiments.
This correlation 1s sensitive to the calculated
temperaiure-ramp rate but may not properly
account tor rapidly fluctating ramp rates.

NUREG/CR-5787

As anticipat=d, no fuel pen tctlures are predicted
‘o. the small-break cases during the first
60 seconds of the calculation. The smail-break
cases without pumped ECCS were subsequently
extended to 6 minutes 33 seconds for Oconee and
10 minutes for Seabrook with no fuel failures
predicted by either SCOAP/RELAPS/MOD3 or
FRAP.TH,

7.1.3 Comparigon ot SCOAP/RELAPS/
MO(.3 and FRAP-T6 Fuel Pin Calculctions.
The fuel cenierline temperatures calculated by
SCDAP/RELAFL/MOD3 and the hest-estimate
models of FRAP-T6 are in fairly close agreement
for bath the Oconee and Seabrook plants. The
Scabrook results also indicated agreement
between SCDAP/RELAPS/MOD] and FRAP-T6
cladding surface temperatures; however, for
Oconee, SCDAP/RELAPS/MOD3 tended 1o
overpredict cladding surface temperatures incoun-
parison to those calculated by FRAP-T6. These
differences are attributed to the difterent heat
transfer correlations used in the two codes. The
discrepancy between Oconee cladding surface
temperatures calculated by the two codes is amph-
fied for the cases that include reactor coolant pump
trip.

In general, the pin failure times calculated by
SCDAP/RELAPS/MOD3 tend 1o be significantly
longer than those calculated by FRAP-T6.
Exceptions are noted for the Oconee 100% DBA
cases with and without pumped ECCS, which
agree fairly well, and the Oconee 100% DBA
cases with RCS pump trip, in which tue SCDAP/
RELAPS/MOD3 times are several seconds
shorter.

Deviations between FRAP-T6 and SCDAF fuel
pin tailure times can be traced, at least in part, to
the difference in the cladding strazas calculated by
the two codes. In SCDAP, a siep change in clad-
ding strain was encountered at each axial node of
the low-exposure fuel pins at aroand 10 seconds
for each large-break LOCA case for both the
Oconee and Seabrook fuel pins. This step change
in cladding strain was aiso calculated for the
Seabrook high-exposure fuel pin. The cladding
deformation model does not appear to properly
account for strain rate effects. The step change in
cladding strain produces a step decrease in internal
fuel pin pressure. As illustrated by the SCDAP/
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RELAPS/MOD3 plots of internal pin pressure. the
step decrease in pressure early in the transient
results 12 a delayed time to fuel pin rupture.
SCDAP/RELAPS/MODA thus overpredicts the
axial extent of cladding deformation, which
results in an underprediction of internal pin pres-
sitres: and an overprediction of the time to fuel pin
faiure.

In addition, the cladding strain calculated by
SCDAP/RELAPS/MOD3 for axial node 6 of the
Oconee low-burnup pin during the S0% DBA
LOCA case appears to be anomalous. This node
expenien.es a negative step change in hoop strain
at ahout 9.5 seconds, which is not consistent with
the calculated behavior of the adjacent nodes,
Likewise, both fuel cladding and centerline 1em-
peratures for this node appear suspicious, since
they do not follow the general trend observed in
the adjacent nodes,

7.2 Results Generated Using
TRAC-PF1/MOD1

Appendix K contains compartson plots of the
transient results generated by SCDAP/RELAPS/
MOD3 and TRAC-PFI/MOD| for a complete
double-ended. offset- shear LOCA calculation

{100% DBA) for Seabrook without pumped

ECCS zad without RCS pump trip. The plots illus
trate that the system response calculated by the two
codes is in tairlv good agreement for the first
35 seconds of the calculation. Excellent agree-
ment was obtained between SCDAP/RELAPS/
MOD3 and TRAC-PFI/MOD! for the break flow
and resulting system depressurization. The
SCDAP/RELAPS/MOD?3 calculation reached the
low coniainment isolation setpoint at 3.73 soc-
onds, only 0.11 seconds earlier than the TRAC-
PFI/MODI calcutation. The flows from the
acov~ulators, intact hot-legs. and mtact cold-legs
ali = cowy, 7= well. However, the hot channel
thermal-~+ ‘raulic conditions calculated by
SCDAP/RELAPS/MOD3 are more severe
throughout the calculation, resulting in higher
claddi__, surface wemperatures and early fuel pin
farlures,

The largest deviation between the two sets of
results occurred after about 35 seconds when accu-
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inulators emphied and discharged nitrogen imo the
system. In the SCDAP/RELAPS/MOD2 caleula
ton, the accumulators wers soiaied as they
approached an empty condition, in order to
prevent code fatlure. In the TRAC-PFI/MODI
calculation, however, as the accumulators emp-
ted, nitrogen gas was discharged into the cold-leg
and vessel. This surge of noncondensible gas pa2s-
sunized the upper downcomer, resulting in a surge
of fluid into the core region. A core flow surge can
be seen as the broken loop accumulator epties at
approximately 35 seconds and again as the intact
accumulators empty at about 40 seconds. These
core flow surges are clearly seen in the hot channei
mass flow at the midcore level. The downcomer
voud fraction plots indicate simtlar responses for
vaiding of the downcomer adjacent 1o the intact
loops; however, the TRAC-PFI/MOD1 calcu-
lation indhicates a quicker and more prolonged
voiding for the downcomer guadrant adjacent 1o
the broken cold-leg.

As with SCDAP/RELAPS/MOD3, the hot
channe! thermal-hydraulic conditions generated
by TRAC-PFI/MOD1 were used to provide
boundary conditiens for FRAP-T6, which was
used o calculate fuel failure times for a matrix of
fuel p-a exposures and peaking factors. Appen-
dix K contains the plotied results for each of the
16 FRAP-T6 cases run for the supplemental
calcvlavon,

Cladding surface remperatures calculated by
FRAP-T6 using SCDAP/RELAPS/MOD? data
are higher than those calculated using TRAC-
PFI/MODI data. This deviation becomes even
niore apparent after about 40 seconds, because of
the nitrogen-incduced flow surge that results in a
gquenching of the cladding for the TRAC-
PFI/MODI caiculation, In the SCDAP/
RELAPS/MOD} case. pin failures were
calculmted to ocour duning the zircaloy phase tran-
sitton temperature range. In the TRAC-
PEI/MODI case, pin failure occurred during the
mitial coolant surge. prior to reaching the phase
transition iemperataore

The previous FRAP-T6 fuel pin feilure tim-
ings generaied using SCODAP/RELAPS/MOD3
thermal-hyvdranlic data and the tmings generated
using TRAC-PFIMODI thermal-hydraulic data
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8. TECHNICAL FINDINGS

A detailed methodology for the calculation of
fue! pin fatlure timing (time between the contain-
ment isolation signal and fuel pin failure) under
I OCA conditions has been developed and applied
10 two demonstration caleulations for the Oconee
and Seabrook reactors. The methodulogy uses
SCDAP/RELAPS/MOD3 for thermal -hydraulic
calculations and FRAPCON.-2 and FRAP-T6 for
fuel pin calculations. For Seabrook, the thermal-
hydraulic calculations were repeated using
TRAC-PF1/MODI. In each calculation, the
carliest fuel pin failure times are for a complete,
double-ended, offset-shear break of a cold-leg,
without pumped ECCS it with continued opera-
tion of the RCS pumps. These quantitative results
are summanzed in Table 26 for the tuel pin with
the highest bumup and peaking tacter.

Technical findings are presented below, along
with recommendations for further investigation
of phenomenological uncertainties in the
calculations.

1.  The demonstration calculations (using con-
servative assumptions) indicate that no fuel
failures will be encountered during the first
several seconds of the worst-case design
basis LOCA (double-ended, affset-shear
cold leg break) without pumped ECCS. In
addition, these calcularions illustrate the
poteniial for providing more realistic simes
for fission product appearance within con-
tainment compared with the stantaneous
release assumption of TID-14844.

The minimum fuei pin failure tmes summa-
rized in Table 26 were obtained for fuel pins
with the maximum design bumup, aperating
at the technical specification limits, This
yepresents a conservative result, since fucl
pins with such a high exposure would not be
operating at such conditions and fuel pin
failure times increase significantly for both
lower burnup and lower peaking factor An
improved approach for calculating the
source term present inside contaimment
following a LOCA would incorporate a fuel-

49

o

cycle-specttic hmiting power distribution,
wdentifying the maximum number of fuel
rods with a given exposure operating above
a given peaking factor. This approach, taken
in conjunction with the methodology used
for the demonstration calculations, would
allow the caleulation of a time-dependent
release of fission products from fuel pin
farlure. It appears likely that this approach
would indicate that at least 30 scconds
would elapse prior to significant fission
product release from the cladding following
a design basis large-break LOCA.

The fuel pin failure times can be expected o
exhabit significant variation by fuel design
and plant type

Fuel design parameters. such as plenum
volume, ininal fill gas pressure, peliet
radius, and cladding thickness, have a direct
impact on fuel pin failure tonng. Design
parameters that result in either higher stored
energy of increased gap gas pressure can be
expected to result i earlier pin failures. Pin
failare timing s also strongly influenced by
hot channe! thermal-hydraulic conditions,
Plant design factors, such as cold leg area,
primary system fluid inventory, and accu-
mulator injection point. will affect the hot
channel flow patierns estahlished during the
blowdown, refill, and reflood portions of the
transient.

Fuel pin failure times calewlated by
FRAP-T6 using SCDAP' RELAPS MOD 3
thermal-hydraulics are conservative in
comparison to those wsing TRAC-PF I
MODI thermal-tivdrauiics

SCDAP/RELAPS/MOD3 has not been
assessed for ewher fuel behavior analysis or
large-break LOCA analysis, Furthermore,
the analysis used a preliminary version of the
code that does not directly correspond to the
version that will be used for code assessment
purposes. However, the FRAP-T6 resulis
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APPENDIX A

QuarLxry ConTrROL

A1 work performed on the timing analysis of PK. fuel pin failyres pas
been conducted in accordance with an approved quality prograim plan.* '™ AN
source decks, input files, output files, and associated s, ftware have been
archived on tape and individually listed. A)l work perfrrmed on this project
has been fully documented in individual calculation packiges and verified by
technically qualified independent checkers. Table A-1 provides a listing of
calculation packages. The complete analysis file has been recorded and will
be permanently retained.

REFERENCES
A-1  E&ST Group Quality Program Plan, Version 1.0, ECAG QPP-200, March 27,
1991,

A-2. E&ST Group Standard Practice 1.0, "Protection of Proprietary and
Sensitive Information," May 29, 1991.

A-3. EBST Group Standard Practice 2.0, "Facility Input Deck Production," May
29, 1951.

A-4, EA&ST Group Standard Practice 3.0, "Performance of Engineering Analyses,"
May 29, 1991.

A-5, EAST Group Standard Practice 6.0, "Preparation, Modification, Approval,
and Control of E&ST Quality Documents," May 29, 1991.
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(continued)

Late

Title

Author/Reviewer

6/4/9)

6/4/91

6/10/91

6/11,/81

6/19/91

6/19/91

1/17/81

7/19/91

Documentation of FRAP-TE Input Dech
Preparation and Results for Seabrook
17X17 PWR LOCA Pin Failure Source
Term Analysis, Revision 2

Documentation of LOCA Pin Failure
Source Term Analysis FRAPCON-2 Input
Deck Preparation and Results for
Oconee 15X15 PWR, Revision |

Core Power Distribution Calculation
for LOCA Fin Failure Timing Source
Term Analyszis, Oconee Nuclear Plant,
Revision 1

SCDAP/RELAPS/MOD3 Input Preparation
for LOCA Pin Failure Timing Source
Term Analysis, Oconee Nuclear Plant

Oconee SCDAP/RELAPS/MOD3
Calculations for the LOCA Pin
Failure Timing Source Term Analysis

Documentation of FRAP-T6 Input Deck
Preparation for Oconee 15X15 PWR
LOCA Pin Failure Source Term
Analysis, Revision |

Documentation of FRAP-T6 Results
using TRAC-PF1/MOD1 Thermal-
Hydraulic Data for Seabrook 17X17
PWR LOCA Pin Failure Source Term
Analysis

Documentation of TRAC-PF1/MOD! Input
Deck Preparation and Run Results for
Seabrook 17X17 PWR LOCA Pin Failure

Source Term Analysis

. L. Wade/L. J. Siefken

. L. Wade/L. J. Siefken

. Straka/Jd. €. Determan

. Straka/K. R, Jones

. Straka/L. J. Siefken

., L. Wade/L. J. Siefken

. L. Wade/L. J. Siefken

. R. Katsma-N. L. Wade/
. M. Cozzuol
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APPENDIX B
PRELIMINARY LOCA PIN FAILURE ANALYSIS RESULTS

USING THE SurRrRY PLANT MCDEL

The purpose of Appendix B is to provide tte results of the Loss of
Coolant Accident (LOCA) Pin failure Timing Source Term Analysis obtained for
the Nestin?house (¥) three-loop reactor desi?n using the SCDAP/RELAPS Surry
plant mode!. Code version SELAP3B was used for this analysis.

The objective of this analysis was to calculate the timings of the
containment isolation signals and the first fuel pin failure for a range of
large-break LOCAs. A sensitivity wac performed to identify the break size
resulting in the choiiest time to pin failure. The break spectrum analyzed
consiszis of design basis accident (DBA), double-ended, cffset shear breaks of
a cold leg with break sizes corresponding to 100, 75, and 50% of the cold leg
flow area. In order to maximize the duration until the pressurizer low-low
trip is reached, the break was located on the coolant loop that does not
contain the pressurizer., Cxcept for the accumulators, no emergency core
cooling systems (ECCS) were included in the model.

The analysis was performed assuming a 102% core thermal power (CTP)
equilibrium core with a peaking factar of 2.18 applied to two hot fuel pins.
This value corresponds to the maximum Technical Specification peaking factor
for 100% CTP at the core midplane. A detailed three-channel core model was
utilized, with the two hot fuel pins placed in the center region. These pins
reyresent low- (5 MWA/MTU) and high- (31,500 MWd/MTU) exposure fuel pins
operating at the maximum peaking factor. This exposure difference produces a
hicher internal pin pressure for the high-exposure fuel due to an increase in
fission product gasses. Prompt power and decay heat were modeled using the
SCDAP/RELAPS point kinetics model, with end-of-equilibrium cycle kinetics data
based on the Surry Final Safety Analysis Report (FSAR) LOCA analysis. A 15xi§
bundle matrix, containing 20 control pins and one instrument tube
corresponding to the current Surry fuel bundle design, was modeled for this
analysis. Departure from this fuel design may significantly impact the
results of this analysis.

A simplified containment mode!, consisting of a single RELAPS volume with
heat conductors representing steel and concrete surfaces, provided a fairly
rough estimate of containment response. A more detailed treatment of
containment response would require the use of a containment analysis code;
however, results indicate that the containment isolation signal from
pressurizer low-low trip trails the signal received frum high containment
pre<sure by only about three seconds in each case. Because of the approximate
nature of the containment pressure calculation, the containment isolation
signal should be assumed to occur when the pressurizer low-low trip is
reached.

Cladding deformation and failure is based on the localized ballooning
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75% DBA case, the reactor vessel takes longer to depressurize. During the
period up to about 1.5 seconds, fluid in the upper core nodes travels out the
hot leg, while flow in the lower core nodes reverses direction to reach the
vessel side of the break, resulting in a flow stagnation in the core,

In addition to improved core cooling in the DBA case, f 1 ballooning and
failure is highly dependent on the pressure gradient across the cladding and
the temperature of the clad. The zircaloy cladding undergoes a phase change
starting at about 1050-1090 K and ending at about 1250 K. In each case, pin
failure occurred during this phase transition prior to reaching 1250 K. As a
result of this phase change, the material properties of the cladding are
rapidly changing throughout the transient.

In each of the cases, nin rupture occurred in axial node 6 of the 10-node
core. (Node 1 represents the bottom of the core.) The results indicate very
little dependence on fuel pin exposure; however, it should be noted that the
Timitations of point kinetics prevent modeling of the relative differences in
decay heat that would be associated with the differences in fuel pin exposure.
For this reason, energy deposition in both the low- and high-exposure pins is
identical throughout the transient and produces a conservative estimate of pin
failure for the low-exposure fuel pin.

Figures B-1 through B-3 are plots of significant variables for each break
size analyzed; Table B-2 provides a description of plot variables. As
illustrated in these plots, prompt power drops off rapidly in response to
moderator density reactivity feedback. At two seconds, prompt power is
further reduced by control rod SCRAM reactivity. Falling pressurizer pressure
lags the drop in system pressure due to cnoking in the presturizer surge line.
The fuel centerline and cladding temperatures appear to correlate well with
the internal fuel pin pressures and hoop strains except for two notable
exceptions.

The first noticeable incongruity in the calculated results is the hoop
strain calculated in node 6 of the 75% DBA LOCA fuel pins., Review of the
results indicates that this node, which is the highest temperature node
throughout the transient and is ultimately the fa'lure node, expands very
little in comparison to the adiacent nodes until the point of failure. This
effect, although non-physical, can be explained by examining the
implementation of the localized ballconing model. The ballooning model
selects the highest temperature node to apply the localized ballooning model
when any of the nodes in that SCDAP component exceeds 5% sausage-type strain.
In the 75% DBA LOCA case, the sausage-type strain limit of 5% i1s exceeded in
fuel pin node 4 at 4.7 seconds., At this point, the localized ballooning model
is applied to the highest temperature node, fuel pin node 6, prior to
significant sausage-type strain occurring in that node. Although this results
in the calculated strain of node 6 to be artificially lower than that of
adjacent nodes, it should not significantly impact the pin failure time.

The second incongruity involves the SCDAP component internal fuel pin
pressure calculation. >SCDAP calculates the initial fission product inventory
in the fuel and gap regions during its initialization phase. The initial fuel
pin pressure for the high-exposure fuel pin is calculated to be only slightly
higher (6.97 MPa) than that of the Jow-exposure fuel pin (6.95 MPa). This
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Figure B-2. (continued)
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difference appears somewhat lower than expected, considering the ditference in
exposure between the two fuel pins. The initial total fission product
inventories for the two fuel pins do, however, appear to be consistent with
their relative levels of exposure. In addition to the problem with the
inftial internal pin pressure calculation, an internal fuel pin pressure spike
occurs in the hot fuel pins in the S0% DBA L™7A analysis. This pressure spike
results in early ballconing of the cladding ». 2.4 seconds This result is
currently being investigated, since this pressure rise does not correlate well
with the results of the other two cases based on the rates of ¢ladding heatup
and the fuel pin temperatures. These inconsistencies indicate that a coding
problem may exist in the internal pin pressure calculation of SCDAP/RELAPS,

Several sources of uncertainty enter into this calculation that may
significantly impact the results obtained in this analysis. The fundamental
assumption governing the point kinetics model is that the power distribution
remains constant throughout the transient, changirg only in magnitude in
response to reactivity feedback mechanisms. Tnis simplification suppres:es
the effects of the rapidly changing prompt power shape that would be expected
for a blowdown transient. A drop in moderator density in the top of the core
would cause the code to reduce prompt power by & uniform fraction throughout
the core. This could result in Tower prompt power at the midplane of the core
in the nodes of interest for this caiculation. In addition, ‘e bal\ooning
and pin failure models are very sensitive to differences in the heat transfer
solution, the fluid conditions of the surrounding thermal-hydraulic nodes, and
the changing material Eropertios of the fuel and cladding. A more
conservative and probably more realistic measure of fuel pin fatlure time is
the point at which localized ballooning starts, as evidenced by the sudden
increase in hoop strain in the failure node. These times are also displayed
in Table B-1. Also, it should be noted that intermediate bLreak sizes may
exist between the cases a.alyzed that may result in even shorter times to fuel
pin failure than the 75% DBA LOCA case analyzed,
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10,

The following modifications were made to both FRAPLON-2 and FRAP-T6:

A1) explicit references to single-precision intrinsic functions were
replaced with the equivalent generic intrirsic function st.o.. ALOG
function calls were replaced with LOG function calis). This modification
{s necessary to run the program in double precision on 32-bit machines,

A1) of the LEVEL 2 statements were removed, These are Cyber FORTRAN
statements for memory management on limited memory systems.

The calls to Cyber system ruutines SYSTEMC, ERRSET, FYEMEM, and STATIC
were removed. These system-dependent routines are used to control error
recovery and memory management on (ybe, computers but are not required in
workstation environments,

Logic was added to replace the non-F77 standard EOF function calls.

These moditications typically involved addition of END qualifiers to READ
statements and addition of appropriate transfer logic in placed of the
EOF statement,

Integer varfablus that were assigned Hollerith data exceeding four
characters in length were replaced by charactir data types. The
corresponding Mollerith fields were changed to literal strings.

A1l double prenision D format constants were replaced with £ format
constants, Floating puint constants that were split over two source
lines were Joined. These modifications corrected errors introduced by an
F77 double-precision conversion program, CNV32,

The program titles were changed to reflect the new code version, i.e.,
FRAPCON-2, Version 1, Mod. 05 or FRAP-T6 V 21(12/90).

Subroutine IOFJLES was added to the program source. The subroutine
JOFILES was linked through a call from subroutine DRIVER to establish
file handles based on user input from JCL type statements placed before
the input file. This allows the user to specify file names including the
directory path, file status, file access, file form, and carriage control
file attribites for cach FORTRAN unit. This subroutine also prints a
banner page and file handle summary on the output, which contains the
date and start time to uniquely identify the run, A "/*" card terminates
the file specification 1ist, and program input follows. The subroutine
réequires two arguments, which correspord to the primary input and cutput
FORTRAN unit numbers for the program respectively, The input file name
containing the file specifications is read from the command iine. The
format for specification of file handles is as follows:

FILEnn«'/path/filename’', STATUS='status’ , ACCESS«'access’,

.
\'

\
\
'
|
where

FORMs'form’, CARRIAGE CONTROL='carriage’
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is the FORTRAN unit number to be opened. Must be preceded
by’;Fllf‘ in columns 1 - 4, Possible range of values {s 0]

/,ath/
filename is the UNIX file path and filename,

status is the open status of the file. Valid options include:
‘NEW', ‘OLD", "UNKNOWN', or 'SCRATCH', corresponding to the
FORTRAN?7 standard. The default value 15 "UNKNOWN' .

access 15 the access method for the file. VYalid options are
'CEQUENTIAL' and 'DIRECT', with 'SEQUENTIAL' being the
default value.

form indicates the file format and has two jossible options:
"FORMATTED’ and 'UNFORMATTED,

carriage indicates whether the first character from each sequential
formatted output record will be used as FORTRAN printer
carriage control characters. Possible options are
"FORTRAN' and "LIST'. The default values are "LIST' for
disk files and 'FORTRAN' for DOS devices.

\* indicates the end of the file processing tnput. The input
file for the ATMOS module (Unit 24) s placed directly
after this, card.

NOTE: Comments can be entered by placing a ‘*’ in column 1 and will be echoed
tn the output file, Cnly the UNIT number and file name are required input.
Columns 73 - B0 arc reserved for comments. A line »uding in a comma fs
continued on the following 1ine.

11, Subroutine SECOND, which returns the current CPU time in seconds, was
replaced in the program source.

C-2.2 FRAPCON-2 Code Modifications

The following modifications were made only to FRAPCON-2:

1. The calls to AXDRIV, PELET, AXIWRT, and RADIAL were commented out. These
calls represent an alternate fuel deformation model. The files
containing these routines were nol avai‘able for conversion and are not
necessary for most analyses. Selection of these options will result in
an appropriate error message with program abort,

2.  Subscripts of unity were added to array variables JPEAK and FLUX. These
array variables were accessed in several arithmetic statements without
subscripting; F?77 requires subscripting of all array elements when used
in arithmetic statements.

€5
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A1l commo) blocks containing an unaligned mixture of integers and
floating point values were reordered to preserve 8-byte alignment. In

addition, common bl
INCLUDE statements

The generic intrinsic function ERF was replaced with the double-precision
DERF, The compiler was not automatically substituting

intrinsic function

ocks BA, FAST, LACMDL, and LIMITS were repla.ed with
and corresponding inciude files were created.

the double precision version of the function when passed a double-

precision argument,

resulting in erroneous values being returned.

The caiculations of b(2) and b(3) in subroutine FLUXD were modified to

prevent generation

of NaN quantities due to 0/0 arithmetic,

Program coding to allow restart capability and creation of FRAP-T6

initial conditions
been hardwired off,

files was reactivated. These options had previously

€-2.3 FRAP-16 Code Modifications

3.

The following modifications were made only to FRAP-T6:

DECODE and ENCODE functions were replaced with F77 portable internal READ
and WRITE statements, respectively.

Common blocks containing integers that are written to the restart tape
were padded with additional dummy integers to preserve total block
length. A1l common blocks containing an unaligned mixture of integers

and floating point

values were reordered to preserve 8-byte alignment,

In addition, the following common blocks were replaced with INCLUDE
statements and corresponding include files were created:

bcdeom
bdgrd
carcom
dalcom
dyna
frpsto
graph
gtwolc
ipnt
modcom
phypro
presb?
restil
ripthbl
skpidx

A1l calls to water
INEL environmental
sameé environmental

bdg02d bdgr bdgr2

rb bloona b’ oonb
¢ollet coold Cwi0
defcom desnb) dialb
exch “lecht frapc

gro23s gr2al gr2ad

grassbh grhoid greptr
htch intcom iocom

lacmd) matfc? matpre
numcom pfemi2 pfres2
powcom powrd presbl
prntb prog qcondb

resti2 restil restr]
scalrl scalr? scalrd
thent) thyd

property routines we  modified to allow using the
1ibrary version €11 created on 2/6/90, This is the
litrary currently being used for SCDAP/RELAPS.
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N;":{'&“vv

NPATRACE

NFAASY

RFACOM

NPAPAX= paxfile
N“AM"« SKke' N YNams
NPADUH«"datafile

NPASERV='server

"
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NUREG/CR- 1845, Janyary 1981,

L. J. Stefken et al., FRAP-T6: A (Computer Code for the Transient
Analysis of Oxide Fuel Rods, NURLG/CR-2188, EGG-i0s, may 198].

D. M. Snider, K. L. Wagner, and W, Grush, Nuclear Plant Analyzer (WPA)
Reference Manual, Nod-1, EGG-EAST 9096, April 1990,

John E. Streit et. al., GRAFIT] Users Manval, EGG-CATT 9604, March 1991,
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Table D-1. List of data required from SCOAP/RELAPS/MOD3 strip file

Upper and
Tower plenum Core nodes
p P
uf,ug uf,ug
rhof, rhog rhof, rhog
quals quals
tempf, tempg tempf,tempg
voidf,voidg
velf,velg
h = [(ufep/rhof)*(1-quals)+(ug+p/rhog)*quals]/2326.0 (D-1)
where
h . fluid enthalpy (BTU/1bm)
p = coolant pressure (Pa)
rhof = liquid phase density (kgér’)
rhog B vapor phase density (kg/m*)
uf = liquid Ehaso specific energy (J/kg)
ug - vapor phase specific eneray (J/kg)
quals B static volume quality.

The bulk fluid temperature is based on either the volume 1iquid temperature or
the volume vapor temperature, depending on wheiher the static volume quality
is above or below 0.5. The following equations are used to determine the bulk
fluid temperature for each volume:

For quals < 0.5:
tblk = (tempf - 273.15) * 1.8 + 32.0 (D+2)

For quals > 0.5:

tblk = (tempg - 273.15) * 1.8 + 32.0 (D-3)
where
tbhlk = bulk fluid temperature (°F)

tempf = liquid phase temperature (K)
tenipg = vapor phase temperature (K)

The coolant mass flux at each core node is calculated by the following
equation:
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A2 = RELAPS volume number for upper plenum

Card 7,N: Volume data cards (A9,2F10.3)., Enter one card for each
SCDAP/RELAP‘ core volume starting with the bottom core node:
Al = RELAPS volume number
Rl = Elevation of bottom of node from bottom of active fuel
(ft). 1f 0.0 is entered for this value on Card 8 or
greater, value used will correspond to the elevation of the
top of the previous node.
R2 = Eievation of top of node from bottom of active fuel (ft),
If 0.0 is entered for this value on Card 8 or greater,
value used wil) correspond to the elevation of the bottom
of this node plus the height of the previous node

Card N+l: End terminator (A). Terminate the deck with a card starting
with a period in column 1; f.e., Al = .

Figure D-1 shows a sample input file,

/kkjul/kkj/frap/fraprsS/fraprs.out
/kkJub/kkj/frap/ fraprS/frapvs. dat
/kkJ?g/kkj/;rap/fraprS/str1pf

1

0.000 1000.000 0.000

108010000 161010000

111010000 0.000 1.200
111020000 0.000 0.000
111030000 0.000 0.000
111040000 0.000 0.000
111050000 0.000 0.000
111060000 0.000 0.000
111070000 0.000 0.000
111080000 0.000 0.000
111080000 0.000 0.000
111400000 0.000 0.000

Figure D-1. Sample input file for FRAPRS,

FRAPRS is written in FORTRAN-77 and was compiled an4 tested on a DEC-5000
workstation. The program is executed by providing a single command 1ine
argument specifying the input file name:

> fraprS.x fraprS.inp
where frapr5.x is the name of the executable and fraprS.inp is the name of the

fraprS input file, Figure D-2 gives a 1isting of the source program. Both
the source program and sample problem results are archived on tape.
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pro?ran fraprb
implicit real*8(a-h,0-2)

Create frap-t6 coolant boundary condition file from
relaph strip file

Original 09/90: Ken Jones, INEL

Ao O0O0

parameter (mvar = 1000)
parameter (mj = 20)

logical debgl, debg?
logical Texist

character*i0 numl

character*9 varn(mvar)

character*9 varnm(mvar)
character*d40 ttitlel(2),ttitle2(2)
character*16 thedate,today
character*9 cvol(mj),nup,nlp
character*50 str!gf.fragout.frapdat
character*50 iofile,cmd)ine,filenm
data tofile /'frapi5.in'/

integer 1cvp(mJ).\cvuf}mj).1cvu?(m4).1cvrhof( 1), icvrhog(mj),
* fevxs(mi),icvtf(mi), fevig(my), tevvf(my), tcvvg(mi),
. fevvel f(m)),fcvvelg(mi)

dimension y(mvar)
dimension zb(mj), zt(mj), pev(mj), tbev(my) gev(mi), hev(mi)

debgl = .false.
debg? = .false.

open input file using command line input or prompt

(e sl o}

if(1argce().gt.0) then
call getarg(l,cmdlire)
else
cmdl ine=iofile
endif
20 fofilescmdline)
1nqu$rczf11|-1of1\o.o
if(.not. Texist) then
writeéO.ll!O) fofile
read(5,1400) cmdline
if((cmdline) .eq. 'q" .or.
" (cmd1ine) .eq. 'Q') goto 99999
goto 20
endif

Figure D-2. Source listing for FRAPRS.
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endif
1f(icvvf(i) .eq. 0) then
write(6,1008) cvol(i)
ikill = 1]
endif
if(lcvvg(i) .eq. 0) then
wri!o?l.lOOQ) cvol(i)
ikill = 1]
endif
1f(icvvelf(1) .eq. 0) then
write(6,1010) cvol(1)
ikill = ]
endif
1f(icvvelg(d .eq. 0) then
write(6,1011) cvoli)
ikill = |
endif
enddo
if(ikill.eq.1) goto 99999

redefine linvar for numeric data

(o Balasl

linvar = (nvar-1)/5
write(6,*) 'read= ', linvar

read data
tlast = 0.0

Jskip = <99
700 rtad(!.!GlO.end-lOOi numl, (y(1),i=1,4)

=N el

if (numl .eq. ' ') read(5,2680,end=800) numl, (y(i),i=1,4)
if(debgl) write(6,*) numl, (y(1),1=1,4,
if (1invar .eq. 0) go to 750
mm o« 5
nn =9
do k=1,1invar
read(5,2690) (y(1),i=mm,nn)
if(debgl) write(6,*) (y(1),i=mm,nn)
mme=mm+ 5
nn =nn + 5
enddo
750 continue

GoOon

skip data set if not needed

if((tmax.gt,0,0) .and. (y(1).gt.tmax}, then
write(6,1100) y(1)
go to 99999

endif

1f((y(2). 1t tmin) .or. (y(1).1t.(tlast+tdel))) goto 700

Figure D-2. (continued)
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Jskip = jskip + )

1f(iskip.gt.0 .and. jskip.1t. kstep) goto 700
Jskip =

tlast = y(1)

calculate frapté quantities, convert to british units

:19 = y(1lpp)/6894.757

1p = y(ilvuf)oy(11vp)/y(ilorhof))‘(l.O-y(ilpxs%)o
¢ y("o»z)*r(1\pv)/y(*iprhoq))‘(y(flpxs)))/z 26.0
1f({(1 pxs).1t. 0.5; then

%b p e (y(1lptf)-275.15)*1.8+432.0
else

thip » (y(1lptg)-273.15)*1.8+32.0
endif

do 1 « l,n2
:cv(i « y(fcvp(1))/6894. 757
ev (i -((y(icvuf(i))#y(icvp(!))/y(icvrhof(i)))'(l.o-y(icvxs(i)))
- + y(icvug(1){+y(icvo(f))/y(icvrhoott)))'(y(icvxs(i))))/2326-0
1f(§cicvxs( )).1t. 0.5) then
]t V(1) = (y(fevtf(1))-273.15)*)1.8+432.0
else

§?$V‘1)  {y(fcvtg(1))-273.15)%1.8+32.0
en
gev(l) = (y(levvelf(1))*y(fcvrhof (1)) *y(fevvf(1))+
* . y(icvvelg(i))*y(icvrhog(i))*y{icvvg(1)))/0.001356¢
enddo
pup = y(iupp)/6894.757
hup = (y(Yupuf)+y(tupp)/y(1uprhof))*(1.0-y(iupxs))+
- y(iupug)+y(iupp)/y(1uprhog))*(y(iupxs)))/2326.0
ifly(iupxs).1t, 0.5% then
1t up = (y(tuptf)-273.15)*1.8+32.0
else
thup = (y(fuptg)-273.15)*]1.8+32.0
endif

output data to frapté file

write(7) y(1)
write(7) plp,hlp,thlp
do 1 = 1,nz
write(7) zb(1),zt(1),pev(i),hev(i), tbev(i),gev(i)
enddo
write(7) pup,hup,tbup

print data to standard output for debug
ifidebgZ) ihen

write(6,1300) y(1)
write(6,1301) plp,hlp,tblp,y(11pxs)

Figure D-2. (continued)
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do 1 = l.nz
write(6,1302) 1,2b(4), 2t (1) povid) hev(i) thev(i),gev(i),

’ ylicvxs(1))

enddo

write(6,1303) pup,hup tbup,y(iupxs)
¢

endif
=
go to 700

¢

40 continue
write(0,14)0)kunit, msgno,filenm
goto 99969

BOO ctontinue
write (6,1150)
gotn 99999

200 continue
write (6,1140)
goto 99999

600 continue
print *, ‘' Error reading file names from frapr$ input file’
goto 99999

¢

99993 continue
close(l)
close 5;
close(6
close(7)
stop

(3 format statements

1000 format(’ *** error: pressure data not found for volume ',A9)
1001 format(’' *** error: uf data not found for volume ',A9)
1002 format(’' *** error: ug data not found for volume ',A9)
1003 format(’ *** error: rhof data not found for volume ’, A9
1004 format(’ *** error: rhog data not found for volume ' A9
1005 format(’ *** error: quals data not found for volume ',A9)
1006 format(’ *** error: tempf data not found for volume ',A9)
1007 format(’ *** error: tempé data not found for volume ',A9
1008 format(' *** error: voidf data not found for volume ‘,A9
1009 format(’ *** error: voidg data not found for volume ',A9)
1010 format(’' *** error: velf data not found for volume ',A9)
101) format(’' *** error: velg data not found fo, volume ',A9)
1100 format(’ maximum time reached =« ',f12.3)

1106 format (/,’ write only 1 frap-t6 record for each ' i3,

| " SCDAP/RELAPS records’)

Figure D-2. (continued)
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1110 format s'lroiup to frap - coolant conditions’ Bx, alé,

1 Sx, "page’, 13)
i115 format (/,” inftial time «', 6.3,  sec. end time ' £10.3)
1116 format (/. minimum frap data interval ', f7.4,' sec.’)
1117 format (/," relap volume for lower plenum is ', a9, 5x,

| “upper plenum is ', a9)
lllﬂ.forumt(/.“ralap vol, zb(ft) mn(ft)'/
1120 format(2x,a9,2F10.3)
1130 Tormat(/ the input file could not be located, ',
* /' file: ',a%0
¢ /'reenter file spocification or "g" to quit.’)
1180 format(/,’ run terminated in error’
1144 format(/,’ top is not above bottom’
1150 format(/,’ end of relaps strip file encountered’)
1175 format(/,’ maximum no. of core nodes is ', 14)
200 format(/,’ fraprb input file: ', ab0,
. /' tiaprd output file: ',al0
120) format( ' relaph strip file: ',ab0
1202 format( ' frap-t6 binary file: ',a80
1210 format(/,’ debug edit of stripf data is turned on’)
1211 format(/,’ debug edit of stripf data is turned off’)
1212 format(/,’ debuo edit of frapt-t6 data is turned on’)
1213 format(/,’ debu; '\t of frapt-t6 data is turned off’)
1220 format(/,’ relapt ‘ripf file header:’ 2(/,1x,240,239),/)
1300 format(/’ »>>>>555>. at time«’,F12.3)
1301 format(’' Lower Plenum Data: p=' 8.2, psia he',f8.2,' btu/lbm’
* " the' f8.2,' F xs=' 5.3,/
*," node zb(ft ztsft) pev(psia) hev(btu/1bm)
' .'tbcv;?) xcv}\ ft -h; quals’)
1302 format(2x,14,2F8.3,3F11.3,¢11.1,f¢11.3)
1303 format(’ Upper Plenum Data: p=',f8.2," psia h=',f8.2," btu/lbm’
L e 1.2, F oxee' ,18.3./)
1400 format(a)
1410 format(/’ an error was encountered in open!ng file unit ’,42,/
¢ 12x, ‘errov message number = ' {0, #we’)
2x, ' file name: ’,.350)
2000 format (2a40)
2005 format (316)
2011 format lsao.lx))
2012 format (3f10.3)
2018 format(a9,2F10.3)
2663 format(1x,8(a9,1x))
2666 format(al0,2110)
2667 format(2x,8(a9,1x))
2680 format(lx,al0,4x,4915.7)
2690 format(5g15.7)

end
subroutine thedate(today)

Figure D-2. (continued)
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D-2. Twe TRAC2FRAP Cooe

An input ogtﬁon of FRAP-T6 [V 21 (1:,90)] allows the code to read the
transient thermal-hydraulic boundary .. nditions from a binary data file "
TRAC2FRAP is used to create this binary data file from multiple TRAC-PF1,/M0ODI
restart files and is composed of two programs. The program xcif reads the
TRAC plot file and writes a computer-independent data file that can be moved
between brands of computers. The program zcif reads the portable data file
and writes a binary FRAP-16 input boundary condition file. Section D-2.1
describes the xcif and zcif programs, and Section D-2.2 discusses input to
xcif and zcif and gives sample inputs. Siction D-2.3 describes the subroutine
required to calculate the bulk fluid properties needed by FRAP-T6.

0-2.1 TRACZFFAP Code Description

As noted in Section D-1.1, the **uymal =  aulic boundary condition data
required by FRAP-T6 for each time .*sp are defined in Appendix £ of Reference
D-1 and include:

a. The transient t.me '«

b. Coolant pressure (psia), enthalpy (BTU/1bm), anu bulk fluid
temperature (°F) in the upper and lower plenums,

¢. Top and bottom node elevations (ft), coolant pressure (psia),
entha]px (BTU/Tbm), bulk fluid temperature (°F), and mass flux
(1bm/ft°-h) for each core node.

Two programs are used to process the required TRAC-PF1/MOD] data into a form
useable in FRAP-T6. The first is xcif, a FORTRAN 77 program that extracts
data from the TRAC plot file and writes these data to an intermediate,
portable data file. Beccuse the TRAC program executes on the Cray computer,
the platform for the xcif program is also the Cray computer. The intermediate
data file is written in ascii format. This provides potability between
computers.

The second program in TRACZFRAP is zcif, a FORTRAN 77 program that* reads
the intermediate data file generated by xcif and writes a binary bounlary
condition file for FRAP-T6. The current platform for zcif is a Digital
Equipment Corp. DEC-5000 workstation used for the FRAP-T6 code runs. The
configuration is illustrated in Figure D-3,

The first part (xcif) read: a TRAC plot file and writes an ascii data
file. This file is transferred to the workstation. The ascii data file is
then read and written (zcif) to a FRAP-T6 hinary boundary condition file. A}l
of the TRAC2FRAF files required for both the Cray and workstation programs are
2 ~hived on tape.

Listed below are the source code, make script, and executable code inat
reside on the Cray:
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To build the executable on the DEC workstation:
mkz

D-2.2 Using the TRAC2FR P Programs

The TRACZFRAP programs gre used in the following manner.

D-2.2.1 Make an ascii Data File on the Cray. The xcif program reads
directives from standard input and writes messages to standard output. The
input TRAC plot file name(s) are specified in the input, and the intermediate
ascii data file name is always "pldata". To execute xcif, enter

xcif < x_my.inp > x_my.out

where "x my.inp" contains the input directives and "x my.out® will receive the
informative output messages.

The following standard input is required for xcif:

TRAC Plot File Names--The TRAC plot file names aro the first entry
in the input. On each restart of TRAC, a new file is created. To get data
for a complete calculation, which has a rumber of restarts, each plot file
must be defined. Make sure the plot files are in order from first restart to
last. The Tist of TRAC plot file names is terminated with a period il I

ECHO--The xcif program usually runs without many informative
messages. If "ECHO" is in the input stream, input directives are echoed to

standard output. The echo command must be after the TRAC plot data file
specification.

Data Specification--The xcif program extracts, for each volume, a
set of physical parumeters required as boundary conditions for FRAP-T6. The
data ave specified by identifying the TRAC vessel volumes. This is briefly
described in Figure D-4 below. For more detailed information, refer to the
TRAC user’s manual.’™

XXXyvzz
Cell number
- | evel
Component

Figure D-4. TRAC-PF1/MOD] vessel volume identitiers.

For component 99, level 7, and cell number 9, the data identifier is:
0990709

TRAC-PF1 Parameters--A selected set of parameters are extracted from

D-21



PN




R $ }
f
w' ¥
w
Y * ' H
hua |
{ .| : "
- 11 { !
» L |
! n
Fite Name !
Eanm 4 } '
me *y
e \ L
'
e
yar { S "; t
. ’
\ (s Q" ; bie J
» # * of g 2 3 g y y
5 » A
™ N 4 5 1 e




00 * debug level | and 2. O=no debuy

pldata * TRAC ascii data file. (input)

frap.dat * FRAP binary data file. (output)

-100 10. 0.1 * start, stop a.d time interval

0990301 * lower pienum

09980401 * upper plenum

0990501 1 2 * core volume 1, bottom height and top height
0990601 3 4 * core volume 2, bottom height and top height
0980701 4 § * core volume 3, bottom height and top height
0990801 5 6 * core volume 4, bottom height and top height
0990901 6 7 * core volume 5, bottom height and top height
0991001 7 8 * core voiume 6, bottom height and top height
0991101 8 9 * core volume 7, bottom height and top height
0891201 9 10 * core volume 8, bottom height and top height
0991301 10 11  * core volume 9, bottom height and top height
0991401 11 12 * core volume 10, bottom height and top reight

Figure D-6. Sample input file for the zcif program.

Listings of source codes xcif.us, zcif f, cv0000.f, mkx, and mkz for TRACZFRAP
are given in Figures D-7 through D-10.

D-2.3 Calculation of Bulk Quantities

The FRAP-T6 pro?ram uses bulk fluid properties as boundary conditions,
which poses two problems when using TRAC as a source or boundary conditions.
First, TRAC calculates and outputs the properties for each of the phasss, as
opposed to bulk values. Second, TRAC does not supply the internal energy or
enthaloy on the plot file. Therefore, calculations are made in zcif to obtain
the bulk properties and the enthalpy needed by FRAP-T6. The subroutine that
calculates the bulk properties and enthalpy is given as Figure D-11.

D-3. REFERENCES
D-1. L. J. Siefken et al., FRAP-T6: A Computer Code for the Transient
Analysis of Oxide Fuel Rods, NUREG/CR-2148, EGG-2104, May 198i..

D-2. C. M. Allison et al. (Eds.), SCOAP/RELAPS/MOD3 Code Manual (Draft),
Volumes I-1I1, NUREG/CR-5273, EGG-2555, September 1990.

D-3. 0. R. Liles et al., TRAC-PF1/M0OD]: An Advanced Best Estimate Computer
Program for PWR Thermal-Hydrauiic Aralysis, NUREG/CR-3858, July 1986.

D-4, B, E. Boyack, H. Stumpf, and J. F. Lime, TRAC User's Guide, NUREG/CR-
4442, November 198%.
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¢ source code xcif.us--source code that reads the
¢ TRAC-PF1/MOD]1 graphics file and writes the ascii data file
c
*comdeck system
common /system/nbyte
integer nbyte
¢ nbyte -Number of bytes per word
*comdeck blankcom
common a(mxsize)
integer 1ia(l)
equivalence (a(l),1a(l))
*comdeck datblik
common /datbl!.’ dbuf(2047),dnbuf,dio,deof,dnext
real dbuf
integer dnbuf,dio,deof,dnext
*comdeck cblock
common /cblock/ cid(mxvars)
character*]é cid
¢ ¢id - Input identifiers.
*comdeck control
common /control/ ifree,ipkg,lencat,nctx,numtcr, nwtx
common /control/ check
logical check
ifree - Starc location for free space in a.
ipky - Length uf fixed geometry data stored in 'a’
(starts at 1fixg).

lencat - Length of catalog name (char)

netx - tength of catalog stored in "a’ (starts at lcat).
numtcr - Number of title cards.

nwtx - Length of data stored in 'a’ (starts at ldat).

This is wnitially read in "cif’ and used later
in ‘wrdata’.
comdeck iofiles
common /iofile/ nfnme,nx nme
integer ninme,nxfnme
common /aofile/ fame(10)
character fnme*40
*comdeck iounits
common /iounits/ iuntdi,iuntdo
¢ funtdi - TRAC input data file (TRCGRF).
¢ iuntdo - Qutput strip file.
*comdeck paramtrs
parameter §mxsize-200000)
parameter (mxvars=500)
*comdeck varnme
common /varnme/ vessmp,vessnp,vessnn{10)
common /avrnme/ vessnm(10)

$OCCIOOCOO0COO0O00

character vessnm*8
integer vessmp,vessnp,vessnn

Figure D-7. TRAC2FRAP source ccde «cif.us.
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¢ vessmp - Max numher of pacameter names.

r ovessnp - Number of parameters
C vessna - Name of vessel parameters 1o be extracted
C vessnn - Number char in vessnn(i)

*comdeck ptrs
comnon /ptrs/ 1cat,ldat.lfix?,1title
0

¢ lcat - Start address of catalou in "a’ (length is nctx).
¢ ldat - Start address of data n “a’ (length is nwtx).
c This address 15 set when ready to dump the data
{see 'wrdata’),
c lfxx? - Start address of fixed geometry in ‘a’ (length is ipkg).
c Ttitle - Start address for the problem title in ‘a’

(length 1s nuamtrc).
*comdeck vinfo
common /vinfe, aux(mxvars)
common /vinfo/ loc(mxvars),lrn(mxvars),nc{mxvars),npv,num(mxvars)

common /ainfo/ name(mxvars),label(mxvars)
integer loc,lrrn,nc,npv,num

real aux
character name*8,)label*24
¢ aux - Auxilary data.
¢ label - Label for each variable. Search for and found.
¢ loc - Location in plot record. Search for and found.
c If loc < 0, then one word variable.
¢ irn - Level/rod number.
¢ name - N:ne
¢ nc +el1l number.
¢ If nc < 0, then unpacked data.
¢ npv - Number of entries.
¢ num - Component number.
¢ If num < 0, then fixed geometry variable.
*deck cif
program cif
¢
¢ cif - select plot data from trac-pfl graphics data
( file (trcgrf) and write to card image data
¢ file (pldata) for transmission to inel cyber
(s system via tieline,
c
¢ author : j. e. tolli, egdg idaho
¢ language: fortran 77 (ctss cft)
¢ date i 1/86
¢ modified: 8/87 j. e, tolli, egdg idaho
¢
¢ some routines adapted from lanl grit program
¢

*ca paramtrs
¢
*ca blankcom

Figure D-7. (continued)
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equivalence (faux(l),aux(l))

data lencat /6/
data check /.false./
data nbyte /64/
data faux /mxvars*-1/
end

*deck bfaloc
subroutine bfaloc(funit)

*** bfaloc - Tnitiaiize data i/e

Entry -
junit :1/0 unit number

Exit -
none

ca datblk

dnbuf=2047
deof~0
dnext=0
die=iunit
return
end
*deck bfin
subroutine bfin(x,nwrx,eof)

O OO OO0

c
¢ *** pbfin - Reading data from disk

T N

. Entry -
nwrx :Number of data to load.

™m

>

—h

Lad
'

X 1data
eof :true~eof.

ca datblk

0O OO0 N0

dimension x(*),ibuf(1)
equivalence (dbuf(l),ibuf(l))
integer nwrx,ibuf

logical eof

data ieof/3hEQF/
if(deof.eq.1) then

write(*,1000)
call stop('bfin’)

Figure D-7. (continued)
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go to 50

"
20  ndnum « i
frac = (aux(idx)-hl) / (h2-hl)
endif
¢
¢ get number of radial nodes, if required

if (name(idx)(1:6).eq. RODTMP')
*nodes = shift (nc(idx),16) .and. nmskd8

o0

get rod temperature value, if requested
if (name(idx)(1:6).eq. RODTMP’) then

Irft.. = ifree

nwrd = nodes*(ndnum+1)

if (Irftnenwrd-1.g9t mxsize) go to 40

call unpkit (a,)rftn),nwrd,a(kpt),npkw)

nrn = nc{idx) .and. nmsk48

11 = nodes*(ndnum-1) + nrn - |

12 = 11 + nodes

dat  a(Irftn+ll) + frac * ( a(1rftn+sl12) - a(lrftn+l1l) )
got 30

endif

¢ get heat transfer regime, if requested

¢
if (name(idx)(1:5).eq. IDRGR') then
c
l1ihtf = ifree
if (lihtf+ndnum.?t.mxsize) go to 40
call unpkit (a(lihtf),ndnum+l,a(kpt),npkw)
if (frac.1t.0.5) dat = float (ia()'htf+ndnum-1))
if (frac.ge.0.5) dat = float (ia(lihtfendnum))
go to 30
<
endif
<
¢ finished
¢
30 return
c
¢ insufficient core for data processing
<
40 write (*,1000) cid(idx)
call stop (‘calevl’)
¢
¢ invalid auxilliary number
c

50 write (*,1100) aux{idx),cid(idx),a(idat)

Figure D-7. (continued)

D-32



call stop {'calevl’)
c
c
1000 format {'*****insufficient core for prucessing of data’/
* ‘wkwkrfor variable ',a/
\ ‘wxaxtoyecution stopped’/)
1100 format (’'*****yalue’,lp,el5.8,’ for variable ',a/
* 'eatkris pot valid at time =" ,el1.4,' sec’/
* Teannteyecutinn stopped’/)
c
¢
end
*deck findce
subroutine findce (name,num,lrn,nc,icomp,itype,kp,nwrd,1labl,
» found)

findce - find catalo; entry

author : J. e. tolli, eglg idaho
language: ftortran 77 (ctss cft)

true: catalrg entry for variable has been found
false: catalog entry for variable has not been found

¢

C

&

c

-

¢ date 1 8/87

¢

¢ parameters:

c

¢ Entry -

c name = variable name

¢ num = component number

c Irn = level/rod number

¢ nec = cell number

¢

¢ Exit -

c icomp = sequential component number
( itype = plot variable type

¢ kp = location of variable 11 plot record
c nwrd = length of variable in words
¢ 11abl = pointer to variable label

c found = flag for variable search status
<

¢

c

c

*** note str is lencat long
character name*(*),str*8
logical found

C

*Cca paramtrs

*ca blankcom

*ca control

*ca ptrs

¢

¢ seavch for catalog entry

Figure D-7. (continued)
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found = .false.
do 10 i=]l,nctx

rfget (icomp,itype,ilrn, ipos,numc,nwrd,kp,nskip,i,

cal)
» l?lcat

if(itype.eq. 9) numc = icomp
if(numc.ne.num .or, ilrn.ne.lrn) go to 10
iname = Tcat + lencat*(i-1) + 2
write (str,’(a8)’) ia(Iname)
if (str(l:lencat).eq.name(l:1encat)) then
{nwrd.1t.nc) return
found = .true.
11abl = Tname + 1
return
endif
10 continue
return
end
*deck gcatlg
subroutine gcatlg

c
¢ this routine reads catalog from graphice file.
c
¢ adapted in part from lanl grit preqgram ready routine,
¢
¢
*ca naramtrs
c
*ca blankcom
€
*ca contro)
c
*ca iounits
¢
*ca ptrs
c
¢
logic®) eof
c
¢
call grfrd(zero,l,eof)
if (eof) go to 10
c
call grfrd(nctx,1,eof)
if {(eof) go to 10
c

nw = nctx*iencat

cal) grfrd(a(ifree),nw,eof)
if (eof) go to 10

lcat = ifree
ifree = ifree + nw

Figure D-7. (continued)
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¢
return
¢
¢ premature end of file encountered

¢
10 write (*,1000)

call stop ('gcatig’)
c
¢

1000 format ('*****premature eof on plot file'/
‘wxxssoxecution stopped’/)

¢
c

end
*deck getloc

subroutine getloc

getloc - finds and stores location of data for each requested
plot variable in plot data dump; also stores labels,

and acquires information needed for processing of

auxilliary data.

author : j. e. tolli, egdg idaho
language: fortran 77 (ctss cft)

daie ¢ 1/86

modified: 8/87 j. e. tolli, egdg idaho

OO0 D00

*ca paramtrs
*ca b.ankcom
*ca cblock
*ca jounits
*ca vinfo
integer jaux{mxvars)
equivalence (iaux(l),aux(l})
¢
logica! error,found
¢
¢ find reguested variables
do 20 i=1,npv
if (laux(i).eq.-1) then
n=nc(i)
else
n=1
endif
cail findce
* (name(i),num{i),Irn(i),n,icomp,itype,kp,nwrd,11abl,found)
if {.not.found) then
write (*,1000) cid(i)
go to 10
endif

Figure D-7. (continued)
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¢
end
*deck ginadp
subroutine ginadp (irv,error)

ginadp - get information needed for auxilliary data processing

author : 3, e. tolly, egdg idaho
Tanguage: fortran 77 (ctss ¢ft)
date 1 8/87

parameters:
irv. = index of user requested plot variable (input)
errgr « error flag (output)

note: for rod temperature variables, the cel) number, nc, is
divided intu four I6-bit parcels, numbered ! to 4 from
feft to vight. parcel 1| contains the number of radia)
nodes for the rod (nodes); parcel 2 contains the maximum
number of axial nodes for the fine mesh calculations
(nzmax); parcel 3 contains the pointer to the rod axial
height data in the plot record array (1zht); parce) 4
contains the radial nade number at which the temperature
is to be plotted.

OSSO0 OO 0O0000G0N

logical error
¢
*ca paramtrs
*ca blankcom
*ca cblock
*ca iounits
*ca ptrs .
*ca vinfo
¢
logical found
character namev*8

¢
¢ find and store needed information
¢

error = ,false,
¢

if(name(irv)(1:6).eq. RODTMP’ .or.
+ name(irv)(1:5).eq. IDRGR") then
namev(l:) = “ZHT'
| call findce
| * (name.,num(irv),lrn(irv),1,icomp,itype,kp,nzmax,11abl, found)
if (.not.found) go to 10
nc(irv) = nc(irv) .or. shift(kp,16) .or. shift(nzmax,32)

Figure D-7. (continued)
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dimension a;l;
data msk/177777b/

kpt=lencat*(nct-1)
rn.(kptﬁl)
icomp=and(shift(r,16) ,msk)
num=and(shift(r,32),msk)
itype=and(shift(r,48) ,msk)
nwrd=and(r,msk)

r=a(kpt+2)
ilrn=and(shift(r,16) ,msk)
kp=and(shift(r,32),msk)
nskip=and(shift(r,48) ,msk)
ipos=and(r,msk)

return

end

grfrd

subroutine grfrd(x,nenx,eof)

d
i
(al
x

eof = end-of-file indicator

adapted from lanl grit program

DO D

*
o
=
O
o
2
el
-
(=]
—

¢
*ca iounits
c

c
dimension x(1)
legical eof

c
call bfin(x,nenx,eof)

¢
return
end

*deck 1c2uc
subroutinz 1c2uc (string,len)

of len characters

author : j. e. tolli, eghg idaho
language: fortran 77 (ctss cft)
date 1 2/88

oMo n

Figure D-7. (continued)
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¢ get number of title cards
call grfrd (numtcr,1,eof)
if (eof) go to 20
¢
¢ read and store title
nw = 20*numtcr
call ?rfrd (a(ifree),nw,eof)
if (eof) go to 20
¢
¢ set title pointer
1title = ifree
ifree « ifree + nw

e sl

display first 1ine of ?roblem title
write (*,1000) (a(ltitle+i),i=0,19)
return

premature end of file encountered

20 write (*,1200)
call stop ('rdtit}’)

(2 o)

1000 format (' First line of problem title is '/20ad//)

1100 format (a)

1200 format (’*****premature eof on plot file'/
‘ewwwnexecution stopped’/)

ond
*deck stop

subroutine stop (mssg)
¢
¢ stop - stop program execution
¢
¢ author : Jj. e, tolli, egdg idaho
¢ language: fortran 77 (cray cft)
¢ date : 9/87
¢
¢ parameters:
(«
C mssg = message to be displayed at program stop
c
c

character*(*) mssg
C
*ca iounits
¢

¢ display message

write (*,1000) mssg
¢
¢ stop execution

stop

Figure D-7. (continued)
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c
¢l000 format (10x,’'stop '.,a)
1000 format (10x,a)
end
*deck unpkit
subroutine unpkit(a,n,b,m)

c
¢ unpacks trac-pfl plot data
¢

¢ adapted from trac-pfl program

¢
dimension a(l),b(1)
(o
data maskl,mask2/1777777777740000000000b,177777b/
¢
conjure up amin and scale from first packed word
amin=and(b(1),maskl)
m=1

if(n.le.1) go to 80
scale=1./shift(b(1),32)
¢ commenso unpacking, scaling and shifting a(l) thru a(n)
do 50 i=1,n
if(j.gt.0) go to 40
J=64

m=m+ ]
40 continue
J=J-16
itmp=and(shiftr(b(m),j) ,mask2)
a(1)=scale*float(itmp)+amin
50 continue
return
c
80 continue
a(l)=amin
return
end
*deck vessin
subroutine vessin
¢
¢ *** yessin - processes vessel input
c
*Cca paramtrs
*ca chlock
<ca cont ol
*ca iounits
*ca varnme
*ca vinfo
¢
logicul echo,fexist,eor

Figure D-7. (continued)



character*80 cbuf
character*80 c¢x
character* | break

data echo /.false./

initialize plot variable counter
ne=20

O

¢
get user input ... start lo
10 read (*,1100,end=110) cbuf

g

2l ol

echo input when required
if (echo) then
write (*,1100) cbuf
endif
(S
c procegs nser input
ib=1
20 call cv02(cbuf,80,ib,cx,lenf,break,eor)
if(eor) go to 10

00

if character input convert to upper case
call Tc2uc (cx,lenf)

©

check for echo/noecho or check run directive
if (cx.eq.'ECHO’) then
echo = .true.
go to 20
else if {cx.eq. NOECHO’) then
echo = ,false.
go to 20
else if (cx.eq. CHECK’) then
check = .true.

Lal

go to 20
endif
¢
¢ update and check numbe:r of requests (blocks of vessnp)

if (n+vessnp.gt.mxvars) then
write (*,1300) mxvars

n = mxvars
go to 119
endif
C
¢ get component number, if present

read (cx,’(13,12,12)’) numn,lrnn,ncn

o0

build a set for the vessnp list defined
do 50 i=1,vessnp
n=n+l

Figure D-7. (continued)
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¢ end
110

1000
1100
1200
1300
*

1400
1500
1600
1700
1800
1900

C

C

namein)(1:)=vessnm(i)(1:)
num(n)=numn
Trn(n)=Tran
nc(n)=ncn
cid(n)evessnm(i)(1:vessnn(1))//cx(1:1enf)
if(echo) then
write(*,1900) n,cid(n)
endif
continue

go to 20

of file on input data
continue

npv = n

write (*,1800) npv
return

format (/’enter plot variable requests:’)

format (a)

format (/' file ’,a,’ does not exist’)

format (/' over ',14,’ identifiers requested, only first ',
14, used’)

format (/' invalid identifier for ',a,’ - request ignored’)

format (/' cell no. < 10 for “,a,’ - request igncred’)

format (/' invalid variable name for ’,a,’ - request ignored )

format (/' invalid aux. field for ’',a,’ - request ignored’)

format (/i3,' identifiers’/)

format (" ’,14,’ : ',a)

end

*deck wrdata

subroutine wrdata

c

c

¢ wrdata - write data for requescted plot variables out to pldata
¢

¢ author : Jj. e. tolli, egdg idaho

¢ language: fortran 77 (ctss cft)

¢ date : 1/86

¢ modified: 8/87 j. e. tolli, egdg idaho
c

¢

*ca paramtrs

¢

*ca blankcom

c

*ca control

Figure D-7. (continued)



¢

*ca founity

¢

*ca ptrs

¢

*ca vinfo

o R alel L2 ] OO n

OO0

o006

integer iaux({mxvars A
equivalence (laux(l),aux(1))

dimension bufr(8)
logical eof
set pointer for graphics data
ldat = ifree
ifree « ifree + nwix
check for sufficient core storage
if (1free-1.gt.mxsize) go to 40
fnitialize plot data dump counter
npd = 0
read frame of data (start of loop)
10 call ,rfrd (c(ldat) nwtx,eof)
if (eof) go to 3

increment frame counter
npd = npd + |

get time value
kp = ldat
bufr(l) = a(kp)

initialize the bufr buffer counter
ndf = |

obtain rest of data and write to pldata
do 20 i+]1,npv

yget pointer to reguested variable

num{i)<0 impliss fixed geometry data {num=component num)

f (num(i).1t.0) then
idx = 1fixg

Figure D-7. (continued)



else
idx = dat
endif

(2]

pointer to data
kp = fdx + iabs (loc(i)) - 1

nc(1)<0 implies data is unpacked (cell number)

NoOoOOOO

if (1aux(1g.ta 1) then
kdx = fabs (nogi))
if (1fro|¢kdx-;.?t.mxsixo) go to 40

if inc(i).)t.o hen
a(ifreesbdx-1) = a(kpekdx-1)
else
nw = kdr

f (kdx.eq.] .and. loc(1).gt.0) nw = 2

call unpkit (a(ifrec),nw,a(kp),npkw)
endif
else
kdx = |
call calevl (i,kp,a(ifree))
endif

increment the bufr buffer counter
ndf = ndf + |

dump the bufr buffer if full
if ‘ndf.gt.a then
if (i.eq.8) then
write (iuntdo,1000) bufr
else
write (funtdo,1100) bufr
endif
ndf « 1
endif

©

“

¢ store data in the bufr buffer
bufr{ndf) = a(ifrees+kdx-1)

¢ end of loop for this data frame
20 continue

dump the rest of the buffer
if (1.1e.8) then
]urite (funtdo, 1000) {bufr(i),i=1,ndf)
else
write (funtdo,1100) (bufr(i),i=1,ndf)

o n

Figure D-7. (continued)

faux(1)=-1 implies no auxilliary data for this variable

loc(1)>0 implies mors than one data word stored for variable
if unpackzd, pul data in "3 same location as if packed.
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endif

¢

¢ end of loop
go to 10

¢
¢ finished rolding glot file
30 write (*,1200) npd
return

¢
¢ insufficient core for data
40 write (*,1300)
stop ‘wrdata’
¢

1000 format (lp,el0.4,0p,7¢10.4)
1100 formut (8e10.4)
1200 format (15.' data dumps on plot file'/)
1300 format ('*****ipngufficient core for plot data'/
. - ‘wansdoyecution terminated’/)
wit

*deck wrvnl
subroutine wrvnl

modified: B8/87 j. e. tolli, egdg idaho

¢

¢

¢ wrvnl - write plot variable identifiers and labels to pldata
¢

¢ author }. e. tolli, egdc idaho

¢ language: fortran 77 (ctss cft)

¢ date ¢ 1/88

¢

¢

*ca paramtrs

*ca blanxcom

*ca cblock

*ca control

*ca founits

*ca ptrs

*ca vinfo

¢
character cbuf*16,t1abel*24

g

¢ write number of requested variables, plus | for time
write (funtdo,1000) npv+l

¢

¢ write name of time variable and label
write (cbuf,’'(28)’) 1a(lcat+2)
write (tlabel, ' (3a8)") sia(7c1t+1).i-3.5)
write (funtdo,1100) cbuf, tlabel

¢

c write identifier and label of each regueste” variable
do 10 i=1,npv

Figure D-7. (crntinued)
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write (funtdo,1100) cid(1),label (1)
10 continue

¢
¢ all done
return
¢
1000 format (13)
1100 forwat (a,lx,a)
end
subroutine initdf()

*ca 1ofiles
*ca founits

¢ inftialize iofiles
nxfnmes=]
nfame«0
do 10 1«1,10
fome(1)(1:)=" *
10 continue

¢ initialize founits
funtdi=]?2
fundto=13
return
end
subroutine rdfnme()
¢
*ca fofiles
character str*]20,break*]
integer ib,nfn
logical eor,gexist

nxfnmes]
nfrme=0

10 read(*,1000,erd=100) str
:;(:tr(l:l).oq.‘.') return
nfame=nfrnmes+ )

call cv02(str,120,ib,fnme(nfnme),nfn, break,eor)

if(eor .or. nfn .1e.0) then
nfame«nfname -1
g0 to 10
endif
inquire (file«fnme(nfnme),exist=gexist)
i (.not.gexist) then
write (*,1020) fnme(nfnme)
nfnmesnfrme- |
endif

Figure D-7. (continued)



C
100

1000
1010
1020

go to 10

cont inue
write(*,i010)
call stop('rdfrnme’)

format(a)
format(’' *** Premature eof’)

format(’ *** TRAC file does notl exist:

end
subroutine dfitnm()

*ca varnme

integer 1,lenstr

¢ vessel parameter names

v

20

10

20

vessmp=10
do 10 f=],vessmp
vessam(i)(1:)=" '
continue
vessnm{ 1)(1:)="P’
vessnm( 2)(1:)="VIN-2'
vessnm( 3)(1:)='VUN- 2’
vessum( 4)(1:)« ALPHA’
vessnm( 5 il ; "RHOV'
vessom( 6)(1: 'RNOL'
vessnm 7 1.)="TL’
vessnm l « TV
vessnm( 9) 1:)="TSAT’
vessnp=9

do 20 i=1,vessnp
vessnn(i)=lenstr{vessnm(i))
continue

return

end

integer function lenstr(str)

character stre(*)

k-\on(strl

do 10, i=k,1,-]
if(stre(i:1).ne.” ') go to 20

cont inue

lenstr=0

return

contirue
lenstrsi

return
end

Figure D-7. (continued)
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€ source code zcif.f--source code that reads the ascii Jata
¢ and writes the binary FRAP-T6 boundary condition file
¢
program main
¢
¢ INPUT:
¢
¢ dbgl dbg2
¢ trac_file_name
¢ frap_outpit file name
¢ start_time stop time time fnterval
¢ lower plenum volume number
¢ upper plenum_volume rumber
¢ core_plenum volume_number 1 bottom elev top elev
¢ core_plenum volume_number 2 bottom elev top elev
¢ core_plenum_volume_number 3 bottom elev top elev
¢ core_plenum_volume_number 4 bottom elev top elev
c 1
¢ !

INCLUDE "zcif.h'
logical arr

¢ get requested variables from user input
call userin

(o )

open the trac input and frap output files
call openf(err)
if(err) then
call clos
stop "*** Lrror openf’
endif

write variable names from data file
call rdvam

el el

¢
¢ process file to FRAP output
call dofrap
¢
end
subroutine openf (err)
¢
¢ *** apenf - Open files
¢
INCLUDE “2¢if.h’
logical gexist,err
integer 1o0s
5
err« false,
C

Figure 0-8. TRAC2FRAP suurce code zcif.f.
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lal

(=1 2

C
¢

logical eor
real cvrnm, dz

characacter buffer length
nstr«80

get the debuy parameters
r;o? ('.¥Ooo,ond-100) str
ibe=
dbglecvinm(str,nstr,ib, istat)
db?t-cvinm(str.nstr.ib.istat)
write(*,1060) dbgl,dbg2

get input and output data-file names
:;a?(*.looo.cnd-IOO) str
call rv02(str,nstr,ib, fntrac,nch,break,eor)
write(*,1010) fntrac
rga?(',lOOO.end-lOO) str
ibe
call cvO2(str,nstr, ib,fafrap,.-h ureak,eor)
write(*,1020) fnfrap

get the start, stop and time interval
:;a? (*,1000,end=100) str
timnxt=cvrnm(str.nstr,ib,istat)
ttmstpucvrnmistr.nstr.1b,1stct)
timdifecvram(str, nstr,ib, 15tat)
write(*,1030) timnxt, timstp, timdif

read the lower plenum volume number
read {*,1000,end=100) str
write (*,1040) str
ib=]
call cvO2(str nstr,ib,1pvol, nch,break,eor)

read the upper plenum velume number
read (*,1000,end=100) str
write (*,1040) str
ib=]
call cv02(str,nsir,ib,upvol nch, break,eor)

start }oop. read core volume numbers
k=
10 read (*,1000,end='10) str
write (*,1040) str

process user input

Figure D-8. (continued)
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ib=]
call cv0Z(str,nstr,ib,cvol(k),nch, break, eor)

if(eor) go to 10
zb(k)scvrnm(str nstr,ib, 1stat
2t(k)=cvrnm{str nstr,ib,istat
if(k.eq.1) then

dz-tt(k ~zblk)
else

iy zbi g tb(k)=zt (k-

1f (k). 0 zt{k)=zb(k- ‘dz

|f(d 1.ne.0) then
ite(*,2010) zb(k),zt(k)
cndif
keka]
go to 10
¢
¢ abnorma’ end of file on input data
100 continue
call clos
stop '*** Premature eof '

¢ end of file on input data
110 continue
nvol=k-]
return

1000 format(a)
1010 format (/' TRAC input file:’a)
1020 format(/' FRAP output file:’a)
1030 format /' Start time - ',flo.s.
+ /" End time ',f10.3,
/" Time int = ul = ' f10. 6/)
1040 format(lx,a)
1060 format(/’ Debug 1 = ",il," Debug 2 = ’,11)
2010 fo;aat ‘ bote',f10.4," top~',f10.4)
en
subroutine rddata(data,ndata,eof)

¢ *** rddata - Read frarme of data
INCLUDE “zcif.h’
real data(*)
integer ndata,nloop,k,i,, ndf
logical eof

nloop=dfraum/8
k=0

do 10 i=1,nloop

‘ Figure D-8. (continued)
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reso(iuntdi, 1000, ond=100) (datalk+j),j=1,8)
kek+8
10 continue

ndf = mod(dfroum,8)
read(funtdi, 1000,end=100)  ‘ata(k+1),is],ndf)

ndata=dfrnun
eof=. false.
"tu-‘ﬂ

100 continue
' eofs.true.
return

1000 format(8f10.0)
end
subioutine rdvom
*** pdvnm - Read plot variable name
INCLUDE "2cif.h’
integer {,nch,ib,nstr

character str*80,break*]
logical eor

Oaon

a0

characacter buffer length
nstr=80

o n

read number of requested variables, plus 1 for time
read(funtdi,1000) dfrnum

read identifier of each variable
do 10 i=],dfraum
: ?;a?(iuntdi,lOiO.ond-lOO) str
call cv02(str nstr,ib,dfrome(1), ,nch, break,eor)
10 continue
return

o0

100 continue
call clos
stop ‘*** eof reading TRAC names’

¢

_ 1000 format(i3)

: 1010 format(a)
end

subroutine getloc(name,nname,loc,list,nlist)
¢
¢ *** getlnc - Get location of data in data frame

Figure D-8. (continued)
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entry -
name :Array of variable names
nname :Length of name and loc
148t :List of names for each variable in the data frame
nlist .Length of 1ist.

exit -
loc :lLocation of date (-1 = not found).

INCLUDE ’"zcif. N’

dimension name(*),11st(*)
character name*(*),1ist*(*)
integer nname,r1ist,ioc(*),1,]

OO ON0NONn

Lel

initially set to :11 not found
do 10, i=],nname
loc(1)=-1
10 continue

~

search 1ist
do 30 i=],nname
do 20 j=1,nlist
1f§namo(1)(1:).oq.list(j)(l:)) then
oc(i)=)
go to 30
endif
20  continue
30 continue
return
end
subroutine dofrap()

*** gofrap - Process the daty file

INCLUDE "zcif.h’
integer ulocP , ulocTl, ulocTv, ulocDi, ulocDv,

TOoON

+ ulocVl, ulocVy, ulocvd, 1locP , 1locl),

+ MocTv, 11ocDl, 1locDv ,110cV], 1locVy,

+ 11ocVd,

+ ]ocp(zog , locT1(20) . locTv(20) :
4 10¢01(20) , locDv(20) , locV1(20) "
+ locVv (20 , locvd(20)

dimension namc(8

character namc*6,name*16

integer ncnam(8),loc(8),nnam,i,J,ndat

logical err,eof

real dat(10000), tMx, hMx, mMx,cnvH, cnvM,cnvTl, envT2, cnvP

T ————

data namc /'P’,VLN-Z','VWN-Z' 'ALPHA’, 'RHOV’,'RHOL ™ ‘TL',"TV" /

Figure D-8. (continued)
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data ncnam/ i, 5. 3, 5, &, 4, 2, 2/

¢ conversion constants

data cnvH, cnvM, cnvTl, cnvT2, cnvP

. /4.29% -4, 737.4, 1.8, -460,, 1.4504e-4/
¢
¢ number of parameters per volume

nnam=8

¢ Tength steam table
nstme] £800

¢
err=, false.

¢ data location for lower plenum
do 10 i=1,nnam
name=name (1) (1:ncnam(1)!//Tpvol(l:)
call gctlocénaao.i.loc(i).dfrnmc.dfrnum)

1f(dbgl.ne.0) then
write(*,2010) loc(i),name
endif
if(loc(1).11.0) then
err=. true.
write(*,1000) name
endif

10 continue
1ocP = loc(l
1ocV! = Yoc(2
1loeVy = loc(3
11ocVd = loc(4
11ocDv = loc($
110cD1 = loc(6
1ocT) = loc(/
1ocTy = loc(8

¢ data location for upper plenum
do 20 i=1,nnam
name=namc (1) (1:nenam(i))//upvol (1:)
call getloc(name,l,loc(1),dfrnme,dfrnum)
if(dbgl.ne.0) ther
write(*,2020) loc(i),name
endif
if(loc(i1).1t.0) then
err=.true.
write(*,1000) name
endif
20 continue
ulocP = loc(l;
ulocVl = Yoc(2)
ulocVv = joc(3)

Figure D-8, (continued)



ulocvd
ulocDy
ulocD]
ulocT
ulocTy

¢ data locatt

loc(4)
loc(5)
loc(6)
loc(7)
loc(®)

on for core

do 40 j«1,nvol
do 30 i=],.nnam

name(1:)=namc(1)(1:ncnam(i))//cvol
call getloc(name,l,Yoc(4),dfrnme,d

1f(dbgl.na.0; then
write(*,2030) j,loc{1),name
endif
if(loc(1).1t.0) then
erre=_true,
write(*,1200) name
endif
30 continue
locP(j) = loc(l)
TocVi(J) = loc(2)
locVv(]) = loc(3)
1och(J; « loc(4)
TocDv(]) = loc(5)
1och(J; « loc(6)
ToeT1(J) = loc(7)
TocTv(d) = loc(8)
40 continue
iflerr) then
call clos
stop "*** Missing data '

endif

¢ loop reading and writing data
50 continue
call rddata(dat,ndat,eof)

if(eof)
if(dat(
ir(dat(

]

l .?t.timstp) go to 100

o to 100
g t.timnxt) go to 50

timnxt=dat(1)+timdif

C write time
write(i

untdo) dat(1)

if(dbg2.ne.0) then

write

endif

(*,2040) dat(})

¢ write lower plenum data

Figure D-8,

{continued)
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call getprp( dat(1locVd), dat(1locT1), dat()locTy),

. dat(1locD1), dat(1locDv), dat(1locVl),
+ dlt(\loch). hMx, tMx, mMx)
dat(1locP)=dat(11ocP)*cnvpP

hWMx=hMx*cnvH

tMx=tMx*cnvTlecnvi2

write(iuntdo) dat(11ocP), hMx, tMx

1f(4bg2.ne.0) then

write{*,2050) dat(11ocP), hMx, tMx

endif

¢ write core data
do 60 j=1,nvol

call getprp( dat loch%J)) dat loc11lJ)) dati]och(
+ dat(1ocD1(Jj)), dat(locOv(j)), dat(locVl(])
“ dat(locVv(J)), hMx, tMx, mMx)

write(funtdo) zb ).zt J).dlt(locP(j)) th tMx , mMx

dat(locP(]))=dat ocP( ) ) *cnvP

hMx=hMx*cnvi

tMx=tMx*cnyTlecnvT2

mMx=mMx*cnvM

1f(dbg2.ne.0) then
ucmu(' ,2070) J,2b(J;.2t(J),dat(TocP(J1), hMx, tMx, mMx
en
60 continue

¢ write ugpcr plenum data
cnl getprpl dat uloch). dat(ulocTl), dat(ulocTy),
dat(locD1), dat{ulocDv), dat(ulocVl),
+ 4 .(uloch). hMx, tMx, mMx)
dat{ulocP)=dat (ulocP)*cnvP
hMx=hMx*=nvH
tMxetMx*cnvTl+ecny12
write(iuntdo) dat(ulocP),hMx, tMx
1f(dbg2.ne.0) then
write(*,2060) dat{ulocP),hMx, tMx
endif

¢ loop back to S0
go to 50

¢ eof or time 1imit reached reached
100 continue
write(*,1020)
rety =

1000 format(’ *** Variable not located: ',a)
1020 format(//’ Eof or time 1imit reached’)
2010 format(’ Lower plenum. loc=',i4," Name= ', a)
2020 format(’ Upper plenum, loce',i4," Name= ', a)

Figure D-8. (continueq)
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2040 formax(/' Time = ", f11.5
2050 format(’ LP:’ ,5(1x,fi0.3))
2060 fornat{' up: " ,5(1x,f10.3))
2070 fa;lat I, 12,5(1x,€10.3),1x,1pel0.3)
en
subroutine getprp(void,tL, tV,rhol,rhoV, vl vV,
+ h'l.t"l.ﬂl)

2030 forlmtg' Level=’ 12,’ loce’, 14, Names ' a)

¢
¢ %** getprp - Get the mixture properties

¢
INCLUDE "zcif.h'

real veld, th, tV,rhol, rhoV, vl , vV, hMx, tMx, mMx
real qual,fac,hl, hy

integer istate

logical err

if(void.gr.0.99) then
Ggsal=].0
else 1f(void.11.0.001) then
qual=n,
elce
fac=(rhoV/rhol )*(vV/vL)*(void/(1.0-void))
:a\-fac/(l¢fac)
endif

¢ istate: l:liquid 2:2-phase 3:vapor
iflqual.1t.0.99) th.»
prp l;-tl
prg 3)=1.0/rhol
call sth2xd(stmtbl,prp,istate,err)
if(err) then
call clos
stop 'water prop err’
endif
if(istate.eq.2) then
hi=prp(15)
else
hL=prp(5)
andif
else
hi=0.0
endif
1f(qual.gt.0.01) then
prp(1)=tv
prp(3)«1.0/rhoV
call sth2xd(stmtbl,prp,istate, ery)
if(err) then
call clos

Figure D-8. (continued)
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Source code cv0000.f--source code for the subroutines used to
read data in free format

subroutine cvreal(str,n,ib,rx, stat)
tvreal - Get the next binary real from a char string.
Dale M. Snider

Get the next binary real number from a char string. If the next
characters in the string are integer, a real conversion

is made. 1f the next chraracters are character data, then

the status flag 1s set. If 2n cau-u” . 229rd, then the

status flag 1s set, For either an error or an end-of-

record the real variable is not redefined.

Entry -
str ... The character string to be parsed.
n ... The length of the character string. If <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>