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ABSTRACT

Research has been conducted to develop and demonstrav a methodology
calculation of the time interval between receipt of the containa.cnt isolation sigt *
and the fhst fuel pin failure for loss of-coolant accidents (LOCAs). Demonstrativ t

calculations were perfonnal for a liabcock and Wilcos (B&W) design (Oconee)
and a Weuinghouse (W) 1 oui-loop design (Seabrook). Sensitivity studies were
performed to assess the impacts of fuel pin bumup, axial peaking factor, break sire,

_

emergency core cooiing system (ECCS) availability, and main coolant pump trip
on these times. The analysis was performed using the following codes:
FR APCON-2, for the calculation of steady-state luel behavior; SCDAP/
MELAP5/ MOD 3 and TRAC PFl/ MODI for the calculation of the transient
thermal hydraulic conditions in the reactoi syttem; and FR AP-T6, for the calcala-
tion of transient fuel behavior. in addition to the calculation of fuel pin failure -

timiup, this analysis provides a compariu n of the predicted results of SCDAP/
,

RELAPS/ MOD 3 and TRAC-PFl/ MODI for large-break LOCA analysis.

Using SCDAP/RELAP5/ MOD 3 thermal hydraulie data, the shortest time inter-
vals calculated between it.itiation of containment isolation and fuel pin failure are

- 10A seconds and 19,1 seconds for the ll&W and W plants, respectively. Using data
generated by TRAC PFl/ MODI, the shortest interval for the W reactor is 29.1 sec-

onds. These intervan a e for a double-ended, offset shear, cold leg break, using the
technical specification maximum peaking factor and applied to fuel with maximum
de .ign humpp.

l .

;

!

FIN Ll611-LOCA Pin Failure Source Term )
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EXECUTIVE SUMMARY

A desi;tn basis accident postulated for pin initial condliions for i R APJI6. I R AP/16
licensing of nuclear power reactors has been the was used to calculate the imtial stead >4 tate iucl
loss-of coolant accident (LOCA), in conjunction pin conditions for SCDAP/RFI AP5/ MOD 3.
with an assumed instantaneous release of fission SCDAP/RELAP5/ MOD 3 was run to obtain the
products from the fuelinto the containment. system thermal hydraulic boundary conditions,
Certain equipment performance capabilities. such consisting of the fuel pin power distribution and
as rapid closure of containment isolation valves. thermodynamic conditions of the coolant chan-
were required to facilitate compliance wHh nel. Finally, FRAP-T6 was used to calculate the
regulations regarding offsite radiological transient fuel pin behavior.
consequences.

SCDAP/RELAP5/ MOD 3 was chosen as the
The objective of this research was to develop a primary thermal-hydraulic code for the analysis,

viable methodology for calculating the timing of since SCDAP/RELAP5/ MOD 3 provides a con-
the earliest fuel pin cladding failure, relative to siderable cost savings over TRAC-PFl/ MODI
the containment isolation signal, for LOCAs. The for calculation of system thermal-h>draulic
calculation was expected to show that, with response under LOCA conditions. SCDAP/
regard to radiological consequences, certain RELAP5/ MOD 3 is a relatively f ast-running code
isolation valves may not have to be closed as that can execute from a workstation platform, as
rapidly as now required, opposed to TRAC-PFl/ MODI, which requires a

mainframe platform, llowever, because of the
Methodology lack or code assessmeni for SCD A P/

RELAP5/ MOD 3, a supplemental TRAC-PFl/

To meet this objective, a calculational method. MODI calculation, duplicating the case re3ulting

ology was developed using the FRAPCON 2, in the shortest time to pin failure for Seabrook,

SCDAP/RELAPS/ MOD 3, TRAC-PFl/ MODI, was run to provide an es aluation of its accuracy.

and FRAP T6 computer codes. This four-code
approach provided a defensible calculational The supplemental calculation utilizes a similar

methodology for performing the analyses, incor- methodology with the exception that SCDAP/
porating a fully nssessed calculational path, using RELAP5/ MOD 3 is repuced by TR AC-
FR APCON-2, TRAC-PFl/ MODI, and FR AP. PFl/ MODI, as illustrated in Figure ES-2.
T6, and a parallel path, utilizing FR APCON-2, Initialization of burnop-dependent variables for

SCDAP/RELAPS/ MOD 3 and FRAP-T6 Dem. the TRAC-PFl/ MODI fuel components is not

onstration calculations were performed, applying necessary, since the code does not hase a fuel

this methodology to two plant designs, a performance model. Iloweur, a comparison of
Westinghouse (W) four-loop design analyzed initial stored energy calculated by TRAC-
using a Seabrook plant model and a Babcock and PFI/ MODI to that calculated by FRAP-T6 indi-

Wilcox (B&W) design analyzed using an Oconee cated reasonable agreement.

plant model. Sensitivity studies were performed
to assess the impact on failure timings of break A significant software development effort was
size, emergency core cooling system (ECCS) conducted to implement the chosen methodology.

availability, reactor coolant system (RCS) pump This effort included conversion of the
trip, fuel pin bumup, and axial peaking factor. FRAPCON 2 and FR AP-T6 codes to portable

FORTRAN 77 to allow execution on a 32-bit-
The' calculational methodology that used based UNIX workstation, and the creation of

SCDAP/RELAP5/ MOD 3 is illustrated in interface codes to link the thermal hydraulics
Figure ESr-1. In these calculations, FRAPCON-2 codes to FR AP-T6. In addition, advanced

was used to calculate the burnup-dependent fuel graphics capabilines were added to the FRAP-T6

xi N UREG/CR-5787
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FRAPCON-2
Calculates bumupa$ependent
fuel pin initial conditions

k

initial values of:
Released fission gas inventory,
Retained fission gas inventory,
Permanent cladaing strains,
Cladding oxide thickness,
Amount of open fuel porosity

I

o n

SCDAP/RELAPS FRAP-T6

Calculates primary system thermap {tegsjte n tbnsfo
Vd

hydraulic response, including. -a
SCDAP components

Primary system pressures, temperatures,
void distributions, break flow,
Core thermahbydraulics, P
Containment isolaton signal, timings. Initial gap conductanceFuel pin balboning and rupture Initial gap gas pressure

Radial temperature profile

n

IP

Time-dependent tables of bulk thermal-
hydraulic conditions in core nodes and core
inlet and outlet v^lumes.
Coolant mass flux in core nodes.
Fuel pin power distribution.

FRAP-T6

Calculates transient fuel:

pertormance

k

Fuel pin failuro timing
LF910003

Figure ES-1. Flow chart of methodology using SCDAP/RELAP5/ MOD 3 thermal-hydraulic data.
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FRAPCON-2 TRAC-PF1/ MOD 1

Calculates bumup-dupendent Calculate.1 primary system thermal-
fuel pin initial conditions hydraulic response, including:

Primary system pressures, temp-
eratures, void distributions
Break flow"

Core thermal-hydraulics
i!$ n gas inventory h0"

.

" " '$ "$9 '
1

min 9sRetained fission gas inventory
Permanent clad 1 ng strains 1
Cladding oxide thickness T

Amountof openfuelporosity
Time-dependent tables of:

Bulk thermal-hydraulic conditions in
core nodes and core inlet and outlet
volumes.
Coolant mass flux in core nodes. _

k

FRAP-T6

Calculates transient fuel
performance

n

Fuel pin f aiNre timing
LF910001

Figuro ES-2, Flow chart of methodology using TRAC-PFl/h10D1 thenna!-hydraulic data.

code, These capabilities include interfacing to the channel included four fuel assemblies. The total
Nuclear Plant Analyzer (NPA) and the GRAFITI power generated in the hot channel was assumed
graphics packages. The NPA software is an to be governed by the technical specification
advanced interactive graphics package that pro. enthalpy rise hot channel factor.
vides an animated display of the fuel nx! behavior
during program execution. The GRAFITI pack- Existing RELAP5/ MOD 2 Seabrook and
age provides a presentational graphics capability. Oconee reactor models were modified and

upgraded to produce the models needed for this
Model Development analysis. Modifications included the addition of a

detailed three-channel, nine axial node core
Calculations were performed assuming an mixiel, describing the hot channel and the central

equilibrium core operating at 1024 core thermal and outer core region, with crosstlow modeling
power. Similar core nodalization was used for the between channels; point kinetics modeling;
SCDAP/RELAP5/ MOD 3 and TRAC-PFl/ SCDAP modeling; a simplified cor.tainment
MODI models, with the exception that the core model; and a detailed downcomer model.

- bypass was lumped into the outer core region in
the TRAC-PFl/ MODI model. This nodalization A simplilled containment model, consisting of
consisted of a detailed three-channel core model a single RELAP5 volume with heat conductors
with nine axial nodes. simulating hot channel, representing steel and concrete surfaces, provided
central, and outer regions of the core. The hot a fairly rough estimate of contaimrient response.
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A more detailed treatment of containment The results generated by this analpis are
response would require the use of a containment dependent on the specific fuel design para.mters,
analysis code. For Seabrook, results indicate that such as initial helium fill inventory, fuel pellet
the containment isolation signal from the pressur- dimensions, cladding dimensions, and plenum
izer low pressure trip trails the signal received volume. Fuel pin failure times can be expected to
from high containment pressure by only about vary by both fuel design and reactor design.
three seconds. Because of the approximate
nature of the containment pressure calculation, SerisillVily Studies
the pressurizer low-pressure trip time was used to
determine the containment isolation signal time. Using SCDAP/RELAP5/h10D3, sensitivity
For Oconee, the containment isolation signal studies were performed for each * actor type to
from the RCS low pressure trip trails the signal identify the break size resulting in the shortest
received from high containment pressure by only time to pin failure. The following break siics
about 0.02-0.28 seconds; and the RCS low- were analy zed:
pressure trip time was used to determine the con.
tainment isolation signal timing for the A large-break LOCA, consisting of ae

large-break cases. The arder-of-magnitude differ- double-ended, offset-shear break of a cold
ence in containment isolation signal times leg, with break sizes corresponding to 100,
between the plants is due to the locations of the 90,75, and 509 of the full design basis
pressure sensors. For all of the small-break cases, analysis (DB A) cold leg break area (200%
the high containment pressure trip trails the low of the cold leg cross-sectional area) without
RCS pressure trip by several seconds, and the low ECCS
RCS pressure trip time was used to determine .

containment isolation time, A 6 in. dia., small break LOCA at the samee

location used for the large break case, with
and without ECCS.

The Seabrook TRAC-PFl/ MODI model used
for this analysis was also derived from an existing Tu large-break case resulting in the shortest
TRAC-PFl/ MODI model. The modifications for time to pin failure (100% DB A for both Oconee
this analysis included renodalization of the core and Seabrook) was also run with the following
region from five to nine axial nodes, describing variations:
the hot channel and the central and outer core
region, removal of pumped ECCS, modification * With ECCS available
of the core power distribution, and replacement of
co_ntainment pressure and decay heat boundary With RCS pump tripped at time zero. with.

conditions. Boundary conditions for containment and without ECCS available.
pressure and total core power history were
obtained from-the corresponding SCDAP/ For each set of large-break transient thermal-
RELAP5/ MOD 3 calculation. hydraulic conditions generated by SCDAP/

RELAP5/ MOD 3, a series of 16 FRAP T6 cases,
using best-estimate models, was run to determine

The FR APCON-2. FRAP T6, and SCDAP fuel fuel pin failure times for a range of peak bumups
pin models were developed specifically for this and axial power peaking factors up to and includ-
analysis. A single fuel pin design was modeled ing the heat flux hot annel factor. The 16-case
for each plant type analyzed-the Mk-B9/10 FRAP-T6 matri' repeated for the worst-case
design for the Oconee analysis and the break size (1+ Nr DB A) using the available
W 17 x 17 standard fuel design for the licensing audit code options.
Seabrook analysis. Reactor-specific fuel data was
obtained either from the fuel vendor or the appro- For each small-break SCDAP/RELAP5/
priate Final Safety Analysis Report. MOD 3 calculation, an initial matrix of four
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FRAP-T6 cases was esecuted, corresponding to FRAP/16 for Seabrook was 218 seconds for the
the highest peaking factor at four burnups for eac h 100% DH A case without ECCS available. Osci-
reactor type. Since no fuel pin failure was all, the results generated by FRAP T6 are consis-
observed prior to 60 seconds in all cases, no addi- tent with expected trends. Pin failure iimes
tional FRAP-T6 cases were run. shortened as peaking factors, burnups, and break

areas were increased.
The 16-case FRAP T6 matrix for the 100%

DB A case for Seabrook was also run using The earliest pin failure times calculated for
therm:d-hydraulic boundary condition data pro- Oconee were significantly shorter than those cal.
vided by TRAC-PFl/MODL culated for Seabrook. The shorter failure times

can be directly attributed to the higher linear heat
Recults Generated Using generation rate and the larger fuel pin dianietn in

SCDAP/RELAP5/ MOD 3 Oconee which results m higher ,mtial stored
.

i

energy. in addition, the failure times calculated

The fuel pin failure times for Oconec and for Oconee were stronger functions of burnup

Seabrook calculated by FRAP-T6 for the worst- man Mose reported for Seabrook. The pin failure *

case LOCA are summarized in Tables ES-1 and dhd for Seabrook were only weak
b of kng wim oMy about a totM ofES-2. In cases w here no fuel pin failure was pre-

dicted, the values given in the matrices corre- fise seconds or less separating the maximum and

spond to the transient time at the end of the ininimum pin failure times over the range of

calculation, prelhed by a " greater than" symbol
b). The failure nodes are indicated by the num-

As anticipated, no fuel pin failures were nre-
bers in parentheses; nodes are numbered from 1 at

dicted for the small-break cases during the nat
the bouom of the core to 9 at the top.

60 seconds of the calculation. The smali-break

The fuel pin failure times calculated by e ses without pumped ECCS available w're sub-

SCDAP/RELAP5/ MOD 3 do not, in general, cor- sequently extended to 6 minutes 33 seconds (at
'

which time code failure occurred) for Oconee andrelate well with those calculated by FR AP-T6.
Except for the Oconee 1001 DB A l'.OCA cases, to 10 minutes for Seabrook, with no fuel failures

the fuel pin failure times calculated by SCDAP/ predicted by either SCDAP/RELAP5/ MOD 3 or
FRAP &RELAPS/ MOD 3 tend to be longer than those cab

culated by FRAP-T6. This discrepancy increases
significantly as the break size is reduced. A fairly Results Generated Using
good agreemem is obtained between the two TRAC-PF1/ MOD 1
codes for the 1004 DBA Oconee cases, both with

and without pumped ECCS. Ilowever, fuel pin The system response calculated using SJDAP/
failure times calculated by SCDAP/ RELAP5/ MOD 3 agrees fairly well with that of
RELAP5/ MOD 3 are about half of those calcu- Tk AC-PFI/ MODI for the first 35 seconds, as
lated by FRAP-T6 for the two 1005 DB A evidenced by comparisons of RCS pressure, pres-
Oconee cases run with main coolant pump trip. suriter pressure, break Dow, accumulator Hows,

hot-leg Dows, and cohl-leg Dows. Ilowever. the
The minimum time to fuel pin failure for hot channel thermal-hydraulic conditions calcu-

Oconee calculated with the FR AP T6 best- lated by SCDAP/RELAP5/ MOD 3 produce
estimate models was 13.0 seconds for the higher cladding surface temperatures and earlier
1004 DBA case without RCS pump trip. This fuel pin failure times.
minimum pin failure time for Oconee was not
affected by availability of pumped ECCS. The The largest deviation between the SCDAP/ J

minimum time to fuel pin failure calculated by RELAP5/ MOD 3 and TRAC PFl/ MODI results j
i

!
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Table EM. 1 RAP-T6-calculated hot fuel pin failure time (s) and location as a function 01 bumup and
peaking factor ici a complete, double-ended, ofiset-shear LOCA for Oconee.

Iturnup

Peaking
factor 5 GWd/MTU 20 GWd/3.1TU 35 GWd/MTU 55 GWd/M1 U

2.63 22.7 (5) ''O.3 (4) 1 S.0 (4 ) ! 3.0 (4 >

2.4 > 60.0 25.3 (4) 19.7 (4) 14.1(4)

2.2 > 60.0 3-1.8 (4) 23.9(4) 10 A (41

2.0 > 60 0 > 60.0 33.8(4i 22.5(4)
_

Table ES-2. FRAP-T6-calculated hot fuel pin failure time N and location as a function of bumup and

peaking factor for a complete, double ended, offset-shear LOCA for Scabniok.
_ _ , . ,

flurnup

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 50 GWd!MTU

2.32 29.1(51 29,7 (5) 27.7 (5) 24.5t4)

2.2 34.4 (5) 36.7 (5) 35,5(5) 32 $(4)

2.0 44.5 (4) 48.4(4) 43.6 t 4 ) 43.6(4)

1.8 > 60.0 > 60.0 > 60.0 > 60.0
_a

occurred after tre accumulators emptied and dis- pin f ailure w as predicted, the s alut eisen in the.

charged nitrogen into the system. In the SCDAP/ matrices correspond to the transient nme at the end

RELAP5/ MOD 3 calculation. the accumulators of the calculation, prefised by a "peater than"
were isolated as they approached an empty condi- symbol (>).The failure nodes are indicated by the

tion,in order to prevent code failure. In the numbers in parentheses; nodes are meinbered Oom

TRAC-PFl/ MODI calculation, howes er, v. the 1 at the bottom of the core to 4 at the top.

accumulators emptied, mirogen pcs w as dis-
charged into the cold leg and s essel. This surge of Cladding surface temperatures calculated by
noncondensible pas pressurized the upper down- FRAP-T6 using TR AC-PI !! MODI data are
comer, resuhing in a surge of fluid into the core lower than those calculated using SCDAP/
region. Core now surges can be seen as the bro- RELAP5/ MOD 3 data. This deviation becomes
ken loop accumulator empties at approximately even more apparent after about 40 seconds. due
35 seconds and again as the intact accumulators to the nitrogen-induced flow surge that results in
empty at about 40 seconds These llow surges are a quenchiig of the cladding for the TR AC-
clearly seen in the hot channel mass flow at the PFl/ MODI calculation. Based on this sincie
midcore level TRAC-PFl/ MODI calculation, the methodokIgy

using SCDAP/RELAP5/ MOD 3 to proside
The corresponding FRAP-T6 fuel pin failure thermal-h> draulic boundaiy conditions for

times generated using TRAC-PFl/ MODI are FR AP-T6 appears to produce consen atis e
summarized in Table ES-3. In cases w here no fuel results.

N UREG/CR-5787 ui
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Table ES-3. FRAP-T6-calculated fuel pin failure time (O for the Seabrook 10Wi- DilA case using
thennal hydraulic conditions generated by TRAC-PFI/ MOD 1. *

_

liurnup

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 50 GWd/MTil

2.32 > 60.0 41.4 (5) 41.3(6) 34.9 (6)

2.2 > 60.0 > 60.0 41.4 (5) 41.2(6)

2.0 > 60.0 > 60.0 s 60.0 > 60 0

1.8 > 60.0 > 60.0 > 60.0 > 60.0
-

Technical Findings 3. Fuel pin failure times calculated by -

FRAP T6 using SCDAP/REl.AP5/ MOD 3
A detailed methodology for the calculation of thennal hydraulics are conser alive in com-

fuel pin failure timmg under LOCA conditions parison to those using TR AC PFl/ MODI
was developed and applied in two series of dem- thennal-hydraulics. It is espected that more
onstration calculations. In each demonstration detailed nodalization schemes would not
calculation, the earliest fuel pin failure times were adversely affect this finding,
f or a complete, double-ended, olfset shear break
of a cold-leg, without pumped ECCS and assum- 4. The time of cladding rupture calculated
ing that the main coolant pumps continued oper- by the SCDAP ballooning malet is differ-
ating. These quantitative results are summarized ent fmm that calculated by the FRAP-T6
in Table ES-4. ballooning model; this dif ference is due

. to an incomplete modeling of strain
h, .ve major techm.eal findings and recom- rate effects by the SCDAP ballooning

mendations were denved from this analysis, as modd
follows:

1. The demonstration calculations (using 5. The uncertainty associated with fuel pin
~

conservative assumptions) indicate that no failure timing should be insestigated. The
fuel failures will be encountered during the relative uncertainty associated with a pastic-

first several seconds of the worst-citse ular result is crucial to the interpretation of a

design basis LOCA (doubled-ended, offset. best estimate calculation. There are several

shear cold leg break) witho.ut pumped sources of uncertainty introduced into the
ECCS. In addition, these calculations calculation of fuel pin failure times These
illustrate the potential for providing more include variations in fabrication parameters,

realistic times for fission product appear. material property correlations, fuel per-
ance within containment compared with f ormance correlations, and thermal-

the instantaneous release assumption of hydraulie boundary conditions. It is
TID- 14844. recommended that a FRAP T6 uncertainty

analysis be included when implementing
2. The fuel pin failure times can be expected to the methodology discussed in this report to

exhibit significant variation by fuel and . quantify the uncertainty associated with fuel
reactor design. pin failure times.
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Table ES-4, - Timing summary for worst-case LOCA runiusing hi,5 cst bumup inti peaking factor.:
_

,

._ Containment Earliest pin
) .'- - Thennal-hydraulic isolation failure Interval

Plant-- --model (s) (s) -(s)
'

u
F

L- -: Oconee - SCDAP/REl.APS/ MOD 3 2.6 13.0 10.4
;o-.

ii -Seabrook SCDAP/RELAP5/ MOD 3 5.7 24.8 19.I
!:

Seabrook TRAC-PFI/ MODI 5.8 34.9 29.1

F
;

i. -

F ,

j
i

i

[-.

|-
-

!
i - --

e

j-
,

#4

e

l-
1

p

|

NUREG/CR-5787.- r,viii

,

e<- -rN~~ v- w -- -e m e In ra waw~ ~- m m m -w, ,--, ,-~v- ,n ,, -,m - - I
'



.

FOREWORD

The infonnation in this report will be considered by the U.S. Nuclear Regulatory
Commission staff in die formulation of updated accident source terms for light
water reactors to replace those given in TID 14844, calculation of distance factors
for power and test scactor sites. These source terms are used in the licensing of
nuclear power plants to ass 2re adequate protection of the public health and safety.

Any interested party may submit comments on this report for consideration by
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 Branch, Division of Freedom of Information
and Publications Services, Mail Stop P 223, U.S. Nuclear Regulatory Commiss'an,
Washington, DC 20555. Further technical information can be obtained from
Mr. Leonard Soffer, Office of Nuclear Regulatory Research. Mail Stop NL/S 324,
U.S. Nuclear Regulatory Commission, Washington, DC 20555. Telephone
(301) 492 3916.
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ACRONYMS

B&W Babcock and Wilcos Company

11WR boiling water reactor

CCFL counter-current flow

CFR Code of Federal Regulations

CSAU code scaling, applicability, and uncertainty evaluation study

CVS Computer Visual System

CTP core thermal pow er -

DBA design basis accident

DEC Digital Equipment Corporation

ECCS emergency core cooling system

EOL end-of-life

F77 Fortran-77

- FORTRAN formula translation

FRACAS Failure Reporting and Corrective Action System

FRAPCON 2 Fuel Rod Analysis Program-constant power

FRAP-T Fuel Rod Analysis Program-transient

FSAR Final Safety Analysis Report

GWd gigawatt days

INEL Idaho National Engineering Laboratory

JCL job control language

LAC licensing audit code

LilGR linear new heat generation rate

LOCA loss-of-coolant accident

LWR light water reactor

MOD. malification
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MTU , - metric tons of uranium -

'
NPA Nucicar Plant Analyzer

.NRC U.S. Nuclear Regulatory Commission
.

. PWR - pressurized water reactor
L

RCS reactor coolant system :

-RELAP Reactor Excursioti and Leak Analyzer Program

SCDAP- severe core damage analysis package
.

. TID Teclinical Infomiation Division

TRAC-PF Transient Reactor Analysis Code for Pressurized Water Reactors
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Timing Analysis of PWR Fuel Pin Failures t

,

1. INTRODUCTION -

A design basis accident postulated forlicensing required for tission products released from the ;

of nuclear power reactors has been the loss of- fuel to enter the containment-
coolant accident (LOCA), in conjunction with an
assumed instantaneous release of fission products The research objectise is to deselop a viable
from the fuel into the conta:nment, Source term methodology for calculation of the timing
release to the environs is th( n based on releasing between the receipt of the containtnent isolation
this inventory from the con ainment at the map signal and the earliest fuel pin claddhg failme,
imum containment leak ra e gis en in the plM! Identifying this tinie is expected to show that,
technical specificationsc Thete fundamental with regard to radiological consequences, certain
assumptions, govcming soi ree-tenu calculations isolation valves may not hase to be closed as rap-
for light. water reactors, are detailed in Technical idly as now required.
Infomiation Document (Tf D) 14844,3 "Calcula-

tion of Distance Factors for Power and Test Reac. In order to meea this objective, a calculational '

tor Sites," which provides the technical basis inethodology was developed eniploying the :

supporting U. S Nuclear Regulatory Commission FRAPCON 2,5 SCDAP/RELAPS/ MOD 3,h and

-(NRC) Regulatory Guide,13 and 1,4) These FRAP T9 computer codes. Demonstration cal-2 -

regulatory guides provide the assumptions to be culations wen perfonned, applying this method-

used for evaluating the pu ential radiological con- ology to two plant designs, a Westinghouse (W)

sequences of a LOCA foe bciling water reactors fourdoop design analyzed using a Seabrook plant

(BWRs) and pressurized waret reactors (PWRs), model and a llahcock and Wilcos (H&W) design
"""I #Cd using an Oconee plant model. Theserespectively, The radiologiet.1 consequences used F

L as reference values in the t valuation of reactor calculabons meluded icteral sensitivity stuh,
.

! - sites are set forth in Title 10, Code of Federal Reg- w hd numed the impact of break site, emer-
|~ ulations (CFR), Part 100.4 gency me coohng splem (ECCS) availability,
! and main coolant pump trip on the fuel pin failure

and containment isolation signal times.

The asstimption of an instantaneous release of These calculations represent the first applica-
fission products from f ne fuel to the containment tion of SCDAP/RELAPS/ MOD 3 and 'were per-
represents a very con ervative approach for the fonned using a preliminary version of the code,-

^ assessment of the rad,ological consequences of prior to completion of the code askessment
postulated severe act idents. Certain equipment efforts. in order to provide a basis for evaluating
perfonnance requireruents, such as rapid closure the adequacy of SCDAP/RELAP5/ MOD 3 for
of containment isciation valves, have been large-break LOCA analysis, a single TR AC-
required to facilitato compliance with 10 CFR PFl/MODl" calculation was also performed for

- 100 regarding offsita radiological consequences. Seahrook, duplicating the worst case SCDAP/
A more realistic approach for determimng the RELAP5/ MOD 3 calculation, consisting of a
timing of a fission product release to the contain- completeidouble ended, offset shear break of a
ment from a postelated severe accident would cold leg, without pump (d ECCS, and assuming ,

- include (a) calcuh tion of the time required for that the main coolant pumps continued operating.
failure of the fuel tladding containing the fission -
products, resulting in a fission product release The calculational methodology developed for
from the fuel pia gap to the reactor coolant: this analysis is discuwed in Section 2. This meth- ;

(b) calculation of the release of fission products odology required the resurrection of existing
- from molten fuel, and (c) calculation of the time- codes and deselopment of additional computer

i NURF.G/CR-5787
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Introduction:

programs; these software development efforts are findings derived from this analysis are discussed

covered in Section 3. The thermal hydraulic in Sections 7 and 8, respectively,

model development efforts ate discussed in .
Section 4, Development of the steady-state and All work performed on this project was fully

_

- transient fuel performance models is discussed in documented in accordance with aproved quality

Section 5;The assumptions used for the sensitiv- assurance procedures. Appent.a A provides

ity cases run for this analysis are discussed in details of the procedures and a < complete doet.-

Section 6.The results obtained and technical - mentation list.
:
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2. METHODOLOGY

The methodology developed for the calculation reading a file created by the FRAPCON 2 code.
of fuel p!n cladding failure timing has undergone The code calculates all of the phenomena
substantial changes os er the course of this project. influencing the transient performance of fuel hA preliminary LOCA pin failure calculation was rods, w ith particular emphasis on temperature and
perfo7ned for a W three loop plant based on the defonnation of the cladding.
Surry piant model, T he SCDAP/REL APS/
h10D2.5 code was used in this initial analysis to Bmh FRAPCON-2 and FR AP-T6 wcre thor-9

provide a direct calculation of fuel pin failure oughly asyessed over a range of normal
timings for a range of large-break LOCAs. This burnups;** however, they were not assessed for

best-estimate code provides a fully integrated n fysis of high burnop fuel (>35 GWd/MTU).
~

approach to severe accident analysis by dirce:lv Nwner. rnuhs obtained for exposures abos e
coupling the thermal-hydraulic capabilities Ef 35 GWd/MTU are in general agreement with ,

RELAP5 to the fuel perfonnance capabilities of eyected trends. In addition, it is not anticipated
SCDAP. However, this initial w ork identified sev _ that high-bumup fuel pins would be operating at

eral problems with this code; these problems are power levels that would cause them to fait earlier
that oumup pins.discussed in Appendix IL The nature of these

problems led to the conclasion that SCDAP/
The calculational methodology using SCDAP/

RELAP5/ MOD 2.5 was not entirely suitable for RELAP5/ MOD 3 to calculate system thermal-
perfonning the fuel pin failure portion of this anal-

hydraulic conditions is illustrated in Figure 1. In
ysis. The correction of SCDAP code deficiencies

these calculations. FR APCON-2 was used to
identified during the Surry calculation and con' calculate the burnup-dependent fuel pin initial
solidation of SCDAP and RELAP5/ MOD 3 to conditions for FRAP-T6. FRAP-T6 was used tocreate a preliminary version of SCDAP/ calculate the isial steady-state fuel pin con-
REL AP5/ MOD 3 were completed February 1991.

ditions for SCDAP/RELIP5/ MOD 3 SCDAP/

This code was then used as a part of a RELAP5/ MOD 3 was run to obtain the system
themi-hydraulie boundary conditions, consist-

,t more complex computational scheme, using
ing of the fuel pin power distribution and ther-the FRAPCON-2, SCD AP/REL AP5/ MOD 3'
modynamic conditions of the coolant channel.TRAC-PFl/ MODI, and FR AP-T6 codes. This
Fmally, FRAP-T6 was used to calculate transient -

four-code approach provided a defensible meth-
fuel pin behavior.

odology for perfonning the calculation, incorpo-
rating a fully assessed path (using FRAPCON-2, Pin failure times were calculated both by
TRAC-PFl/ MODI, and FRAP-T6) and a paral- SCDAP and by FRAP-T6 to provide a method of
tel, more economical, path (usmg FRAPCON-2, evaluating the capabilities of SCDAP/RELAP5/
SCDAP/RELAP5/ MOD 3, and FRAP-T6). MOD 3 for fuel pin behavior anal) sis under

LOCA conditions The SCDAP modeling of the
The FRAPCON-25 code w as developed to cal- effect of etadding strain rate on cladding balloon-

culate the steady-state response of hght water ing is not complete; as a resuh, the model does not
reactor (LWR) fuel rods during long-tenn burnup. correctly calculate the time of cladding rupture.
It calculates the temperature, pressure, defornia- Therefore, the fuel pin failure timings generated' tion, and failure histories of a fuel rod as func-

by SCDAP are presented only for informational
tions of time-dependent fuel rod power and purposes in this report. References to fuel pin faib {coolant boundary conditions- ure timings from this report should be based i

7 "
The FRAP-T6 code was developed for the

prediction of the perfonr.ame of LWR fuel rcds SCDAP/RELAP5/ MOD 3 was chosen as the
during operational transients and hypothetical primary thermal-h;,draulics code f or this analysis,
accidents, it obtains initial fuel rod conditions by since it provides a considerable cost savinp

3 NUREG/CR-5787
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Methodology

FRAPCON-2
Calculates burnup-dependent
fuel pin initial conditions

k

initialvalues of:
Released fission gas inventory,
Retained fission gas inventory,
Permanent cladding strains,
Cladding oxide thickness,
Amount of open fuel porosity

E

oo

SCDAP/RELAPS FRAP-T6

Calculates primary system thermal- Steady-state case run to provide
hydraulic response, including: initial steady-state conditions for

SCDAP components
.

Primary system pressures, temperatures,
void distributions, break flow,
Core thermakhydraulics, y
Containment isolation signal, timings- Initialgap conductance
Fuel pin ballooning and rupture initial gap gas pressure

Radiaf temperature profile

o

1I

Time 4ependent tables of bulk thermal--
hydraulic conditions in core nodes and core
inlet and outlet volumes.
Coolant mass flux in core nodes.
Fuel pin power distribution.

FRAP-T6
'

Calculates transient fuel
performance

h

Fuel pin f allure timing
LF910003

Figure 1. Flow chan of methodology using SCDAP/RELAP5/ MOD 3 thermal-hydraulic data.

overTRAC-PF1/ MODI for calculation of system RELAP5/ MOD 3, FRAPCON 2, and FRAP T6),

therinal-hydraulic response under LOCA condi- however,is not fully defen sible because of the pre-

tions. SCDAP/RELAP5/ MOD 3 is a relatively fast liminary nature of the SCDAP/RELAP5/ MOD 3
running code that can be executed from a UN!X component and the lack of assewment for large-

workstation platfonn, as opposed to TRAC-PFl! break I.OCA calculations. A parallel calculation
MODI, that requires a mainframe plationn. This w as therefore performed, using TR AC-PFl/
combination of three codes (SC D AP/ MODI for the thermal hydraulic calculation

NUREG/CR-5787 4
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Methodology

instead of SCDAP/RELAP5/ MOD 3. This calcu- The calculation methodology w ith TR AC-PFl/
lation, which duplicated the SCDAP/RELAPS/ MODI is illustrated in Figure 2. Imtialization of
MOD 3 case resulting in the shortest time to pin burnup-dependent vanables for the TRAC-PFl/
failure for Seabrook, also provided an evaluation MODI fuel components is not necessary, since
of the securacy of SCDAP/RELAPS/ MOD 3 f07 the code does not have a fuel performance model.
performing large-break LOCA analyses.

110w ever, a comparison of initial stored energy to
that calculated by FRAP T6 indicated reasonable

The TRAC PFI/ MODI code 8 was developed
agreement.

for transient sirruhttion of LWR coolant systems
under large-break LOCAs. Version 14.3USQ.LG
was used for thb unalysis. This vertion was ^ * '"D5'9'#"IIY DISC"'5C"' th' ""#I 'I' * *'F

frozen in 1987 by the RC for use in the code run for a representative H&W and W plant,
scalirig, applicability, and uncertainty evaluation Oconee and Seabrook Calculations were made
(CS AU) study.14 A broad assessment effort has for a range of break sizes, with and without ECCS

been completed, which has demonstrated that the availability and RCS pump trip. For each set of
code is capable of addressing the entire large- transient thermal-hydraulic conditions generated
break lor ^. scenario (blowdown, refill, and by cher SCDAP/RELAP5/ MOD 3 or TR AC-
reflood). Appendix 111 of the CSAU report 14 PF!icaDl, a series of FRAP-T6 cases was run
prosides an extensive list of assessment reports to detennine fuel pin failure times for a range of
applicable to the TR AC-PFI/ MODI code. fuel pin exposures and axial peaking fnetors.

FRAPCON-2 TRAC-PF1/ MOD 1

Calculates bumup-dependent Calculates primary system thermal-
fuel pin Initial conditions hydraulic response, including:

Primary system pressures, temp-
eratures, void distributions
Brea' Pow"

Initial va!ues of Core inermal-hydraulics
Releasud fiscion gss inver.'ory Contr.inment 1soation signal
Retalned tission gas invemory Emings
Permanent cladding strains iCladding oxide thickness 1
Amount et open fuciporosity "

Eme-dependent tab |es of:

Bulk thermal-hydraulic conditions ina

core nodes and core inlet and outlet
volumes.
Coolant mass flux in core nodes,

k

FRAP-TG

Calculates transient fuel
performance

o

Fuel pin failure timing
LF9100ot

Figure 2. Flow chart of methodology using TRAC-PFl/ MODI themial-hydraulic data.
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3. SOFTWARE DEVELOPMENT

A significant software desclopment effort was 5. Repiacement of wawr property calls to
conducted to implement the chosen method- achics r compatibuity with the cunent
ology. This effort included conversion of Rht. AP5/ MOD 3 cnvuonmental library
the FR APCON-2 and FR AP T6 codes to routines
FORTRAN 77 (F77h addition of advanced
graphics capabili: ' to FR AP/l'6, and the creatior 6. Addnion of a standardi/ed job controi lan-
of interface codes to link the thermal-hydraulics guage ty pe interface to prende flexibility in
codes to FRAP-T6. nie handle designations and to provide con- '

not over esecution of the Nuclear Plant
FRAPCON-2 nd FRAP-T6 were originally Analy /cr (NPA W graphics package

written in FORTRAN IV for use on CDC" described below.
L Cyber 175 and 176 computers. At the onset of

Qis proiect, these codes were no longer func- The new code vers. ions were designated
_

ticaal on the idabo National Engineering I ahora- FR APCON-2 Version 01, Mod. 05, and
tory (int:L) Cy ber (omputers because of changes FR AP-T6 V 2lt 12/90). A number of sample
in the operating system. As a part of this project, probkms wcre esecuted to confirm proper code
each of these emles was converted to pottable 197 operahon. Specific coding modifications and
coding and ported to a DEC-5000 woikstation.

C sample problem resuits are discussed in
Appendix C.

These six cons ersions in volved extensive mod-
ifications, that include the following: Advanced graphics capabilities w ere also

1. Removal of the Cyber memory manage- added to the FP.AP f6 code These capabilities
.

Wrbcig to the NPA and them lude
ment routines; these routines wcre designed

GR AFITl * graphics packages. 'I he NPA soff-to allow large programs to execute on the
n m admced imerxthe graphics packaecCyber computers but are not necessary tM pib m ahed diW of h fuel b

-

under the UNIX operating system.
peiformance during program execution. The

| 2. Replacement of common blocks with GR AFITl pacLace prosides a presentational
'eraphics capabilin',

include file structures; confheung common *

bkick declarations were resolved.
7, p

3. Conversion of source files to double- mad the trandent hamMydraube boundary
7precision coding to maintain calculational conditions from a binary data file An F77 pro-

accuracy on a 32-bit computer. gram I ' R5, was u ritten to provide this pas-
sive 1. .. betw een SCDAP/REl.AP5 and

4. Replacement of acm-F77 standard and IRAP"Th in addition, another F77 program,
7 Cyber systern calls with standard 077 TRAC 2FR Ah was w ritten to provide a passive

codine. link between 'IR AC-PFI and FRAP-T6. These'

interface codes provide an automated method of
extracting the hot channel thermal hydraulie data

Mention of specific pn41uets and/or manu. needed for the FRAP-T4 calculations from thea.

facturm in this document implies neither endon.e- festart plot files generawd by SCDAP/RELAP5
mera or preference nor dhappmva! by the U.S. and TRAC PFl. Appendix D proudes a descrip.
Gevemment, any of its apenaes, or EG&G Idaho, tion el each of these ce 2s. along with specific

_ Inc ,of die use of a specule product for any purpme, input requirements.

m

-
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4. THERMAL HYDRAULIC MODEL DEVELOPMENT

Tluce thermal + hydraulic system modds were IUit.AP5/MO!M nudel created f or evaluation
uyed ir, this analysis to calculate the hot-channel of operational safety at it&W plants" E - crut
theimal hydraulic boundary conditions for modificanons were requi: d io prodm e 'be nnel '

FR AP T6. These include SCDAP/Rl!!.APS/ used for thU analysis. These ir~;lude the uldition
- MOD 3 and TR AC-PFl/ MODI models of the of a detailed threc channd, ns e-asial node core
Seabrook plant design and a SCDAP/RELAP5/ model, describing the hot thannel and the central
MOD 3 modd of the Oconee plant deuga. Euch of and ookt core regions with erovdlow modeling '

these models was adapted from previously between channeb: point Unetics modeling'.
ettsting plant models 'Ihis section describes the SCDAP todeling; a simplified containment '

modification' pcriormed to tailor the.c existing unlel; and a spht downcomei model. In addition,
,

plant inodels to caleslate I.OCA hot channel trip cards, and control spfems were addct! to
thennal hpiraulic boundary unditiont calculate selected variables. These mothfications

,

are detailed in Appenda E. The detailed Oconen
4.1 Oconee SCDAP/RELAPS/ plant mung dhgrws used for the anta is aren

;- MOD 3 Model Development iHu*a:ed in F4 mes 3 duonrh h
,

The SCDAP/RELAP5/ MOD 3 Oconee ruo-tel The containment isolation seapoints monitored
used for this analysis was derived frotn a in this analysis were obtained from Oconce
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Figure 6. SCDAP/Rl! LAPS / MOD 3 nodalization diagram of the Oconee pressuriter.

1Technical Specification 3.3.3 8 and are summa- ment pressure by only 0.02-0.28 seconds. For the .

rized in Table 1. A partial containment isolation, large-break cases, the RCS low-pressure trip time
'

affecting nonessential systems occurs when the was used because of the approsimate nature of
reactor ecolant system (RCS) pressure falls te containment pressure calculation, For the

,

below 10.34 MPa (1500 psig). A full contain- saiall-break cases, the high containment preuure !

ment isolation occurs when a containment pres. trip trails the low RCS prewure trip by several ,

sute of 0.028 MPa (4.0 psig)is reached. seconds, and the low RCS pressure trip time was
used to determine the time of containment

A simplified containment model was used for isolation,
the analyses, consis:ing of a single REl.APS vol-
ume, with heat conductors representing steel and _ A specific reference for Oconec instrument
concrete structures. This appicach provided a response driny times was not available for this
fairly rough estimate of containment response. A analysis. For ihe purpose of this calculation, a
more detailed treatment of containment respons delay time of 2.0 seconds w as assumed, cor.
would require the use of a containment analysis responding to the value thed for the pressurizer
cede; however, resuhs for al! of the la'ge break pressure instrumentat'on in the Seabrook analysis.
LOCA cases analyzed indicated that the contam-
ment isolation signal from the RCS low pressure Trie SCDAP/RELAP5/ MOD 3 calculations
trip trails the signal received from high contain- were performed assuming 1024 core thermal

,

t
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Thetmal-llydraulic

Table 1. Containment isolation trip setpoin e for Oconee.

Trip
| setpoint

inp (MPa'psig) Action

Containment preuere high-l 0.028/4 0 e Safety mjettinn
thigh and low
pseuurel

Containment coohnge

and notanon

Containment prenure high 2 0.034/5.0 e Containment spray

RC5 prenure low 12,41/180" D e Remiot tr p

RCS pienure km-low 10 34/l50:1.0 e Safety injection
(high and low
peuurt)

-

power (CTP) and an equilibrium core. A detailed point kinetics model, with kinetics dLia obtainco
three channel core model with nine astal nodes om the Oconee FSAlt.
wu utilized, with two fuel pins placed within the
hot channel region. One fuel pin was assumed to 4.2 Seabrook SCDAP/RELAP5/
be operating with a peak axial exposure of MOD 3 Model Development5 GWd/MTU and the other with a peak axial
exposure of $5 GWd/MTU,conegonding io the

The SCDAP/RELAPS/ MOD 3 Seabrook mtwicipeak design burnup stated in the Oconee Final
i ced for this analysis was adapted from a

Safety Analysis Report '(FSAR) The fuel pin
with a high exposure exhibits a higher internal pin

RELAPSiMOD2 deck created for analysis of sta-
don blackout transients at the SeabnmL nuclear

pressure due to a larger amount of gaseous fission
power pht30 Sevetal changes were required toproducts.
produce the model used for thL analysis. These
changes w ete similat in nature it Oose made to the

Appendix ? provides a detailed description of Oconec model and included addition of v detailed
the calculatioa of the radial and axial cora power three-channel, nine-axial-node core mode! with a
distributions. The to'al pow er generated in the hot hot channel, point Linetics modeling SCDAP
channelis governed by the maximum enthalpy rise modeling, a simplified containment model, a
hot channel factor allow ed by the Oconee techni- revised split downcomer model, and control sys-
cal specific ations? The power distribution in the tems to monitor key parameters. In addition, the
axial direction was defined by a chopped cosine model was converted to run under SCDAP/
profile peaked at the ewe midplane. The maxi- RELAP5/ MOD 3. Appendis Econtainsadetailed
mum linear heat generation rate was calculated description of these nmdifications. Figure 7 con-
using the heat flux hot channel factot obtained tains the I'lant noding diagram used for the analy-

'

from the Oconee FSAR. This va!ue was used for sis and Figme 8 provides a more detailed view of
both the low and high barnup fuel pins. This axial the noding for the reactor core m.d vessel internals.

e

profile, in combination with the enthalpy rise hot
channel factor, provides a bounding hot pin power A simplified containment model similar to the
distributien Prompt yower and decay heat were approach used for the Oconee model. consisting of
modeled using the SCDAP/REL APS/ MOD 3 a single RELAp5 solume, with heat conductors

13 N UREG/CR-5787
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Hgure 8. ScDAP/RI1AP5/ MOD 3 nodalization diagr.an of the Seabiook reactor.

representing steel and concrete surfaces, provided containment isolation signal hom the pressmirer
a fairly rough estimate of containment response. low prev.ute trip trails the signal receised from
A more detailed treatment of containment high containment pressure thigh 1 and high 2) hy
response would require the use of a containment only about 3.0.+.econds in each case. Itecause of
analy.is code, however, results indicate that the the approumate nature of the containment
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prewure calculation. the preuuriier low preuure for the CSAU study." Several modifications
trip time is used to detennine the containment in were requhed to produce the model used for this '

lation signal timing. The wntainment isolation analpis. These included renodalitation of the
setpoints monitored for this analysis w ere deris ed core region from lh e to nine asial mxles, desedb- i

from the Scabrook technical specifications and ing the hot channel and the central and outer core
are summarited in Table 2. As presiously men- region, remosal of pumped ECCS, modification
tioned, a Iwo second instrument delay w as pro- of the wie power distribution, and replaecment of
vided, based on the Seabrook prewuriter prenure containment pressure and decay heat boundary
instminentation. conditions These nuxlifications are documented

in Appendis il
The SCDAP/RELAPS/ MOD 3 cakulation was

performed awuming a 102'A core thennal power lloundary conditions for containment prmure
equihbrium core. A detailed three channel core and total core power history were obtained from
model with nine asial nodes was used, with two the wrresponding SCDAP/RIILAP5/ MOD 3 cal-
hot fuel pins placed in a center hot channel culation. As stated in Section 4.2, because the
region. Onc pin is awumed to be operating with approximate nature of the containment preuure
an asial peak esposure of 5 GWd/MTU and the calculation. the prenutirer low prenure trip time
other with an a Alal peak expo 4ure of 50 GWd/ is used to determine the containment isolatiou '

MiU conesponding to the peak design bumup Mynal timing,
stated m the Seabrook FS AR.23 lloth hot fuel pins
are assumed to be operating at the technical The cakulation was performed assuming a
sperincati.m power distribution limitt A higher 1029 CTP equilibrium core A detailed
internal pin prewure cAlsts for the high. exposure three-<hannel core model with mne axial nodes
fuel, becaine of an increase in fisdon product was used, identical to the SCDAP/
gawet Rl! LAP 5/ MOD 3 nodalitation with the e Aception

that the core b> pau now is lumped into the outer
Appendix G provides a detailed description of core region. Figures 9 through 11 show the

. the calculation of the radial and axial core power Seabrook TR AC PFl/ MODI no Jalitation dia-
! distributions The total pow er generated m the hot prann f or this nuxlel.

channel is g-verned by the technical specification
enthalpy rise hot channel factor, The hot pin 1 he total power generated in the hot channel is
power distribution was defined by a cluipped governed by the technical specification enthalpy
rosine asial power profile peaked at the core mid' rise hot channel factor. The radial power
plane to obtain the techcical speofication heat distribution used in the TRAC PFl/ MODI
Dux hot channel factor, with the total pin power analysis corresponds to that used in the corres-
based on the enthalpy rise hot channel factor, ponding SCDAP/RELAPS/ MOD 3 analysis:
Prompt power and decay heat were modeled however, the TR AC-PF l/ MODI model used one
using the SCDAP/RELAPS/ MOD 3 point kinetics axial pow er distribution applied to the entire core,
model with end of equillbtium. cycle kinetics This hmitation prevented setting the hot channel
data based on Seabmok FS AR data. axial peak to the technical specification heat Ous

hot channel fa: tor in the TR AC PFl/ MODI
4.3 Seabrook TRAC PF1/ MOD 1 modcW hiwever, this effect is compensated for in

Model Development the FR AP-T6 model, which applies a range of
axial power shapes, including the limiting tech-

The Seabniok model used for this analysis was nical specification profile used in the previous
derned from a TR AC-PFl/ MODI model used analysis.

I

L
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'lhennal . llpiraulic

I
.

.

Table 2. Containment isolation trip setpoints for Seabrook.
;_.

Trip Allowable >

setpoint value i

Tiip (MI'a/psig) (MPa/psig) Ac00n

Containment preuute high 1 0.030/4 3 0107/5.3 e Safety injection

e Containinent
l'hase A isolation

Containment prenure high.2 0.030/4,3 0.037/5 3 e Sicam ime
isolation

Centainment prenure high-3 0.124/18.0 0,129/18.7 e Containment
l'hase 14 isolahon i

e Containment ,

% pray

Prevuriier prenure low 12.93/l875.0 12.69/1840.0 e Safet) injection

. . Containment
l'hase A imlation

,

4

P

,

1
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Figure 10. TRAC-PFl/hiODI vessel axial nodalization for the Seabrook model.
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5. FUEL PERFORMANCE MODEL DEVELOPMENT

The FRAPCON 2,FRAP T6,and SCDAP fuel speritic luel data was obtained either itom the 4

rod models for both the Oconee and Seabiook Iuct s endor of the appmpriate i SAR? 21 'Ihe
teactors were deseloped specifically f or this basic design patameters for each fuel type are
analysis. As discussed in Section 3. the sununarized in lable 3.
I RAPCON 2 computer code was used to calcu-
late the expmure-dependent parameters that were 5.1 FRAPCON 2 and FRAP-T6
used to initialize the FRAP/16 computer code. Fuel Performance Model
FRAP/I6 then calculated the transient tesponse
of a single fuel pin to the time-dependent thennal. Development
hydraulic and pow er-history boundary conditions
supplied by either SCDAP/RELAP5/ MOD 3 or lhe mechanical and fiuion pas release models

TR AC PFl/ MODI. The SCDAP portion of and other code inodel optiom w ere chosen to best

SCDAP/RELAPf / MOD 3 also produced a par. suit the analpis requirements based on descrip-

allel calculation of the tramient f uel pin tespome, tions and reconunendationt prmided in code
110weser, because of the cur ent lack of code auessment documents.l" 13 Details of these
nuessment, the SCDAP calculation was used model selectiom follow,

only to evaluate the capability of SCDAP/
RELAP5/ MOD 3 to predict fuel pin behasior There are two mechanical models available in

under LOCA conditions. both FRAITON 2 and FRAP-T6 FR ACAS 1and
i R ACAS-ll. FR AC AS 1 uses ef f ectis e fuel
conductivity and rehicated fuel-cladding pap site

A single fuel pin design w as inodeled for each for thermal calculatiom. but does not make use of
plant type anal)ied These fuel designs included the relocated fuel surface in me mechanics (defor-
the Mk-119/10 design for the Oconee analysis and mation) calculations. FR ACAS-Il also uses
the W 17 x 17 standard fuel design for the ef fectise fuel conductivit) and relocated fuel-
Seabmok analpit Specific data for these fuel rod cladding gap size for thermal calculations but
models came from a variety o sources. Reactor. does use the relocatcd fuel surface in ther

Table 3. Summary of fuel design characteristics.

Characteristic Il&W ML il9/10 W 17 x 17 standard

Pin lattice 15 x 15 17 x 17

Fuel pins per assembly 20S 264

Fuel pellet OD (m/in.) 9.398E-3/0.370 x 192E-3/0.3225

Cladding ID On/in.) 9.576E 3/0.377 8.357E-3/0.329

C1 adding OD (m!inJ 1.0922E 2/0.430 9.500E 3/0.374

Plenum length fm/in.) 2.132 l E.2/8.394 1.6457E- 1/6.479

initial fuel stack height (m/in ) 3.571/l40.595 3.6576/144.0

Maximum fuel edchment (w19 1" U i 3.5 3.1

21 NUREG/CR-5787
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: mechanics calculations. The FR ACAS-Il ding anal and diamenal thermal espemion; dad- '

mechanical model u as chosen for the ding specific heat, clastic mmlulus, and thermal i
FRAPCON 2 models however, the i RACAS 1 conductidly; fuel specific heat, clastic modulus,
mechanical model was chmen for the 1 RAP-T6 emiuivity, Poinon ratio, thermal conductinty, i

model, since FR ACAS 1 is the only available and thermal espansion: cladding plastic hoop ;

mechanical rnodel linked to the liALON2 thal- strain; cladding surface heat transfer coefficient;
,

looning) subcode. II ALON2 calculates the estent pas thermal conductivity; metal water reaction; "

and shape of hxalized dadding defonnation that fuel defonnation; and pap conductance. [
occurs betw een the time that the cladding eliective ;
strain esceeds the instability strain and the time of in FR APCON 2 and FRAP 16, four fuel pins [cladding rupture. were modele i for each reactor, corresponding to i

the hot ch + ?) bot pin, the hot channel average :
FASTOR ASS, a highly mechanistic gas release pin,the middle ring average pin, and the outer ring

model that accounts for bubble formation, migra- average pin.The FRAPCON 2 hot channel hot pin ,

tion, coalescence, channeling, and eventual models were used to provide steady state initial- .

telease, was used in both the FRAPCON 2 and iration of burnup dependent- variables for
FRAP-T6 fuel rnodch. This model is the only pas FR AP T6 at specific fuel burnups and varied

,

release model ' available in FR AP T6. peaking factors. The FRAP-T6 hot channel hot pin. ;

FASTGR ASS is a suitable gas release model for models were used to determir.e time to pin failure
high temperatutes and burnupt for the various LOCA cases as a function of

burnup and peaking factor. All of the i

Oiher model options in FRAP-T6 were also FRAPCON-2 and FRAP T6 fuel rod models w cre
chosen to best suit the analysis requirementt The aho used to provide initializing data for SCDAP/
Baker Just metal-water reaction model was RELAPS/ MOD 3 fuel components. Appendices I
chosen imtead of the Cathcat1 model because it h and J provide a more detailed description of the
applicable for temperatures <1240 K. The FRAPCON-2 and FR AP-T6 fuel pin models.
Dougall Rohsenow film boiling correlation was
chosen because it most losely matches the film The axial power profiles for FRAPCON 2 and
boiling correlations used in generating the FRAP-T6 were calculated for a range of axial i

thermabhydraulic boundary condition data. The peaking factors using the basic auumptions and
default critical heat flux correlation (W-3) was methodology described in Appendices F and G.
used; the W 3 correlation h combined with either Nine axial m> des were used in FRAPCON 2 and '

the lisu Ileckner, or modified Zuber correlation FRAP-T6, as well as each of the thermal.
for certain coolant conditions. hydraulic system codes. A chopped cosine axial

'power profile, peaked to the core midplane, was
The fuel failure probability threshold in auumed for the analysis. For each hot fuel pin

3
FR AP T6 was chosen to be 0.5, as recommended modeledithe total power integrated over the ;

'in Reference 13. A calculated probabihty of 0.5 length of the fuel was based on the technical spec-
reDects the conditiom when rupture is observed ification enthalpy rise hot channel factor,
in 30% of the rods in an esperimental data base,
When e computed probability for fuel failure is As recommended in Reference 5,14 radial
>0.5, te fuel rod is supposedly failed and internal nodes were used in the FRAPCON 2, FRAP-T6,

,

i pressure is set equal to the coolant pressure. and SCDAP models, with 1 I nodes in the fuel pel+ '

let and 3 nodes in the cladding region. Ilowever,
:In addition to r.talyses performed using the the radial nodalization is not identical among the

- best-estimate models described aboveione series codes, since the FRAPCON-2 nodalization was
,

of FRAP-T6 rum was made for each fuel type for _ based on unifonn cross sectional areas while the ,

L the worst case accident scenario (100% DilA), FRAP T6 and SCDAP nodalizations were based -

i using _ licensing audit code (LAC) model options, on unifonn spacing of nodes through the fuel pel-
The available LAC model options are for clad- let region. In each case, a normalized radial power

NL' REG /CR-5787 22
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Profile w ah auumed. b.%ed on a croudechon- Oconec, a 15 > 15 bundle matrib containing ,

w eighted distribution peaked f rom 0.9M at the Iurl 208 f uel pins and 17 instrum(nt/ control rod guide
pellet centerline to 1.02 at the fuel pellet edge to tubes, was imideled in SCDAP. For Seabrook, a
account for self shielding. 17 x 17 bundle matris, containing 2M fuel pms |

and 25 instrument /contml rod guide tunes, w
'

To generate FRAPCON 2 data at the specific nuieled. The fuel rod nodalization consisted of
bumups required for this analysis. the linear heat nine asial and 14 radial nodss corresponding to
generation tale w as ramped to the peak power and that used in the FRAP-T6 modeh. The modeling
then held constant The time array w as e stended to 3"umptions used in the SCDAP medeling wcre
pros ide output data bey ond the maximum burnup pattemed af ter that of I RAP /16. Since the results

required and then refined to gise data at 9ecific generated by this analpis are dependent on the
asial peak bunmp levelu5,20,35, and 50 GWd/ specific fuel design parameters used, such as
MTU f or Seabrook; 5,20. 35.and 55 GWd/M i U initial helium till im entory, fuel pellet dimen-
for Oconech The data files wntten for i RAP /f 6 sions cladding dimensions, and plenum volume,

at the time steps corresponding to these bumups departure frpm these fuel designs may lead to
were then used a'. input to FR AP-T6. These data significantly dillerent result (
files cont. tined initialiiing values for released and

'
retained fission gas inventory. pennanent cladding SCDAP/RELAP5/ MOD 3 cladding deforma-
strains, permanent fuel strains cladding oside tion and failure calculations are based on a local-
thickneu, and amount of open fuel pmosity. ired ballooning model, as adapted from the

11 ALON2 model of FRAP T6, Thk model is

For each steady-state or LOCA case considered, intended for analysis of cladding deformation
data files generated by either SCDAP/ during rapid blowdown transients, such as
RELAP5/ MOD 3 orTRAC PFI/ MODI were med I.OCAs. The pin failure model does not take into

to provide the thermal hydraulic boundary con. account any constraints imposed by the spacer
'

ditions for FR AP T6: i.e., coolant pressure, grids on cladding deformation; howeser,
enthalpy, temperature, and mass flut Case. increased radiathe and conductive heat transfer

,

specific FR AP-T6 power curves were derbed at the spacer grid beations may reduce the like-

by normalizing SCDA?/RFLAP5/ MOD 3 or hhood of faihee at these locationt

TRAC.PFl/ MODI reactor power data.
Preliminary comparisom of stored energy cab

5.2. SCDAP Fuel Performance culated by SCDAP and FR AP T6 during the
seadna calculahon indkated poor agn enwnt

Model DeveloEment As a result, modificatiom w cre made to SCDA P to
'

allow modeling of the thermal reshtance acrow
' A total of eight SCDAP components, reple- the gap tegion and adjustment of the initial stored-

senting fuel rods and guide tubes, w ere modeled energy to match results generated by FRAP T6.
in the SCDAP/RELAP5/ MOD 3 input decks for The initial pap conductances generated by steady-
each plant. The anemblies of the outer and state FR AP T6 runs are directly input to SCDAP.
middle core regiom were each represented by a Figures 12 and 13 illustrcte the excellent agree-

'guide tube and a fuel nxi component model. The ment obtained between the Oconee SCDAP and
hot channel assemblies included a guide tube FRAP T6 models following implementation of :
cornponent model and three fuel rod component these modifications in addition, the mitial steady- !

modch. The hot channel fuel rod models con- state fuel pin intemal preuures for SCDAP were
sisted of a low burnup fuel rod, a high burnup dermed to match the steady state values calculated
fuel rod, and an average hot channel fuel nd by FR AP/16. This defmition of internal pin pres-

sure invok ed an iterative approach, changing the
Two different fuel bundle matrices.conespond- initial helium till gas inventory input for each

ing to current reactor fuel bur + designs, were SCDAP fuel pin component until the fuel pin
modeled by SCDAP fuel components. For prewures closely matched those of FRAP-T6.

23 NURl!G/CR-5787
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6. SENSITIVITY STUDIES

T he methodolog) employing SCl)AP/ best estimate mmlet options of FR AP/16. For !

REl.APS/h10D3 was used to determine the sensi. Oconce, the peaking f at toru hosen w cre 2 0,2.2, q

inity of luci pin f ailure timing to break site, 2.4, and 2.63; the burnnps weie 5,20,35, and 55
,

pumped ECCS, and RCS pump trip. An initial GWd/h11t!. For Seabmok, peaking lactors woe +

sensitivity study was performed for each scactor 1.x,2.0,2.2, and 2.32: asial peak humups weic 5,
,

to identify the break site resulting in the shorten 20, 35, and 50 GWJ/MTlh A fundamental

time to pin failure.The large break spectrum auumption gomming this mellulology is that the
analyzed comisted of double-ended, olfset4 hear hot channel thennal hydraube sonditions gener-
breaks of a cold leg. with break sites corte- ated by SCDAP/REl.AP5/ MOD 3 do not sary
sponding to 100. 40, 75, and 504 of the full significantly for changes in hot pin asit.1 power
design basis analpis (DilA) cold leg break area profile, in each case, the total fuel pin power,
$2009 of the cold leg crou-sectional area). The integrated over the length of the pin is govemed
bicaks wcre hicated in a cold leg close to the reac- by the enthalpy rise hot thannel factor and is there-
tot veuel. The break modeling consisted of fore independent of the asial peaking factor
restarting a steady-state calculation with a per- applied,
centage of the flow aret. from each side of a cold
leg junction redirected into the containtnent vol. For each small bteak SCDAP/REl.AP5/
mne. The abrupt area change junction control ilag MOD 3 calculation, a preliminary matris of four
was tumed on for each break junction. In adth FR A P-T6 cases w as esecuted. These cases corre-

tion, a 6 in. dia., unall-break 1.OCA was mod. spond to the highest peaking factorat four bumups

cled by a trip valve hicated batween the cold leg for each reactor, also using the best-estimate
and the containment at the same location used for model options of FR AP/16. Since no fuel pin fail-

the large break case, ute was obsen ed prior to Ove minutes in all cases,
no additional I RAP /16 cases were run.

The large-break spectrum and the small-break
case wete run without any pumped ECC w aib FRA"JI6 is a lot-estimate code, however, a

able. The accumulators were assumed to oc avail- set of evaluation models, including the
able for all cases The 1001 DilA large-break NUREG 06302 ballooning model, are available
case w as hientined as the worst case,i.e., the cas.e its options that can satisty most criteria specified

resulting in the shortest time to pin failure. The in 10 CFR 50 Appendis 103 The evaluation
100% DilA and the small-break cases were models include the arens of mechanical defor-

,

repeated with pumped ECCS available to deter- mation and rupture, thermal-hydraulie boundary

mine its impact on pin ; .ilure timing. conditions, initial conditions, and material

properties of fuel and cladding. The 16-case
The base analysis did not assume a concurrent FR AP T6 matrix was repeated for the worst case

low of of fsite power. As a result, the RCS pumps break size (1004 DB A) using the evaluation
are assumed to continue operation throughout the model options.
transient. Sensithily cases were run using the
worst-case break site, both with and without in addition to the cases described above, all of

pumped FCCS, to determine the impact of trip- whO "tre run using SCDAP/REl.AP5/ MOD 3

ping the RCS pumps at time zero, thermal hydraulic boundary conditions, the
16-case FR AP T6 matris for the w orst-case break

For each large breaL SCDAP/R ELA P5/ MOD 3 size i100% DHA) for the Seabrook reactor with-
taletdation, a matris of 16.FRAP-T6 cases was out pumped ECCS and without RCS pump trip .
esecuted. These cases correspond to four asial was run using thermabhydraulic boundary condi-

peak burnups and four peaking factors, using the tions provided by TRAC-PFI/ MODI.
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7. RESULTS

The resuh> of the timing anal) sis of PWR tuel and peaking taslors. Det.nis of these calculatmns
pin f ailures are presented below. Section 7.1 are risen in the following sections.
describes the accident scenarios considered and
the results obtained using SCDAP/REL AP5/ 7.1.1 SCD AP> REL AP5/ MOD 3 Calcula-
MOD 3. Section 7.2 describes the results obtamed tioris. The case parameters and SCDAP/
using TRAC-PFl/ MODI. Section 7.3 pmsides a REl. AP5/ MOD 3 timing result . f or Oconee and
discussion of the uncertainty associated w ith these Seabrook are summanied in 'lable 4 f or each sei
calculations. Plots of significant s ariables for eas h of mne cases. respectisely.1he fust four cases
Oconee case are contained in Appendis K, whic h for eath plant consisted of tarye break LOCAs
includes '- 'h SCDAP/REL AP5/ MOD 3 and under the base condinons i.e. without pumped
FR AP-16 results. The corresponding plots f"r the ECCS and main coolant pump trip, and run f or a
Seabrook analy sis are contained in Appendis L, range of break sites f rom 200 to 100'1 of the
which includes SCDAP/RELAP5/ MOD 3, cold leg cross-sectional area. Cases 5. 7. and 8
FRAP 16, and TR AC-PFl/ MODI resuhs, consisted of diff erent combmations of pumped

ECCS as atlabdity and maia coolant pump trip at

7.1 Results Generated Using 'i'"e iero. Casn 6 and 9 consied of 6 in.-dia .

'"'""'"""! 'S, res pectis ely.
"C^' """'F'"" " nh and w nhout

SCDAP/RELAP5/ MOD 3 pumped EC C

For each plant, seven large break, double- ) igures 14 through :6 show SCDAP/REl.AP5/
ended, offset shear LOCA cases and two 6 in. MOD 3 result? for the double ended, offsetahear
dia , small-break LOCA cases were run using :old-ler break (Case 1) for Oconce. Table K 1 in
SCDAP/RELAP5/ MOD 3. The hot channel Appendis K prosides a detailed listing of
thermal hydraulic conditions generated by these the SCDAP/RELAP5/ MOD 3 output identifiers
runs wcre used to provide boundary conditions show n in the figures. This case illustrates the gen-
for FRAP-T6, which was used to calculate fuel cral trends observed in each of the large break
pm failure times f or a matris of fuel pm esposures LOC A cases.

9

Table 4. SCCAP/RELAP5/ MOD 3 results (in seconds) for Oconee and Seabmok.
.

Case 1 2 3 4 5 6 7 8 9

Break siecd 1004 90'i 75% 50G 10WJ 6 in. 1001 1(M 6 in.
' Pumped ECCS No No No No No No Yes Yes Yes

Pump trip No No No No Yes No No Yes No

For Oconee:

Containment 0.53 0.55 0.56 0.68 05? 13.07 0.53 0.53 13.01

pressure
high
24 psis;b,'

Low reactor 0.59 0.60 0.63 0.96 0.55 8.33 0.59 0.56 8.33
coolant
pressure /b

51500 psig
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Table 4. (continued). !
;__

,

- Low reactor 0.05 0.05 0.05 0.05 0.05 0.87 0.05 0.05 0.87 >

coolant i

bpressure .'
$1800 psig

:

liiyh bomup 15.0 15.8 18.3 >60.0 10.3 >393. 14.7 10.3 >60.0 j
55 GWd/MTU
pin fails' i

law bumup 22.7 23.5 >60 0 >60.0 22.8 >393. 22.0 22.4 >60.0
S GWd/MTU

'

fpin fails

For Seabrook: i

Containment 0.77 0.77 0.78 0.94 0.77 17.42 0.77 0.77 17.44 Ei

pressure
hi-1,bl.2d

Containment 5.01 5.18 5.41 5.39 5.10 >60.0 5.02 5.10 - >60.0
pressur - j

hi-3b .

Picuurlier ?.73 3.73 3.73 3.73 3.73 7.13 3.73 3.73 7.13
low-pressureb

-|
|ligh bumup. 41.70 40.75 >60.0 >60.0 29.65 >600. 38.85 31.45 - >60.0 '!
$00Wd/MTU ;

pinfalid
,

l.ow bumop. --43.40 4(1.7$ >60.0 >(0.0 29 n5 >600. 39.15 30.60 >60.0
5 GWd/MTU
pinfailJ

a- For large-break cases, break size is giu a as a percentage of the design basis. double-ended, offset shear break;i.e..
100% DB A conesponds to a total flow area of 200% of the cold leg cross section. (Cases 6 and 9 are small break
1.OCAs with a breal diameter of 6 ina

b. Signal time corroponda to the t rne ut v hich this parameter exceeds the technical specification allow alde value and
- does not include the instrument response time.

c. At 0.028 MPa (4 psip the Oconee reactor building isolation is actuated.,

d. At 10.34 MPa (1500 phip), the high pressure injection and reactor building isolation are actuated.

c. At 12,41 MPa (1800 psigh the Oconee reactor is tripped on low RCS pressure.
t

' f. The fuel pin failure tirnes penerated by SCD AP are not identical with those generated by FR AP T6 and should not
be referenced. FR AP T6 results are documented in Appendix J.
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| Figure 14. SCDAP/RELAP5/ MOD 3. calculated core thinnal power for the Oconec 1(KN Dli A case.
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Figure 15. SCDAP/RELAPS/ MOD 3 calculated collapsed teactor water level for the Oconee
100.4 DBA case.
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Figure 16. SCDAP/RELAP5/ MOD 3. calculated reactor upper head and pressurizer pressure for the
Oconee 100% DBA case.
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Figure 17. SCDAP/RELAPS/ MOD 3-calculated containment pressure for thee

Oconee 100% DBA case.
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Figure 18. SCDAP/RELAP5/ MOD 3-calculated total break flow for the Oconce 100% Dil A case.
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Figure 19. SCDAP/RELAP5/ MOD 3-calculated accumulator liquid volume for the Oconee
1004 DBA case.

31 NUREG/CR-5787

u. - . . _ _ _ _ _ . , . . _ _ . . _ . _ . . . ._ . _ , _ . _ _ , . . _ . _ _ _ _ - - . , . _ _ _ _ _ . , . . -



.. . - _ _ . _ _ . _ . - _ ____m __m-._..______..- _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ .
!

Results i

i

!

!
8b

10.0-
, , , , ,

bD 0 100000000-mflowj - 20.0 - ';
r

0.0 1 o o 200000000-mflowj .T |
,

0

15.0-

0.0 ) y ;
-

k
]'.

C ;e
5 10.0-

4,0 ;

3
| - ct: *

2 1
N y

2.0 5.0 o-

Ne
'

0.0 -
% ?|

,ym-o~--o--ouho o,o y >

a -:,

- 240 > ' ' ' > >

OA 10.0 20.0- 30.0 40.0 50,0 00.0 -

Time (sec)
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Figure 21. SCDAP/RELAPS/ MOD 3-calculated cold leg Dow for the Oconee 100% DII A case.
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Figure 22. SCDAP/Rl! LAP 5/ MOD.Lcalcuhted hot channel core flow for the
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,

I

*O
7 17.6 , i i -, - r-

n D-D 1-pgas - 400.0
'

16.0 O-O 2-pgas
a--a 3- pgn s - 2000 0

~

12.5 -
"

m
rJ g ,

b .,
'

1600 0 W
v 10.0 C
y vvy e

>

g 1200.0 m t

$ % ct==:s D ~u
4 ~a u

~oh ' 000'O~0~ I,5.0 --

s

2.5 - 400.0

x
0. 0 -- ' ' a--a -g . prL a 00

0,0 10.0 20.0 30.0 40.0 50.0 60.0
Time (see)

Figure 23. SCDAP/RIILAP5/ MOD 3 calculated intemal pin pressure Ior the Oconee 1(m Dita case.

9 33 NUREG/CR--5787

.



. _..___ _ _ _,. _ ._ _ _ _ _ _.__ _ . _ . _ ._.- _.._.. .. _ _ . _

-. Results ;

!

l

$

i i 1 v- _T,' |2000.0
'

o-o 10203-cadet i

o - o 10303-cadet - 4000.0 |

C4 00.0 "\
i

" 4- a 10403-e >det -

g d\ o-o 10$03 - cad et - g

} 2000.0 - i
v---v 10603-cadet 3000.0 $

'

-

L s-a 10703-cadet b :cp .

.a *

<.

, p
g 1600.0 2 |

U '
'v >

2000.0 c !

h. ===* c "~"#" A"_"** b**"4,,g.g
a % o zo n - o- > - o --

E /***M UC
''="" ~

% o - - hs ''"*""1- 1200.0 - - ~o. .c
d g%c F

% s% ,

800.0 -
U~~

'~~''~ 0 -- - ~as 10000
,

W'% n -

*

I' ' ' " "1 " ^ '1 "'400.0 -

0.0 10.0 20.0 30.0 40.0 $0.0 60.0

Time (sec) !
i

Figure 24.. SCDAP/RELAP5/ MOD 3 calculated fuel centerline temperature for the 5tGWd/MTU foci
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L Figure 25. SCDAP/RELAPS/ MOD 3-calculated cladding surface temperature for the SS-GWd/MTU
fuel pin for the Oconee 100% DilA case. .
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Figure 26. SCDAP/IELAPS/ MOD 3 calculated cladding hoop struin'6 for the $$ GWd/MTU fuel pin |
| for the Oconee 100% DIIA case.

l
As illustrated in Figure 14, prompt power drops since it does not account for localized pressurira. -

off rapidly in response to moderator density reac- tion of containment compatenents in the vicinity *

tivity feedback. Figurc !$ illustrates the initial of the break where pressure sensors would be
drop in collapsed reactor water level. Staning at espected.
about JO seconds, collapv:d reactor water level
begins a gradual recovery as flow from the accu- The blowdown phase of the 1.OCA lasts for ;

,

mulators begins to reach the core. As shown in about 10-20 seconds, as illustrated by Figure 18
Figure 16, falling pressurizer pressure lags the the total break flow. The intact loop necumulators

'

drop in system prest.ure, because of choking in the _ begin to inject at about 15 ~ seconds and have not
: pressuriier surge line. completely drained at the end of the calcul:' tion

(60 seconds),llot and cold leg Dows are shown '

The containment pres 3ure setpoint for contain- in Figures 20 and 21, respectively. As expected, a ,

ment isolation is exceeded at 0.53 secunds; and, large flow reversal occurs in the bmken cold leg.

as shown in Figme 17, the containmens prenme 11 t-leg L. ass Dows decrease as the duid Dashes

contiriues to rise to a peak value of about to form a two ph :c mixture and reverse for a
short duration after about 10 seconds.

6'
t

0.427 MPa (62 psia) at about 20 seconds, fol-
lowed by a gradual decrea4e as condensation

'

_ occurs an the containment heat structures. It The hot channel core now at several axial lev-'
.

ishould be noted thm the calculated contalmnent els is shown in Figure 22. Stagnation points are4
s

3 npressure it, somewhat higher than would be established within the fuel zone at several times *

expected, because of the simplified nature of the during the calculation, most notably during the *

T contaloment mu.1, whh.h eloes not loclude con. fir.it two seconds of the LOCA. Stagnation points .

' tainment spray modeling. tiew ever, the model are formed w hen the mass flow becomes predom-
does provide a conservatively low calculation of inantly downward at the bottom of the core and

: containment prenute for the' first few seconds, predominantly upward at the top of th~ mre. -
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intern,d gas pressures takulated by SCDAP/ s al. In cases w here no tuel pin lailure w as
HEL AP5/ MOD 3 are show n in Figme 23. Imemal predicted, the s alues gn en conespond to the tran-

preworculecline as intemal temperature falls and sient time at the end of the calculation, preined

mternal gas solume increases on account of bab by a " greater than" sy mbo! tu. the f ailu:e umles

looning. Pin f ailure is clearly indicated by a are indicated by the numbers in parenthesen

sudden drop in internal pressute to the 9 stem nodes are numbered from 1 at he tuttom of the
core 10 9 at the top.preuure.

Cladding surface and fuel centedine tempera- Figures 27 through 32 show the FRAP Tb
imo calculated by SCDAP/REL AP5/YUD3 for results for a luel nid operating with a peaking
the high cqwure fuel pir, ate show n in Figures 24 tas tor ot 2 63 and a pcat asial bumup of $$ GWd/
and 25,tespectn ely. The cladding surfate temper- M T U. using the SCD AP/RELAP5/ MOD 3 worst-
atures use rapidly during the first few seconds, as em Omnee thermabhy draulio div uwed above.
the surface heat fim is reduced because of core
s oidmp, Fuel eladding temperatutes peak at

Os eraH, the results generated by FR AP46 are
around i100 K i145014 during the first couple of

consistent with espected trendt, i e., pin f ailute
seconds, then decline os er the nest few seconds as

times shortened as peakmg f attors burnups, and
the fuel gnes up its stored energy and fuel pellet

break an as were increased The minimum timetemperatures drop because of the reduced power from LOC A initiation to fuel pin ladure for
pencration. Eventually, the reduced heat transfer Oconec, as calculated with the FR AP T6 best-
at the cladding surface pmduces a steads rise in

estimate models is 13 0 seconds for thecladding and fuel pellet temperatures Tins tem.
1004 DHA case without RCS pump trip. This

perature nse continuys until w ater f rom the accu. tirne was not affected by the availabdity of
mulators tand the pu,nped ECCS, if as ailable)

ptunped LCCS The minimum time imm LOCA
makes as way into the core reg ^ ion. initiation to luel pin lailure calculated by

FRAP16 for Seatuook is 20 seconds for theThe zircaloy sladding undergoes a phase
100G Dih case wilhout ECCS The shorterchang startine at about 1050-1090 K !!900- Wonce Lulun nrmn can be direcdy auributed to

200(FF) and endine at about 1250 K (230014. As
a wsult of this phaIe changi, the natenal proper, higher linear heat genetahon rate and larger fuel

pin diameter, w hich resuhs in higher initial storedties of the cladding chat,ge rapidly os er this
tempt ratme rance. In each cay, pin f.$ilures w ere

energy. In addihon, the faHure tunes cakulated for
Oconee are stronger functions of burnup than

rakulated to occur during this phase transition
thomeponed for Seatuook, w hich has oMy aboutprior to reaching a temperature of 1250 K a 5-second difference in failure time for pins with

g3(gyt
~ the lowest and highest bumup.

!As evidenced by the plots contained in
Appendices K and L, SCDAP/RELAPS/ MOD 1 Several pararneters affecting fuel pin failure
calculates a spike in accumulator flow as each tirnes sary as a function of esposure, including
accumulator approacnes empty and is subse- cladding creep,luel and cladding material proper-

(piently isolated from the system. Although these ties internal gas pressure, and gap conductance.

flow spikes are not consutent with espected The fuci pin failure times calculated for Seabrook

results, they are not considered significam for this generally increase between 5 and 20 GWd/MTU

analysis, because of the magnitudes and durations and then decrease to the shorte .t pin fadure time
involved, at 50 GWd/M1 U. The merease in fuel pin failure

time between 5 and 20 GWd/MTU can be
7.1.2 FRAP T6 Calculations, The FRAP-T6 antibuted to the dccrease in stored energy over

results for Oconec and Seabrook are summari/ed this range, resulting from cladding creep and
in1 ables 3 through 24. Each of the cases,with the increased yap conductance. After 20 GWd/MTU,

cueptmn of the 6-in. dia small-break tase with- the fuel pin mtemal prewure becomes the demi-

out pumped ECCS, w as run f or a Nb ,econd inter- nant f actor affectir g the luel tailure timing.
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Table 5. FRAP.T6-ealculated hot fuel pin failure time (s) and location as a function of bumup and
peaking lactor for the Oconee 10Wr Dil A without ECCS (Case 1).r

_

llumup

Peaking
factor 5 GWd/h1TU 20 GWd/h1TU 35 GWd/S1TU 55 GWd/h1TU

2.63 217(5) 20 3(4) 18.0(4) l 3.0 (4)
_-

2.4 >(a0 25.3 (4) 19.7 (4) 14.1(4)

2.2 > 60.0 34.8 (4) 23.9(4) 16.4 (4)

2.0 > 60 0 > 60.0 3.Q'4) 22.5 (4)
,_ _

Table 6. I' RAP-T6-calculated hot fuel pin faJure time (s) and location as a function of bumup and
peaking factor for the Osonce 90% DilA without ECCS (Case 2L

Bumup

Peaking
factor 5 GWd/h1TU 20 GWd/h1TU 35 GWd/hfTU 5$ GWd/h1TU

2.63 25.0 (5) 22.1(4) 19.7 (4) i 3.6 (4)
._

2.4 > 60.0 27.7(4) 22.3(4) 17.7 (5)

2.2 > 60.0 54 7 (4) 25.8 (. , 22.7 (4)
_

2.0 > 60.0 > 60.0 34.4 (4) 24.2 (4)

Table 7. FR AP T6-calculated hot fuel pin failure time (s) and location as a function of bumup and
peaking factor for the Oconec 75're DB A without ECCS (Case 3).

Ilumup

Peaking
fact ~ 5 GWd/h1TU 20 GWd/htTU 35 GWd/h1TU 55 GWd/h1TU

2.63 25.0 (5) 23.5 (4) 21.1(4) 14.6 (4)

2.4 > 60.0 31.7 (4) 23.5(4) 1 S a. e. J

2.2 > 60.0 51.3(4) 29.3(4) 18.0 (4)
-

2.0 } > 60.0 > 60.0 37.5(4) 250(4)
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!

Table 8. I R AP/16 calculated hot f uel pin ladure time N and locatum as a funcluiu of burnup and

peaking facior for the Oconce SIFi Dil A without ITC5 (Case 4L'

I
llurnop

_ . _

Peaking
factor $ GWd/M10 20 GWJ/M l U 35 GWit811 U $$ GWd/M l U i

2 63 33.9 ($) 2').M (4i 27.2(4) 20.3(4)

2.4 > 60.0 531(4) 33.0(4) 21 6 (4) !

2.2 > 60.0 > 60 0 40.N (5) 245(5)

2.0 > fdi o > t>0 0 57.4 (4) 30.3 (4) |
4

Tablo 9. FRAP-T6 calculated hot f uel pin Iailure time N and hetion as a funcuon of burnup and |
peaking factor for the Oconee 10W1 DilA without ITCS and with pump trip (Case $1. ,

_ ._

liurnup ,

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/M I~U 5 5 G W d/ M 'l U

_ ___ , ,___

2.63 37.5(5) 33.$(5) 26.2(4) 22.3(5)
__

2A > 60.0 49.715) 32.1(4) 25.5 (4)

2.2 > 60.0 > 60.0 31 M (4) 21 1 (4)
,.

2.0 > 60.0 > 60.0 > 60.0 3.'I(4)
,

i

Table 10. FR AP T6 calculated het fuel pin failure time m and location as a function of burnup and
peaking factor for the Oconee 1009 Dil A with ECCS on (Case 7).

Ihtrnup

Peaking .

!factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU $$ GWd/Mll{
2.63 22,7(5) 21.1(4) 18.0 (4) 13.0(4) ,

2.4 51.9(4) 24.9 (4) 20.0(4) 14,1(4)

2.2 > 60.0 50.2(4) 23.6 (4) I 8.8 (5)

2.0 > 60.0 > 60.0 28.? (41 22.7 (4) i,

|. -

|

.
,
.
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Results

Table 11. Fil AP/16<alchluted hot fuel pin failure time 6) und location as a function of humup and
Iraking factor for :he Oconce 10(Fi DH A with "unp : ip and ECC 3 on (Case xi., f

U llumup.

.
~

rl'eaking
g

iawr 5 GWd/MTU 20 0WJ/MTU 35 GWd/M I t' 55 GWd/M~I t'
2.(d w w -

:--- __ x

_ 24.4 (51 23.5 t5) 20.3(5)

--

-
24.8 (5)

--

2.4 > NLO 25.8 (5i 24.6(4) 23.6 (5)
f _

2.2 > 60.0 35.4 (56 25.8(5) 245(51
2.0 > (no | > 60 0 54.6 (51 25 3 (51_ _amar. .~ - __ r _ ,mm svr-

_

Table 12. FRAP 76-calculated hot fuel pin Iailure time 6) aiJ location as a function of bumuf- and
peaking factor for the Oconee 6-in. break without IICCS (Case 6L

_ _ _ - _ _ ,

ilumup i
,

Peaking
factor 5 GWd/MTU 20 GWJ/51TU 35 GWd/MTU 55 GWd/MTU

u ._, ,

2.63 > 393.0 > 393. 0___ _ - - . - ,> 393.0 > 393.0
_

|

Tabic 13. FRAP-T6<alculated hot fuel pin failure time a) and location as a Qnelion of bumup and
peaking feetor for the Oconce 6 in. Iveak with ECCS (Case W.
_ __

llumup

Peaking
i

factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 55 GWd/MTU
| . _ -

- _._
'

2.63 > 60 0 > 60.0 > 60.0 > 60.0 -
, _

|

Table 14. FRAP T6<alculated hot fuel pin failure time (s) and location as a function of burnup and
peaking factor for the Seabrwk 1009; DilA without ECCS (Case 1).

_ --

Hurnup

Peaking
factor 5 GWd/MTU 20 GWd!MTU 35 GWd/MTU 50 GWd/MTU

--

2.32 29,I(5) 29,7 (5) 27.7(5) 24.h(4)
2.2 34.4 (5) 36.7 (5) - 35.N (5) 32.5 (4)

2.0 44.5 (4) 48.4(4) 43.6(4) 4 L6 (4)

1.8 > 60.0 > 60.0 > 60.0 >(A0_ _ mm

39 NUREG/CR-5787
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Table 15. FRAP/16 calculated bot fuel pin fadure time (s) and location as a f unction or burnup and

pe:iking 1:ictor for the Seabrook W)q DB A without ECCS (Case 2 t

gm , .-

Burrap
_

Peaking
factor 5 GWd/MTU 20 Gml/MTl! 35 GWd/MTU $0 GWdM1 U

-

2.32 31,8 (5) 32.6 (5) 30.5 C; 26.5 (4)

2.2 35.6(5) 36215) 35.7(5) 34.x D)

2.0 :,4.6 ( 4 ) 40.1(4) 34.4 (4) 3S.7 (4)

18 > 60.0 > 60.0 52.5t4) 45.7 i4

Table 16. FRAP-T6-caleu:ste ,i tuel pir. failure time 0.) and loce in as a function of burnup and

peaking factor for the Scabiook 75'i T)RA without ECCS (Case 3).

.
_.

ilurnup

Pecking
factor 5 GWd/MTU 20 GWd/MTU 33 GWd/M 1 U $0 GWd/MTU !

2.32 30.6 (5) 31.2(5) 24.S(5) 20.914)

2.2 36.2151 3S 8(5) 36.St5) 33.5 (41

2.0 > 60.0 > 60.0 > 60.0 40.5 t 4)
.. v

1.8 > 60.0 > 60.0 > 60.0 | '> 60.0

Table 17. FRAP-16-calculated hot fuel pin failure time N anil location as a function ol burnup and _

peaking factor for the Seabrook 50ri DBA without ECCS (Case 4).

Bumup

Peaking
Netor 5 GWd/M l U 20 GWd/MTU 35 GWd/MTU 50 GWd/M TU

-.

2,32 44.3 t5) 44.1(5) 43.0(5) 42.5(5)

2.2 45.7 (5) 45.7(5) 44.7 (5) 43 515n ,

2.0 > 00.0 > 60.0 58.6 (5 > 47.2(5) I

l.8 > 60.0 > 60.0 > 60.0 > 60.0
IPt N,

NURCG/CR-573i 40
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I
Table 18. FRAP.T6-calculated hot fuel pin failure time b) and 1ocation as a function of burnup and

'

.

-peaking factor for the Suback 100% DB A without ECCS mid nith pump trip (Case SL
r-- - -- -- ~ ~

'

-.

Peaking I

factor 5 GWd/M1U 20 GWd/MTU 35 GWd/h1TU 50 GWd/M l Ua

_

2.32 27.6(5) 28.0(5) 217(5) 25,0 (4 >
,

_ ,

2.2 32.8(5) 32.2(5) 32.0(5) -30.3(4i

2.0 35.0 (5) 35.5 (5) 35.0 (4) 31.0(4)

1.8 > 60.0 > 60 0 48.0(4) 38.2 [4
'

-sat E__ =

_ Table 19. _ FRAP-T6 calculated hot fuel pin failure time (s) and location as a function of t'ornop and
p(aking factor for tne Seabraok 10(Y4 D!!A wi h ECCS on (Case 7).t

m._ . - - - _

Burnup
_

Pertking- -

factor 5 GWd/MTU 20 GWd/MT U 35 GWd/MTU 50 GWd/MTU L

=rm -
2.32 30.2 di 31.3 (5 j 29.2 (5) 24.9 (4)

-

2.2 34.9 (5) 36,2(5, 35.5($) 33.1(4)

2.0 - 42.5(4) 43.2(4) 42.7(4) 39.1(4)
d%I

1.8 > 60.0 3 60.0 > NLO > 60.0
- u. - -- -v.m -

Table 20. FRAP.T6-calculated hot fuel pin failure time (s) and location as a function of burnup and
peaking factor for the Seabrook 1009 DBA with pump trip and ECCS on (Case 8L

* 33. 3||'22:17

Burnui'-

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU $0 GWd!MTUs

,,,,

2.32 28.3 (5) 2S.8 (5) 27.7 (5) 25.Ii4) '
_

2. 2 - 31.8(5) 32,I(5)_ 32,0(5) 30 7(4).

2.0 - 35.2(5) 36.2(5) 35.5(5) 34.6 (5)
|

1.8 > 60.0 > 60.0 - 42.1(5) 42.0(4) )
I
1

- Table 21. FRAP T6-calculated hot fuel pin failure time (s) and location as a function of barnup and
peaking factor for the Seabrmk 6-in, break without ECCS (Case 6).

- Burnup
_ j- n

1

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 55 GWd/MTU

m
2.63

_
> 600.0 > 600.0 > 600.0 > 600.0
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Table 22. FRAP.T6.calcutr.ted hot fuel pin tailure time N and location as a f unction of burnup and
peaking factor for the Seabrook 6-in. break with ECCS (Case %

__
~, . ,_ ~,

ilumup

Peaking
factor 5 GWd/h1TU 20 GWd!'\1TU 35 GWd/N1TU $5 GWd/h1TU

. , . _ _ _ . -__m.-

.b. > b( ) 6k }.k ) b(I. > tif }. f
- - - - _ , _ . . - - ,

)
T+ble 23. FRAP-T6-calculated hot fuel pin failure time W and kication as a functWn of bumup and
pealmg factor for the Oconee 100"< DilA without ECCS with licensing audit code twidels on (Case I L

,

- - - _.

Bumup

Q -1
l' 5 GWd/N1TU 20 GWd/h1TU 35 GWdA1TU 55 GWJ/N1TU
i

-

25.5 (5) 24.5 (5) 21.9 (5) 12.5 t5)

> 60.0 s 60 0 31.9 (5) 23.1(5)

2.2 > 60.0 > 60 0 > 60.0 33.6(5)

| 2.0 > 60.0 > 60.0 > fJ).O > 60.0
- ,xn-

Table 24. FRAP-T6. calculated hot fuel pin fadute time N and location as a function of burnup and
peaking factor for the Seabrook |(Wi DBA without ECCS with licensing audit code modeh on (Case 1)

| Bumup

Peakinc'
factor 5 GWd/N1TU 20 GWd/N1TU 35 GWd/h1TU $0 GWd/N1TU

2.32 39.8(4) 42.4 (4) 40.2(4) 37.1 (4)

2.2 .
> 60.0 > 60.0 > 60.0 > 60.0

2.0 > 60.0 > 60.0 > 60.0 > 60.0

1.h > 60.0 > 60 0 > 60.0 > 60.0

NUREG/CR-57S7 42 l
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Figure 27. FRAP-T6-calculated intemal pin pressure for the 55.GWd/MTU pin, peaking f ctor ofa

2.63 Oconee 100% DBA case.
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Figure 28. FRAP-T6-calculated failure probability for the 55-GWd/MTU pin, peaking factor of 2.63.

Oconee 100% DBA case.
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Figure 29. FRAP T6-calculated cladding hoop strain for the SS-GWd/MTU pin, peaking factor of
2.63, Oconee 100?c DB A case.

1250.0 i i i i ,
,

jQ,AgN82$y 4_v%,o-T 1600.01126.0 - q , pd % 449,

{ 1000.0 - d f b
fa m ,a ~~8' M 8 ~ 8 ~'j :

1200.0 0g , , j ,

3 g/ LL *
y 075.0 - a fy 3

.)a
e a
L L.'

0 750.0 - ! U

g ,
o a 3-cladote - 800.0 k

C o o 4-cladote C

$ 625.0 ((b bA A 5-cladote
o o 6-cladote

500.0 - v v 7-cladote - 400,o
s s E-cladote -g

' ' ' ' ' I375.0
0.0 10.0 20.0 30.0 40.0 50.0 60.0

Time (sec)

Figure 30. FRAP-T6. calculated cladding surface temperature for the 55-GWd/MTU pin, peaking fac-
tor of 2.63, Oconee 100 4 DBA case.
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Figure 31. FRAP-T6-calculated fuel centerline temperature for the $$ GWd/MTU pin, peaking factor

- of 2.63. Oconee 100% DBA case.
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Figure 32. FRAP T6-calculated oxide thickness for the 55-GWd/Nm) pin, peaking factor of 2.03,--

. Oconce 10(Ne DBA case.
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Results

The stored energs calcule* ni for Oconee does As anticipaed, no fuel pin failures are predicted
not vary with expo..ute to sne same extent as fo. the small-break casei. during the first

, obser ed for Seabrook. Oconee failure times are 60 seconds of the calcidation. The small-break
dominated primarily by the intemal pin pressure, cases without pumped ECCS were subsequently
resuhing in stronger dependence on exposure, extended to 6 minutes 33 seconds for Oconee and

10 minutes for Seabrook with no fuel failures
it should be noted that the limitations of point predicted by either SCDAP/RELAPS/ MOD 3 or

FRAP-T6.Linetics prevent modeling of the differences in
decay heat that would be associated with the dif- 7.1.3 Cornparison of SCDAP/RELAP5/
ferences in fuel pin exposure. In this reason. MOC3 and FR AP T6 Fuel Pin Calcuintions,
energy deposition in both the low- and high~ The fuel centerline temperatures calculated by
exposure pins is identical throughout the tramient SCDAP/RELAPS/ MOD 3 and the best-estimate
and pnxtuces a conscivative estimate of pin fail- modeh of FR AP-T6 are in fairly clase agreement
ure for the lower-burnup fuel pins. for both the Oconee and Seabrook plants. The

Seabrook results also indicated agreement
Table 6 .?3 and 24 summarire the pin failure between SCDAP/RELAP5/ MOD 3 and FR AP-T6

times generated for the 100% DBA cases for cladding surface temperatures; hok ever, for
Oconee and Seabroot using the FRAP-T6 evalu- Oconee, SCDAP/RELAP5/ MOD 3 tended to
ation model options. Note that, in all cases except overpredict cladding surface temperatures in com-
for the highest peaking factor and burnup combi- parison to those calculated by FRAP-T6. These e

nation for Oconee, the failure times calculated dif ferences are attributed to the different heat
using the evaluation models are longer than those transfer correlations used m the two codes. The
generated using the best-estimate models (see discrepancy between Oconee cladding surface
Tables 5 and 14). In addition, the fuel centerline temperatures calculated by the tw o codes is ampli-
and cladding surface temperatures calculated fied for the cases that include reactor coolant pump
using the evahiation models do not correlate well trip.
with either SCDAP/RELAP5/ MOD 3 or the best-
e3timate results calculated by FRAP-T6. In general, the pin failure times calculated by

SCDAP/RELAP5/ MOD 3 tend to be significantly
. longer than those calculated by FRAP-T6.

Since the peak cladding surface temperatures
Exceptions are noted for the Oconee 100% DBAcalculated using the evaluation models of
cases with and without pumpert ECCS which

FRAP T6 are at or above those calculated usmg
agree fairly well, and the Oconee 100% DB A

- the best-estimate models, the differences m pm ases with RCS pump trip,in whi;h the SCDAP/
failure times are due to differences between the RELAP5/ MOD 3 times are several seconds

'evaluauon and best-estimate rupture models. For shoner.
cases in w hich the cladding temperature is mono-
tonically increasing, the evaluation model may Deviations between FRAP T6 and SCDAP fuel
predict rupture to occur at nearly the same time as pin failure times can be traced, at least in part, to
the best-estimste model But, for cases in which the dif ference in the cladding strains calculated by
the cladding temperature decreases after balloon- the two codes. In SCDAP, a step change in clad-
ing has begunf as was the case for these calcu- ding strain was encountered at each axial node of
lations (see Figure 30), the evaluation model is the low-exposure fuel pins at around 10 seconds
outside of its intended range of applicability and for each large-break LOCA case for both the
may calculate results significantly different from Oconee and Seabrook fuel pins. This step change
the best-estimate model. The evaluation model in cladding strain was also calculated for the
correlation for rupture temperature is based on Seabrook high-exposure fuel pin. The cladding
constant temperature-ramp rate experiments.22 deformation model does not appear to properly
This correlation is sensitive to the calculsted account for strain rate effects. The step change in
temperature-ramp rate but may not properly cladding strain produces a step decrease in internal
account for rapidly fluctating ramp rates. fuel pin pressure. As illustrated by the SCDAP/
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!

RELAP5/ MOD 3 plots ofinternal pin pressure, the mulators emptied tuhi discharged nitropen into the
step decrew in pressure early in the transient system. In the SCDAP/RELAP5/ MOD 3 calcula-
results ni a delayed _ time to fuel pin rupture, tion. the accumulators were isolated as they |
SCDAP/RELAP5/ MOD 3 thus overpredicts the approached an empty condition,in order to i

axial extent of cladding deformation, which prevent code failute, in the TRAC-PFl/ MODI
results in an underprediction of intenul pin pres- calculation, however, as the accumulators emp-
sures and an overprediction of the time to fuci pin tied, nitrogen gas was discharged into the cobi. leg
fmiure; and vessel. This surge of noncondenuble gas pns-

surized the upper downcomer. resulting in a surge
in addition, the cladding strain calculated by of fluid into the core region. A core Dow surge can

SCDAP/RELAP5/ MOD 3 for axial node 6 of the be seen as the broken loop accumulator empties at
Oconee low-burnup pin during the 504 DBA approximately 35 seconds and again as the intact_

LOCA case appears to be anomalous. This node accumulators empty at about 40 seconds. These
experien.es a negative step change in hoop strain core flow surges are clearly seen in the hot channel
at about 9.5 seconds. which is not consistent with mass flow at the midcore level. The downcomer
the calculated behavior of the adjacent nodes- void fraction plots indicate sunitar responses for
Likewise, both fuel cladding and centerline tem- voiding of the downcomer adjacent to the intact
peratures for this node appear suspicious, since loops; however, the TRAC-PFl/ MODI caleu-
they do not follow the general trend observed in lation indicates a quicker and more prolonged
the adjacent nodes- voiding for the downeomer quadrant adjacent to

the broken cold-leg.
7.2 Results Generated Using

TRAC-PF1/ MOD 1 As with SCDAp/RELAP5/ MOD 3, the hot
channel thermal-hydraube conditions generated
by TRAC-PFl/ MOD 1 were used to provide

= Appendix K contains comparison plots of the boundarv conditions foi FRAP-T6, which was
transient resuhs generated by SCDAP/REL AP5/ ~

used to calculate fuel failure times for a matrix of
MOD 3 and TRAC-PFl/ MODI for a complete

fuel p:n exposures and peaking factors. Appen-double-ended, offset- shear LOCA calculation
dix K contains the plotted results for each of the

(1009 DB A) for Scabrook without pumped 16 FR AP-T6 cases run for the supplemental
ECCS rad witbout RCS pump trip. The plots illus"

calculation.
trate that the system response calculated by the two
codes is in fairly good agreement for the first Cladding surface temperatures calculated by
35 seconds of the calculation. Excellent agree- FRAP-T6 using SCDAP/RELAP5/ MOD 3 data
ment was obtained between SCDAP/RELAP5/ are higher than those calculated using TR AC-
MOD 3 and TRAC-PFl/ MODI for the break flow PFl/ MODI data, This deviation becomes even
and resulting system depressurization. The more apparent after about 40 seconds, because of
.SCDAP/RELAP5/ MOD 3 calculation reached the the nitrogen-induced flow surge that results in a
low containment isolation setpoint at 3.73 see- quenching of the claddmg for the TRAC-
onds, only 0.11 seconds earlier than the TR AC- PFI/ MODI calculation. In the SCDAP/
PFl/ MODI calculation. The flows from the RELAPS/ MOD 3 case, pin failures were
accumlators, intact hot-legs, and intact cold-legs calculated to occur during the iircaloy phase tran-
ah a cow..-- vell. Howevet, the het channel sitmn temperature range. In the TR AC-
thermal-Praulic conditions calculated by PFl/ MODI case, pin failure occurred during the
SCDAP/RELAP5/ MOD 3 are more severe initial coolant surge, prior to reaching the phase
throughout the calculation, resulting in higher trtmsition temperatare.
claddi, stuface temperatures and early fuel pin
failures. The previous FRAP-T6 fuel pin frilure tim-

ings generated using SCDAP/RELAP5/ MOD 3
The largest deviation beiween the two sets of thermal. hydraulic data and the timings generated

results occurred after about 35 seconds when accu. using TRAC-PFl/ MODI thermal-hydraulic data

|

!
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Results

-

are summarited in 'lable 25 for comparison pur- tion of luel pin failure times. These include
poses. In cases where no fuel pin failure was pre- variations in fabrication parameters, material
dicted, the values given in Table 25 correspond to property correlations, fuel performance cor-
the transient time at the end of the calculation, relations, and thermal-hydraulic boundary condi-

M thatprefixed by a " greater than" symbol (>). As tions. An option is available in FR AP-T6
before, the failure nodes are indicated by the can be used to calculate the uncertainty n fueli

numbers in paremheses. behavior responses as a f unction of know n
uncertainties in selected input variables and cone.

SCDAP/REl.APS/ MOD 3 thermal-hydraulic lations. This approach requires the identification
boundary conditions produced conservative pin of the major contributon to uncertainty and the
failure limings in each case compared to those selection of appropriate uncertain ~ factors repre-
produced using TRAC PF1/ MODI. The nitrogen sentative of the relatise uncertainty of each con-
injection from the accumulators resulted in a tributor. FR AP-T6 uses a response surface
surge of coolant entering the core starting at about methodology to determine the associated time-
35 seconds. This coolant surge resulted it, a rapid dependant uncertainty in fuel behavior responses,
drop in fuel temperatures, preventing fuel f ailure such as failure probability. FRAP-Tb also deter-
after 42 seconds, mine3 the fractional comnbution to uncertainly

from each contributor as a function of time.

7.3 Uncertainty
It is reconunended that a FR AP-T6 uncertainty

The relathe uncertainty associated with a analysis be included when implementing the
particular result is crucial to the interpretation of methodology discussed in this report, to quantify
a best-estimate calculation. There are sescral the uncertainty associated with fuel pin failure
somces of uncertainty introduced into the calcula- times.

Table 25. A comparison of FRAP-T6 fuel pin failure times using SCDAP/RELAP5/ MOD 3 and
TRAC-PFl/ MODI thermal-hydraulic data for the 1(Vi DBA case for Seabrook.

Burnup

Peaking
factor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 50 GWd/MTU

Fuel Pin Failure Times using TRAC PFl! MODI Thermal llydraulie Data

2 32 > 60.0 41.4(5) 41.3 (6) 34.9(6)

2.2 > 60.0 > 60.0 41.4 (5) 41.2(6)

2.0 > 60.6 > 60.0 > 60.0 > 60 0

1.8 > 60.0 > 60.0 > 60.0 > 60.0

Fuel Pin Failure Times using SCDAP!REl.AP5/ MOD 3 Thermal-llydraulic Data

2.32 29.1(5) 29.7 (5) 27.7 (5) 24.8 (4)

j 2.2 34.4 (5) 36.7(5) 35.8(5) 32.5(4)

2.0 l 44.5 t4) 48,4 (4) 43.6(4) 43.6(4)

1.8 > 60.0 > 60.0 > 60.0 > 60.0
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8. TECHNICAL FINDINGS

A detailed methodology for the calculation of cycle-specitic limiting power disuibution,
fuel pin failure timing (time txtween the contain. identifying the maximum number of fuel
ment isolation signal and fuel pin failure) under rods with a given exposure operating abm e
1 OCA condinons has been developed and applied a given peaking factor. This approach, taken

to two demonstration calculations for the Oconee in conjunction with the methodology used
and Seabrook reactors. The methodology uses for the demonstration calculations, would

SCDAP/RELAP5/ MOD 3 for thermal-hydraulic allow the calculation of a time-dependent
calculations and FRAPCON-2 and FRAP-T6 for release of fission products from fuel pin
fuel pin calculations. For Seabrook, the themTal- failure, it appears likely that this approach
hydraulic calculations were repeated using would indicate that at least 30 seconds
TRAC-PFl/ MODI. In each calculation, the would elapse prior to significant fission
earliest fuel pin failure times are for a complete, product release from the cladding follouing
double ended, offset shear break of a cold-leg, a design basis large-break 1 OCA.

without pumped ECCS Sut with continued opera-
tion of the RCS pumps. These quantitative results 2. Thefuelpinfailurc times can be expected to
are summarized in Table 26 for the fuel pin with cahrhit sigmficant variation byfuel design
the highest bumup and peaking factor. and plant type.

Technical findings are presented below, along Fuel design parameters, such as plenum
with recommendations for further imestigation volume, initial fill gas pressure, pellet
of phenomenological uncertainties in the radius, and cladding thickness, have a direct

calculations. impact on fuel pin failure timing. Design
parameters that result in either higher stoted

1. The demonstration calculations (using < vn- energy or increased gap yas pressure can be

servative assumptions) indicate that nofurt expected to result in earlier pin failures. Pin

failurcs will he encountered during the first failure timing is also strongly influenced by
screral seconds of the worst-case design hot channel thermal-hydraulic . conditions.

hasis LOCA (double-ended, offsetchcar Plant design factors, such as cold leg area,

cold leg bicak) without pumped ECCS. In primary , system fluid inventory, tmd accu.
addition, these calculations illustrate the mulator injection point, will uffeet the hot
potentialfor providing more realistic times channel flow patterns established during the

forfission product appearance within con- blowdown, refill, and teflood portions of the

rainment compared with the instantaneous transient.

icicase assumption of TID-14M4.'
1 Fuel pin failure times calculated by

The minimum fuel pin failure times summa- FRAPJ6 using SCDAP/RELAP3/ MOD 3

rized in Table 26 were obtained for fuel pins thermal-hydrauhcs are consen ative in
with the maximum design burnup, operating comparison to thosc using TRAC-PF||
nt the technical specification limits. This MOD / thermal-hydraulics.

represents a conservative result, since fuel
pins with such a high exposure would not be SCDAP/RELAPS/ MOD 3 has not been
operating at such conditions and fuel pin assessed for either fuel behavior analysis or

failure times increase significantly for both large-break LOCA analysis. Furthermore,
lower bumup and lower peaking iactor. An the analysis used a preliminary version of the

improved approach for calculating the code that does not directly correspond to the

source term present inside containment s ersion that w ill be used for codc assessment

following a LOCA would incorporate a fuel- purposes. Ilowever, the FR AP-T6 results
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Table 26. Tining summary for woist. case LOCAs.

Containment Earliest pin
Thennal-hy draulic isolation tailure ir.terval

Plant model (s) N (s)

Oconee SCDAP/RELAP5/h10D3 2.t' 13.0 10.4

Seabrook SCDAP/RELAP5/h10D3 5.7 24.S 19.1

Scabmok TR AC-PF1/510D1 5.S 34.9 29.I

calculated using SCDAP/RELAP3/N10D3 a portion of the SCDAP/RELAPS/h10D3
were conservatisely earlier than those cal- calculations be repeated following corree-
culated using TRAC-PFl/h10D1 for the tion of the code deficiencies and successful
single Seabrook DBA large-break LOCA completion of the code awessment efforts.
case analyzed. The thermal-hydraulic
respon..e calculased by SCDAP/RELAP5/ 5. The uncertainty associated with fuel pin
h1GD3 agreed reasonably sell uith that of failure timing shou!J be investi: gated.
TRAC PFl/ h10D1 up to the time that the
accumulators empty. SCDAP/RELAP5/ A large degree of uncertainty is associated
$10D3 < ode failures prevented proper with these calculations. Wriation in f abrica-
modeling of the system response to nitro- non parameters, material property correla-
pen injection following draining of the lions, tuel performance models, and
accumulators. thennal-hydraulic boundary conditions all

contribute to the uncertainty in calculated
4. The time of cladding tupture calculated by fuel pin failure timing. FR AP-Tb has the

the SCDAP ballooning modelis di//crent capability to calculate the uncertainty in fuel
from that calculated by the FRAP-Tb bab behavior responses as a function of known
iconing model; this digerence is due to an uncertainties in selected input variables and
incomplete ndelin g ofstrain rate <1]ects by correlations. It is recommended that, in
the SCDAP hallooning model. tuture calculaiions, the methodology

include FR AP-T6 uncertainty analysis to
Code deficiencies have been identified and quantify the uncertainty associated with fuel
ate being corrected. It is recommended that pin failure timing results.
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APPENDIX A |

QUALITY CONTROL

All work performed on the timing analysis of PC fuel pin failur
beenconductedinaccordancewithanapprovedqualityprogrsmplan.",es,, gasAll
source decks, input files, output files, and associated software have been
archived on tape and individually listed. All work performed 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 P1an, Version 1.0, EC5G 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. E&ST Group Standard Practice 2.0, " Facility Input Deck Production," May
29,- 1991.

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

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

I
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Table A-1. Calculation packages for timing analysis of PWR fuel pin failures.

__Date Title Author / Reviewer

11/28/90 Core Power Distribution Calculation K. R. Jor,es/D. A. Brownson
for L9CA Pin Failure Timing Source
Term Analysis, Revision 1

11/29/90 Documentation of FRAPCON-2 Version K. R. Jones /L. J. Siefken
1, M00, 05

12/6/90 Documentation of FRAPRS, a Passive K. R. Jones /L. J. Siefken
Link between SCDAP/RELAP5 and
FRAP-T6

12/11/90 Documentation of TRAC 2FRAP Passive D. M. Snide-/L. J. Siefken
Link between TRAC-PF1 and FRAP-T6

12/26/90 Documentation of FORTRAN-77 K. R. Jones /L. J. Siefken
Workstation Version of FRAP-T6 V
21(12/90)

1/2/91 Documentation of LOCA Pin Failure N. L. Wade /L. J. Siefken
Source Term Analysis FRAPCON2 Input
Deck Preparation and Results for
Seabrook 17X17 PWR

1/11/91 Conversion of the Seabrook Input J. C. Determan/L. S. Chan
Deck from RELAP5/M002 TO RELAP5/M003

1/25/91 Documentation of SCDAP/RELAPS Input N. L. Wade /L. S. Ghan
Deck Preparation Core and Reactor
Vessel Model Modifications for
Seabrook 17X17 PWR LOCA Pin Failure
Source Term Analysis

4/2/91 Documentation of SCDAP/RELAP5 Input N. L. Wade /J. C. Determan
Deck Preparation Core and Reactor
Vessel Model Modifications for
Seabrook 17X17 PWR LOCA Pin Failure
Scurce Term Analysis Addendum 1--
Revised Downcomer Model

4/11/91 Point Kinetics, Containment, and K. R. Jones /L. J. Siefken
SCDAP Input for Seabrook LOCA Pin
Failure Timing Source Term Analysis

5/20/91 Seabrook SCDAP/RELAP5/M003 K. R. Jones /L. J. Siefken
Calculations for the LOCA Pin
Failure Timing Source Term Analysis

A-4
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Table A-1. (continued)

Date Title Author / Reviewer

6/4/91 Documentation of FRAP T6 Input Deck N. L. Wade /L. J. Stefken
Preparation and Results for Seabrook
17X17 PWR LOCA Pin Failure Source
Term Analysis, Revision 2

6/4/91 Documentation.of LOCA Pin Failure . N. L. Wade /L. J. Siefken
Source Te:m Analysis FRAPCON-2 Input
Deck Preparation and Results for
Oconee 15X15 PWR, Revision l-

6/10/91 Core Power Distribution Calculation M. Straka/J. C. Determan
for LOCA Pin Failure Timing Source
Term Analysis, Oconee Nuclear Plant,
Revision 1

;6/11/91 SCDAP/RELAPS/M003 Input Preparation M. Straka/K. R. Jones
for LOCA Pin Failure Timing Source
Term Analysis, Oconee Nuclear Plant

6/19/91 Oconee SCDAP/RELAP5/ MOD 3 M. Straka/L J. Siefken
Calculations for the LOCA Pin
' Failure Timing Source Term Analysis

6/19/91 Documentation-of FRAP-T6 Input Deck N. L. Wade /L. J. Siefken
Preparation for Oconee 15X15 PWR
LOCA Pin Failure Source Term
Analysis, Revision 1

7/17/91 Documentation of FRAP-T6 Results N, L. Wade /L. J. Siefken
using TRAC-PFl/ MODI Thermal- -

Hydraulic Data for Seabrook 17X17
PWR LOCA Pin Failure Source Term
Analysis

7/19/91. Documentation of TRAC Pfl/ MODI Input K. R. Katsma-N. L. Wade /
Deck Preparation and Run Results for J. M, Cozzuol

Seabrook 17X17 PWR LOCA Pin Failure
Source Term Analysis

A-5
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APPENDIX B |

PRELIMINARY LOCA PIN FAILURE ANALYSIS RESULTS

USING THE SURRY PLANT MGDEL

- The purpose of Appendix B is to provide the results of the Loss of
Coolant Accident (LOCA) Pin Failure Timing Source Term Analysis obtained for-

the Westinghouse (W) three-loop reactor design using the SCDAP/RELAPS Surry
plant model. 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 was performed to identify the break size
resulting in the shortest time to pin failure. -The break spectrum analyzed
consists of design basis accident (DBA), double-ended, offset 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._ Except 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 factor 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
rytesent low- (5 mwd /MTU) and high--(31,500 mwd /MTU) exposure fuel pins
operating at the maximum peaking factor. This exposure difference produces a
hinher internal pin pressure for the-high-exposure fuel due to an increase in
fi'ssion 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 15x15-
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 model, consistinp of a single RELAP5 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
oressurizer low-low trip trails the signal received from 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

B-3
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model of SCDAP/RELAP5, as adapted from the BALON2 model of FRAP-T6. This
model is intended for analysis of cladding deformation during rapid blowdown
transients such as LOCAs. A basic assumption that governs the implementation
of this model is that sausage ;pe defornation occurs up to a specified
transition strain value, at which point one node is selected based on maximum
cladding temperature.

The traasition to the localized ballooning is assumed to occur after a 5%
sausage type strain is reached. The pin failure model does not take into
account any constraints imposed by the spacer grids on cladding deformation;
however, the increased radiative and conductive heat transfer at the spacer
grid locations may reduce the likelihood of failure at these locations.

The timing results obtained for this analysis are displayed in Table B-1
for each break size. Note that pin failure was calculated to occur earliest
for the 75% DBA LOCA case, with a pin failure time of 17.5 seconds. The
transient results indir. ate that the DBA LOCA case provides better core cooling
during the early phase of the transient in comparison to the 75% DBA LOCA
Case.

Table B-1. Timing results (s)

Event DBA 75% DBA 50% DBA

Start of LOCA 0.0 0.0 0.0
High cont, press 1.37 1.65 2.07
Press. low low trip 4.98 4.98 5.00
Max, cladding temp. >1050 K 3.17 2.65 3.79
Max. cladding temp. f.090 K 3.87 3.22 6.27
High-burnup pin starts ballooning 4.2 4.7 2.4
Low burnup pin starts ballooning 4.3 4.7 2.4
Start of localized ballooning 12.0 10.7 16.0
High burnup pin fails 27.5 17.5 36.6
Low-burnup pin fails 27.5 17.7 36.6

The differences in core cooling, evidenced by the drop in cladding
temperatures between 8 and 15 seconds in the DBA LOCA case, is due to
differences in the flow patterns established through the core region as the
fluid contained in the intact coolant loops flashes to steam and finds its way
out of the broken cold leg. Following LOCA initiation, fluid contained in the
intact loops may reach N break location by passing through the steam
generators, the pumps, or the cold leg inlet annulus, then out through the
broken cold leg. Alternately, fluid may pass through the hot leg, into the
reactor vessel, through the core region, up the downcomer to the cold leg
annulus, and then out through the break. In the DBA c'se, the core rapidly
depressurizes. Reverse ccre flow is established at about 0.3 seconds as a
portion of the fluid contained in the intact hot legs and pressurizer passes
through the core, cooling the fuel pins and delaying fuel pin failure. In the
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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* -l 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

tresult.of this phase change, the material properties of the cladding are
rapidly changing throughout the transient.

In each of the cases, sin 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
limitations 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 pressurizer 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 failure node, expands very
little in comparison to the adjacent nodes until- the-point of' failure. This

'effect, although non-physical,-can be explained by examining the
implementation of the-localized ballooning 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% is exceeded in

-fuel pin node 4 at 4.7 seconds. At this point, the localized ballooning model
is applied to the Hghest 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,

,

i

-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 low-exposure fuel pin (6.95 MPa). This
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Table 0-2. Pteicription of clot variables.

Variable DniciptioIL .

0-rktpew Total core thermal power (W)
0 rkfipow Total core fission power (W)
0-rkgapow Total core decay heat (W)
150-cntrivar Reactor water level (m)
190010000-p Reactor upper head pressure (Pa)
440010000 p Pressurizer Dome Pressure (Pa)
449010000-p Containment Pressere (Pa)
0-bgtfprs Soluble fission product release rate (kg/s)
0-bgtfprn Insoluble fission product release rate (kg/s)
10-pgas low-burnup fuel pin internal pressure (Pa)
13-pgas High-burnup fuel pin internal pressure (Pa)
Inn 10-cadet Low-burnup fuel pin centerline temperature for

node nn (K)
Inn 13-cadct High-burnup fuel pin centerline temperature for

'
node nn (K)

6nn10-cadct Low-burnup fuel pin cladding temperature for
node nn (K)

6nn13-cadct High-burnup fuel pin cladding temperature for
node nn (K)

nn10-hoop tow-burnup fuel pin cladding hoop strain
(dimensionless)

nn13-hoop High-burnup fuel pin cladding hoop strain
(dimensionless)

702-cntrlvar Total break flow (kg/s)
520010000-mflowj Accumulator flow - broken loop (kg/s)
530010000-mflowj Accumulator flow - intact loop (kg/s)
540010000-mflowj Accumulator flow - intact loop (kg/s)
200010000-mflowj Broken loop hot leg flow (kg/s)
300010000-mflowj Intact loop hot leg flow (kg/s) i

400010000-mflowj Intact loop hot leg flow (kg/s)
'

llinn0000-mflowj Center core channel junction nn flow (kg/s)
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Figure B-1.s Plots for. the 100% DBA timing analysis of fuel pin failures forJ
Surry using SCDAP/REl.AP5/M002.5.
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Figure B-2. Plots for the 75% OBA timing analysis of fuel pin failures for
Surry using SCDAP/RELAP5/M002.5.
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; difference appears somewhat lower than expected, considering the difference in i

; 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
.

| initial internal pin pressure calculation, an internal fuel pin pressure spike .

'occurs in the hot fuel pins in the 50% DBA L*CA analysis. This pressure spike
results in early ballooning of the cladding a. 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 cladding heatup
and the fuel pin temperatures. These inconsistencies indicate that a coding
problem may exist in the internal pin pressure calculation of SCDAP/RELAp5.

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, changing only in magnitude in +

j response to reactivity feedback mechanisms. Inis simplification suppresces-

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

4

' would cause the code to reduce prompt power by a uniform fraction throughout
the core. This could result in lower prompt power at the midplane of the core
in the nodes of interest for this calculation. In addition, tne ballooning
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 3roperties of the fuel and cladding. A more
conservative and probaaly more realistic measure of fuel pin f ailure 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 break sizes may
exist between the cases analyzed that may result in even shorter times to fuel
pin fe_ilure than the 75% DBA LOCA case analyzed.

I

I

A

i

|
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APPENDIX C

CONVERSION OF FRAPCON-2 AND FRAP-T6 TO FORTRAN-77

C-1. INTRODUCTION

The FRAPCON 2 and FRAP-16 ccdes'*f4 were developed to calculate the
steady state and transient response of light water reactor (i.WR) fuel rods.
FRAPCON-2 calculates the temperature, pressure, deformation, and failure
histories of a fuel rod as functions of time dependent fuel rod power and
coolant boundary conditions. FRAP-T6 calculates all of the phenomena that
influence the transient performance of fuel rods, with particular emphasis on
temperature, embrittlement, and stress of the cladding. The codes were
originally written in FORTRAN IV and programmed for use on CDC Cyber 175 and
176 computers. This Appendix documents the conversion of IRAPCON-2 and FRAP-
T6 to portable FORTRAN 77 coding and their preparation for execution on a DEC-
5000 workstation. FRAPCON 2, Version 01, Mod. 04 and FRAP T6 V 20(4/87) were
used as a starting point for this conversion. The new code versions have been
designated FRApCON 2, Version 31, Mod. 05 and FRAP-16 V 21 (12/90).

Section C-2 contains a qualitative description of the coding
modifications made to create this version. The results of sample problem
execution are discussed in Section C-3, along with comparisons to results
generated on the Cyber 176 computer. The original and revised program acurce
files, the UNIX makefile used on the workstation, utility programs used for
32-bit conversion, the program executables, and sample problem runs are
archived on a DEC TK50 cartridge tape.,

C-2. C0or. MoorrzcATIONS

Several coding modifications were made to develop the portable FORTRAN 77
(F77) version of the code. For the most part, these modifications are generic
in nature, affecting several program units and reflecting elimination of the
Cyber-system dependent memory management routines, differences in allowed
programming constructs between FORTRAN IV and FORTRAN 77, changes in the
environmental library routines, implementation of advanced graphics
capabilities (FRAP-T6 only), and modifications to facilitate conversion to 32-
bit coding. The specific coding modifications are too numerous to identify
individually on a line-by line basis, so only a qualitative list of these
changes is presented. Modifications applicable to both codes are presented
first, followed by those pertinent only to FRAPCON-2 or FRAP-T6.

C-2,1 Generic Code Modification:
.

b

* C.
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i

lhe following modif(cations were made to both fRAPLON 2 and FRAP T6: ;

*

1. All explicit references to single precision intrinsic functions were !

replaced with the equivalent generic intrinsic function (i.e., ALOG [
; function calls were replaced with LOG function calis). This modification

is necessary to run the program in double precision on 32-bit machines. '

,

2. All of the LEVEL 2 statements were removed. These are Cyber FOR1RAN !I

statements for memory management on limited memory systems.

| 3. The calls to Cyber system routines SYSTEMC, ERRSET, FTBMEM, and STATIC i
were removed. These system dependent routines are used to control error '

recovery and memory management on Cybe. computers but are not required in :
.

workstation environments. |
;

: 4. Logic was added to replace the non f77 standard E0f function calls.
'

These modifications typically involved addition of END qualifiers to READ
statements and addition of appropriate transfer logic in placed of the ;

EOF statement.
*

5. Integer variables that were assigned Hollerith data exceeding four |
characters in length were replaced by characttr data types. -The ,

correspontiing Hollerith fields were changed to literal strings. >

,

8. All double precisien D format constants were replaced with E format
Icoilstants . floating point constants that were split over two source

lines were joined. These modifications corrected errors introduced by an -

F77 double-precision conversion program, CNV32.
,

9. The program titles were changed to reflect the new code version, i.e.,
FRAPCON-2, Version 1, Mod. 05 or FRAP-16 V 21(12/90),

10. Subroutine 10flLES was added to the program source. The subroutine
10flLES 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 sath, file status, file access, file form, and carriage control
,

file attri ates for each 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 list, and program input follows. The subroutine
requires two tirguments, which correspor.d to the primary input and output'

FORTRAN unit numbers for the program respectively, The input file name
containing the file specifications is read from the command line. The
format for specification of file handics is as follows:

.

flLEnn '/ path / filename', STATUS ='ststus' , ACCESS =' access',,

'. FORMA' form', CARRIAGE CONTROL ' carriage'
1 s

L \*
|

where -

C4
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nn is the FORTRAN unit number to be opened. Must be preceded
by "flLE" in columns 1 - 4. Possible range of values is 01

99.

/ path /
filename is the UNIX file path and filename.

status is the open status of the file. Valid options include:
'NEW', 'OLO', ' UNKNOWN', or ' SCRATCH', corresponding to the
FORTRAN 77 standard. The default value is 'VNKNOWN'.

.

'

access is the .iccess method for the flie. Valid options are
'fEQUENTIAL' and ' DIRECT', with 'SEQUENilAL' being the
default value.

form indicates the file format and has two possible options:
'f0RMATTED' and 'UNTORMATTED.'

carriage indicates whether the first character from each sequential
formatted output record will be used as FORTRAN printer
carriage control characters. Possible options are
'f0RTRAN' and ' LIST'. The default values are ' LIST' for
disk files and 'f0RTRAN' for DOS devices.

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

NOTE: Comments can be er,tered by placing a '*' in column 1 and will be echoed
to the output file. Only the UNIT number and file name are required input.
Columns 73 - 80 are reserved for comments. A line ending in a comma is
continued on the following line,

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 AXORIV, PELE1, AXIWRT, and RADIAL were t.ommented out. These
calls represent an alternate fuel deformation model.. The files
containing these routines were not available for conversion and are not
necessary for most analyses. Selection of these options will result in
an appropriato 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; F77 requires subscripting of all array elements when used
in arithmetic statements.

C5
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i

All comra blocks containing an unaligned mixture of inte$ers and3.
' floating point values were reordered to preserve 8 byte a lgnment. In

addition, common blocks.BA, FAST, LACMDL, and LlHITS werb replaced with
g INCLUDE statements and corresponding include files were created.

4. The generie, intrinsic function ERf was replaced with the double precision :

intrinsic function DERF. The compiler was not automatically substituting i

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

precision argument, resulting in erroneous values being returned. -

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

prevent generation of nan quantities due to 0/0 arithmetic. '

6. Program coding to allnw restart capability and creation of FRAP-T6
initial conditions files was reactivated. These options had previously
been hardwired off.

C-2.3 FRAP-f6 Code Modifications t

.

The following modifications were made only to FRAP-T6: '

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

2. - Common blocks containing integers that are written to the restart tape
were padded with additional dummy integers to preserve total block
length. All 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:

*

bcdcom bdg02d bdgr bdgr2 :

bdgr4 bdgr5 bloona bloonb
carcom collct coold cwio
dalcom defcom desnb1 dialb
dyna excb flecht frapc
frpsto gr0235 gr2a3 gr2a4 .

graph grassb grhold grrptr
gtwolc htcb intcom iocom
ipnt lacmdl matfc2 matprc
modcom numcom pfcmi2- pfrcs2 ;

phypro powcom powrd presbl
'

presb2 prntb prog qconb
restil resti2 resti3 restrl
riptbl scairl scalr2 scair3
skpidx thentl thyd

'

3. All calls to water property routines we a modified to allow using the
INEL environmental library version 611 created on 2/6/90. This is the
same environmental library currently being used for SCDAP/RELAP5.

C-6
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l

Modifications consisted of replacing the water property routine calls
with corresponding routines from the new liirary and redimensioning of
the prop arrays from 23 to 26.

4. The Nuclear Plant Analyzer (NPA)C'' and GRAflTl" graphics packages were
interfaced to FRAP-16. The NPA provides an interactive graphics
capability with customized data displays. This capability allows a vast
amount of data to bn visually displayed during or after Prngram execution
in a form that greatly simplifies interpretation of the computer
simulation. The GRAFITI graphics package provides preseM ational quality
gruphics capability. These graphics packages were originally developed
at the INEL to provide advanced graphics capability for REtAP5. The
graphics interface is controlled through subroutines GRAFIN!, GRAFOUT,
and NPASTOP which have been added to the program source.

5. ThefollowingoptionalinputsmaybesuppliedintheJCLsepionto
control execution of the NPA. See the NPA reference manual for a
further description of these inputs.

NPA0N Flag to turn on the NPA interface.
NPADBG Flag to turn on debug output of NPA channels.
NPATRACE NPA trace optlon flag.
NPAASY NPA asyncronous option flag.
NPACOM NPA communication flag.
NPAPAX='paxfile' Name of pax file created by CVS for NPA.
NPAMASK='maskname' Optional name of initial NPA mask.
NPADUH='datafile' Name of NPA data file. Defaults to paxfile with

" duh" extension..

NPASERV=' server' Name of UNIX server.

C-3. CODE CONVERSION

The modified program routines were split into individual source files
with .F and .H extensions, corresponding to F77 source and include files,
respectively. A double-precision conversion program, CNV32, also written in
F77, was used to convert these .F and .H files to double-precision source
files with .f and .h extensions, respectively. CNV32 was originally developed
to automate cenversion of RELAPS source files to double precision for 32 bit
architectures. It is utilized in the case of FRAPCON-2 and FRAP-T6 to convert
all floating point constants to double precision and to provide alignment of
integer arrays (containing four-byte elements) equivalenced to double-
precision arrays (containing eight byte elements).

A makefile was written to simplify compiling the program in a UNIX
environment. The UNIX make utility utilizes the makefile to control
conversion of the .F files to double-precision source files with .f extensions
using CNV32 and controls the compiling and linking of objects to produce the
program executable.

The FRAPCON 2 and FRAP-T6 programs were complied using version 2.0 of the
DEC MIPS F77 compiler on a DECstation 5000 with the following compiler
options:

C-7
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-G 0 -00 -r8 -static -g -align 32 wl

No error or warning messay; were generated during the compilation.

C-4. CODE VFDITICATION

Sample cases exercising both FRAPCON-2 and FRAP-16 were executed on the
DEC5000 workstation, and the results were compared with those generated by the
Cyber, as retrieved from the FRAPCON-2, Version 1, Mod 04 and
FRAP T6 V 20(4/87) transmittal tapes. The title descriptions fnr these sample
problems were:

For FRAPCON 2:

1. CC/EPRI ROD 39 (300 PSIG,2 CYCLE)
2. GE/MONT. ROD-BNA-208(M10099,A1)
3. STANDARD PWR TEST CASE

For FRAP-T6:

1. STANDARD PROBLEM #1"8

Both input and output from these sample problems have been archived.

For FRAP-T6, the results obtained on the workstation are in excellent
agreement with the results generated by the Cyber comouter. No differences
were found between the results generated on each machine. For FRAPCON-2, the
results obtained on the workstation are in good agreement with the results
generated on the Cyber computer. The slight deviations between these sets of
results can be attributed to differences in machine precision and floating
point round-off.

It should be noted that although good agreement was achieved between the
workstation and Cyber results for FRAPCON 2, in each of the sample cases error
messajes were printed that indicate convergence problems were encountered in
AXRACH. Identical error messages were printed in each code version. This
convergence problem was traced to an earlier coding modification, which
changed the definition of an input array. The input array, FLUX, originally
defined as the fast neutron fluence at each axial node, had been changed to
the ratic of the fast neutron fluence to the specific power. This change was
not reflected in the sample problem input files, resulting in convergence
problems. The sample problems were run to converged solutions after input
changes were made to reflect the change in the definition of FLVX.
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APPENDIX D
'

DEVELOPMENT OF THE

FRAPR5 AND TRAC 2FRAP INTERFACE CODES

Appendix 0 describes the FRAPR5 and TPAC2FRAP programs. FgPR5and
TRAC 2FRAPwerewr,igtentoprovidepassjv,elinksbetweenFRAP-T6 and
SCDAP/RELAP5/ MOD 3 * and-TRAC PFl/ MODI, respective 1). Detailed descriptions
of the two programs follow.

D-1. THE FRAPR5 CODE

transient thermal-hydraulic boundary conditions from a binary data file.''he
An input option of FRAP-T6 (V 21_ (12/90)) allows the code to read t

- FRAPRS -is used to create this binary data file from the SC0AP/RELAP5/H003
ascii-_ strip file.- Section D 1.1 describes FRAPRS, and Section D-1.2 discusses
input to FRAPR5 and gives sample inputs.

D 1.1 FRAPR5 Code Description

The thermal hydraulic boundary condition data required by FRAP-T6 for
each time step are defined in Appendix E of Reference 0 1 and include:

a. The transient time (s)
b. Coolant pressure (psia), enthalpy (BTU /lbm), and bulk fluid

temperature ('F) in the upper and lower plenums,
c. Top and bottom node elevations (ft), coolant pressure-(psia),

enthalpy () BTU /lbm), bulk fluid temperature (*F), and mass flux(1bm/f t -h for each core node.

Table 0-1 lists, by variable name, the SCDAP/RELAP5/M001 strip file data
required to create the FRAP-T6 data file. Prior to generating the binary
FRAP-T6 boundary condition file, the program will scan the SCDAP/RELAPS/M003
strip file to confirm that all of the required data are available. If any
information is missing, a list of the missing quantities is printed and
execution is terminated.

Coolant pressures for each thermal hydraulic node are read directly from
the SC0AP/RELAP5/M003 strip file and converted from pascal to psia ;Since
SCDAP/RELAPS/ MOD 3 does not directly calculate fluid enthalpy, the =following
equation is used to generate the coolant enthalpy f rom SCDAP/RELAPS
quantities:

D-3
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,

Table 0-1. List of data required from SCDAP/RELAP5/H003 strip file.
~

Upper and
lower plenum Core nodes

.-

P p
uf,ug uf,ug -

rhof,rhog rhof,rhog *

quals quals
tempf,tempg tempf,tempg

voidf,voidg
velf,velg

h = [(uf+p/rhof)*(1 quals)+(ug+p/rhog)*quals)/2326.0 (D-1)

where

h fluid enthalpy (BTV/lbm)=

coolant pressure (Pa)p -

3rhof liquid phase density (kg/p )-

rhog vapor phase density (kg/m )-

uf liquid phase specific energy (J/kg)-

vapor phase specific energy (J/kg)ug -

quals static volume quality.=

,.

The bulk fluid temperature is based on either the volume liquid temperature or
the volume vapor temperature, depending on whether 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 s 0.5:

| tb1k - (tempf - 273.15) * 1.8 + 32.0 (D 2)
| For quals > 0.5:

tblk - (tempg - 273.15) * 1.8 + 32.0 (D-3)

where
'

thik bulk fluid temperature ('F)-

tempf liquid phase temperature (K)a

tempg vapor phase temperature (K) ---

The coolant mass flux at each core node is calculated by the following
equation:

.

D-4
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G = ((velf*rhof*voidf)+(velg*rhog*voidg)]/0.0013562 (0-4)

- where

2coolant mass flux (1bm/ft h)G =

liquid phase volume oriented velocity (m/s)velf =

vapor phase volume oriented velocity (m/s)velg -

liquid phase void fractionvoidf =

vapor phase void fraction.voidg -

D-1.2 FRAPR5 Input Requirements

FRAPR5 requires a short, fixed-format input file, cnntaining the
following information:

Card 1--Output file name (A50). Enter up to 50 characters for the file
name to be used for standard output. A directory path may included as part of
the name. if the file currently exists, it will be overwritten.

Card 2--FRAP-T6 binary boundary condition file name (A50). Enter up to
50 characters for the file name to be used to store the FRAP-T6 boundary
conditions. A directory path may included as part of the name. If the file

currently exists,:it will be overwritten.

Card 3--SCDAP/RELAP5 stripf file name (A50). Enter up to 50 characters'

for the file name of the SCDAP/RELAP5 stripf file. A directory path may
included as part of the name.

Card 4--Program control and det,og options (316), c

-11 - skip factor. Enter an integer value representing the
number of SCDAP/RELAPS records to skip between writing
FRAP-T6 boundary condition records. (Enter -1 to disable

-

skip factor.)
12 = debug flag for SCDAP/RELAPS stripf data interpretation.

Enter 0 to disable or 1 to enable option.
13 - debug flag for FRAP-T6 data interpretation. Enter 0 to

disable or 1 to enable option.

Card 5: Timscontrols(3F10.3).
R1 - initial time (s); Enter SCDAP/RELAP5 transient time to

begin writing FRAP-T6 records.
R2 = end time (s); Enter SCDAP/RELAP5 transient time to stop

writing FRAP-T6 records.
RS - minimum FRAP T6 data interval (s); Enter minimum time

spacing between FRAP-T6 records, if R3 is less than the'

SCDAP/RELAPS time step, then the data interval equals the
SCDAP/RELAP5 time step.

Card 6: Plenum data card [2(A9,1x)].
Al - RELAP5 volume number for lower plenum

D-5
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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/RELAPS core volume starting with the bottom core node:

iAl - RELAP5 volume number
;R1 - Elevation of bottom of node from bottom of active fuel '

(ft). If 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 - Elevation 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 will correspond to the elevation of the bottom

!of this node plus the height of the previous node |

Card N+1: End terminator (A). Terminate the deck with a card starting !

with a period in column 1; i.e., Al .

Figure D 1 shows a sample input file.

t

/ k kj u 0/ k kj/ f ra p/ f r a p r5/ f r a p r 5. o u t
/ k kj u 0/ k kJ/ f r a p/ f ra p r 5/ f ra pr5. d a t
/kkju0/kkJ/frap/frapr5/stripf

10 0 1

0.000 1000.000 0.000
100010000 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 ,

111090000 -0.000 0.000 '

111100000 0.000 0.000
.

.

Figure D-1. Sample input file for FRAPRS.

FRAPR5 is written in FORTRAN 77 and was compiled ai.d tested on a DEC 5000
workstation. The program is executed by providing a single command line
argument specifying the input file name: ,

'

> frapr5.x _frapr5.inp
,

where frapr5.x is the name of the executable and frapr5.inp is the name of the
frapr5 input file. Figure D-2 gives a listing of the source program. Both

,

'

the source program and sample problem results are archived on tape.

'
. ,
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program frapr5
implicit ro31*8(a h,0 z)

C

c Create frap t6 coolant boundary condition file from
c relap5 strip flie
C

c Original 09/90: Ken Jones, INEL
C

parameter (mvar 1000)
parameter (mj = 20)

C

logical debgl, debg2 '

logical lexist j
c

character *10 num1
character *9 varn(mvar)
character *9 varnm(mvar) _

character *40ttitlel(2),ttitle2(2)
character *16 thedate,today
character *9 cvol(mj),nup, nip
character *50 stripf,frapout,frapdat
character *50 iofile,cmdline,filenm
data iofile /'frapr5.in'/

C a

,1cvrhog(mj),
icvp(mj),1cvuf(mj),1cvug(mj),1cvrhof(mj)1cvvg(mj),integer
icvxs(mj),1cytf(mj),icvtg(mj),1cvvf(mj),*

icvvelf(mj),icvvelg(mj)*

C

dimensiony(mvar)
dimensionzb(mj),.zt(mj),pcv(mj),tbev(mj),gev(mj),hev(mj)

C

debgl = . false. ,

debg2 = .f alse. ;

C

c open input file using command line input or prompt
c

if(iargc().gt.0)then
call getarg(1,cmdlir.e)

else
cmdline iofile

endif
20 iofile%'cmdline)

inquire (file iofile,e
-if(.not.-lexist) then

write (0,ll30) iofile
read (5,1400) emdline
if((cmdline) .eq. 'q' .or.

* - (cmdline) .eq. 'Q') goto 99999
goto 20

endif

Figure D 2. Source listing for FRAPR5.
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tunit 1

filenm iofile
open(iunit. file filenm .iostat msgno, err 40,

status 'old', form =' formatted')*

c
c read fraprL input data
C

c -- card I read standard output filename and open file
1 read (1,'(A)', err 600) frapout
if(frapout(1:1).eq.'*')gotoI
junit 6
filenm frapout
open(unit-iunit, file filenm,iostat msgno, err-40, status.' unknown',

form =' formatted',carriagecontrol ' list')*

c
c write title to output
C

ipg - I
call thedate(teday)
write (6,1110) today, ipg
write (6,1200) tofile,frapout

C

c -- card 2 read frap relap5 data filename and open file
read (1,'(A)', err 600) frapdat
iunit - 7
filenm frapdat
open(unit iunit. file filenm.iostat msgno, err 40, status.' unknown',

form ' unformatted')*

write (6,1201) frapdat
c
c -- card 3 read relap5 strip filename and open file

read (1,'(A)', err 600) stripf
iunit - 5
filenm stripf
open(unit-tunit. file filenm.iostat msgno, err 40 status 'old',

form ' formatted',carriagecontrol ' list')*

write (6,1202)stripf
c
c - card 4 read skip and debug control

read (1,2005,end 100) kstep, idbgl, idbg2
if(kstep .gt. 1) write (6,1106) kstep
if(idbgl .gt.0) then

debgl .true,

writo (6,1210)
else

write (6,1211)
endif
if(idbg2 .gt.0) then

debg2 = .true,
write (6,1212)

Figure 0-2. (continued)
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else
write (6,1213)
endif

C

c -- card 5 read time controls
read (1,2012) tmin, tmax. tdel
write (6,1115) tmin, tmax
if (tdel.gt.0.0) write (6,1116) tdel

C

c - card 6 read plenum data card
read (1,2011) nip, nup
writc. (6,1117) nip, nup

c
c - card 7, . . . read valu,ne cards

write (6,1119)
k=1

60 read (1,2018,end=100) cvol(k), zb(k), zt(k)
if evol(k)(1:1) .eq. '.') go to 100
if k.gt.1 .and. zb(k).le.0.) zb(k) - zt(k 1)
if k.gt.1 .and. zt k).CQ.0.0) zt(k) - zb(k)+(zt(1) zb(1))
write (6,1120)cvol((k),zb(k),zt(k)
if (It(k) .le zb(k)) then

writo (6,1144)
go to 200
endif
k - k41
if (k-1.le.mj) 90 to 60
write (6,ll?5) mj
goto 200

C

100 continue
nz - k 1

e
c read plot control data .

" >

c read (5,2000) ttitiel(l), t'itlel(2) . . ,

read (5,2000) ttitle2(1), ttitle2(2) ,

write (6,1220) ttitlel(l), ttitlel 2)(1:39),
' '

-

ttitle2(1), ttitle2 2)(1:39)*
'read (5,2666) numl, nyar, nzero

"

ipg - ipg + 1 , , , .

write (6,1110) today, ipg
write (6,*)' numl, nyar, nzero ',numl, nvar, nzeroo

if (nual .ne. ' plotinf ') then
'

'

print *, ' plotinf card not found, file l'
go to 99999 - : "

endif - --

C

c read data codes and compare between files
C

'

,

c linvar number of lines of variables to read (sets of 8). E '

'

p Figure D-2. (continued) .

y -

,

* '

D9

\. *



_ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ - _ _ -

c if nvar is an exact factor of 8 then don't add 1 to linvar.
c

linvar nvar/8
if ((nvar linvar*8) .gt. 0) linvar - linvar + 1
write (6,*) ' ilnes(rows) of plot variables to read ',linvar
k-O
do 1-1,11nvar

read (5,2667) (varn(k+j),j-1,8)
write (6,2667) (varn(k+j) j 1,8)
k-k+8

enddo
if(varn(2) .ne. ' time ') then
print *, ' stop; time is not the first usei variable'
print *, ' the first variable is=', varn(2)
write (6,*) ' stop; time is rot the first user variable'
write (6,*) ' the first variable is ', varn(2)
go to 99999

endif
c
c read data parameters
C

kO
do 1-1,linvar

read (5,2663) (varnm(k+j),j 1,8)
write (6,2663) (varnm(k&j),j=1,8)
ka k+8

enddo
C

c -- initialize indexes to zero
c 11pp 0

11puf -0
11 pug =0
11prhof - 0
11prhog 0
11pxs 0
11ptf 0
11ptg 0

C

iupp 0
iupuf 0
lupug =0
iuprhof 0
iuprhog 0
iupxs -0
iuptf = -0
iuptg 0

C

do j-1,nz
icvp(j) 0
icvuf(j) =0

Figure D-2. (continued)
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icvug(j) =0
icvr10 (j) = 0
icvrho (j) = 0
icvx5 1 -0

|g|
icvtf Oe.

0icvtg =

icvvf p 0-

icvvg j 0-

icvvelf(j) 0
icvvelg(j) = 0

enddo
C

do 1-1,nvar
c -- set indexes for lower plerum values -

if varn(i).eq.'p .and. varnm .eq. nip) 11pp - i 1'

if varn(,1) .eq.'uf -

' .and, varnm .eq.n1p) 11puf - i-1
if varni i ).eq.'ug .and, varom .eq. nip) 11 pug - i 1'

if varni;i ).eq.'rhof .and, varnm .eq. nip)-11prhof - i-1'

if varn(i).eq.'rhog .and. varnmI;i .eq. nip) 11prhog - i-1'

if varnf ).eq.'quals .and. varnm[i .eq. nip) 11pxs = i 1-'

-ifvarn(|).eq.tempf .and. varnmfi .eq. nip)11ptf i1if varnI ' '

).eq.'tempg .and,varnm(i.eq. nip)11ptg --i-1'

c -- set indexes for- upper plenum values
if varn ._eq. p ' .and. varnm .eq.nup iupp---i-1'

if varn .eq 'uf .and varnm .eq.nup _iupuf - i-1'
' 'if varn .eq ug .and. varnm .eq.nup iupug - i-1

if varn .eq rhof ' .and, varnm 1).eq.nup iuprhof - i-1'

if varn .eq 'rhog .and,varnmi).eq.nup luprhog - i-1'

if varnl,i .eq.'quals .and varnm i).eq.nup iupxs = i-1'

if varnl,i .eq.'tempf .and varnm i).eq.nup iuptf - 1-1'

ifl,varn[i .eq.'tempg .and, varnm i),eq.nup iuptg - i-1
'

c - set indexes for core channel values -
do j 1.nz

'and.varnm(i).ca. cycl (j icvp(j)-i-1if varn .eq. p' .

if varn .eq. uf 'and.varnm(i j.eq.cyolfj icvuf(j)=i-1'
.

.if varn .eq. ug 'and.varnm(0 .eq.cyo1I;j icvug(j)=i-1'
.

ifi,varn .eq. rhof '.and.varnm(i .eq.cyoll',j icvrhof(j)=i 1'

'iftvarn .eq. rhog '.and.varnm .aq.cyol icvrhog(j)=i-1
iffvarn .eq. quals '.and.varnm .ej.cyol icvxs(j)=i-1'

if varn .eq. tempf ' and.varnm .cq.cyol icvtf(j)=i-1'
.

'
if varn .eq. tempg ' and.varnm .eq.cyc1 icvtg j)=i-1.

if varn .eq. voidf ' and.varnm(i .eq.cyol(j )icvvf j)=i-1'
,

if varn i).eq.'voidg ' and.varnm(i eq.cyol icvvg j)=i-l'.

if varn 1) eq.'velf ' and.varnm(i .eq.cyol icvvelf(j)=i-1.

if varn 1).eq.!velg 'and.varnm(i.eq.cyol icvvelg(j)-i-1.

enddo-
enddo

C-

c check _that all data is available on the strip file
c

,.

Figure 0-2. '(continued)
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ikill - O
c -- lower plenum

if(ilpp .eq. 0) then
write (6,1000)tilp
ikill 1

endif
if(11puf .eq. 0) then
write (6,1001) nip
ikill - 1

endif
if(ilpug .eq. 0) then
write (6,1002) nip
ikill 1

endif
if(ilprhof .eq. 0) then
write (6,1003) nip
ikill - 1

endif
if(ilpthog .eq. 0) then
write (6,1004) nip
ikill - 1

endif
if(ilpxs .eq. 0) then
write (6,1005) nip
ikill - 1

endif
if(ilptf .eq 0) then
write (6,1006) nip
ikill - 1

endif
if(ilptg .eq. 0) then
write (6,1007) nip
ikill 1

endif
c -- upper plenum

if(tupp .eq. 0) then
write (6,1000) nup
ikill - 1

endif
if(iupuf .eq. 0) then
write (6,1001) nup
ikill - 1

endif
if(iupug .eq. 0) then
write (6,1002) nup
ikill - 1

endif
if(iuprhof .eq. 0) then
write (6,1003) nup
ikill - 1

iFigure 0-2. (continued)
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endtf
if(tuprhog .eq. 0)-then
write (6,1004) nup
ikill = 1

endif
if(ilpxs .eq.0)then
write (6,1005) nup
ikill 1

endif
if(ilptf _ .eq. 0) then
write (6,1006) nup
ikill 1

endif
if(ilptg .eq. 0) then
write (6,1007) nup
ikill - 1

endif
c core nodes

do i = 1,nz

if(icvp(i) eq. 0) then
write (6,1000)cvol(i)
ikill - 1

endif
if(icvuf(i).eq.0)then

write (6,1001)cvol(i)
ikill = 1

endif

if(icvug(i).eq.0)l(i)then
write (6,1002) cro
ikill = 1

endif
if(icvrhof(i) .eq. 0) then

write (6,1003)cvol(i)
ikill = l-

endif

if(icvrhog(i)).eq.0)thenwrite (6,1004 cvol(i)
ikill - 1

endif
if(icvxs(i) .eq. 0) then

write (6,1005)cvol(i)
ikill - 1

endif
if(icvtf(i) .eq. 0) then

write (6,1006)cvol(i)
ikill = 1

endif
if(icvtg(i) .eq. 0) then

write (6,1007)cvol(i)
ikill 1

Figure: 0-2. (continued)
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endif
if(icvvf(i) .eq. 0) then

write (6,1008) cvol(i)
ikill 1

endif
if(icvvg(i) .eq. 0) then

write (6,1009) cvol(i)
ikill-= 1

endif
if(icvvelf(i) .eq. 0) then

write (6,1010)cvol(i)
ikill 1

endif ,

if(icvvelg(i) .eq. 0) then
write (6,1011)cvol(i)
ikill 1

endif
enddo
if(ikill.eq.1) goto 99999

C .

c redefine linvar for numeric data '

C-

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

C

c read data
C

tlast = 0.0
jskip 99

700 read (5,2680,end 800 numl, (y(i),1 1,4)-
if (numi .eq. ' read (5,2680,end=800) numl, (y(i),i 1,4)'

if(debgl) write (6,* num), (y(i),1-1,4)
if (linvar eq. 0) go to 750
mm - 5 ;

nn 9
do k-1,11nvar

read (5,2690) (y(i),i mm,nn)
if(debgl) write (6,*) (y(i),i-mm,nn)
mm mm + 5
nn - nn + 5

enddo
750 continue.

C

c skip data set if not needed
C . ,

if((tmax.gt.0.0) .and. (y(l).gt.tmax)) then
write (6,1100) y(l)
go to 99999

endif
if((y(l).lt.tmin) .or. (y(1).It.(tlast+tdel))) goto 700

Figure 0-2. (continued)
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jskip - jskip + 1

if(jskip.gt.0 .and, jskip.lt.kstep) goto 700
.

jskip - O
tlast = y(1)

C

c calculate frapt6 quantities, convert to british units
C

)lp = y ilpp)/6894.757

11p - ( y(lpug)+y(ilpp)/y(ilprhog) *(y(ilpxs)))/2326 0
ilpuf)+y(ilpp)/y(11prhof)*(1.0y(ilpxs))+

|( (i*
i

.

if(y(ilpxs).lt. 0.5) then
tb1p - (y(ilptf)-273.15)*1.8+32.0

else i

i

tbip - (y(ilptg)-273.15)*1.8+32.0
|endif

do i - 1.nz
pcv - y(icvp(i))/6894.757
hev -((y(icvuf(i))+y(icvp(l))/y(icvrhof(i)))*(1.0y(icvxs(i)))

+ y(icvug(i) +y(icvp(i))/y(icvrhog(i)))*(y(icvxs(i))))/2326.0*
,

i if(y icvxs(i)) t. 0.5) then |

,

| tbev(1) - (y(icvtf(i))-273.15)*l.8+32.0
else

tbev(i)-(y(icvtg(t))-273.15)*l.8+32.0
endif

gcv(i) - (y(icvvelf(i))*y(icvrhof(i))*y(icvvf(i)))+y(icvvelg(i))*y(icvrhog(i))*y(icvvg(i))/0.0013564*

pup - y(jupp)/6894.757
hup - ((y(iupuf)+y(iupp)/y(tuprhof))*(1.0-y(iupxs))+

(y(iupug)+y(tupp)/y(iuprhog))*(y(iupxs)))/2326.0*

if(y(jupxs).lt. 0.5) then
tbup - (y(iuptf)-273.15)*l.8+32.0

else
tbup - (y(iuptg)-273.15)*l.8+32.0

endif :
c
c output data to frapt6 file
C .

write (7)y(l)
write (7) plp.hlp.tblp
do i - 1.nz

write (7) zb(1),zt(i),pcv(i),hev(i),tbev(i),gcv(i)
enddo
write (7) pup, hup,tbup

c
c print data to standard output for debug
c

if(debg2) then
write (6,1300) y(l).
write (6,1301) pip, hip,tblp,y(11pxs)

Figure D-2. (continued)
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:

;

;

;

|

do i = 1.nz !

write (6,1302)1,zb(i),zt(i),pcv(i),hcv(i),tbev(1),gev(1), r
y(icvxs(i))*

enddo
write (6,1303) pup hup ibup,y(iupxs)

C

endif t

c
go to 700

c
40 continue

write (0,1410)kunit,msgno,filenm
goto 99999 ,

C

800 continue
write (6,1150)
gotn 99999

i
C

200 continue
write (6,1140)
goto 99999

C

600 continue
print *, ' Error reading file names from frapr5 input file'
goto 99999

c
99993 continue

close 1)
close 5)
close 6)
close 7)
stop

c
c format statements
c
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: temp 6 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

1011 format (' *** error: velg data not found foi volume ',A9
;

1100 format (' maximum time reached ',fl2.3)
'

1106 format (/,' write only 1 frap-t6 record for each ',13,
I ' SCDAP/RELAP5 records')

Figure D-2. (continued)
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I

:

1110formatj' age'aptofrap-coolantconditions',8x,al6,Irel
1. 5x, p ,13)

1115 format /,' initial time =',f9.3,' sec. end time =',fl0.3)
1116 format /,' minimum frap data interval =', f7.4,' sec.')
1117 format /,' relap volu'ne for lower plenum is ', 49, 5x,

1'upperplenumis',a9)
1119 format (/,' relap vol.

* .......... . ...(...)......(ft)'/zb ft zt *

* ....<3 i.

1120 format (2x,a9,2F10.3)
1130 format (/'the input file could nnt be located.',

/' file: ',a50*

/' reenter file specification or *q" to quit.')*

1140 format /,' run . terminated in error')
1144 format /,' top is not above bottom')
1150 format /,' end of relap5 strip file encountered')
1175 format /,' maximum no. of core nodes is ',14)
1200 format /,' frapr5 input file: ' a50,

/,' trapr5 output file: ' a50*
,

1201 format ' relap5 strip file: ' a50,

1202 format ' frap-t6 binary file: ' a50, <

1210 format /,' debug edit of stripf data is turned on'))1211 format /,' debug edit of stripf data is-turned off e

1212 format /,' debuo edit of frapt t6 data is turned on')
1213 format /,' debu: **it of frapt t6 data is turned off') '

1220 format /,' relapt 'ripf file header:',2(/,lx,a40,a39),/),

1300 format /' >nn>n, at time =',F12.3)
1301 format ' Lower Plenum Data:-p=',f8.2,' psia h=',f8.2,' btu /lbm'

.' tb=',f8.2,' F xs=',f5.3,/*
* ' node zb(ft) zt(ft) pcv(psia) hev(btu /lbm)',

, tbcv(F) gcv(1bm/ft2 h) quals')'*

1302 format (2x,14.2F8.3,3Fil.3 fil.1 fil.3)
1303 format (' Upper Plenum Data: p=',f8.2,' psia h=',f8.2,' btu /lbm' '

* '
tb=',f8.2,' F xs ',f5.3,/),

1400 format (a)
1410-format (/' an-error was encountered in opening file unit ',12,/ -

12x,' error vnessage number = ',i'10,' ***'/*

2x,' file name: ' dO)*
,

2000 format (2a40) .

2005 format 316)-
2011 format 2(a9,lx))
2012 format 3fl0.3)
2018 format a9,2F10.3)
2663 format lx,8(a9,lx))
2666 format a10,2110)
2667-format 2x,8(a9,lx)) ,

2680 format lx,a10,4x,4gl5.7) i

2690 format 5g15.7)-
c

end
subroutinethedate(today)

Figure D-2. (continued)
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|

c
character *16 today
character *ll ctime
character *24 timestr

C

call fdate(timestr)'
today = titaestr(1:10)//', '//timestr(21:24)
e. time - timestr(12:19)

C

return
end

Figure D-2. (continued)
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D-2. THE TRAC 2FRAP Coat

An input option of FRAP-T6 (V 21 (1 /90)) allows the code to read t
transient thermal-hydraulic boundary u nditions from _a binary data file."he
TRAC 2FRAP is used to create this binary data file from multiple TRAC-PFl/M001
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 0-2.1
describes the xcif and zcif programs, and Section D-2,2 discusses input'to
xcif and zcif and gives sample inputs. S;ction D-2.3 describes the subroutine
required to calculate the bulk fluid properties needed by FRAP-T6.

D-2,1 TRAC 2FRAP Code Description

As noted in Section D-1.1, the +Nrmal . a aulic boundary condition data
required by FRAP-T6 for each time ;up are defined in Appendix E of Reference
D-1 and include:

5

a. The transient time (s)
b. Coolant pressure (psia), enthalpy (810/lbm), anu bulk fluid

-temperature (*F) in the upper and lower plenums.
Top and bottom node elevations (ft), coolant pressure (psia),c.

enthalpy () BTU /lbm), bulk fluid temperature (*F), and mass flux(lbm/ft h for each core node.

Two programs are used to process the required TRAC-Pf1/ MODI 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 writts these data to an intermediate,
portable data file. Because 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 TRAC 2FRAP is zcif, a FORTRAN 77 program that reads
the intermediate data file generated by xcif and writes a- binary bountry
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) reads 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 binary boundary condition file. All
of the TRAC 2FRAP files required for. both the Cray and workstation programs are
r hived on tape.

Listed below are the source code, make script, and executable code that
reside on the Cray:

i

''
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,

TRAC TRAC plot file
I

xcif

I
Cray Computer

ascii data
file

Ethernet file transfer

ascii data
file

I
Workstation

zcif
I

FRAP-T6 Boundary condition
file

Figure D-3. TRAC 2FRAP program configuration.

xcif Executable code that reads the TRAC graphics file and
writes the ascii data file.

xcif.us Source for the xcif code in update format.
cv0000.t Source code for the subroutines used to read data in free

format.
mkx The make script used to build the executable code.

To build the executable on the Cray:
mkx

Listed below are the source code, make script, and executable code that
reside on the workstation,

zcif Executable code that reads the ascii data file and writes
the binary FRAP-T6 boundary condition file.

zcif.f Source for the zcif code.
cv0000 f Source code for the subroutines used to read data in free

format.
envrl.a Environmental library from FRAP-T6.
sth2xt Steam tables from FRAP-T6.
mkz Make script used to build zcif.
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|

I

To build the executable on the DEC workstation:
mkz

D-2.2 Using the TRAC 2FR P Programs

The TRAC 2FRAP programs a,re 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

l

xcif < x_my.inp > x_my.out

where "x my.inp" contains the input directives and "x_my.out" will receive the
informatTve output messager..

The following standard input is required for xcif:

TRAC Plot File Names--The TRAC plot file names are 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 r. umber of restarts, each plot file
must be defined. Make sure the plot files are in order from first restart to
last. The list of TRAC plot file names is terminated with a period (".").

ECH0--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 clot data file
specificatlon.

Data Specificatione-The xcif program extracts, for each volume, a
-set of physical parameters -regt: ired as boundary conditions for FRAP-T6. The
data' are 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,"'

XXXYYZZ
' Cell number

Level--

Component
.

Figure D-4. TRAC-Pfl/ MODI vessel volume identifiers.

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
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the TRAC vessel component. The parameters are as follows:

P Pressure]]} VLN-Z Liquid velocity in the axial direction
VVN Z Vapor velocity in the axial direction
ALPHA Veid fraction
RH^L Density of the liquid
Rhcl Density of the vapor
TL Temperature of the liquid
TV Temperature of the vapor
TSAT Saturation temperature

Sample input for xcif is shown in Figure D-5.-

TRCGRF1
TRCGRF2

kCHO
0990401
0990301
0990401
0990501
0990501
0990701
0990801
0990901
0991001
0991101
0991201
0991301
0991401

Figure D-5. Sample input file for the xcif program.

D-2,2.2 Nove the ascii Data File to the Workstation. To use the ascii
file built by xcif, the file is first moved from the Cray to the workstation.
The remote copy (rcp) program is one method of moving the file from the Cray
to the workstation. It is assumed that the user is logged-on the Cray and in
the directory where the ascii data file resides. To move the file using rcp,

rcp pldata ws-dms:/npax/dms/frap/.

This command moves "p1 data" from the current Cray directory to workstation
"ws-dms", and places it in directory "/npax/dms/frap/."

D-2.2.3 Hake a FRAP-T6 Boundary Condition File on the Workstation. Tne
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zcif program reads directives from standard input and writes messages to
standard output. The ascii data input file (generated by xcif) and the output
FRAP T6 boundary condition files are specified in the input. To exect.te zcif, s
enter

9

zcif < z my.inp > z my.out
~

where "z my.inp" coiitains the input directives and "z my.out" will receive the
output comments.

Input directives to zcif are entered in the following order:

E
debug flags
ascii data file name
FRAP-T6 boundary condition file name
time control
lower plenum voleme number
upper plenum volume number
volume number at bottom of the core and its height
:

:

volume t. umber at top of the core and its height

All input data are entered in free format. Multiple white spaces are ignored.
An "*" terminates a line.

Debug Flags--Two numbers are entered specifying the debug level.
1. Debug level 1 gives information on data-name specification. Output is

written to standard output.
2. Debug level 2 writes the FRAP output boundary condition data in ascii

form. Output is written to standard output.

File Names--The data file name for the ascii file and the file name
for the output boundary condition file are specified.

Time Control--The start time. end time, and time interval are used
to control the time period and frequency for extracting boundary condition
data. A large negative start time, a large positive end time, and a zero time
interval will result in all data being extracted.

Variable Names--A predefined set of parameters are written to the
boundary cor.dition file for each volume. The caly specification is the volume
number for each set of variables and the volume height. The volume
specification is the same as that used to extract the data from the TRAC plot
file (see xcif description). The first two volumes listed are the lower
plenum and upper plenum volumes, respectively. No height is given with the
plenum volumes. The next series of input are the volume number for each cell
and the bottom and top elevation of the cell.

Sample input for zcif is shown in Figure D-6.
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00 .* debug-level 1 and 2. 0 no debug ,

pidata * TRAC ascii data file. (input)
frap.dat * FRAP binary data file. (output)
-100 10. 0.1 * start, stop and time interval
0990301 * lower plenum
0990401 * upper plenum
0990501 1 2 * core volume 1, bottom height and top height
0990601 3 4 * core volume 2, bottom height and top height
0990701 4 5 * 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 volume 6, bottom height and top height
0991101 8 9 * core volume 7, bottom height and top height
0991201 9 10 * core volume 8, bottom height and top height
0991301 10 11 * core volume 9, bottom height ard top height
0991401 11 12 * core volume 10, bottom height and top height

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

Listings of source codes xcif.us, zcif.f, cv0000.f, mkx, and mkz for TRAC 2FRAP
are given in Figures D-7 through.D-10.

D-2,3 Calculation of Bulk Quantities

The FRAP-T6 program 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 phases, as
opposed to bulk va1ues. Second, TRAC does not supply the interna 1 energy or
enthalpy 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 entha1py is given as Figure D-II.
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r

.

c source code xcif.us--source code that reads the
e TRAC-PFl/ MOD 1 graphics file and writes the ascii data file
c
*comdeck system.

common / system /nbyte
integer nbyte

e nbyte Number of bytes per word
*comdeck blankcom

,

common -a(mxsize)
integer ia(1) '

equivalence (a(1),ia(1))
*comdeck datblk

common /datbl!/ dbuf(20is7),dnbuf,dio,deof,dnext
real dbuf
integer dnbuf,dio,deof,dnext

*comdeck cblock
common-/cblock/cid(mxvars)
character *16 cid

c cid
.

- Input identifiers.
*comdeck control

common / control / ifree,ipkg,lencat.nctx,numtcr,nwtx
common / control / check
logical- check

c ifree - Starc location for free space in a.
cLipkg - Length of fixed geometry data stored in 'a'
c. (starts at Ifixg).
c lencat - Length of catalog name (char)
e netx - tength of catalog stored in 'a' (starts at 1 cat).
c numtcr - Number of title cards,

c nwtx - Length of data stored in 'a' (starts at Idat),
c This is initially read in 'cif' and used later
c in''wrdata'.
*comdeck iofiles

common /iofile/ nfnme,nxfnme
integer nfnme,nxfnme
common /aofile/ fnme(10)
character fnme*40

*comdeck iounits
. common /iounits/ iuntdi,iuntdo

c iuntdi --TRAC input data file (TRCGRF).
c iuntdo . - Output strip file.
*comdeck paramtrs

parameter (mxsize-200000)
parameter.(mxvars-500)

*comdeck varnme
common /varnme/ vessmp,vessnp,vessnn(10)
common /avrnme/ vessnm(10)

^

character vessnm*8
integer vessmp,vessnp,vessnn

Figure D-7. TRAC 2FRAP source ccde xcif.us.
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;

I

l

c vessmp - Max number of p uameter names,
c vessnp - Number of parameters
c vessnm - Name of vessel parameters to be extracted
c'vessnn _ - Number char in vessna(i)

- '*comdeck ptrs .
= common /ptrs/ leat,lA t,1fixg,ltitle

c Icat - Start address of catalog in 'a' (length is nctx). ;-

c 1dat - Start address of data in 'a' (length is nwtx).
c This address is set when ready to dump the data
c (see'wrdata').. .

c lfixg - Start address of fixed geometry in 'a' (length is ipkg), i

c ltitle - Start address for the problem title in 'a'
c

_

(length is namtrc).
*comdeck vinfo

common /vinfc/ aux (mxvars)-
common /vinfo/ loc (mxvars),1rn(mxvars),nc(mxvars),npvinum(mxvars)

common /ainfo/ name(mxvars), label (mxvars)
integer loc,lrn,nc,npv,num. '

real aux
character name*8, label *24

c-aux - Auxilary data.
c label - Label for each variable. Search for and found.
c loc - Location in plot record. Search for and found,
c if loc < 0, then one word variable.
c 1rn- - Level / rod number.

'

c name - Noe
c nc Cell number,

c .If nc < 0, then unpacked data.
c npv - Number of entries.
c num - Component number,

'

c If num < 0,-then fixed geometry variable.
* deck cif

program cif
c

select plot data from trac-pfl graphics datac cif --

c file (trcgrf) and write to card image-data
c file (p1 data) for transmission to inel cyber
c system via tieline.
c
c author : J. e. tolli, eg&g idaho
c- language: fortran 77 (ctss eft)
c date : 1/86
c modified: 8/87 j. e. tolli,'eg&g idaho

| C

L c some routines adapted from lanl grit program
C

*ca paramtrs
c

t- *ca blankcom

Figure D-7. (continued)
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.

C

*ca cblock
C'
*ca control ,

c-
*ca iounits
*ca iofiles
c
*ca ptrs
C

*ca vinfo
integer iaux(mxvars)
equivalence (laux(l), aux (1))

C

logical eof, err
c
c initialize parameter-names for components

call df1tnm()

.c initialize for reading and writing data files variables
call initdf()

C

c-read from input the trac file nanes
call. rdfnme(),

'

. c
c get _ requested plot variables from user input

call vessin
C

c open-the output strip file
open (iuntdo, file ='pidata')

C

nxfnme=1
C -

-c start. loop through all TRAC files . 1

10 continue
P

.c open TRAC plot file and output strip file
open-(iuntdi, file-fnme(nxfnme), form ' unformatted').

C'
c finished-

err . false.
.C
c set up graphics file 1/o control array

call bfaloc(iuntdi)
C

' c initialize index of first free word in blank common
ifree - I

c
C get- plot record length

Figure D-7. (continued)
/
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call grfrd (nwtx,1, eof)
if (eof) then

write (*,1000)
call stop ('cif')

endif
c
c read and check problem titie

call rdtitl
c
c get graphics file catalog

call gcatig
C

c get fixed geometry data
call gfix9m

C

c get location of each requested plot variable
call getloc

c
c stop if check run

if (check) call stop ('checkrun')
C

c write variable names and labels out to pidata
call wrvnl

c
c write data out to pldata

call wrdata
c
c if another TRAC file, loop

close(unit-iuntdi)
nxfnme-nxfnme+1
if(nxfnme.le.nfnme) go to 10

C

1000 format ('***** No data on plot file'/
'***** Execution stopped'/)*

end
* deck blkdat

blockdata bikdat
C

c
c bikdat - initialize selected common block variables
C

c author : j. e. tolli, eg&g idaho
c language: fortran 77 (ctss eft)
c date : 8/87
C

*ca system
*ca paramtrs
*ca control
*ca vinfo

integer laux(mxvers)

Figure D-7. (continued)
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;

equivalence (iaux(l), aux (1))
-C

datalencat-/6/
data check / false./
data nbyte /64/
data iaux /mxvars*-1/
end

* deck bfaloc
subroutine bfaloc(funit)

C

-c *** bfaloc - Initialize data i/o
c
c Entry -
c iunit :i/o unit number
e

c Exit -
c none
C

*ca datb1k
c

dnbuf=2047
deof 0
dnext=0
dio-iunit
return
end

* deck bfin
subroutine bfin(x,nwrx, eof)

C
c *** bfin - Reading data from disk
C

c Entry -
c nwrx : Number of data to load,

c
c Exit -
c- x : data
c eof :true eof.
C

*ca-datblk.
C

dimension x(*),1buf(l)
equivalence (dbuf(1),1buf(l))
integer nwrx,1buf
logical eof

C

datateof/3hE0F/
c

if(deof.eq.1) then
write (*,1000)
call stop('bfin')

Figure 0-7. (continued)

D-29

. . - - _ .



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

ondif
C

eof.. false,

c
nwr=0

10 if(dnext.it.1 .or, dnext.gt.dnbuf) then
read (dic,end-100, err =110) (dbuf(i),i-1,dnbuf)
dnext=1

endif
C

if(nwr.eq.nwrx) return
C

imt-min 0(dnbuf-dnext+1,nwrx-nwr)
c

if(ibuf(dnext) .eq.ieof .or.
I ibuf(dnext+1mt-1).eq.ieof) go to 100

c
call movlev(dbuf(dnext),x(nwr+1),imt)
nwr-nwr+imt
dnext-dnext+imt
go to 10

c
100 deof-l

eof =.true.
return

c
110 write (*,1010)

call stop('bfin')
c

1000 format (' *** Eof encounterd . .. see programmer'/)
1010 format (' *** Err encounterd ... see programmer'/*

end
* deck calevl .

subroutine calcvl (indx,kpt,dat)
C

C
calculate value of requested variablec calcvl -

c
c author- : j. e. tolli, eg&g idaho
c language: fortran 77 (ctss cft)
c date : 8/87
C

c parameters:
c
c indx = requested variable sequence number (input)
c
c kpt - pointer to data in plot record (input)
C
c dat - calculated value of variable (output)
c

Figure D-7. (continued)
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c note: for rod temperature variables, the cell number, nc, is
c- divided into four 16 bit-parcels, numbered I to 4 from
c- left to.right, parcel I contains the number of radial
e nodes-for the rod (nodes); parcel 2 contains the maximum
c _ number of axiel nodes for the fine mesh calculations

-

c (nzmax); parcel 3 contains the pointer to the rod axial
c- height data in the plot record array (lzht); parcel 4
c- contains the radial node number at which the temperature
c- is to be plotted.
c
C

C

*ca paramtrs
C

*ca blankcom
c
*ca Cblock
c
*ca control
c
*C's louqits

C

*ca ptrs
C

*ca vinfo <

c
C

data nmsk48 /177777b/
c
C

c put identifier sequence number into local . variable
C

idx = indx
c
c get axia, node number needed for interpolation, if required
c also get interpolation fraction
c

if(r.ame(idx)(1:6) .eq. 'RODTMP' .or.
name(idx)(1:6).eq.'IDRGR') then+

izht - ifree
nzmax - shift (nc(idx),32) .and. nmsk48
'if (1zht4nzmax-1.gt.mxsize) go to 40-

kp - shift (nc(idx),48) .and. nmsk48
call unpktt (a(lzht),nzmax,a(ldat+kp-1),npkw)

c
:do 10 i=1,nzmax-1

h1 - a(1zht+i-1) - a(lzht)
h2 - a(lzht+i) - a(lzht)
if (aux (idx).ge.h1 .and.-aux (idx).le.h2) go to 20

10 continue

Figure D-7. (continued)
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go to 50
c

20 ndnum a i-
frac = (aux (idx) hl) / (h2-hl)

endif
C

c get number-of radial nodes, if required
if (name(idx)(1:6).eq.'R00TMP')

* nodes - shift (nc(idx),16) .and, nmsk48
C

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

c
1 rf ts. = ifree
nwrd - nodes *(ndnum+1)
if -(lrftn+nwrd-1.gt.mxsize) go to 40
call unpkit (a(lrftn),nwrd,a(kpt),npkw)
nrn = nc(idx) .and, nmsk48
11 = nodes *(ndnum-1).+ nrn - 1
12 - 11 + nodes
dat- a(1rftn+11).+ frac * ( a(Irftn+12) - a(Irftn+11) )

.go t. 10
C

-endif
c
c get heat transfer regime, if requested
c

if (name(idx)(1:5).eq.'IORGR') then
c

lihtf-= ifree
if (lihtf+ndnum.gt.mxsize) go to 40
call unpkit (a(lihtf),ndnum+1,a(kpt),npkw)
if (frac.lt.0.5) dat - float (ia(lihtf+ndnum-1))
if (frac.ge.0.5) dat - float (ia(lihtf+9dnum))
go to 30

c
endif

C

c finished
c

30 return
c
c insufficient core 1for data processing
c.

40 write (*,1000) cid(idx)
. call stop ('calcvl')

c
c invalid auxilliary number
c

50 write (*,1100) aux (idx),cid(idx),a(ldat)

Figure D-7. (continued)

D-32



~ . . . . _

call stop('calevi')
c

.

# !

1000 format ('***** insufficient core for prccessing of data'/
'*****for variable ',a/*

'***** execution stopped'/)*

1100 format ('*****value',1p,e15.8,' for variable,',a/,/******is not valid at time ',eli.4, sec*

******executinn stopped'/).*

C

C

end
* deck findce

subroutine findce (name,num,lrn,nc,1 comp,itype,kp,nwrd,llabl,
found)*

C

c findce find catalog entry-

c
c author : J. e. tolli, eg&g idaho
c language: fortran 77 (ctss cft)
c date : 8/87
c
c1 parameters:
c
c Entry -
c name - variable name
c num = component number
c .l rn - level / rod number
c nc - cell number
c
c Exit -
c. icomp = sequential component number
c itype = plot variable type
c- kp = location of variable in plot record
c nwrd = length of variable in words
c 11abl - pointer to variable label
c found = flag for variable search status
c true: catale,g entry for variable has been found
c false: catalog entry for_ variable has not been found
c
c *** note str is lencat long

character name*(*),str*8
logical found

-C
*ca paramtrs
*ca blankcom
*ca control
*ca ptrs
c
c setech for catalog entry

Figure D-7. (continued)
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if

found . false.
do 10;i=1,nctx. !

c al l g r fge t ( i comp , i type , i l rn , i po s , nume , nwrd , kp . n s k i p ,1,
,

_ a(1 cat))*

_if(itype.eq.9) nume = icomp_
if(nume.ne.num .or. ilrn.ne'.lrn) go to 10
Iname 11 cat + lencat*(1-1) + 2
write-(str,'(a8)') ia(Iname)
if_(str(1:lencat).eq.name(1:lencat)) then

ifL(nwrd.lt.nc) return
found = .true.
11abl - lna'me + 1
return

endif
10 continue

return
end-

* deck gcatig
subroutine gcatig

c
c this routine reads catalog from graphict file.

.. C

c adapted in_part from lanl grit program ready routine.
C-
c
*ca paramtrs
C ^
*ca'blankcom
c
*ca control
c
*ca-iounits

- c
*ca ptrs

'

- c-
C'

L logic?1 eof
L C-

! C

| call grfrd(zero,1, eof)
! if _ (eof) - go to 10

- c

call - grfrd(nctx,1, eof)
if (eof) go to 10

e

nw - netx*1encat
call grfrd(a(ifree),nw, eof)

i if (eof) -go to 10
lcat = ifree
ifree - ifree + nw

Figure D-7. (continued)
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.c- ;

return I

c-
c premature end of file encountered
c-

10 write (*,1000)
call stop.('gcatig')

c
c
1000 format ('***** premature eof on plot file'/

''***** execution stopped'/)*

c
C

end
* deck getloc

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

c and acquires-information needed for processing of
,

c auxilliary data,
c-
c author : j. e. tolli, eg&g idaho
c language: fortran 77 (ctss eft)
c date : 1/86
c modified: 8/87 j. e. tolli, eg&g idaho
c
*ca'paramtrs
*ca biankcom
*caLeblock
*ca founits
*ca vinfo

.

integer iaux(mxvars)
equivalence-(iaux(1), aux (l))

C

logical error,found
c~
c find requested variables

do 20 1-1,npv
if (laux(i).eq.-1) then

n = nc(i)
else

n - 1-
endif
call. findce
(name(i),num(i),lrn(i),n,1 comp,itype,kp,nwrd,llabl,found)*

if (.not.found) then
-write (*,1000) cid(i)-
go to 10

endif

Figure D-7. (continued)
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C

c store location
loc (i) = kp

c
c if data is unpacked, set nc(i) = -nc(i)
c if fixed' geometry variable, set num(i) = -num(i)
c if only one word variable, set loc (i) = -loc (i)

if (itype.lt.10) then
if (icomp.eq.0) nc(i) = -nc(i)

else
num(i) = -num(i)
if (itype.gt.20) nc(i) = -nc(i)

endif
if (nwrd.eq.1) loc (i) = -loc (i)

c
c store label

'| write (label (i),'(3a8)') (ta(11abl+11-1),ii=1,3)
;. C

c get information for auxilliary data processing, if needed''

if (laux(i).eq.-1) go to 20
call ginadp (i. error)
if (error) go to 10
go to 20

c
c error in requested plot variable

10 name(i)(1:) = ' '
c

20 continue
c
c remove erroneous requested variables from plot variables list

i=1
30 continue

if (i.gt.npv) go to 50
_

if (name(i)(1:1).eq.' ') then
npv = npv - 1
do 40 j=i,npv

cid(j) = cid(j+1)
name(j)(1:) = name(j+1)(1:)
num(j) - num(j+1)
1rn(j) = 1rn(j+1)
nc(j) = nc(j+1)
aux (j) = aux (j+1)
loc (j) = loc (j+1)
label (j)(1:) = label (j+1)(1:)

40 continue
go to 30

endif
i=i+1
go to 30

c

Figure D-7. (continued)
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c all done
50 return

3 1000 format (' *** Plot variable ',a,' not found'/) *

]- end
* deck gfixgm

subroutine gfixgm
c
C

c gfixgm - read in fixed geometry data
C

c author : j. e. tolli, og&g idaho
c language: fortran 77 (ctss cft)
c date : 1/86 -

c modified: 8/87 j. e, tolli, eg&g idaho
c
C

*ca paramtrs
c
*ca blankcom
c
*ca control

*
c
*ca iounits
c
*ca ptrs
c
C

logical eof
q

C

call grfrd (ipkg,1, eof)
if (eof) go to 10

,

c
call grfrd (a(ifree),ipkg, eof)
if (eof) go to 10
lfixg - ifree
ifree = ifree + ipkg

c
return

c
c premature end of file encountered
c

10 write (*,1000)
call stop ('gfixgm')

c
C

1000 format ('***** premature eof on plot file'/
'***** execution stopped'/)*

C

Figure D-7. (continued)
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,

C:
, end _ !

-* deck ginadp-
- -

.

-

subroutine ginadp-(irv, error)
ic' ,

-

c! ginadp .- get information needed.for auxilliary. data processing
c-
c ' author : j. e tolli, eg&g~ idaho '

Lc zlanguage: fortran 77-(ctss eft).'

:
..c' date. : '8/87: -

-c
c : parameters:

TC - . . ,

c Liry- .index of user requested plot variable (input)
c_ . .

_

,

c _. error = error flag _ (output)
'

C .

c1 note: 'for rod temperature 1 variables, the cell number, nc, is
c divided into-four 16-bit parcels, numbered 1.to 4 from
c- left to right. _ parcel ILcontains the number of radial

~

c nodes for the rod (nodes); parcel 2 contains the maximum
,

'

c number of axial-nodes for the fine mesh calculations
c (nzmax); parcel 3 contains the pointer to the rod axial
c -height. data in the plot record array (lzht); parcel 4
e contains the radial node number at which the temperature
c- .is to be plotted.

-c
logical error

c
*ca paramtrs
*ca blankcom
*ca cblock

'*ca iounits-
*ca ptrs- - ;

*ca vinfo
C

logical fo ndu

character namev*8
c-
c find and store needed information
C-

error = . false.
C e

i f(name(irv)(1:6) .eq. 'RODTMP' .or.
-+ name(irv)(1:5).eq.'IDRGR');then

.

namev(1:)~ 'ZHT'
call .findce
_(name'num(irv),1rn(irv),1,1 comp,itype,kp.nzmax,llabl,found)*

.,

i f -( . 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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|

.

-endif
c-

if (name(irv)(1:6).eq.'R00TMP') then
namev(1:) = 'NDRDS'
call findce
( n amev , num(i rv ) ,0,1, i comp , i type , kp . nwrd ,11 abl , found )*

,
_ if ( not.found) then

namev(1:) = 'N00ES'
call findce
(namev,num(irv),0,1,1compitype,kp,nwrd,11abl,found)*

endif
if ( not.found) go to 10
nodes = ia(ifixg+kp-1)
nc(irv) - nc(irv) .cr. shift (nodes,48)

endif ~

c
go to-20

C

c error
C

10 write (*,1000) namev,cid(irv)
error .trut.

C

c finished
'20 return

C
'1000 format -(' -variable * ,a6,' does not exist for ',a/

''' request ignored'/)*

end-
* deck grfget

subroutine grfget(icomp,itype,ilrn, ipos,num,nwrd,kp.nskip,nct,a),

c-
c.grfget returns entries in graphics catalog block
c
c adaptedifrom lanl grit and trac-pf1 programs-

-C-
c variables:
C

eo- _icomp - component sequence number
co- itype - array selector (1-variable table, 2-array table)

component id numberco- num- -

c o - -ilrn - level or rod number
c o_ - nwrd - number of words stored

catalog entry numberci- nct -

pointer in graphics data blockco- kp -

catalog arrayci-a -

C

C

*Ca Control
- c

Figure 0-7. (continued)
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; e

dimension a(1)
data msk/177777b/-

c
C

kpt=lencat*(nct 1)
r=a(kpt+1)
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

* deck grfrd
subroutinegrfrd(x,nenx, eof)

c
c this routina loads nenx words from disk into x array;
c eof - end-of-file indicator
c
c adapted from lanl grit program
c
C

*ca control
c
*ca iounits
c
C

dimension x(l)
logical cof

c
call bfin(x,nenx, eof)

C-
-return
end

* deck Ic2uc
subroutine ic2uc (string,len)

| c
' c

c 1c2ue - Convert lower case characters to upper case in a string
c of len characters
C

L c author : j. e. tolli, eg&g idaho
C language: fortran 77 (ctss eft)

-

c date : 2/88
C

Figure D-7. (continued)
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character *(*) string
C

C

do 10 i=1,len
icw - ichar(string (i:i))
if (icw.ge,97 .and, icw.le.122) string (1:1) - char (icw-32)

10 continue
C

return
end

* deck movlev
subroutirr movlev (a,b,n)

C

C
'

c movlev - copy n words from array a to array b
c
c author : j. e. tolli, eg&g idaho
c language: fortran 77 (ctss cft)
c date : 1/86
C

dimension a(n),b(n)
C

do 10 i-1,n

b(i) - a(l)
10 continue

return
end

* deck rdtiti
subroutine rdtitl

C

C

c rdtiti - read problem title from olot file and obtain
,

c user verification
C

c author : j. e. 10111, eg&g idaho
c language: fortran 77 (ctss cft)
c date : 1/86
c modi fied: 8/87 j. e. tolli, eg&g idaho
C

C

*ca paramtrs
*ca blankcom
*ca control
*ca iounits
*ca ptrs
c

logical eof
character *2 stopgo

C

Figure D-7. .(continued)
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c get number _of title cards
call grfrd (numtcr,1, eof)
if(eof) go to 20

C

c read and-store title
nw - 20*numtcr
call grfrd (a(ifree),nw, eof)
if(eof) go to 20

e
c set title pointer

ltitle .ifree
ifree = ifree + nw

c
c display first line of problem title

write (*,1000) (a(Ititle+i),1 0,19)
return

c
c premature end of file encountered
C

20 write (*,1200)
call stop ('rdtiti')

c
1000 format (' First line of problem title is '/20a4//)
1100 format (a)
1200 format -('***** premature eof on plot file'/

'***** execution stopped'/)*

end
* deck stop

subroutine stop (mssg)
c-
c- stop stop program execution-

'C
c author : j, e, tolli,-eg&g idaho
e _ language: fortran 77 (cray cft)
c- date : 9/87
C

c parameters:
c
c mssg - message to be displayed at program stop
C

C

character *(*) mssg
c
*ca iounits
c
c display message

write (*,1000) mssg
c
c stop execution

stop

Figure D-7. (continued)
|
'
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d

C'

cl000 -format (10x,'stop ' a)-

,

1000 format (10x,a)
end

odeck unpkit
subroutine unpkit(a,n,b,m)

c
c- unpacks trac-pfl plot data
C'
c adapted from trac-pfl program

-

C'
dimension a(1),b(1)

C

data maskl, mask 2/1777777777740000000000b,177777b/
c
conjure up amin and scale from first packed word

amin-and(b(1),maskl)
m=1
if(n.le.1) go-to 80
scale-l./ shift (b(1),32)-

c commence unpacking, scaling and shifting a(1) thru a(n)
j-0
do 50 1-1,n

if(j.gt.0) 90 to 40
j-64
m=m&l-

40 continue
-j-j-16--. -

itmp and(shiftr(b(m),j), mask 2)
a(i)-scale * float (itmp)+ amin

50 continue
return

C

80-continue
a(1)-amin
return
end-

'* deck vessin
subroutine vessin

c
c *** vessin - processes vessel input

-

c
*ca paramtrs
*ca cblock
"ca cont. 31
*ca iounits-
*ca varnme
*ca vinfo
C-

logical echo,fexist, eor

Figure D-7. (continued)
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character *80 cbuf
character *80 cx
character * 1 break

C

data - echo /. false./
C

c initialize plot variable counter
n-O

c
e get user input ... start lor)

10 read (*,1100,end 110) cbuf
C

c echo input when required
if (echo)-then

write (*,1100) cbuf
endif

C

c process user input
ib-1

20 call cv02(cbuf,80,1b,cx,lenf, break, eor)
if(eor) go to'10

e

c if ch-racter input convert to upper case
call 1c2uc (cx,lenf)

c

c check for echo /noecho or check run directive
if (cx.eq.'ECH0') then

echo .true,

go to 20
else if (cx.eq.'N0ECH0') then

echo . false,

go to 20
elseif(cx.eq.' CHECK')then

check .true,

go to 20
endif

C

e update and check number of requests (blocks of vessnp)
if (n+vessnp.gt.mxvars) then

write-(*,1300) mxvars
n - mxvars
go to 110

-endif
c
c get component number, if present

read (cx,'(13,i2,12)') numn,lrnn,ncn
c
c build a. set for.the vessnp list defined

do 50 1-1,vessnp
l- n=n+1-

Figure D-7. (continued)
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name(n)(1:)-vessnm(i)(1:)
num(n)=numn
1rn(n)=lrnn
nc(n)=nen-
c i d (n) = ve s s nm ( i ) ( 1 : ve s s nn ( i ) )//c x ( 1 : l e n f)
if(echo) then

write (*,1900) n,cid(n)
,

endif
50 continue-

c
go to 20

e
c end of file on input data

110 continue
npv = n
write (*,1800) npv
return

C

c
1000 format (/' enter plot variable requests:')
1100 format (a)
1200 format (/' file ',a,' does not exist')
1300 format (/' over ',14,' identifiers requested, only first ',

* 14,' used')
1400 format (/' invalid identifier for ',a,' - request ignored')
1500 format (/' cell no. < 10 for ',a,' - request igncred')
1600 format (/' invalid variable name for ',a,' - request ignored')
1700 format (/' invalid aux, field for ',a,' - request ignored')
1800 format (/i3,' identifiers'/)
1900 format (' ',14,' : ' a),

c-
C

end-
* deck wrdata

subroutine wrdata
c
C

c wrdata write data- for requested plot variables out to pidata-

C

c author : j. e. tolli, eg&g idaho
c language: fortran 77 (ctss eft)
c date : 1/86
c modified: 8/87 j. e. tolli, eg&g idaho

-

c
C

*ca paramtrs
C

*ca blankcom
c
*ca control

Figure D-7. (continued)

D-45



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

:

{

!

,

.c ,

*ca iounitt
'

C

*ca ptrs j
C '

*ca vinfo
integer laux(mxvars),

equivalence (taux(l), aux (l))4

C

C |

dimension bufr(8)
logical cof .

c
C

c set pointer for graphics' data - 1

-c -

,

Idat ifree
c

i ifree ifree + nwtx ,

'
C

.

'

c check for sufficient core storage
c

if (ifree l.gt.mxsize)- go to 40
C

.

-

c initialize plot data dump counter
C ,

npd = 0
c
c read frame of data (start of loop)

10 call grfrd (a(1dat),nwtx, eof)
if(cof) go to 30

e increment frame counter
npd --npd + 1

,

c- - <

c get time value
kp 1dat
bufr(l) - a(kp)

,

C

c initialize the bufr buffer counter -

ndf = 1
c

.
;

c obtain rest of data and write _to pidata '

do 20 iml,npv
C

c get-pointer to requested variable-,

'

c num(i)<0 implios fixed geometry data-(num component num)
;f (num(i).It.0) then

L idx = Ifixg

Figure.D-7. (continued) ,

D-46

,

. - . . , - .,u,e-,. . .. -..~.. . , - - - .- - ,.___.~..,_....w..,, m..s_ - , , . -m- .r,,,,...y._, r ., x . , . _ --- - - - , , ,,, ..



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

else
idx = idat

endif
' -c pointer to data

kp = idx + iabs (loc (1)) - 1
C

c iaux(i)--I implies no auxilliary data for this variable
c nc(1)<0 implies data is unpacked (cell number)
-c loc (1)>0 implies mora than one data word stored for variable
c-if unpack 2d, put data in 's' same location as if packed,

if (iaux(f).co.-1) then :

i kdx = labs (nc(1)) '

if ifree+kdx1.gtcasize) go to 40 '

if nc(i).lt.0)then
a ifree+Hx-1) = a(kp+kdx-1)

el:,e
nw = kdr
if (kdx.eq.1.and. loc (i).gt.0) nw = 2
call unpkit (a(ifret),nw,a(kp),npkw)

endif
else

kdx = 1
call calcv1 (i,kp.a(ifree))

endif

c increment the bufr buffer counter
ndf = ndf + 1

e dump the bufr buffer if full
if (ndf.gt.8) then

if (i.eq.8) then
write (juntdo,1000) buft

else
write (iuntdo,1100)bufr

endif
ndf = 1

endif

c store data iit the bufr buffer
bufr(ndf) = a(ifree+kdx 1)

C

e end of loop for this data frame
20 continue

c
c dump the rest of the buffer

if (i le.8) then-
write (tuntdo,1000) (bufr(i),1=1,ndf)

else
write (iuntdo,1100) (bufr(i),i=1,ndf)

Figure 0-7. -(continued)
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i

|

endif
C

i

c end of loop !
go to 10

{C

c finished reading plot file '

30 write (*,1200) npd
return

c |

c insufficient core for data
| 40 write (*,1300)

istop 'wrdata'
C

1000 format lp.e10.4,0p.7e10.4)
1100 form &t 8e10.4)
1200 format 15,' data dumps on plot file'/)
1300- format '***** insufficient core for plot data'/

'***** execution terminated'/)*

end
-* deck wrvn1 <

subroutine wrvn1 |
C.
C

c wrvn1 - write plot variable identifiers and labels to pidata
C

c author : ,1. e, tolli, eg&g idaho4

c language: fortran 77 (ctss cit)
c date- : 1/86
c _ modified:- 8/87 J. e. tolli, eg&g idaho
C

*ca paramtes
*ca blankcom
*ca cblock i

*ca-control )
!*ca-iounits

*ca ptrs
*ca vinfo
C

character cbuf*16,tlabel*24
C

|
c write number of requested variables, plus 1 for time

| . write (juntdo,1000) npv+1
' c-

c write name of time variable and label

write (tlabel(a8)') la(1 cat +2)
write (cbuf,'

, (3a8)') (ia(icat+i),1-3,5)'

Write (iuntdo,1100) cbuf,tlabel-
.

.C'
c write _ identifier and label of each requested variable

L do 10 i=1,npv '

| .

Figure D 7. (centinued)
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,

write (iuntdo,1100) cid(i), label (i)
10 continue

C

c all done
return

C

1000 format (13)
1100 fonnat (a,lx.a)

end

subroutineinitdf()
*ca iofiles
*ca lounits |

c initialize iofiles-
nxfnme-1
nfnme=0
do 10 1 1,10

- fnme(i)(11)=' '
10 continue

= c initialize iounits
juntdi=12 -

iundto 13
return
end
subroutine rdfnme()

C

*ca iofiles
character str*120, break *1 <

integer ib.nfn
logical eor,gexist

nxfnme=1
nfnme=0

c
10 read (*,1000,end 100) str

if(str(1:1),eq.'.') return
ib-1
nfnme nfnme+1
call cv02(str,120,1b.fnme(nfnme),nfn, break, eor)
if(eor .or, nfn .le.0) then

nfnme nfnnic-1
go to 10

endif ,

inquire:(file fnme(nfnme), exist-gexist) '

if ( not.gexist) then-
write-(*,1020)'fnme(nfnme)
nfnme nfnae-1

endif
;

Figure 0-7. (continued)
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I

i

:

,

go to 10 I
- C ;

100 continue t

write (*,1010) !
call stop('rdfnme')

!

1000formata)
1010 format *** Premature eof') ,

1020 format ' *** TRAC file does not exist:', a) ;

and
~

subroutinedflinm() |

*ca varnme
' integer i,lenstr |

- c vessel parameter names
|vessmp=10

do 10 i=1,vessmp
vessnm(i) ).'' ,

i10 continue
'P'vessnm 1) =

'VLN-Z'vessnm -=

'VVN Z' ]vessnm - =

' ALPHA' ivessnm =
''RHOV'vessnm =

'RHOL'vessnm =

'TL' - ,vessnm =

'1V' jvessnm =

vessnm 9) 'TSAT' |=

vessnp 9
do 20 i=1,vessnp ;

vessnn(i)=lenstr(vessnm(i)) i

20 continue '

C

return
end
integer function lenstr(str)
characterstr*(*)
k=len(str)
do 10, i k,1,-l

if(str(1:1).ne.' ') go to 20 ;

'10 continue '

lenstr=0
1 return
C c

20 continue-
-lenstr=1

'

C

return
end

Figure D-7. (continued)
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,

-c source code zeif.f--source code that reads the ascii data
c and writes the binary fRAP-16 boundary condition file
C ,

program main
c
c INPUT:
c
c dbgl dbg2

!c' trac file name '

_c frap~ output _ file name,

c start time stop Time time interval
c lower ~ plenum _voTume_ number
c upper _ plenum volume number ,

;c core plenum _ volume _ number 1 bottom elev top ~elev '.

-

c core plenum ~ volume ~ number 2 bottom elev top ~elev ;

~

-

c core plenuni" volume ~ number ~3 bottom ~elev top ~elev i~

ccore_ plenum [ volume ~ number [4 bottom [elevtopelev
;_

e :
c -:

,

INCLUDE 'zeif.h' I

logical;orr
C *

= c get requested variables from user input
tcall userin "

C

c open the trac input and frap output files -
,

call openf(err)
!

If(err) then
call clos
stop '*** Error openf'

endif
'

c

c write variable names from data file !. call rdynm
C '

c process file to FRAP output
call dofrap:

C

end
subroutine openf'(err)

C -

c *** openf _Open files- '
c

INCLUDE 'zcif.h'
-logical gexist.crr-
integer ios

.C:

erra. false.-

C

. Figure 0-8. ' TRAC 2FRAP source code zcif.f.-
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c open IRAC plot file if it exists
iuntdi 22
inquire (file fntrac, exist gexist)
if (gexist) then

open(unit-tuntdi,filu fntrac, form ' formatted')
else

write (*,1000) fnirac
err true,

endif
C

c open the FRAP output file
tuntdo 23
open(unit iuntdo, file infrap, form =' unformatted')

c set the steam table unit number
sth2xt 16

c open the steam tables
inquire (file ='sth2xt', exist gexist)
if (gexist) then

open(unit-sth2xt. file 'sth2xt', status ='old',
+ form =' unformatted',iostat ios)
else

write (*,1020) los
err .true.
return

endif

c initialize the steam tables
nstm 15000
call sth2xj(stmtbl,stS2xt nstm)

if(nstm.lt.0) then
write (*,1010)
err .true,

'

endif
c

1000 format (' *** 1RAC ascii file does not exist: ' a),

1010 format (' *** Error opening steam tables')
1020 format (' *** Water property table file los ',12)

return
end
subroutine userin()

C
c *** userin - Process user input
c

INCLUDE 'zcif.h'
'

character str*80, break *1 '

integer nstr,ib,istat.nch,k,cvinm

Figure D-8. (continued)
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l-

logical eor
real cvrnmi zd

c-

e characacter buffer length
nstr 80

e get the debuy parameters
read (*,1000,end=100) str
ib.1

1 dbgl cvinm(str,nstr,1b,istat)
dbg2.cvinm(strnstr,1bistat)

<

write (*,1060)dbgl,dbg2 '

; C

c get input and output data file names
read (*,1000,end=100) str
ib=1
call ev02(str,nstr,1b fntrac nch, break, eor) I
write (*,1010) fntrac
read (*,1000,end100)str
ib=1
call ev02(str,nstr,1b,fnfrap,r.h- break, eor)
write (*,1020)-fnfrap

__

_c get the start, stop and time interval
read (*,1000,end=100) str ,

Lib =1
timnxt cvrnm(str,nstr,ib,istat)-
timstp cyrnm(str,nstr,ib,istat)
timdif cyrnm(str,nstr,1b,istat)
write (*,1030) timnxt, timstp, timdif

c read the lower plenum volume number
read (*,1000,end-100) str r

write (_*,1040) str.
-

ibal >

call cv02(str,nstr,ib,1pvol,nch, break, eor)

c. read the upper plenum volume number
read (*,1000,end 100) str

.

write (*,1040) str- '

ibal ^

call- cv02(str,nstr,1b,upvol,nch, break cor)
.C i

.c' start loop. read core volume numbers
kal

10 read (*,1000,end=)l0) str
write (*,1040) str

.

c'
c. process user input J

?

Figure D-8. (continued)
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!

-i
ib 1

'

call cv02(str,nstr,ib,cvol(k),nch, break, eor)
if(eor) go to 10
zb k) cvrnm(str nstr,1b,istat)
Itk)cyrnm(str,nstribistat)
if k.eq.1) then L

dz-zt(k)-zb(k)
else -

ifzb(k).le.0)zb(k)zt(k1) ,

ifzt(k).le.0)zt(k)-zb(k-1)4dz r

endi, .

if(dbgl.ne.0)then i

write (*,2010)zb(k),zt(k)
endif
kak+1
go to 10

C |
c abnormal end of file on input data

100 continue '

call clos |
stop '*** Premature eof '

c end of_ file on input data
110 continue

nvol k-1
-return

c --

1000 format (a)
1010 format (/' TRAC input file:'a) ,

1020 format (/' FRAP output file:'a) j

-1030 format (/' Start time = ',fl0.3, i
'

+ /' End time = ',fl0.3,

+ /' Time inteval ',fl0.6/)
1040 format (1x,a) -|
1060 format (/' Debug 1 ',il,' Debug 2 ',11)

-2010 format (! bot =',fl0.4,' top = ' , fl0. 4) i

end
subroutine rddata(data,ndata.cof)

C

c *** rddata - Read frare of data
C ,

INCLUDE 'zcif.h' !

real- data (*) .

integer ndata,nloop,k,1,j,ndf
logical eof-

nicop dfrnum/8'

k.0

| do 10 i=1,nloop i
i
1

Figure D-8. (continued) |
.
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-

1

|*

read (luntdi,1000,ond 100) (data (k+j),j=1.0) !
k=k+8 '

10 centinue
|

ndf = mod (dfrnum,8)- |
read (iuntdi,1000,end=100) Diata(k+1),i 1,ndf) |

.

ndata dfrnum i

eof =. false. |,

return 4

1

1

100 continue
cof .true. )o

return '

i

'

-1000 format (8fl0.0)
end
subroutine- rdynm

C- ,

-c *** rdynm - Read-plot variable name i
C

INCLUDE 'zcif.h'
integer i,nch,1b,nstr
character str*80, break *1
logical eor

c
c characacter buffer length

nstr=80
.C s

c read number of requested variables, plus 1 for time '

read (iuntdl,1000) dfrnum
c
c read identifier of each variable

do 10 i=1,dfrnum
.

,

read (iuntdi,1010,end=100) str
ib 1
call ' cv02(str, nstr,1b,d frnme(i ) , nch, break , eor)

10 continue
return

c
100 continue

call clos
-stop '*** eof reading TRAC names'

C .

1000 fonnat(13)
1010 format (a)

.end ;

subroutinegetloc(name,nname, loc, list,nlist)
c
c *** getloc - Get location of data in data frame

Figure'D-8. (continued)
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|

I
,

,

,

C

c-entry -
c name : Array of variable names' ,

-c nname : Length of name and loc
c list : List of names for each variable in the data frame
c niist . Length of list.
C i

c exit -
c loc : Location of data-(-l = not found).

INCLUDE 'zcif.h' i

dimension name(*), list (*)
charactername*(*), list *(*)
integer nname,r. list loc (*),i,j

c initially set to til not found. ,

do 10, i=1,nname 1

loc (i) -I
10 continue

,

c search list
do 30 i=1,nname

do 20 j=1,nlist
if(name(i)(1:).eq. list (j)(1:))then

loc (i)=j
go to 30

endif .'
20 continue
30 continue

return
end

:subroutinedofrap()
c
c *** dofrap - Process the data file
c- .

;

INCLUDE 'zcif.h'
integer ulocP , ulocT1, ulocTV, ulocD1, ulotDv,

+ ulocV1, ulocVv, ulocVd,11ocP , llocil,
+- 11ocTV,11ocD1,11ocDv ,11ocV1,11ocVv,
+- 11ocVd,
+ locP(20) ,locT1(20) ,locTv(20) ,

+ loc 01(20) .,locDv(20) ,locVl(20). ,
'

+ locVv(20) ,-locVd(20)
dimension namc(8),

character namc*6,name*16o

integer ncnam(8), loc (8),nnam,i,j,ndat
-logical err eof
-real dat(10000),tHx,hMx,mMx,cnvH,cnvM,cnvT1,cnvT2,cnvP

data.name /'P','VLN-Z','VVN-Z',' ALPHA','RH0V','RHOL' 'TL','TV' /

Figure D-8. (continued)
'

0-56
,

_ - - - _ - . - _ - _ _ - - _ - - - - - - - - - - - - . - - - - - - - - - . - . . - , , , , . . _ - - - , ~ ~ . . . - , . !-,--_-r- . - -n.,, -a..n--.---,. -,-a-



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

data ncnam/ 1, 5. 3, 5, 4, 4, 2, 2/

c conversion constants
data envH. cnvH, envT1, cnvT2, envP

+ -/4.299e-4,737.4, 1.8, -460., 1.4504e-4/
C

c number of parameters per volume
nnam=8

c length steam table
nstm IS800

C

err . false.

c data location for lower plenum
.

do 10 ial,nnam i

name=name(i)(1:nenam(1))//1pvol(11) |

call getloc(name,1, loc (i),dfrnme,dfrnum)
if(dbgl.ne.0) then _

write (*,2010) loc (i),name
,

endif- i

if(loc (i).lt.0) then
err =.true,

write (*,1000) name .

endif !
10 continue 1

11ocP -loc (1) .

11ocV1 = loc 2)
'

11ocVv = loc 3
llocVd = loc 4
11ocDv = loc

'

11ocD1 = loc
11ocT1 = loc
11ocTv = loc

c data location for upper plenum
do 20 1=1,nnam '

name namc(i)(1:ncnam(i))//upvol(1:)
call getloc(name,1, loc (i),dfrnme,dfrnum)
if(dbgl.ne.0) ther

write (*,2020) loc (i),name
endif
if(loc (i) .it 0)--then

err =.true,

write (*,1000) name-
endif

-20Lcontinue
ulocP = loc 1)-
ulocV1 = loc 2)
ulocVv = loc 3)-

Figure D-8, (continued)
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!

:

s

:

ulocVd = loc 4)
ulocDv = loc 5)
ulocD1 =. loc 6) '

ulocTi a loc
ulociv = loc :

c data location for core i

do 40 j=l,nvol
do 30 ial nnam -

name(1:)=namc(i)(1:nenam(i))//cyol(j)(1:)
call getloc(name,1, loc (i),dfrnme dfrnum)
if(dlegl.ne.0) then

write (*,2030) j, loc (i),name-
!endif

if(loc (i).lt.0) then
erra.true.
writo(*,1000) name ,

endif ~

30 continue
locP(j) = loc-

loclocV1 t=

_ locVv loc=

locVd loc=

loc (5)locDv =

locD1 j) = loc (6)
locT1 j) = loc (7)
locTvj)= loc (8)

' 40 continue
-

j

if(err) then '

call clos
stop '*** Missing data '

endif

- c loop reading and writing data
50 continue

call rddata(dat ndat. eof)

if eof) o to 100
if dat(1 .gt.timstp) go to 100 I

u if dat(1 .lt.timnxt) go to 50 i

timnxt-dat(1)+timdif

c write time
- write (tuntdo)dat(1)
if(dbg2.ne.0) then
_ write (*,2040)dat(1)

endif
~

c write _ lower pinnum data
.

Figure D-8. (continued)-
'
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.

4

callgetprp(dat(11ocVd),dat(11ocT1),dat(11ocTV),
+ dat(llocD1),dat(llocDv),dat(11ocV1),
+ dat(11ocVv),hMx,tHx,mMx)>

_

dat(11ocP)=dat(11ocP)*cnvP
h4x hMx*cnvH
tMx tHx*cnvT1+cnvT2

- write (luntdo) dat(11ocP),hMx,tMx
if(dbg2.ne.0) then

write (*,20$0) dat(llocP),hMx,tHx
endif

c write core data-*

do 60-j=1 nvol
call getprp( dat locVd ),dat(locT1(j)),dat(locTv(j)),

+ dat locD1 ),dat(locDv(j)),dat(locVl(j)),
+ dat locVv ), hMx, tMx, nNx) !

write (iuntdo)zbj),zt(j),dat(locP(j)),hMx,tMx,mMx |dat(locP(j))=datlocP(j))*cnvP
-hMx hMx*cnvH
tMx=tMx*cnvT1+cnvT2
nNx=mMx*cnvM
if(dbg2.ne.0) then

write (*,2070)j,zb(j),zt(j)dat(locP(j)),hMx,tMx,mMx
endif

60 continue

c write upper plenum data
call getprp( dat(ulocVd .-dat(ulocT1), dat(ulocTV),

dat(ulocD1 , dat(ulocDv), dat(ulocV1), '
+

+. c 1(ulocVv , hMx, tMx, mMx)
dat(ulocP) dat(ulocP)*cnvP- |
hMx hMx*cnvH
tMx tMx*cnvil+cnvT2

- write (iuntdo)dat(ulocP),hMx,tHx
' if(dbg2.ne40) then

write (*,2060)-dat(ulocP),hMx,tMx
endif

c loop back to 50
90 to 50'

,

. c eof or time limit reached reached
100 continue

write (*,1020)
retten

1000 format (' *** Variable not located: ' a),

1020 format (//' Eof or tirae limit reached')-
2010 format ' tower plenum. loc =',14,' Name ',a)

.

2020 format ' Upper plenum. loc =',14,' Name ',a)

Figuro D-8. (continued)
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- +

!

!

i

2030 format ' Level =',12,' loc =',14,' Name ',a)
2040 format /' Time = ',fil.5)

' 2050 format ' LP:',5(1x,fl0.3))
2060 format (' UP:',5(1x fl0.3))
2070 format (1x,12,5(1x, fl0.3),lx,lpe10.3)

,

end
subroutinegetprp(void,tt,tV,rhol,rhoV,vlvV,

+ hMx,tMx mMx) i

c
c *** getprp - Get the mixture properties
C

INCLUDE 'zcif.h'

real veid,tL,tV,rhol,rhoV,vt vy.hMx,tMx,mMx ;

real qual fac,hl,hV >

integer istate :

logical err

-if(void.gt.0.99) then '

qual-1.0
else -if(void.lt.0.001) then

qual =0.
else

fac=(rhoV/rhol)*(vy/vt)*(void /(1.0 void))
qual fac/(1+fac)

endif ;

e istate: 1:11guid 2:2-phase 3: vapor
'

if(qual.lt.0.99) tha
prp(l)=tl
prp(3)-1.0/rhol
ca11 sth2x4(stmtbl,prp,istate, err) '

if(err) then
call clos
stop ' water prop err' <

endif
if(istate.eq.2) thene

bl-prp(15)
| else
l hl prp(5)

<

endif
else

bl 0.0
endif
if(qual.gt.0.01) then

prp(l) tV|

I _ rp(3) 1.0/rhoVp
call _sth2x4(stmtbl.prp,istate, err)
if(err) then

call clos

Figure D-8. (continued)
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stop ' water prop err'-
endif
if(istate.eq.2) then

hV prp(16)
else

hV-prp(5)
endif

else
hV 0.0

endif

hMx qual *hV+(1.0 qual)*ht ,

tMx= qual *tV+(1.0 qual)*tt'

mMx=vV* void *rhoV+vl*(1-void)*rhol _

,

return
end
subroutine clos ()

c
c *** clos - Close files
c

INCLUDE 'zcif.h'

close unit-sth2xt
close unit-luntdi
close unit tuntdo)
close *)
return
end

Figure D-8. (continued)
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f

:
c Source code cv0000.f -source code for the subroutines used to
c read data in free format
C

subroutitie cyreal(str,n ib,rx, stat)
c

.

c cvreal - Get the next binary real from a char string. |
C

,

c Dale M. Snider
C-
c- Get the next binary real number from a char string. If the next
c characters in the string are integer, a real conversion |
c is made. If the next chraracters are character data, then '

c the status flag is set. If ar. end-u' r::9rd, then-the
c - status flag is set. For either an error or an end of-
c record- the real variable is not redefined. ,

c
- c- - Entry -

. _

|
c str ... The character string to be parsed, i

c -n ... The length of the character string, if greater '

c
_

than the dimension length of str, the dimension
c length is used. i

- c ib . . -The start character location to extract the
c number. Reset on exit.
C

c Exit -
< c rx ... The real number. If stat > 0, then rx is not

c att igned a new value. If the number extracted
- c- - fr J the character string is an integer, a real
c - conversion is made,
c ib .. 1he location of the next character after the number, i

c stat ... neg ok. I

c 0 - ok. - !
c 1 = end of-file j
c 2- = error,

c
- characterstr*(*), break *l,cx*10

integer _ n,1b. stat, type,ix
real rx
logical eor

- C.

call cv01(str,n,1b,rx,lx,cx, type, break, eor)
C~:

if(eor) then
stat =11
return

endif
c

-if(type.lt.0) then
stat =2
return

Figure 0-9 TRAC 2FRAP source code cv0000.f.
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|

|
endif

C

if(type.eq.1) rx real(ix)
stat *0 ,

C

return ;

end
real function cvrnm(str,n,ib, stat)

,

c cyrnm - Get the next binary real from a char string.
C

,

c Dale M. inider
C

c Get the next binary eal number from a char string. If the next
c characters in the string is integer, a rtal consersion
c is made. If the next chraracters are char 6cter data, then
c the status flag is set. If an end of record, then the
c ' status flag is set. For either an error or an end of- '

c record,- the real variable is set to 0.0.

C

c Entry -
e str ...-The character string to be parsed.,

c n ... The length of the character string, if greater
c than the dimension length of str, the dimension
c length is used.-.

c ib ... The start character location to extract the
c number.~ Reset on exit.
c
c Exit -
c cvrnm... The real number. If stat > 0, then cyrnm is
e assigned 0.0. If the number extracted
c from the character string is en integer, a real
c conversion is made,

c ib ... The location of the next character after the number,

c stat ... neg - ok.
c 0 ok.
c 1 - end of file
c 2 = error.
C

characterstr*(*), break *l.cx*10
integer n,1b stat, type,ix
real rx
logical eor

c
call cv01(str,n,ib,rx,ix.cx, type, break, eor)

C

if(eor)then
stat =1
cvrnm=0.0
return

Figure D-9. (continued)- j;
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e

,

!
'

endif :
C i

if(type.lt.0)then :

stat =2 ,

cvrnm=0.(
return ,

endif
C ,

if(type.eq.1)then
cvrnm real(ix)

else
cvrnm rx

endif
stat =0 :

C
'-return

end
subroutine cvintg(str,n,1b,ix, stat)

C

c cvintg - Get,the next binary integer from a char string.
c
c Dale H. Snider-
C

c Get-the next binary integer froa a char string. If the next
c characters in the string is real, an integer conversion '

- c is made. If the next chraracters are character data, then
c the status flag is set. if an end of-record, then the
e status flag is set. For either an error or an end-of-
c record, the integer variable is not redefined,
c
c Entry -
c str ... The character string to be parsed,
c n ... The length of the character string, if greater

,

c_ than the dimension lengtn of str, the dimension -

c_ _

length is_used..
_ _

i

c- ib ... The start character location to extract the
e number. Roset on exit,
c
c Exit -
c ix ... The ir.teger number. If stat > 0, then ix is not
c- assigned a new value. If the number extracted
c from the character string is a real, an integer
c conversion is made. If the real is larger than
c the largest-integer value, ix is assigned the
c - largest value, and stat is assigned 3.
c i b' ... The location of the next character aff ar the number,
c stat ... neg - ok.
c 0 = ok. __
c 1 = end of file
C 2 = error.

Figure D-9. (continued)
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c 3 - real to integer conversion where the real is
c -larger than the largest integer.

.c
characterstr*(*), break *1,cx*10
integer n,1b, stat, type
real rx,mi,eps
logical eor

c
C max integer. machino dependent

data ai/1.0E9/
c add smali amount for integer to-real round off

data eps/1.e-7/
C

call cv01(str,n,1b,rx,ix.cx, type, break, eor)
c

if(eor) then
stat =1
return-

endif
C

if(type.lt 0) then ,

stat =2 :

return !
'

endif
C

if(type.eq.2)then
if(rx.lt.mi) then'

ixint(rx+eps) ,

stat =0
else

ix mi
stat =3

endif
else

stat 0-
endif

C

return
end
integerfunctioncvinm(str,n,ib, stat)

C

c cvinm - Get the next binary integer from a char string.
c
c Dale M.- Snider
C

c- Get the next binary integer from a char string. If the next
c - characters in the string is real, an integer conversion
c is made. If the next chraracters are character data, then
c the status flag is set. If an end-of-record, then the
c ~ status flag is set. For either an error or an end-of-

^

Figure D-9. (continued)
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Y

1,

i
c record, the integer variable is set to 0. '

c ;

c Entry - '

c str .. The character string to be parsed. ;.

c n' . The length of the character string. If greater
,

4
,

e than the dimension length of str, the dimension )

e length is used.,

e ib .. The start character location to extract the.

c number. Reset on exit.
c
c Exit -
c cvinm .. The integer number. If stat > 0, then cvinm is |

, c assigned C. If the number extracted
L c- from the character string is a real, an integer

c conversion is made, if tee real is larger than ;

,

c the largest integer value, cvinm is assigned the '

c largest value, and stat is assigned 3.
c ib .. The location of the next character after the number,.

c stat ... neg - ok.
c 0 - ok. ,

c 1 - end-of-file
c 2 = error.

..!c 3 = real to integer conversion where the real is
c larger than the largest integer.
C

character str*(*),breakul cx*10
integer n,1b, stat, type
real rx,mi,eps-
logical cor-

C I

c max integer, machine dependent
data mi/2.0E9/

c add small amount for integer-to-real round off
data eps/1.e-7/

C

(4'11 cv01(str,n,1b,rx,ix,cx, type, break, eor)
c

if(eor) then
cvinm=0 -

stat =1
return- |endif *

*
C

if(type.lt.0) then
cvinm=0
stat =2
return

endif
C

if(type.eq.2) then

Figure D-9. (continued)
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i f(rx.lt.mi) then
cvinm= int (rx+eps)
stat =0

else
cvinm mi
stat 3

endif
else

cvinm ix
stat =0

endif
C

return
end
subroutine cvchar(str,n,1b,cx. stat)

c
c cvchar - Get the next character data from a char string.-

c
c = Dale M. Snider
c
c Get the next character data from a char string. If the next
c charactars give a real:or integer number, the status
c flag.is set to an error and ex is unchanged,
c' If an end of-record, then the status flag is set ar.d
c cx is not changed.
c
c Entry -
c str ... The character string to be parsed.
c n ... The length of the character string. If greater
c than the dimension length of str, the dimension
c length is used,
c ib .. 1he start character location to extract the
e characters. Reset on exit.
C

c Exit -
c 1x ... The char-sub string. If stat > 0, then ex is not
c assigned a new value,
c -ib ... The location of the next character after the character
c sub string.
c stat ... neg - ok. The number of characters - abs (stat).
c- 0 - ok.
c 1 end of-file
c 2 = error (number data).
c

characterstr*(*),cx*(*), break *1
logical eof
integer n,1b, stat, type
real rx

C-

call cv01(str,n,1b,rx,ix.cx, type, break, eof)

Figure D-9. (continued)
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!

1

C $
if(eof)then !

stat =1
.

return i

endif i
'

C

if(type.lt.0) then j
-statatype

,

else !
stat 2

endif i
'

C

return -

ond
- i

subroutine cv01(str,n,1b,rx,ix.cx, type, break,cor) '

C

c cv01 - Parse a character string with predefined seperators, |
c
c Dale H. Snider |
c

_

.

c Parse a string into-integer, real or character data using a
c~ defined set of seperator~s.
c
c Entry -
c str ... Character string. |
c n ... Length of str. If n is greater than the dimension '

c length of str, the dimension length is used. l

c- ib ... The start character to begin processing. The first
.

c character is 1. A value less than I results in 1.
c This must be a variable, it is reset on exit,
c *

c Exit -
c ib- ... Points at the next character beyond the last
c- character-processed. If the variable is a number
c (real or integer), ib is pointing at the next
c character which may be a break charactor. If
c the variable is a character string not within ,

e delimeters, ib is pointing at the next character
c which may be a break character. If the variable
c is a charactcr string within a delimeter, the
c last delimeter is eaten. The string ''65abc' gives 65

,

c on the.first request and 'abc' on the second request.
c The string 'x/i,j/', where '/' is a character.
c- delimeter and ',' is a break character gives 'x' '

c on the first call and 'i,j' on the second call.
c Leading simple break _ character; are eaten,
c rx ... The real number. A-real number begins with a plus,
e minus, decimal or a number. The number-is real-if
c it contains a decimal point or an exponential,
c ix ... The integer number. An integer number begins with a

.

Figure D-9. (continued)
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P

,

c' plus, minus, decimal or a number. The number is !

c .nteger if it does not contain a decimal point or |

c an-ex)onential,

c cx ... The claracter string. Any, data which is not a real i

c number, or an integer number, or a break character, >

c or is enclosed within character break cha acters
c is character data. It_is the users responsibility :
c to insure that ex is long enough to hold the 1

c' parsed character data.
c type ... The type data returned, i

c type c 0 Character data. Abs (type) is the number !
'

c of char.
c type = 0 Not-used at this time.

'

-c type = 1 Integer.
c type = 2 Real.
c break... The break character. '

c eor ... End of record. No data is loaded.
C-

character str*(*),cx*(*), break *1,brk(8)*1
'

i integer n,ib,ix, type,tbrk(8),nbrk,ibrk
.real rx
logical eor ,

C. !
'

data nbrk/8/
data b r k/ ' , ' , ' ' , ' ' , ' ( ' , ' ) ' , ' ' ' ' , ' " , ' * ' / :
data tbrk/ 0 , 0 , 0 , 0 , 0 , 1 , 1 , 2/_

'

c
call cv00(str,n,ib,rx,ix,cx, type,brk,tbrk nbrk,1brk,cor)
if(ibrk.gt.1) break-brk(ibrk)(1:1)

'c
return- ,

end !

subroutine.cvil(str,n,ix.cx,1c,num),

c-
c- cvil - Parse a character string with-predefined seperators.
C |

'

c Dale M. Snider
C

c Parse a string into integer, real or character data using a
c defined set of seperators.
c
c Entry -
c str ... Character string.

'c n ... Length of str. If n is greater than the dimension
c length of str, the. dimension length is used.
C

c Exit -
c- ix ... The real or integer number array,
c A real number begins with a plus,
c minus, decimal or a number. The number is real if

Figuro D-9. (continued)
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i

r
c it contcins a decimal point or an exponential.
c- An integer number begins with a

,

i

c _ plus, minus, decimal or a number. The number is '

c - integer,if it does not contain a decimal point or
c an ex)onential,
c cx The clarteter string. Any data which is_not a real ;. . .

e number, or an integer number, or a break character, '

c -or is enclosed within character-break characters
c- is character data. It is the users responsibility i

c to insure that ex is long enough to hold the
c parsed character data.

- c ic The type data returned.. . .

c type < 0 Character data. Abs (type) is the number
c of char.
c type = 0 Not used at this time.
c- type - 1 Integer. '

c- type 2 Real.-
c type = 3 A break character,
c num ... The number of parsed variables.
c

characterstr*(*),cx(*)*(*),brk(8)*1
- integer n,ix(*),1c(*),tbrk(8),nbrk

c

data nbrk/8/
data brk/',',' ',' ','(',')','''','"','*'/ '

data tbrk/ 0 .-0 , 0 , 0 , 0 , 1 , 1 , 2/
C

callevx0(str,n,ix,cx,1c,num,brk,tbrk,nbrk) ;

c
return
end
subroutineevi2(str,n,ix.cx,1c,num)

c cvil - Parse a character string with predefined seperators. >

c
c Dale M. Snider-
c

Parse a string into integer, real or character data using ac
c -defined set of seperators,
c
c - Entry -
c str Character string,. . .

c - n Length'of str. If n is greater than the dimension. . .

c length of str, the dimension length is used. i
c

- c Exit -
c ix . . . -The real or integer number array,
c - A real nucaber begins with a plus - - -

c - minus, decimal or a number. The number is real if
c it contains a decimal point or an exponential.,.

- Figure D 9.- (continued)
-
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c An integer number begins with a
c plus, minus, decimal or a number. The number is
c integer if it does not contain a decimal poi.it or
c an exponential.
c cx ... The character ttring. Any data which is not a real
c number, or an integer number, or a break character,
c or is enclosed within character break characters
c is character data It is the users responsibility
c to insure that cx is long enough to hold the
c parsed character data,
e ic ... The type data returned.
c type < 0 Character data. Abs (type) is the number
c of char.
c type = 0 Hot use/ is time.
c type = 1 Integer.
c type - 2 Real,
c type 3 A break character.
c num ... The number of parsed variables,
c

characterstr*(*),cx(*)*(*),brk(7)*1
integer n,ix(*),ic(*),tbrk(7),nbrk

C

data nbrk/7/
data brk/',',' ',' ','(',')','''','"'/
data tbrk/ 0,0,0,0,0,1,1/

c
call cvx0(str,n,ix,'x,1c,num,brk,tbrk,nbrk)

C

return
end
subroutine ev00(str,n,1b,rx,ix,cx, type,brk,tbrk,nbrk,ibrk, eor)

C

c cv00 - Extract real, integer and character data from char string,
c
c Dale M. Snider
c
c This routine extracts integer, real or character data from
c a character string. The rules for defining the type of data
c are listed below. This routine is call repeatedly extracting
c data from the string until an end-of-record is reached.
C

c Entry -
c str ... Character string to be parsed.
c n ... Number of characters. If larger than the string
c dimension length, the dimension length will be
c used.
c ib ... The character position to start parsing. The first.

c character is one. a number less than one results in
c one. This character position is updated to the next
c character on exit.

Figure D-9. (continued)
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c brk ... The array of break characters l.eading simple break
e characters are ignored,
c The built in rules are:
c 1 A real number begins with a plus,
c minus, decimal or a number. The number is real if
c it con'.ains a decimal point or an exponential,
c Processing of a number terminates on a non-number
c except an e or E followed by a number,
c 2 An integer nJmber begins with a plus, minus,
e decimal or a number. The number is integer if
c it does not contein a decimal point or an
c exponential. Processing of a number terminates
c on a non-number.
c 3 Any data which is not a real number, or an integer
c number, or a break character, or is enclosed

c within character-break characters is character
c data,

c 4. The break characters are evaluated before the
c built in rules. Once a number is started the
c built-in number rules are followed until the
c nut.ber is completed,
c tbrk ... The type of break character,
c 0 - Break character,

c 1 Break. Enclose character type data within the
c break character.
c 2 - End of line character. Terminate the processing.
c Returns eor true when encountered,

c nbrk ... The number of break characters.
C

c Exit -
c ib ... Points at the next character beyond the last
c character processed. If the variet,le is a number
c (real or integer), ib is pointing at the next
c character which may be a break character, if
c the variable is a character string not within
c delimeters, ib is pointing at the next character
c which may be a break character. If the variable
c is a character string within a delimeter, the
c last delimeter is eaten. The string '65abc' gives 65
c on the first request and 'abc' on the second request.
c The string 'x/i,j/', where '/' is a character
c delimeter and ',' is a break character gives 'x'
c on the first call and 'i,j' on the second call,

c Leading simple break charactecs are eaten,
c rx ... The real number. A real number begins with a plus,
c minus, decimal or a number. The number is real if
c it contains a decimal point or an exponential,
c ix ... The integer number. An integer number begins with a
c plus, minus, decimal or a number. The number is
c integer if it does not contain a decimal point or

Figure D-9. (continued)
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c an exponential.
c cx ... The character string. Any data which is not a real
e number, or an integer number, or t. break character,
c or is enclosed within character-break character $
c is character data, it is the users responsibility

c to insure that cx is long enough to hold the
c sed character data,

,

c type ... type data returned.
c type < 0 Character data. Abs (type) is the number
c of char.
c type a 0 Not used at this time,
c type 1 Integer.
c type 2 Real.
e ibrk ... The index of the break character used in the last
c parse. If a number is terminated by encountering a
c non-number or if processing is terminated by reaching
c the end of the string (not the string ierminator
c break character), then ibrk 0.
c eor ... If true, then no more data,

c if f alse, then real, integer or character data
c was loaded,
c

character str*(*),cx*(*),brk(*)*(*), quote *1
integer n,ib,ix, type,nbrk,tbrk(*),ibrk
real rx
logical eor

C

nm min n,LEN(str))
nc LEN cx)
ib max ib,1)
ibrk 0

C

c check if end-of-line
10 if(ib.gt.nm) then

eor .true.
return

else
cor . false,

endif
C

c check if leading break characters,
do 20 ibrk-1,nbrk

20 if(str(ib:ib).eq.brk(ibrk)) go to 30
C

c fell through if check, must be number or character
go to 40

c
c jump here if a leading break character, process the break character
c if a break ( 0), eat the char and keep processing

30 if(tbrk(ibrk).eq.0) then

Figure D-9. (continued)
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ib ib+1
go to 10

else if (tbrk(ibrk).eq.1) then

$ gc to 80
g else if (tbrk(ibrk),eq.2) then
S eor .true,

return
4.) endif

..

e
c check if a number

,: 40 if((str(ib:ib).ge '0' .and, str(ib:ib).le.'9') or.
L + str(ib:ib).eq.'+' .or, str(ib:ib).eq ' ' .or

{'- str(ib:ib).eq.'.') tht o
- call cvnn(str,nm.ib,rn ix, type)

, ";ep if(ib.gt.nm) then
ibrk=0

"I return
: else

do 50 ihrk-1,nbrk
if(str(ib:ib).eq.brk(ibrk)) return
ibrk 0
return

endif
endif

c
c unidentified must be a char string. process until a break char

type--I
i-1
cx=' '
if(i.gt.nc) return

ex(i:4)= 'r(4h'ib)
50 ibuibt'

if(ib.g c.m) then
ibrk-0
retur-

endif i

do 70 ibrk-1,nbrk
70 if(str(ib:ib) eq.brk(ibrk)(1:1)) return

& i=i+1
if(i.gt.nc) return
type = type-1
cx(1:1)=str(ib:ib)
go to 60

e
c character string within a delimeter. process until next delimeter

80 quote-str(ib:ib)
type O
i=0
cx=' '

90 ib-ib+1

Figure D-9. (continued)
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if(ib.gt.nm) return
-if(str(ib:ib).sq, quote)then

ib ib+1 "

return
-endif
1-i+1
type = type-1

_'if(i.gt.nc) return

cx(1:1)=str(ib:ib)-
go to 90

C '

'

end
subroutine evnn(str,mb,1b,rx,ix, type)

C-

c1 cvnn - Process number data from string.
C ;

e Dala M.' Snider o'
c-

-c- Process number data-from a character string. The ib character
c pointer must be pointing at the start of the number.
C:

c- Entry -
c str ... The character string,
c mb ... Maximum characters to process. Must not exceed
c the str dimension length,
c ib ... The start character of the number.
C

C Exit -
c. rx ... The real number. A real number begins with a plus,
c minus, decimal or a number. The number is real if
c it contains a decimal point or an exponential,
c ix ... The integer number. An integer number.begins with a ,

c plus, minus, decimal or a number. The number is
c- ' integer-if it does not contain a decimal- point or
c

-
an exponential.

: c _ type... 1 = integer,
c 2 = real.
C

-characterstr*(*),ch*1
integer ib,ix, type,zero.npwr,mpwn nstep,epwr,signe,signi,

+ pow,mf,me
real rx,mn-

c ,

data.zero/48/ i

c
Ec-machine dependent |

L c;mf; ' max fraccional part, assumes integer _ is same -length
L c me_-Lmax exponential
L -c.mn --max.real number
| C

i

Figure _D-9. -(continued)
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-data mf,me,mn/8388607,36,1.0e37/
C'

'ch str(ib:ib)
. type-1
rx=0.0
ix=0
npwr= 0
mpwr-0
nstep-l
epwr=0
signe-1
rigni=1

0
c process the plus or minus sign

if(ch.ne.' ' .and. ch.ne.'+') go to 90
if(ch.eq.' ').signi--I

c
C loop

80 ib ib+1
if(ib.gt.mb) go to 120
ch-str(ib:ib)

C

C a humber
~

-90 if(str(ib:ib).ge.'0' .and, str(ib:ib).le.'9') then -
if(ix.le.mf) then

ix-lx*10+1 CHAR (ch)-zero
npwr-npwr-1
mpwr mpwr+nstep

endif -

go to 80
endif-

C:
c a decimal point -

if(ch.eq.'.') then
nstep=0
type =2
go to 80

endif
c
c an e or E,-process exporent

if(ch.eq.'e' .or. ch.eq.'E') then
type =2
ib-ib+1
if(ib.gt.mb) go to 120
ch-str(ib:ib)

C

if(ch.ne.' ' .and, ch.ne.'+') go'to 110
if(ch.eq.'')Lsigne--I

i C

C 100p

Figure D-9.- (continued)
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100- ib-ib41
if(ib.gt.mb) go to 120
ch-str(ib:ib)

c-
c exponent number

110 if(ch.lt.'0' .or. ch.gt.'9') go to 120
if(epwr.le.mf) epwr-epwr*10+ICHAR(ch)-zero
go to 100

endif
c
c complete the number

120 ix-ix*signi
if(type.eq.2) then

pow npwr+mpwr+(signe*epwr)
.if(pow.lt.me) then

rx real(ix*(10.0** pow))
else

rx-mn
endif

endif

return
end
subroutine evx0(str,n,ix.cx,1c,num,brk,ityp,nbrk)

C'
c' cvx0 - Extract real, integer and character data from char string.
C

c Dale M. Snider
C

c This routine extracts integer, real or character data from
c- a character string. The rules for defining the type of data
c are, listed below. This routine is call repeatedly extracting
c data from the string until an end-of-record is reached,
c
c Entry -
c str ... Character string to be parsed.
c n ... Number of characters. If larger than the string
c- -dimension length, the dimension length will be
c used.
c brk ... The array of break characters. Leading simple break
c charactcrs are ignored,
c The built in rules are;
c' 1 A real-number begins with a plus,
c minus, decimal or a number. The number is real if'

'

c - it contains a decimal point or an exponential.
c Processing of a number terminates on a non-nuhiaer

-c exce'pt an e or E followed by a number.
-c- 2 An integer number begins with a plus, minus,

4

c- decimal or a number. The number is integer if l
e it does not contain a decimal point or an |

s

Figure D-9. ' continued) '
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c- exponential. Processing of a number terminates
c on a non number,
c 3 Any data _which is not a real number, or an integer
c number, or a break character, or-is enclosed
c within character-break characters is character
c data.
c 4. The break characters are evaluated before the
c built in rules. Once a number is started the
c built-in number rules are followed until the
c number is completed.
c ityp ... The type of break character.
c- 0 - Break character.
c 1 - Break and store the break character.
c 2 - Break. Enclose character type _ data within the
c break character,

c 3'- End of line character. Terminate the processing.
c .

4 = Break and store and enclose alphanumeric,
c nbrk ... The number of break characters.
c
c Exit -
c ix ... The real or integer number array. A real number begins
c with a plus minus, decimal or a number. The number is
e real if it contains a dec..;al point or an exponential. ,

c An integer number begins with a plus, minus
c decimal or a number. The number is integer if it
c does not contain a decimal point or an exponential
c If both real and integer data are to be used, the '

c calling program needs to have ix equivalenced to
e a real array. If character data is loaded, then

1: ix is unchcnged.
c cx ... The character string array. Data which is not a real
c n';mber, or an integer numbcr, or a break character,
c- or is enclosed within character-break characters
c is character data. It is the users responsibility
c to insure that cx is long enough to hold the
c parsed character data,
c ic ... The type data returned array.
c type < 0 Character data. Abs (type) is the number
c of char.
c type = 0 Not used at this time.
c type - 1 Integer.
c type = 2 Real. <

c type - 3 Break-and store character.
c num ... The number of parsed elements,
c num=0 indicates end-of-file. No elements loaded.
C

character str*(*),cx(*)*(*),brk(*)*l, key *1
integer n,nm ix(*),ic(*),ityp(*),itype,nbrk
logical quote

C

i

Figure D-9. (continued)
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nm min (n,'36(str))
ib=0
num=0
ibrk-0
fx(l)r0'

-cx(l)a' '

C

c ' check if end-of-line
10 lb-ib+1
20 if(ib.gt.nm) return

C

'c process break characters
do 30 ibrk-1,nbrk

30 if(str(ib:ib).eq.brk(ibrk)(1:1)) 90 to 40
C-

:c fell through if check, must be number or character
go to.60

c
jump here if a break character. process the break character
40 if(ityp(ibrk).eq.0) then

go to 10
e

c break-and-store. store the break character ic=3
else if(ityp(ibrk).eq.1) then

nuh.-r um+1

cx(num) ' '
-cx(num)(1:1)-str(ib:ib)

ic{num)=3
ix(num)=0
go to 10

e
c enclose-alphanumeric between seperator
c enclose alphanumeric between seperator and tore seperator

e1se.if(ityp(ibrk).eq.2 .or, ityp(ibrk).eq.4) then
~

itype-ityp(ibrk)
if(ityp(ibrk).eq.4) then

num-num+1
cx(num)(1:)=' '
cx(num)(1:1)=str(ib:ib)
ic(num)-3

endif
quote ,true.

key (1:1)-str(ib:ib)
,

num=num+11

'ic(num)-0
cx(nua)(1:) ' '
ix(num)-0'
idx=0
go to 130

c-

Figure D-9. -(continued)
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w

c-terminate line_ character
:else if(ityp(ibrk).eq.3) then

-

return
.endif +

C

c. check if a number-
60 if((str(ib:ib).ge '0' .and, str(ib:ib).le.'9') .or,

+ str(ibiib).eq '+' .or. str(ib:ib).eq.' ' .or.
+; -str(ib:lb) eq.'.') then

. num-num+1
call _ cvnn(str,nm,1b,ix(num),ix(nuni),1c(num))
go to'20

endif
_

_C

c:not a number or unidentified. alpta string terminated with a break char
quote false,
num=num+1
idx=1

_-

ic(num) -l.

cx(num) ' '
ex(num)(idx:idx)-str(ib:ib),

ix(num)=0
- c
c process *' ring of characters

130 lb=ib+1'
if(ib.gt.nm) go to 20
if(quote):then

if(str(ib:'ib.'. aq.ksy(1:1)) then
if(itypa.eq.4) then

num-num41

ic(num)-3
cx(num)(1:) ' '
cx(num)(1:1)=str(ib:ib)

endif
_go to 10-

endif
else

odo 80 ibrk-1,nbrk
80 -if(str(ib:ib).eq.brk(ibrk)(1:1)) go to 20

endif
'idx-idx+1

!'ic(num)-ic(num)-1_
cx(num)(idx:idx)=str(ib:1b)

-

-go to 130-

c
end

-

subroutine evch(str,n,ib,cx,nch,brk,tbrk,nbrk,1brk, eor)
C

c- cvch - Extract character data from char string. *

C.

Figure D-9. (continued)
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c- Dale M. Snider d
C

c This routine extracts character data from
.c a character string..The rules for defining-the type of data
c. _are listed below. This routine is call repeatedly extracting
c -data from the string until an end-of-record is reached.
c
c Entry -
c str ... Character string to be parsed.
c n ... Number of characters. If larger than the string
c dimension-length, the dimension length will be

,

c used,
c -ib ... The character position to start parsing. The first

=c character-is one, c number less than one results in -

c- one. This character position is updated to the next
c character on exit.
c brk ... The array of break charactert. Leading simple break
c characters are ignored.
c tbrk ... The type of break character.
c 0 - Break character.

:c 1 - Break. Enclose character type data within the
c break character.

'

c 2 5 End of line character. Terminate the processing,
c Returns eor - true when encountered,
c nbrk ... The number of break characters.
c
c- Exit -
c ib ... Points at the next character beyond the last-

,- c character processed. If -

c- the variable 'is a character string not within
ci delimeters, ib is pointing at the next character

-c which may be a break character. If the variable
'c is a character string within a delineter, the
c last delimeter is eaten. -

+

c- The string 'x/i,i/', where '/' is a character
c - delimeter and ',' is a break character gives 'x'
c- on the first call and 'i,j' on the second call.
ic Leading simple break characters are eaten.
c cx ... The-character string. Any data which is
c not a break character,

y

c or is enclosed within character-break characters
c is character data. It is the users responsibility
c to insure that cx-is long enough to hold the-
c parsed character data,

nch -
ibrk .Q..

The number of characters parsed,e

The index of the break character used in the lastc
c- parse. If a number is terminated by encountering a
c -- non-number or if processing is terminated by reaching
c the end of-the string-(not the string terminator

-c break character), then ibrk - 0.

Figure D-9. (continued)
.
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c eor ...cIf true, then no more data.
c- If false, then real, int 9ger or character data
c was loaded.
c

characterstr*(*),cx*(*),brk(*)*(*), quote *1
integer- n,1b,nch,nbrk,tbrk(*),ibrk
logical eor: |

.c
nmmin(n,LEN(str))
nc LEN(cx)
ib max (ib.1) |
ibrk-0 !

|nch-3
c
c check if. end-of-line

10 if(ib.gt.nm) then
eor .true.
return

else-
cor . false.

endif ,

,

C

c check if' leading break characters,
do 20 ibrk-1,nbrk

20if(str(ib:ib).eq.brk(ibrk))goto30
-C
c fell through if; check must be character

go to.40
C

c jump bera if a leading break character process the break _ character
-c if a break (-0),-eat the char and keep processing

~

30 -if(tbrk(ibrk).eq.0) then |

ib ib+1
-go to 10

el;e'if(tbrk(ibrk).og.1)then
go to 80

else if-(tbrk(ibrk).eq.2)_then
. eor .true,

return
endif

c 1

-40 continue
nch-1
1-1

'
CX=#
if(i.gt.nc) return

1__-cx(i:1)-str(ib:ib)
60 ib-ib+1

if(ib.gt.nm) then
ibrks0

,

Figure D-9.-- (continued)
l
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9

return
endif-
do 70 ibrk=1,nbrk _

_ _

70 if(str(ib:ib).eq.brk(ibrk)(1:1)) return
-i-i+11
if(i.gt.nc) return
nch nch+1
cx(1:1)=str(ib:ib)
go to 60

e
c character' string within a delimeter. process until next delimeter

80 quote-str(ib:ib)
.nch=0
'i=0-
CX=# #--

90 ib=ib+1
if(ib.gt.nm) return
if(str(ib:lb).eq. quote) then

ib=ib+1
return

endif
i=1+1
nchinch+1
if(i.gt nc) return-.

cx(1:1)=str(ib:ib)
go to 90-

; C

end
subroutine ev02(str,n,ib,cx,ricn, break, eor)

.. c
c |cv01 - Parse a character string with predefined seperators,
c
c- Dale M. Saider
C

c Parse a string _into character data using a defined set
c of seperators.
C

c. Entry -
- _

ec: str ... Character string.
c. n_ ... -length of str. If n is greater .than the dimension
c length of str,_the dimension lengtn is used.
c_ 'o ... The_ start-charactar to begin processing. The first

;c character is 1. A value less than-l results-in 1.
c- --This must be a variable. F it reset on exit.
C

- c. Exit -
c ib. ... Points at the next character beyvnd the last
c- character processed.- If the variable is a number
c (real or integer),-ib_is pointing at the next

Jc: char.mter which may be a break character. If

. Figure'D-9. (continued)
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I

c) the variable is a character string not within !
c- -delimeters, ib is pointing'at the next character
c which may be a break character. If the variable i

e is'a character string within a delimeter, the 1

c. last delimeter is eaten, i

c- The string 'x, ,j/', where '/' is a character-

c - delimeter-and ' is a break character-gives 'x',

c on the first call and 'i,j' on the second call.

- -.c Leading simple break characters are eaten.
c cx ... The character _ string. Any data which is not
c a break character,
c or is enclosed within character-break characters
c- is character data. It is the users responsibility -

c to insure that cx is long enough to hold the
c- parsed character data,
c- nch . . . The number of characters parsed,
c break... The break character. !

c eor ... End of record. No data is loaded.
C

characterstr*(*),cx*(*), break *1,brk(S)*1
integer n,1b nch,tbrk(8),nbrk,1brk

i

logical eor
c

. data nbrk/8/
data brk/',',' ',' ','(',')','''','d','*'/
data tbek/ 0 , 0 , 0 . 0 , 0 , 1 , 1 , 2/

C

call cvch(str,r,ib,cx,nch,brk,tbrk,nbrk,ibrk, eor)
if(ibrk.gt.1) break-brk(ibrk)(1:1)'

c
return

.end

,-

a

g Figurc D-9. (continued)
L
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c '1he make script used to build xcif<

C

: #1/ bin /csh
cft?7 cv0000.f
Lupdate -i xcif.us -c-xcif

# cf77 -m 4 -o xcif cv0000.f xcif.f >& e r
cf77- ta 4 -o xcif cv0000.0 xcif.f >& err
more err

c The make script used to|bui'd zcif

-#1/ bin /csh
# f77 -o zcif -g -trapuv cv0000.f zcif.f envrl.a -1m
f77 -o zcif -9 -trapuv cv0000.o zcif.f envrl.a -lm

0

|

.

I

)

|

I

Figure'L-10. TRAC 2FRAP scurce code mkx and mkz.
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'

1

l

l<

subroutine getprp(void,tL,tV,rhol,rhoV,vl,vV,
+ h!!x, tMx,mMx)

c
c *** getprp - Get the mixture properties
c
c The bulk values of the mixture are calculated. The
c property of the mixture is-iased on the quality. The
c ' quality is a non. equilibrium quality based on the
c ratio of the mass few rate of the gas to the total
c mass flow rate. This quality ir, calculated in-this
c routine. The sth2x4 rottine returns (qu_ librium water

'

c properties given the two independent properties,
c temperature and specific volume. sth2x4 is called
c once for the liquid phase ar.d once for the vapor
c- phace. From the non. equilibrium quality and the
c properties of the two phases the min ure properties 1

e are calculated. For property "p", with vapor (V) and
c .-liquid (L) properties, the bulk property is:
c . p - qual * pV + (1 - qual) * pl.' '

c-
c' Entry -
c- void : Void fraction.
c tl :1..nperature of the liquid.
c .tV :.emperature of the vapor.

-c_ rhol : Density of the liquid.
c. rhoV : Density of the vapor.
c- .vl- : Velocity of the liquid.
c vV : Velocity of the vapor.
C

c Exit -
' '

c -hMx- :Enthalpy of the mixture.
c tMx : Temperature of the mixture.
c- mVx : Mass flux of the mixture.
c

INCLUDE 'zclf.h'

real void,tl,tV,rhol,rhoV,vL,vV,hMx,tMx,mMx
*

rea, qual , f ac,iil, hV
integer istate
logical err-

,

c -If void is > 0.99, the gral-1. If void < 0.001, qual -0.0
c Otherwise, qual - Hvap / (Myan + Mliq) where
c Myap = Mass few rate of-vapor.
c Mlig - Mass few rate of liquid..

iffvoid.gt 0.99) then

cual=1.0
else if(void.lt.0.001) then

Figurt D-11. The zcif subroutine that calculates bulk fluid properties.
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-qual-0.
-else

fac=(rhoV/rhol)*(vV/vt)*(void /(1.0-void))
qual-fac/(1+fac)

endif
c sth2x4: lookup of water prop using-temp & specific _ vol
c istate: 1: liquid.2:2-phase 1: vapor
c if the qual < 0.99, get the liquid enthalpy-

c .f istate.- 2, use sat h. If istate # 2, use single phase h
if(qual.lt.0.99) tien
prp(l)-tl
prp(3)-1.0/rhol-

s
call sth2x4(stmtbl,prp,istate, err)
if(err).then

call clos
stop ' water prop err'

endif
if(istate,eq.2) then '

hl-prp(15)
else

bl-prp(5)_
endif

else
hl-0.0

endif.

c- If- the; qual > 0.01, get the vapor enthalpy
: If istate - 2, use-sat h. If istate # 2, use single phase h

if(qual .gt.0._01) then
prp(1)-tV
prp(3)=1.0/rhoV
call sth2x4(stmtbl,prp,istate, err)
if(err) then

call clos
stopJ' water prop err'

L endif-
" 'If(istate.eq.2) then

hV-prp(16)
:el sn

hV-prp(5)
endif

1 = lsee
! hV=0.0

er.di f
c calculata~the mixturo properties

.

:hMx= qual *hy+(1.0-qual)*hl
| tMx qual *tV+(1.0-qual)*tL
L mMx-vV* void *rhoV+vl*(1- void)*rhol
' return

end

| Figure 0-11. (continued)
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APPENDIX E

SCDAP/RELAPS/ MOD 3 INPUT DECK PREPARATION AND RESULTS

E-1. Coot DESCRIPTION

.The SCDAP/RELAP5 computer code is a light water reactor (LWR)-transient
analysis code designed to provide'tbe overall reactor coolant system (RCS)
thermal-hydraulic response, core damage progression, and fission pr,oduct
release'andtransportduring',severeaccidents. SCDApELAP5/M003 is a
combination of RELAP5/M003, SCOAP,.3 and TRAP-MELT models. The

'

- RELAP5/M003 models calculate the overall RCS thermal-hydraulics, control
system interactions, reactor kinetics, and the transport of noncondensible

-gases, fission products, and aerosols. The SCDAP models calculate the damage
progression in the core structures and the formatior., heat-up, and melting of
debris. The TRAP-MELT _ models calculate the deposition of fission products
upon aerosols or structural surfaces; the formation, growth, or deposition of
aerosols; and the.evaporization of species from surfaces. These models are
fully coupled at each time :tep. Their functional interaction is described in
Figure E-1.

!s in #'!s
Thermal hydraulics 4,,,*uer ,

4 ,['*s , 3T #material transport e

$ **Ct/
#00 *O

?W *ng ,, #*%er, WVerg
i 1 ** r -m

$ 3 I I * %
5 e i & Fuei rod, control rod.

5 5 3 structure, and

$ = E I debris behavior
$ I 5 _/s

3 j;
e.o S. . ce,g .w'mm

Radionuclide sat " * * *
'

deposition and decay

.

Figure E-1. SCDAP/RELAP5 reactor coolant system interactions.

The M003 version of SCDAP/RELAP5 was developed to provide a code version
suitable for the analysis _ of all transients and postulated accidents in
pressurized water reactor (PWR) syst5ms, including both large- and small-break
loss-of-coolant accidents' (LOCAs) as well as-- the full range of operational

E-3
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transients. It also is a relatively fast-running ccde that can execute from a
workstation platform. SCDAP/RELAP5/ MOD 3 was thus a suitable selection for
modeling accident scenarios for the timing analysis of PWR fuel pin failurcs.
The assessment of SCDAP/RELAP5/V003 is in progress.

E-2. METHODOLOGY

Figure E-2 shows the role of SCDAP/RELAP5/M003 in the overall methodology
for the timing analysis of PWR fuel pin failures. SCDAP/RELAP5/M003 was used
to calculate primary system thermal-hydraulic response and provide thermal-
nydraulic boundary conditions for the FRAP-T6 calculations. A
SCDAP/RELAP5/M003 transient calculation was made for each of the following
accident scenarios for bott the Seabrook and Oconee reactors:

A double-ended, offset shear break of a cold leg, with break sizes.

corresponding to 100, 90, 75, and 50% of the full design basis
accident (DBA), without emergency core cooling systems (ECCS) ad
without reactor coolant system (RCS) pump trip -

The'100% DBA, or worst, case with RCS pumps tripped, both with and.

without ECCS

'The 100% DBA case with ECC but without RCS pumps tripped.

A 6-in.-dia small-break case, both with and without ECCS..

Transient calculations were preceded by a null transient (steady-state)
calculation to stabilize system parameters.

E-3. INPUT DECK DEVELOPMENT AND EXECUTION FOR SEABROOK

The basic SCDAP/RELAPS reactor model used in this analysis (referred to
hen;after as the' base deck) was an existing SCDAP/RELAP5/M002.5 input deck for
m Seabrook reactor, a Westinghouse four-loop plant with a 17x17 f el pin
configuration, as modified for a station blackout transient study.'3
Calculations supporting both the original Seabrook deck and subsequent
modifications are. archived. Nodalization diagrams for the revised deck are
presented as Figures E-3 and E-4.

The following changes were made to the Seabrook base deck to accommodate
the specific requirements of this analysis:

The three-channel RELAP5 core and core bypass models were modified.

from six to nine axial nodes.

The number of fuel assemblies in each of the three channels in the.

core model was modified as follows: hot channel--4; middle ring-- -

77; outer ring--Il2.

E-4
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FRAPCON-2
Calculates burnup-dependent
fuel pin initial conditions

h
Initial values of

released fission gas inventory
retained fission gas inventory
permanent cladding 3 trains
cladding oxide thickness
amc:.nt of open fuel porosity

? '

7 ?

SCDAP/RELAP5/M003 FRAP-T6
Calculates primary system thermal- Steady-state case run to
hydraulic response, including provide initial steady-

primary system pressures, tem- state conditions for SCDAP
peratures, void distributions components
break flow
core thermal-hydraulics
containment isolation signal Initial gap conductance
timings Initial gap gas pressure
fuel pin ballooning and rupture Radial temperature profile

h

Time-dependent tooles of
Bulk thermal-hydraulic conditions in
core nodes and core inlet and outlet
volumes.
Coolant mass flux in core nodes.
Fuel pin power distribution.

Y

FRAP-T6;

Calculates, transient

fuel performance

|- 1

Fuel pin failure timing

figure E-2. Flow chart of methodology using SCDAP/RELAP5/M003 thermal-
hydraulic data.

E-5 :

l
|

|



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

|

i

,

|

N~W, r % j F3 *i- h f-1" E] @
"~"

~

,
j 1ei s.o r'1 f .4 m t;i

ira ri la Ul

I to m i1
~~~

Ii m vi I i

i I.
,

_4 i

d I6 p. > im|4 y>J
_

-
.

=

m i L-F
-

'n ~' 4"I -!h 6~,_ m-
"

n =
~_,1 l' -

>). . luul n-
+ t ,_g1_,

'

--

___
i-- j-- -, - -

m
;$j ;) . * )J

. . 4 . imE I *'* I
.,

' i.M i _j= - H -- -.t I M .. i "
"

I - -
.

-
i

- n ,+ n -
'

m, ,,, I ies is [j = ]
=. . -os . 1

* . ea p. _ f] .
**

J *
m i yi - i m

- Wee W'- 4 i; _ v v + .-

d ~

1. 'W
;.{f '.'A L*''23-S .L
i

-

_
. $ _._4 '.'t ' * _ *'.91

'~ "

"" ~
t t-2- "*'

F
_

i 3"2n.. E
_

d ~_ _ _ .
- - - - - - -

y g,u.

A - / .. . . . ., . , .. . , . .

7T'TT~~~ ~*

h/ '

| 1 m 1

T t+

I/] |*

t
4

' I

M279-WnT-491-04A !

|

:

Figure E-3. SCDAP/RELAPS/M003 nodalization diagram of the Seabrook reactor model.
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The RELAP5 upper plenum and guide tube models were modified from+

three- to single chanr.el models.

The RELAPS downcomer model and vessel inlet annulus fluid volumes.

below the cold leg centerline were split into two channels connected
by crossflow junctions.

All heat structures associated with the above models were modified+

as required.

A previously developed accumulator model was added, and ECCS models+

were added for those cases requiring ECCS initiation.

The RELAP5 portion of the deck was upgraded to run on*

SCDAP/RELAP5/M003.

RELAP5/M003' reactor point kinetics input and a control system for*

scram reactivity insertion were added.

A RELAP5/M003 containment model and containment isolation trips were*

added.

A method for calculating collapsed reactor water level was added.*

A SCDAP input deck was created to represent the Seabrook core model.*

These changes are discussed in more detail in the follcwing subsections.

E-3.1 Reactor Vessel Component Hodifications

The Seabrou core model in the base deck contained three channels and six
axial nodes. To .ccommodate the axial power profile requirements for the
timing analysis of PWR fuel pin failures, the core and core bypass models weie
modified to contain nine axial nodes. The three-channel upper plenum and
guide tube assembly models were also combined into single channels. The
number of fuel assemblies in each of the three channels was also modified in
order to model the hot pin more accurately. The inner, middle, and outer
channels of the base deck contained 37, 92, and 64 fuel assemblies,
respectively; the modified core model inner, middle, and outer channels
contain 4, 77, and 112 fuel assemblies, respectively.

During a LOCA, the borated water from the emergency cooling accumulators
floods the core through two flooding nonles attached to the reactor vessel.
In order to simulate the process of core flooding more realistically, the
dounx.ner model and vessel inlet annulus fluid volumes below the cold leg
cenu.rline were split into two channels connected by crossflow junctions. The
revised downcomer flow modeling splits Components 102, 104, and 106 into two
channels, one for each loop. Components 102, 104, and 106 represent flow
from the broken loop, set at 25% of total flow. Components 182, 184, and 186
represent ficw from the intact loop, set at 75% of total flow. For
consistency, Components 102 and 182 were converted from branch to annulus

i
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components. Branch junctions were replaced with single junctions, and single ,

junctions-representing both crossflow and vertical junctions were added as
required by the three channel model.

Heat 7,tructures connected to restructured reactor vessel components were
also modiftad : required. Specific reactor vessel component modifications
are listed in Table E-1.

E-3.2 Addition of Accumulator and ECCS Models

Accumulator and ECCS models were developed for the original Seabrook deck
and had been removed from the base deck. These models were taken from the
calculation packages for the original Seabrook deck and added to the input
decks for the timing analysis of fuel pia failures, where appropriate.

E-3.3 Deck Conversion from RELAP5/ MOD 2 to RELAP5/ MOD 3

Upon release of RELAP5/M003, the code developers issued a list of changes
necessary to convert RELAP5/M002 input decks to RELAP5/M003 input decks. All
the changes listed in Table E-2 are required so that the RELAPS/ MOD 3 input
deck will run similarly to the RELAP5/M002 deck. While the code may run
without making any changes, the results will not be accurate. Changes
required to convert the Seabrook base deck to run on SCDAP/RELAP5/M003 are
described below.

E-3.3.1 Volume Vertical Angle. The volume vertical angle is used
in RELAP5/M003 to calculate interphase friction and must be entered in the
RELAP5/M003 input deck if two-phase flow is important. No changes were
necessary, since the Seabrook base deck already had the volume vertical angles
entered.

E-3.3.2 Junction Hydraulic Diameter. Junction hydraulic diameter
and counter-current flow (CCFL) data cards were added for all junctions found
in the base deck and modified reactor vessel models. Depending on the
component, these cards require either four or five data words: junction
hydraulic diameter, flooding correlation, gas intercept, slope, and junction
number (optional). Junction hydraulic diameters were calculated based on
available plant-specific data, and these calculations have been documented
(see Appenaix A). The CCFL model was not turned on; however, input for the
flooding correlation form, the gas intercept, and the slope is still required.

g These values were arbitrarily set to 1.0 for all junctions.

E-3.2.3 Horizontal Stratification Flags. In RELAP5/M002, the flag
for horizontal stratification off was y = 3; in REI APS/M003, the same flag is
y = 0. No changes were necessary, since there were no components in the base
deck with v = 3.

E-9
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Table-E-1. Data revisions to RELAP5/M003 section of the Seabrook input deck.

Model or
component no." Description of data' Description of revision

|
~

Core model The 3-channel-core model was-changed
from 6 to 9 branch components per
channel.- The fuel assembly.
distribution per channel was changed
as follaws: hot channel, 37 to 4
assemblies; middle ring, 92 to 77;
outer ring, 112 to 64. Specific
component changes required by this
model change are given_ below.

'C151 to C159, Volume flow area These values were recalculated
center channel; because they are based on the number
C161 to C169, of fuel assemblies per channel,
middle ring; C171
to C179, outer
ring.

Volume length The volume length was adjusted
linearly. NOTE: the difference
between the active fuel length and-
the total fuel rod length was added
to the ninth (highest) volume.

Volume elevation Same as above.
,

change

Volume control The rod bundle interphase friction
flags model was turned on.

Volume.. initial The values for pressure and liquid
conditions and vapor specific internal energ

wereinterpolatedover9 volumes.gy

Crossflow junction Due to the change in volume height
flow area _ and number of fuel assemblies, this

value was recalculated.,

Vertical junction These values were redistributed over-
forward.and the height of the volumes.
reverse flow loss
coefficients-

Vertical junction These -values were interpolated over
_ initial liquid and 9 volumes.b'_

vapor velocity

.

E-10
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Table E-1. (continued)

Model or
component no.' Description of data Description of revision

Upper plenum _model The nine branch volumes of the upper
plenum model were combined into
three single channels. Spacific

component changes required by this
model hange are given below.

C191, C192, and Number of The number of junctions for C191
C193, upper plenum junctions changed (rom three to five.

Volume volume The single-channel volume volume is
the sum of the three 3-channel
volumes.

Hydraulic diameter The hydraulic diameters were
recalculated from plant-specific
data.

Junction Because of the. change in number of
connection codes junctions, the T0 and FROM

connection codes changed.

Junction area The single-channel junction area is-

the sum of the three 3-channel
junction areas.

Junction mass Because of the restructuring of the
flows core channels, junction mass flows

were recalculated.

Core bypass model The core bypass pipe model was
changed from six to nine nodes.
Specific component changes required
by this chance are given below.

Cll6, core bypass Number of pipe The number of volumes was changed
fluid volume volumes from six to nine.

Volume length The_ volume lengths were adjusted
linearly. NOTE: the difference
between the active fuel length and
the total fuel rod length was added
to the ninth (highest) volume.

Volume volume The core bypass volume volumes were
recalculated to match the revised
core volume lengths.

E-11
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Table E-1. '(continued)

Model or
comoonent no.' Description of da_ta Description of revision

Volume elevation The core bypass elevation changes
change were adjusted to match the core

volume lengths.

Volume initial The values for pressure and liquid
conditions and vapor specific internal energy

were interpolated over nine
volumes

Vertical junction These values were redistributed over
flow energy loss the height of the volumes.
coefficients

Vertical junction These values pere interpolated over
initial liquid and nir.e volumes,

vapor velocity

Guide tube The guide tube assembly model was
assembly model changed from three branch components

to one. Specific component changes
required by this model change are
given below.

Cl31, guide tube Volume volume The single-channel volume volume is
assemblies the suir of the three 3-channel

volumes.

C126, upper head Number of The three junctions to the 3-channel
fluid volume junctions guide tube assembly were combined

into one, reducing the number of
junctions from six to four.

Junction area The single-channel junction area is
the sum of the three 3-channel
junction areas.

Downcomer and The downcomer and associated fluid
vessel inlet models were split into two channels
annulus fluid and linked with crossflow junctions,
model s C102, C104, and C106 and associated

vertical junctions represent the
broken ' loop, with flow set at 25% of
total flow. C182, C184, and C186
and associated junctions represent
the intact loop, with flow set at
75% of total flow. Specific
component changes are given below.

: E-12
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Table E-1. -(continued)

Model or
_..compsnent ng.' Description of data Descrin11pn of revlifon

C102-0182;-C104- Volume volume ~102 was converted to an annulus and
CIC4; C106-C186; split; C104 ar.d C106 were split.
vessel inlet fluid C182, C184. and C186 duplicate C102,
volumes below the C104, and C106 except for the volume
cold leg center- volume, which was split according to
line and downcomer the channel split factor.

C103aC183; C105- Junction area C103 repla:es a branch junction -

C185; vertical formerly connected to C102; both,

junctions between C103 and C105 were split. C183 and
the inlet annulus CIBS duplicate C103 and C105 except
upper and lower for the junction area, which was
volumes and the split according to the channel split
lower volume and factor.
downcomer

C253-C453, These junctions replace branch
vertical. junctions junctions formerly affixed to C102,
between cold legs The only change was to junction T0
and vessel inlet and FROM connection codes.
fluid volumes

C194 C195, Junction area C194 replaces a Lranch junction
vertical junctions formerly connected to C102. C195
between the vessel duplicates C194 except for T0 and
inlet fluid FROM codes and the junction area,
volumes and opper which was split according to the -

plenum channel split factor.

C101-C181, Junction area CICI replaces a branch junction
vertical junctions formerly connected between C102 and
between vessel C100. C181 duplicites C101 except
inlet fluid for T0 and FROM : , des and the
volumes above and junction area, which was split
below the cold leg according to the chani.el split 4

centerline factor.

C187, C188, and Junction area, Crossflow junctions were added
C189; crossflow hydraulic between C102 and CIS2, C104 and
junctions diameter, flow C184, and C106 and C.'86 (multiple

velocity, loss junction). Crossfloe junction areas
coefficients and hydraulic diameters were

calculated based on specific reacter
data. Flow velocit es and loss
coefficients were sit to zero.

E-13
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Table E-1. (continued)
.

Model or
component no " Descrjotion of dAL; Descriotion_of revision '

108, lower plenum Junction area, A branch junction duplicating tha
' fluid volume number of branch branch junction between C108 and

_

juncticns C106 was added between C108 and
C186. The number of branch
junctions was changed from three to
four, Junction area for the two

branch junctions was split according
to the channel split factor.

b

Heat structures All heat structures connected to
attached to the restructured reactor vessel compo-
core,_ core bypass, nents were modified as required.
upper plenum, Heat structures required by the
guide tube- addition of reactor vessel compo-
assembly,:and nents were added. Specific changes
downcomer models and additions are given below.

HSil6,-core baffle Cylindrical HSil6 is connected to Cll6, the core
' assembly height, volume bypass model, and C171 through C179,

numbers, number of the core outer ring. Volume
axial heat numbers, the number of axial heat
structures structures, and cylindrical heights

were revised to match the revised
core nodalization.

HSil81, upper core Rectangular HSil81 is connected to C191, .

plate and, fuel surface area lowest volume of the upper plenum
assembly-top and is a combination of three heat
nozzles structures. The rectangular surface

area is the sum of the three surface
areas.

i HS1211, upper core' Surface area HSil21 is connected to upper plenum
j support columns; factor components 191, 192, and 193.

HS1221, guide-tube HS1221 is connected to C331, the
lower assembly; guide tube assembly, and C191, C192,
HS123, support and C193. the upper plenum. HS123

|- plate; HS1241, is connected to C193, upper plenum,
| guide tube' upper _ and Cl24, lower upper head. C1241

L
assembly walls is attached to Cl31, guide tube

assembly, and Cl24 and C126, uppert

L head components. All involve
1 combining data from three heat

structures into one. The surface
area facters are the sums of the
three surface areas.

.

?
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I Table E-1. (continued)
._.

Hodel ori

component no,' DesIriotion of data DescM otion p.f revision

HS1001-1002, Surface area HS1001 connects to inlet annulus
vessel wall in components C100, C102, and C104
inlet anniilus (broken loop); HS1002 is connected
region to inlet annulus components C100,

' C182, and C184 (intact loop).
HS1001 was split; HS1002 duplicates

i_ HS1001 except for surface areas,
i which were split according to the

channel split factors. ~

nS1021-1022, core Cylinder height HS1021 connects components C100,
,

i barrel wall in C102, C104, and C106 (broken loop
inlet annulus fluid volumes and downcomer) with
region; HS1061- components Cll2 (lower head), Cll6
1062, vessel wall (care bypass), and C191, C192, and
in the downcomer C193 (upper plenum). HS1022
region connects components C100, CIS2,

C184, and C186 (intact loop fluid
volumes and downcomer). HS1061 and
HS1062 are connected to C106 and
C186, the 2-channel downcomer.
HF1021 and HS1061 were split; HS1022
and HS 1062 duplicate HS1021 and
HS1061 except for cylinder heights,
which were split according to the'

channel split factors.

HS1071-1072, Surface area HS1071 and HS1072 aro connected to
neutron panei C106 and C186, the 2-channel
assemblies in downtomer. HS1071 was split; HS1072
downcomer duplicates HS1071 except for surface

area, which was split according to
the channel split factors,

a. C - component; HS = heat structure,

b. These values are estimates; actual values are calculated during the null
transient.

K

-
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"Tabl e E'-2. Changes for converting RELAPS/M002 input decks to RELAP5/M003.
.

Junction Horizontal
Volume hydraulic stratification

_ _(omoonent vertical anale diamtter flao
__

Single volume CCC0101-CCC0109 --- --- 4

W5

Time-dependent CCC0101-CCC0109 --- ---

volume W5

Single junction --- CCCOl P WI CCC0101-CCC0109
W6

Time-dependent --- --- ---

junction

Pipe CCC0601-CCC0699 CCC1401-CCC1499 CCC1101-CCC1199
W1 W1 W1

Branch CCC0101-CCC0109 CCCN110 W1 CCCN101 W6
W5

Valve --- CCC0110 W1 CCC0101-CCC0109
W6

Pcmp CCC0101-CCC0107 CCC0110 W1; CCC0108 W5:
W5 CCCrill W1 CCC0109 W5

Multiple junction --- CCC2NNM W1 CCCONNM W6

Accumulator CCC0101-CCC0199 CCC1101 W5---

W5

Miscellaneous Changes:

Time step control If tt-2 in the RELAPS/M002 deck, set tt-3 in the
RELAP5/M003 deck to run with the same time step control.

Heat structures All of the variables on Cards 801-899 and 901 999 have
changed.

Data card for If an accumulator compor,ent is present in the model, the
noncondensibles word " nitrogen" must appear on card 000110.

-

E-16
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E-3.3.4 Time Step Control. The time step control card was changed as
'required to run the REL AP5/M003 input deck with the same time step control as

RELAP5/M002.

E-3.3.5 Heat Structures. All the variables on Cards 600-899 and
900-999, adoitional right and left boundary cards, have changed. The input
data required for RELAP5/M002 were critical heat flux and heat transfer
correlation flag, hydraulic diameter, heated equivalent diameter (optional),
channel length, and heat structure number, The input data required for
RELAP5/M003 are heated equivalent diameter, heated length forward and reverse,
grid spacer length forward and reverse, grid loss coefficier,t forward and ''

reverse, local boiling f actor, and heat strt.cture number.

Since the Seabrook base deck contained both hydraulic and heated
~

equivalent diameters, tbs heated equivalent diameter was used where available.
If the heated equivalent diameter was defaulted to the hydraulic diameter
(heated equivalent diameter - 0.0), the hydraulic diameter was used. For the
revised reactor vessel models, heated equivalent diamoters were calculated in 4
some cases. For existing heet structures, che heat stiucture numbar was taken (
from the base deck. For added heat structures, the appropriate number was
entered. Default values were used for all other input variables.

E-3.3.6 Data Card fcr Noncondensibles. The required input was
present in the Sehbrook base deck.

.

E-3.4 Addition of Reactor Point Kinetics

The reactor point kinetics option chosen assumes that feedback due to
moderator density, moderatcr temperature, and fuel temperature is separable,
Tables defining reactivity as a function of moderator density and volume e

weighting factors were calculated and input.
,

The sum of fission power and fission product and actinide decay power was
defined as 102% of the maximum rated power for Seabrook, as given in Table
4.4-1 of the Seabrook FSAR.D6 The delayed neutron fraction over prompt
neutron lifetime was based on end-of-life values for Seabrook found in Table
4.3-2 of the Seabrook F3AR.''6 ANS 79-1 standard fission product data were
used, with a fission product yield factg of 1.02 to accougt for the higher-
was taken from ANS Branch Technical Position APCSB 9 2 ''g "The energy release
energy fission products resulting from V fissions. Th O yield factor

,

per fission was defined as the RELAP5/M003 default value.

The table defining reactivity as a function of moderator density was
calculated using data from figure 15 0-3 of the Seabrook FSAR,54 whichd

provides the minimum moderator density coefficients used for safety analysis
as a function of reactor-coolant system pressure. For the purposes of this
analysis, the coefficient at 40*F above nomi_nal HFP T was selected fromm
this figure Thir. vilue, -0.054 drho/(g/cc), corresponds to -8.5E-4

g

drho/(lb/ft ) . In order to simplify steaoy-state initialization, the

'
E-17
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W

.

L moderatordensitycoefficientofreaptivitywasassumedtobezerofor
'

moderator densities below 40.0 lb/ft . A delayed neutron fraction of 0.75%
was-used to convert reactivity into dollars.

The volume weighting factors used for density reactivity feedback were
calculated by_ applying a-power-squared weighting to the power distributions
documented in Appendix G, Tables G-7 and G-9, for the middle and outer core
regions. Contributions from the hot channel are assumed to be negligible.
The total power in each node is obtained by r.ultiplying the single rod nodal
power by.the number of fuel pins in that node. The normalized distribution is
obtained by dividing the square of the total node power by the sum of the
squarcs of the total node power for each node. Table E-3 summarizes the
calculation of this distribution. -

Table E-3. Calculation of density reactivity weighting facte ; for Seabrook.

Center core region Outer core region

; Single Total Power Norm. Single Total _ Power Norm.
; rod powar squa' red dist.- rod power squared dist.

2
(kW) (kW) (kW ) (kW) (kW) (kW )

5.59 1.14E+05 1.?9E+10 0.02048 5.05 1.49E+05 2.23E+10 0.03543
7.16 1.46E+05 2,12E+10 0.03370 6.48 1.92E+05 3.67E+10 0,05831
8.36 1.70E+05 2.89E+10 0.04586 7.56 2.24E+05 5.00E+10 0.07936
9.10 1.85E+05 3.42E+10 0.05437 8.23 2.43E+05 5.92E+10 0.09409
9.35 1.90E+05 3.61E+10- 0.05743 8.46 2.50E+05 6.26E+10 0.09937
9.10 1.85E+05 3.42E+10 0.05437 8.23 2.43E+05 5.92E+10- 0.09409

'

8.36 1.70E+05 2.89E+10 0.04586 7.56 2.24E+05 5.00E+10 0.07936
7.16 1.46E+05 2.12E+10 0.03370 6.48 1.92E+05 3.67E+10 0.05831
5.59 1.14E+05 1.29E+10 0.02048 5.05 :1.49E105 2.23E+10 0.03543

'

_

E-3.5 Addition of Control System for Scram Reactivity

Control rod reactivity does not play a significant part in LOCA analyses.
Power; reduction is achieved primarily through moderator density reactivity
feedback. The control system uescribed in Figure E-5 was used in-this model '

|to provide scram reactivity to prevent acriticality following reflood. The
control system inserted 54.0 of reactivity over a 2-s interval, starting 2 s
after LOCA. initiation. Trip 411 was manually set to activate at the time of
LOCA initiation.

;

E-18
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,

TRIP 411
LOCAs-Initiation

Manual
time.ge.tset

I

l' I
r

TRIPUNIT 710- TRIPDELAY 711

- (0 or.1) - (trip time) --

1.0 -1,0

2.0 TIME-0 .--_;

SUM 712-

L
.

;
- I 2.0

MULT 720

-4.0 0.0 '
,

To point kinetics (see card 30000011) "

- Figure E-5.. SCDAP/RELAP5/M003 control system for scram reactivity for
-Seabrook.__

E-3.6 Addition of Containment Model

The containment modeling consists of a-single thermal-hydraulic volume
-containing the eleven passive heat structures identified in Table 6.2-3 of the
Seabrook FSAR:''' concrete cylinder; containment dome; miscellaneous

'

concrete; refueling canal floor; refueling canal walls; conduit; ducts and
-trays; structural steel; polar crane, equipment hatch, and personnel hatch;

.

equipment steel, 'and containment sump and floor. The material properties of
these geat structures are-based on data from Table 6.2-4-of the Seabrook
FSAR."

E-3.7 Addition of Containment High-Pressure Trip Signals

Containment--isolation trip setpoints were taken from Table 3.3-4 of the
Seabrook Technical Specificetions and are summarized in Table E-4. The-
following trips were used to indicate when the allowable values are exceeded:

.,

E-19
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Table E-4. Containment isolation trip setpoints for Seabrook,

i

Trip Allowable
setpoint value

Trip (psig) (psig) Action

a

Containment pressure hi-1 4.3 5.3 . Safety injection
. Containment Phase A

isolation
Containment pressure hi-2 4.3 5.3 . Steam line isolatior,

-

Containment pressure hi-3 18.0 18.7 * Containment Phase B
i isolation

. Containment spray
_

Pressurizer - low 1875 0 1840.0 . Safety injection
. Contair; ment Phase A

,
isolation

_'
Trip 401--Containment pressure hi-1 trip set > 20 psia
Trip 402--Containment pressure hi-3 trip set > 33.4 psia
Trip 403--Pressurizer low pressure trip set > 1854.7 psia.

'

E-3.8 Calculation of Collapsed Reactor Water Level
s

Collapsed reactor water levels were calculated for each core channel by
summing the products of node height (1.3333 ft) and liquid fraction (voidf)-

- for each axial node. The average reactor water level was determined by
- weighted average of the three core channel values based on the number of

assemblies in each channel,
_

_

E-3,9 Addition of SCDAP Core Components

in the Seabrook FSAR.Eg of the Seabrook core was based on specifications foundThe SCDAP modelin
Eight fuel rod CompunOnt models Were used, as listedy

below:g
Component 1--1054 average hot channel fuel pins

-

Corr.ponent 2--I low burnup hot channel fuel pin
Component 3--I high exposure hot channel fuel pin i

Component 4--100 hot channel guide tubes
Ccmponent 5--20328 central core region fuel pins
Component 6--1925 central core region guide tubes-
Component 7--29568 outer core region fuel pins
Component 8 -2800 outer core regian guide tubes.

Specific fuel pin data were obtaired fram proprietary data sheets provi^d by'

-

-
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the fuel vendor. Axial power profiles for the fuel pin components were
calculated as described in Appendix G. Radial power profiles were taken from
a previous calculation for TRAC-Pfis

-Preliminary comparisons of stored energy calculated by SCDAP indicated-
poor agreement to FRAP-T6 results. As a result, SCDAP input was modified to
allow modeling of the thermal resistance across the gap region and to allow
adjustment of the initial stored energy to match results generated by FRAP-T6. -

The initial gap conductances were generated by. steady state FRAP-T6 runs. The
-helium inventory for each fuel pin component was also adjusted in order to
match the initial steady-state fuel pin internal pressures calculated by
FRAP-T6.

E-3.10 Modifications for Specific Runs

Tne'large-break LOCA cases assumed a double ended shear break of the cold
leg between Components 452 and 450. To accomplish this, both loop- and
vessel-side cold leg break junctions were added. Junction areas were adjusted
for the various break sizes. For the small-break LOCA cases, the size of the
vessel-side cold leg break juaction was decreased and a small-break LOCA trip
valve was added between Components 440 and 670, the containment volume.

In addition to the above modeling modifications, other changes were
required to initiate the specific requirements of each case run and continue
code execution to the required time. The null transient required a
pressurizer time-dependent volume for steady-state pressure control; this was
deleted prior to performing transient analyses. Time step size'was modified
as required for continued code execution'. . Trip card setpoints were raodififd
as required to model each accident scenario. To avoid code failure when the

_

accumulatorsemptiedintothesystem,tripswereaddedtoisolatethe
1 accumulators at a liquid volume of <0.1 m / accumulator.

,

E-3.11 Execution

The Seabrook base deck was modified as noted above and executed on a
Digital Equipment Corporation DEC5000 workstation using SCDAP/RELAPS/H003 code
version Cycle 78. Nine cases were run; Table E-5 lists the description and
input and output files for aach case. All source, input, and out';,ut files
have been archived on tape for permanent retention.

E-4. INPUT DECK DEVELOPMENT AND EXECUTION FOR OcoNEE
,

_ _The basic SCDAP/RELAPS reactor model used in this analysis (referred to
hereafter as the base deck) was an existing RELAP5/M002 input deck for the
Oconee reactor, a Babcock & Wilcox (B&W) four-loop plant with a 15x15 fuel pin
configuration. The Oconee base deck had been preparad for an evaluation of

E-21
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Table E-5. SC0AP/RELAP5/M003 input and output tiles for tha Seabrook timing
analysis of fuel pin failures.

Case. Fjle Name
_ _ . D m rio don

Null null / reset 0.out.Z Cow ressed output
transient null / reset 0.r Restart input to reset time-

to zero
null /rstpit Restart plot file reset to

time zero j

null /rstpit.2 Restart plot file at end of

null /runit* null transient
Script for running null

,

null /seanulla.i transient ;

null /seanulla.out.Z Seabrook model base deck |

null /seanullb.out.Z Compressed output
null /seanullb.r Compressed output '

Restart icput |

100% DBA 100dbafin/rstpit.Z Restart plot file

100dbafin/run100* UNIX script to run case
100dbafin/ sea 100dba.out SCDAP/RELAP5 output
100dbaTin/ sea 100dba.r Restart input
100dbafin/ sea 100dba_.thdat FRAP-T6 binary link
100dbafin/ sea 100dba. thin input file for FRAPRS

ig

100dbafin/ sea 100dha.thout.Z Compressed output'

100dbafin/ strip.i Input file to strip data
100dbafin/ strip.out.Z Compressed output

90% DBA 90dbafin/rstpit.Z Restart plot file

90dbafin/run90* UNIX script to run case

'90dbafin/ sea 90dba.'out SCDAP/RELAPS output
90dbafin/ sea 90dba.r Restart input
90dbefin/ seas 0dba.thdat FRAP-16 binary' link -

90dbafin/ sea 90dba. thin Input ifile for FRAPR5
90dbafin/ sea 90dba.thout.Z . Compressed output
90dbafin/ strip.i Input-file to strip data
90dbafin/ strip.out.Z' Compressed output

75% DBA 75dbafin/rstpit.Z Restart plot file

75dbafin/run75* Uti!X script to run case

75dbafin/ sea 75dba.out SCDAP/RELAP5 output
75dbafin/ sea 75dba.r Restart input
75dbafin/ sea 75dba.thdat FRAP-T6 binary link
75dbafin/ sea 75dba. thin Input file for FRAPRS
75dbafin/ sea 75dba.thout.Z Compressed output
75dbafin/ strip.i Input file to strip data
75dbafin/ strip.out.Z Compressed output

:
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Table.E-5._(continued)
___

_C3 s e _ File Name Dngji.ption.

150% DBA 50dbafin/rstplt.Z Restart plot file_

50dbafin/run50* ~ UNIX script to run case
50dbafin/ sea 50dba.out SCDAP/RELAPS output
50dbafin/ sea 50dba.r Restart input-
50dbafin/ sea 50dba.thdat FRAP-T6 binary link-
50dbafin/ sea 50dba. thin input file'for FRAPR5

:50dbafin/ sea 50dba.thout.Z Compressed output
50dbafin/ strip.1 - Input file to strip data
50dbafin/ strip.out.2 Compressed output

100% DBA pt100dbafin/rsiplt.Z Restart- plot file
with pump pt100dbafin/runpt100*- UNIX script.to run case
trip at time pt100dbafin/seapt100dba.out SCDAP/RELAPS output
zero pt100dbafin/seapt!00dba.r Restart input

pt100dbafin/seapt100dba.thdat FRAP T6 binary link
pt100dbafin/seapt100dba. thin Input file for FRAPR5
pt100dbafin/seapt100dba.thout Z Compressed output
pt100dbafin/ strip.i Input file to strip-data
pt100dbafin/ strip.out.2 Compressed output '

100% DBA e100dbafin/rstplt.Z Restart plot file
with ECCS e1000bafinfrune100* UNIX script to run case

e100dbafin/ sea 10uedba. cut SCDAP/RELAP5 output
e100dbafin/ sea 100edba.r Restart input
e100dbafin/ sea 100edba. thdat FRAP-T6 binary link
e100dbafin/ sea 100edba. thin Input file for FRAPR5
e100dbafin/ sea 100edba.thout.Z Compressed output-
e100dbafin/ stripe,i Input file to strip-data
e100dbafin/ strip.out.Z Compressed output

100% DBA' ~ te100dbafin/rstpit.Z - Restart pint filep
with pump pte100dbafin/runpte100* UNIX script to run case
trip ~at time pte100dbafin/ sea 100pte.out- SCDAP/RELAP5 output
zero and' pte100dbafin/ sea 100pte.r- Restart input
ECCS pte100dbafin/ sea 100pte.thdat -FRAP-T6 binary link

pte100dbafin/ sea 100pte. thin Input file for FRAPR5
. pte100dba fin / sea 100pte.thout.Z Compressed-output
pte100dbafin/ stripe.1
pte100dbafin/ strip.out Z_

Input file to strip data
Compressed output
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i

i-
Table E 6. (continued) ;

,

.

Case ' File Name Description
~

6 in, small-- 6infin/rstpit.Z Restart plot file -

break LOCA 6infin/ rung * - UNIX script to run case
6infin/3ea6in.out SCDAP/RELAP5 output

61nfiti/ sea 6in.r Pastart input ,

6infin/se361n,thJat FRAP-T6 binary link
6infin/ sea 61n. thin Input file for FPAPR5
6infin/se a6ir . Mout .Z Compressed output-
6infin/6instrip.i Input file to strip data

~

3-

6infin/ strip.out.Z Compressed output

6-in. small- e6infin/rstpit.Z Restart plot file

break LOCA . e6in fin /run6e* UNIX script to run case

"
_with ECCS e6infin/ sea 61ne.out- SCDAP/RELAP5 output

..

e6infin/ sea 6ine.r Restart input
e61n fin / sea 61ne.thda.t FRAP-T6 binary link

-

e6infin/ sea 6ine. thin Input file for FRAPRS ,

e6:afin/ sea 61ne.thout.Z Compressed output
e6infin/61nstripe.i Input file to strip data
e6infin/ strip.out.Z Compressed output

'

i
P

E8operational safety at B&W plants and was subsequently modified to run on
*

RELAP5/M003. . Calculations supporting both the original Oconee deck and
subsequent modifications.are archived. Nodalization diagrams for both the
base deck _and revised deck are presented as Figures.E-6, E-7, E-8, and E-9.

.

The following. changes were made to the Oconee base deck _to accommodate
the specific requirements of this analysis:

The one-channel RELAP5 core model was split into a three-channel+-

model.

The _ core and core bypass models were milified from three to nine+

axial nodes.

The number of- fuel assemblies in each of the three channels in the+ .

core model was determined to be: hot channel--4; middle ring--92;
- outer ring--81.

The RELAPS downcomer model and vessel inlet annulus fluid volumes+

below-the cold leg centerline were split into two channels connected
by crossflow junctions.

All heat structures associated with the above models were modified*

as required,4

a

a
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-RELAP5/M003 reacter point kinetics input and a control system for scram '

reactivity insertion were added.

+ RELAP5/H003 containment model and containmer.t isolation trips were -.

added.

A SCDAP input deck was created to represent the Oconee core model..

These changes are discussed in more detail in the following subsections.

E-4.1 Reactor Yessel. Component Modifications

-The Oconee core model in the base deck contained one channel with three
dXial nodes. To accommodate the axial power profile requirements for the
timing analysis of PWR fuel pin failures, the core model was changed to three
channels, each with nine axial nodes. The core bypass model was also modified
to contain nine axial nodes'. The total number of fuel assemblies was divided
among the three channels so as to model the hot pin accurately. The modified
core model inner, middle, and outer channels contain 4, 92, and 81 fuel
assemblies, respectively.-

During a LOCA, the borated water from the emergency cooling accumulators
floods _the core through two flooding nozzles attached to the reactor vessel.,

In order to simulate the. process of core flooding more realistically, the
downcomer model and vessel inlet annulus fluid volumes below the cold leg
centerline were split into two channels connected by crossflow junctions. The
revised downcomer flow modeling splits annulus Component 565 and 570 into two
channels,-one for each loop. Componer.is 565 and 570 represent flow from the

!broken loop, set at 25% of total flow. Components 567 and 571 represent flow.
;from the intact loop, set at 75% of total flow. Single junctions representing
both crossflow and vertical junctions were added as required by the 2 channel
model.

Heat structures connected to restructured reactor vessel-comporents were
also modified as required. - Specific reactor vessel component modifications
are similar to those ' listed in Table E-1 for Seabrook.

E-4.2 Addition of Reactor Point Kinetics-
<

i

The reactor point kinetics option chosen assumes that feedback due to
noderator density, moderator temperature, and fuel temperature is separable.
Tables defining reactivity as a function of moderator density and volume
weighting-factors were calculated and input.

-

*

The sum of fission-power and fission product and actinide decay power was
defined as 102% of tge maximum rated power for Oconee, as given in Table 14-6 |

,

of the Oconee FSAR.' The delayed neutron traction over prompt neutron i

lifetime was based og beginning-of-life values for Oconee fnund in Table 14-6
'

of the Oconee FSARf ANS 79-1 standard fission product data were used, with

U29
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:

:

'

afis2ionproductyieldfactoro(1.02toaccountfgthehigher-energy
fission products resulting from U fissions. The U yield factor was taken
from ANS Branch Technical Position APCSB 9 2.'* The energy release per '

fission was defined as the RELAP5/M003 default value. |

The table defining reactivity as a function of moderator density wa "

calculated using data from Figure 4.3-4 and 4.3-1 from the Oconee FSAR,."'g
:

which provide the void reactivity coefficient Ak/k/ void as a function of 1

percent of core void and typical boron concentration versus core life,
,

respectively. Reactivity corresponding to a certain void was determined by '

using the boron concentration at the beginning of core life with data from
.

Figure 4.3 4. -Moderater coolant density is based on the coolant density of 1
3 .44.75 lb/f t. at the core average temperature of 560*F and pressure of 2200

psla; these values were taken from Table 4.2-1 of the Oconee iSAR.** Inc
order to simplify steady-state initialization, the moderator density i

coefficien}ofreactivitywasassumedtobezeroformoderatordensitiesbelow ,

Oconee FSAR,8'pn_ effective 6 fraction of 0.0071, taken from Table 14 6 of the40.0 lb/ft .
was used to convert reactivity into dollars.

The volume weighting factors used for density reactivity feedbacs were
calculated by applying a_ pceer-squared weighting to the power distribVions
documented in Appendix F, Tables F-7 and F-9, for the middle and outer core
regions. Contributions from the hot channel are assumed to be negligiblc.,

The total power in each node is obtained by multiplying the single rod nedal
power by the number of fuel pins in that node. The normalized distribution is .

obtained by dividing the square of the total node power by the sum of the ,

squares of the total node power for each node. (See Table E-3 for the summary
of a similar calculation for Seabrook.)'

,

E-4.3 Addition of Centrol System for Scram Peactivity
,

Control rod reactivity does not pla~y a significant part in LOCA analyses.
Power reduction is achieved primarily through moderator density reactivity
feedback. A control system identleal to the one shown in Figure'E-4 for.
Seabrock was used in the Oconee medel to provide scram reactivity to prevent-
criticality following reflood. The ccatrol system inserted 54 of reactivity
over a two second interval, starting two seconds after LOCA initfation and was
mandally set- to activate at the time of LOCA initiation.

.

E 4.4 Addition of Containment Model

The containment modeling consists of a single thermal-hydraulic volane
containing the five passive heat structures identified in Table 1410 of the
Oconee FSAR:'* reactor building (walls and dome); re ueling canal;
miscellaneous contrete; miscellaneous steel;- and reactor building (floor).

' The material properties of these heat structures are based on data from Table
14-13 of the Oconee FSAR.E4

4
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E-4.5 Addition of Containment High-Pressure Trip Signals

__ Containment isolation trip setpoints were taken from Section 3.5.3 and
Table 2.3-1 of the Oconee Technical Specifications and are rummarized in Table ,

E-6s |The following trips were used to indicate when the i.llowable values are '

exceeded:

Trip 701--Containment pressure hi-1 trip set >l8.7 psia
Trip 702--Containment pressure hi-3 trip set >44,7 psia
Trip 703--Coolant system pressure low trip set (1814.7 psia,.

' Table E-0. Containment isolation trip setpoints for Oconee.

Trip
setpoint

Trip (psig) Action.

. . - - .

Containment pressure hi-1 4.0 Safety injection
(high and low
pressure)

* Containment cooling
and isolation-

Containment pressure hi-2 5.0 Containment spray _
RCS pressure low 1500.0 Safety injection

(high and low
pressure)

RCS pressure low 1800.0 . Reactor trip-

E-4.6 Addition of $C0AP Core Components

The SCDAP modeli
in the Oconee FSAR.E ,ng of the Oconee core was based on specifications foundEight fuel rod component models were used:

' Component 1--830 average hot channel fuel pinsE

Component 2--I low burnup hot channel fuel pin
Component 3--I high. exposure hot channel -fuel- pin
Component 4--68 hot channel guide tubes _
Component 5--19136 central core region fuel pins

-Component-6--1377 central core region guide tubes
Component 7--16848 outer core region fuel pins
Component 8--1564 outer core region guide tubes.

Specific _ fuel pin data were obtained from nonproprietary data sheets provided.

by the fuel vendor. Axial power profiles for the fuel pin components were
- calculated as descrioed in Appendix F. Radial. power profiles were calculated

by assuming-a linear distribution skewed -2% at the centerline and +2% at the

.
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fuel rod surface. The amount of skew at each respective mesh point, f was
correlated to the relative cross-section area inside a circle with the,, radius
equal to the radius of this mesh point, such that

f, - 0.98 4 (1.02 - 0.98) * relative area (E-1)

where the relative area is calculated as a. ratio of the nodal area, A,, and
the total pellet cross-sectional area, A . Then,r

A/A, - tr[/r.R2- (rR)2 (E-2)i

where

radius of the mesh point ir -

R, radius of the fuel pellet.-

The initial gap condu.tances were generated by steady-state FRAP-T6 runs.
The helium inventory for each fuel-pin component was also adjusted in order to
match the initial steady-state fuel pin internal pressures calculated by
FRAP-T6.

m

E-4.7 Modifications for Specific Runs

The large break LOCA cases assumed a double-ended shear break of the cold
leg between Components 145 and 150. To accomplish this, both loop- and
vessel-side cold leg break ' junctions were added. Junction areas were adjusted
for the various break sizes. For the small-break LOCA cases, the size of the
vessel-side cold leg break junction was decreased and a small break LOCA trip
valve was added between_ Components 150 and 949, the containment volume.

In addition to thE above c.odeling modifications, other changes were
required to initiate.the specific requirements of each case run and continue-

code execution to the required time. The null transient required a
'

pressurizer time-dependent' volume for steady-state pressure control; this was
deleced prior to performing transient analyses. Time step size was modified

- as required for cont,ir:ued code execution. Trip card setpoints were modified
as required to modei each accident scenario. To avoid code failure when the
accumulatortamptiedintothesystem,tripswereaddedtoisolatethe
accumulators at .a liquid ' volume of <0.1 m per accumulator.

E-4.8 -Execution ,

.

The Oconed base deck was modified as noted abeve and executed on a DEC-
5000 workstation using SC0AP/RELAP5/M003 code version Cycle 78. Nine cases
were run; Table E-7 lists the description and input and output files for each
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fable E-7. SCDAP/RELAP5/ MOD 3-input and output files for the Oconee timing
-analysis of PWR fuel pin failures.

,

1
_ ._ -

-Case File name Descriotion -)
,

Null null / reset 0.out.Z Compressed output !
transient null / reset 0.r Restart input to reset time i

to zero 1
'

-- null /rstpit.Z Restart plot file reset to
timo zero y

null /rstpit.l.Z Intermediate restart plot i
file J

null /rstpit.2.Z Restart plot file at end of jnull transient
null /runit* Script for running null

transient,

_ null /or.onull a. i Oconee model base deckt

t i null /oconulla.out Z Compressed output
null /oconullb.out.Z Compressed output
null /oconullb. r _ Restart input

100% OBA 100dba/rstpit.Z Restart plot file4

100dba/run100* Unix script to run case
100dba/ocol00dba.out.Z SCDAP/RELAP5 output
100dba/ocol00dba.r Restart input
100dba/ocol00dba.thdat FRAP-T6 binary link
100dba/ocol00dba. thin input-file for FRAPR5
100dba/ocol00dba.thout.Z Compressed output
100dba/ strip.i Input file to strip _ data
100dba/ strip.out Output from strip run

.90% DBA- 90dba/rstpit.Z Restart plot- file

-90dba/run90*: UNIX script to run case
90dba/oco90dba.out Z SCDAP/RELAP5 output
90dha/oco90dba.r Restart input

,

90dba/oco90dba.thdat FRAP-T6 binary link
90dba/oco90dba. thin input file for FRAPR5
90dba/oco90dba.thout,Z Compressed output
-90dba/ strip.i Input file to strip data
90dba/ strip.out Output from strip ~run

75% DBA- 75dba/rstplt.Z Restart plot file

75dba/run75* UNIX script to run case
75dba/oco75dba.out.Z SCDAP/RELAP5 output
75dba/oco75dba.r Restart input
75dba/oco75dba.thdat FRAP-T6 binary link
75dba/oco75dba. thin Input file for FRAPR5
.7.5dba/oco75dba thout.Z Compressed output

.

75dba/ strip.i Input file to strip data
75dba/ strip.out Output from strip run

E-33 *
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Table E-7. (continued)

Case File name Description

50% DBA 50dba/rstpit Z Restart plot file

50dba/ un50* UNIX script to run case
50dba/ocoS0dba.out.Z SCDAP/RELAP5 output
50dba/oco50dba.r Restart input'
50dba/oco50dh.thdat FRAP-T6 binary link
50dba/oco50dba. thin input file for FRAPR.,

50dba/ocoS0dba.thout Z Compressed output
50dba/ strip.i Input file to strip data
50dba/ strip.out Output from strip run

100% DBA pt100dba/rstplt.Z Restart plot file
-with pump pt100dba/runpt100* UNIX script to run case
trip at time pt100dba/ocopt100dba.out.Z SCDAP/RELAP5 output
zero pt100dba/ocopt100Jba.r Restart input

pt100dba/ocopt100dba.thdat FRAP-T6 binary link
pt100dba/ocopt100dba. thin Input file for FRAPRS
pt100dba/ocopt100dba.thout.Z Compressed output
pt100dba/ strip.i Input file to strip data
pt100dba/ strip.out Output from strip run

100% DBA e100dba/rstpit.Z Restart plot file
with ECCS e100dba/ rune 100* UNIX script to run case

e100dba/ocoe100dba,out.Z SCDAP/RELAP5 output
e100dba/ocoe100dba.r Restart input
e100dba/ocoe100dba.thdat FRAP-T6 binary link
e100dba/ocoe100dba. thin Input-file for FRAPR5
e100dba/occe100dbt.thout.Z Compressed output
e100dba/ stripe.1 Irput file to strip data
e100dba/ strip.out Output from strip run

100% DBA ept100dba/rstpit.Z Restart plot file
with pump ept100dba/runept100* UNIX script to run case
trip at time ept100dba/ocoept100.out.~Z SCDAP/RELAP5 output
zero and ept100dba/ocoept100.r Restart input

-ECCS ept100dba/ocoept100.thdat FRAP-T6 binary link
ept100db3/ocoept100. thin Input file for FRAPR5
ept100dba/ocoept100.thout.Z Compressed output
ept100dba/ stripe.1 Input file to strip data
ept100dba/ strip.out.Z- Output from strip run

|
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f

- Table E-7. (continued)
- - -

. -

Case File n aq_ ____ _ _ Description -

6-in.fsmall- sb/rstplt.Z Restart plot . file '

break LOCA sb/runsb* UNIX script to run case
sb/ocosb.out Z SCDAP/RELAP5 output
sb/ocosb.r Restart input
sb/ocosb.thdat- FRAP-T6 binary link
sb/ocosb. thin Input file for FRAPR5
sb/ocosb.thout.Z Compressed output
sb/ strip.i Input file to strip data
sb/ strip.out Output from strip run i

6 in, small- -esb/rstplt.Z Restart plot file
break LOCA esb/runesb* UillX script to ru, case '

with ECCS esb/ocoesb.out.Z SCDAP/RELAP5 output
esb/ocoesb.r Restart _ input
esb/ocoesb thdat FRAP T6 binary link
esb/ocoesb. thin input file for FRAPR5
esb/ocoesb.thout.Z Compressed output
esb/ stripe.1 Input file to strip data
esb/ strip.out Output from strip run

|

r

case. All-source, input, and output files have been archived on tape for
permanent retention.

,
.

s

E-5. RESULTS

.

The timing results for the nine SCDAP/RELAP5/M003 runs for the Seabrook
and Oconee reactors are summarized in Table E-8. Plots _ summarizing the
results are found in Appendices K and L..

-The minimum time to fuel pin failure calculated by SCDAP is 29.65 seconds
for Seabrook and-10.3 seconds for Oconee for the 100% DBA case with RCS pump
trip. - No fuel pin failure is predicted for the small-break- cases.

.In several cases, SCDAP overpredicts the time to fuel pin failure in
comparison to the FRAP-T6 results. The deviation between FRAP-T6 and SCDAP
fuel pin-failure times can be traced to a difference-in the cladding strains
calculated by the two codes. In 3CDAP, a ster change in cladding strain is
encountered at each axial node in the first few seconds of each large-break
LOCA case. The cladding deformation model does not appear to be properly
taking strain rate effects into account. The step change in cladding strain
produces a step decrease in internal fuel pin pressure, as shown in the plots
of-internal pin pressure (see Appendices K and L). The step decrease in

. pressure, early in the transient, results in a delayed time to pin failure.
Because SCDAP/RELAP5/M003 overpredicts the axial extent of cladding
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Table E 8. SCDAP/qELAP5/M003 results for Seabrook and Oconee
,

Cne 1 2 3 4 5 6 7 8 9*

_

Break size * 100% 90% 75% 50% 100% 61n. 100% 100% 61n.

Pumped ECCS no no no no no no yes yes yes

Pump trip no no no no yes no no yes r.o

for Seabrook:

Containment
pressure 0.77 .0.77 0.78 0.94 0.77 17.42 0.77 0.77 17.44

6hi-1, hi-2

Containment
pressure 5.01 5.18 5.41 6.39 5,10 >60,0 5.02 5.10 - >60.0 '6hi-3
Pressurizer

-low pressure" 3,73 3.73 3.73 3.73 3.73 7.13 3.73 3.73 7.13

Hign burnup,
50 GWa/MTU_ 41.70 40.75 >50.0 >60.0 29.65 >600, 38.85 31.45 >60.0 i

pin fails'
'

Low burnup,.
5 GWd/HTV 43.40 40.75 >60,0 >60.0 2'9.95 >600. 39,15 30.60 >60,0
pin-falls'
For Oconce* i

Containmant- 13.01 ;

pressure 0.53 -0.55 0.56 0.68 0.53 13.07 0.53- 0.53
-high
14 psig*,'

Low reactor
coolant 0.59 0.60 0.63- 0.96 0.55 8.33 - 0.59 0.56 8.33
pressure","

-51500 psig

low reactor.
| coolant -- 0.05- 0.05 0.05 0.05 0.05~ 0.87 0.05 0.05 0.87-
i pressure",'
l <!800 psig
|

High burnup >60.0'

55 GWd/MTV- 15.0 15.8 18.3 >60.0 10.3 >393. 14.7 10.3
pin fails' -

L . Low burnup
l 'S GWd/MTV 22.7 23.5 >f0.0 >60.0 22.8 >393. 22.0 22.4 - >60.0
l pin fails *

_

-
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Ta61e-E-8. (continued)

Case l' 2 3 4 5 6 7 8 9
_ _ _

a. For large break cases, break size is given as a percentage of the design
basis, double-ended, .cffset shear break; i.e. ,100% DBA corresponds to c total

- flow area of 200% of the cold leg cross section. (Cases 6 and 9 are small-
break LOCAs wi'.h a break diameter of 6 in.)

b. Signal time corresponds to the time at which this parameter exceeds the
~

technical specification allowable value and does not include the instrument
response tims. -

c. The fuel pin failure times generated by SCDAP are not identical with those
generated by FRAP-T6 and should not be referenced. FRAP-T6 results are
documented in Appendix J.

d.-_ At 1500 psig, the high-pressure injection and reactor building isolation
are actuated,

e. At 1800 psig, the Oconee reactor is tripped on low RCS pressure.

C f. At 4 psig, the Oconee reactor building isolation is actuated.
._

deformation, which results in an underprediction of internal pin pressures,
the time to a pin failure is overpredicted.

-As evidenced by the plotted results (see Appendices K and L),
SCDAP/RELAP5/ MOD 3 calculates a spike' in accumulator flow as each accumulator
approaches empty and is subsequently isolated from the system. -Although these
flow spikes are not consistent with expected results, they are not considered
significant for this analysis due to the magnitudes and durations involved.

The hot channel thermal-hydraulic conditions generated _in these runs
- provide input to FRAP-T6, which is used to calculate fuel failure times for a
matrix of fuel pin exposures and _ peaking factors. The FRAP-T6 results are

--documented in Appendix J.,
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APPENDIX f

CORE POWER DISTRIBUTION CALCULATION FOR Oc0 NEE

F-1. INTRODUCTION

Appendix F documents the fuel pin power distribution in a Babcock and
Wilcox (B&W) 2x4 loop reactor (0conee Plant) used for the timing analysis of
pressorized wattr reactor (PWR) fuel pin failures. The purpose of the
analysis is to determine the minimum time to fuel pin failure for a range of
large-break loss-of-coolant accident (LOCA) brea't sizes. The analysis assumed
an equilibrium core operating at 102% of rated power with son.e fuel rins of
high and low burnup operating at the maximum Technical Specification axial and
radial peaking factors. The analysis was performed using a series of three
codes to calculate initial steady-state fuel pin conditions, the system '

thermal hydraul0 conditions, and transient gel pin conditiops. The codes
used include FRAPCON-2,' SC0AP/RELAP5/M003, and FRAP-T6.

The time to fuel pin failure is highly dependent on the core power
distribution assumed for the analysis. The power distribution directly
impacts the amount of stored energy calculated in the fuel and the internal
fuel pin pressure, two factors that greatly influence the time to fuel pin
failure.

The purpose of this calculation is to determine the core power
distribution supplied as input to FRAPCON 2, SCDAP/RELAPS/ MOD 3, ano FRAP-T6.

F-2 CALCULATION OF CORE POWER DISTRIBUTION

The axial and radial core power distributions for each of the core fuel
components modeled in SCDAP/RELAP5/M003 are calculated in this section. The
core representation used in this analysis consists of five fuel components,
each modeled with nine axial nodes of uniform height along the active core
region. These fuel components represent a low burnup hot fuel pin located in
the hot channel, a high-burnup hot fuel pin likewise located in the hot
channel, remaining fuel nins-of the hot channel, all fuel pins of the central
core region, and all fuel pins .of the outer core .egion.

F-2.1 Hot Channel Hot Fuel Pins

From Table 4.2-1 of the Oconee Final Safety Analysis Report (FSAR);"

Reactor core thermal power (CTP) (MWt) 2568
Percent of heat generated in the fuel (f) 97.3%
Number of fuel assemblies 177

F-3
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c

fNumber of fuel rins per auembly 208
i

The fuel stack height is given as 140.595 in.' The average linear heat i
generatic:. rate (LHGR) for the Oconee 15x15 fuel assernbly design son then be- !.

calcula*:d as follows-
!

Average LHGR CTF(kW) * f/(height of active core in f t * # of fuel pins) -

Height of active core - 140.595 in. * 1 ft/12 in. 11.716 ft
Average LtiGR 2.56BE6 k* * 0.973/(11.716 f t * 177 * 208 pins),

; *19. LHCR - 5.793 kW/ft.

,

t

The heat flux het channel f actor, F,, is defined as: '

.

'
.

Haximum heat flux in the core
,y" - .............................

Average heat flux in the core +

,

|' Reference F 4 gives a value of 2.63 for F,. Applying this value, the maximum ;
LHGR at 102% CTP for the peak power pin can be calculated: '

i
'

>

Haximum LHGR - 2.63 * 1.02 * 5.793 kW/ft
Maximum LHGR 15.540 kW/ft

The total power generated in the hot fuel pin is determined by the enthalpy'

i

rise hot channel factor, f ". This factor is defined as the ratio of the*

total integrated power in Die hot fuel pin divided by the total integrated
power in the average fuel pin: ,

,

Hot pin power
r ," . ..................

Average pin power4

The Oconee Technical Specification 2,1 Safety Limitsps is based on a value of
1.714 for this factor. The total power in the > 'uel pin, Proi, at 102% CTP. !

can then be found from:
,

i

p3g - F " *'

mrage LHGR * 1.02 * a:tive fuel height--
P ID14+d.793kW/ft*1.02*11.716ft

,

=

P , - 118.657 kW.ro
ro,,

,

a. Letter, J. N. Ridgely, U.S. Nuclear Regulatory Commission, tn R. J.
Dallman, EG&G Idaho, Inc., February 12, 1991, and attachment.

i
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1his analysis assumes a chopped, symetric cosine axial power profile for the :
hot fuel pin governed by the following equation:

:

;

P(z)-MaximumLHGR*cos(x*z/(H+T)) (f.1) ,

where

distance from the core midplane (ft)z -

H active core height (ft)-

T shape factor (ft)=

and the power input into t.he central node (at the core midplane) is equal to
the product of the maximum LHGR and the node height.

The nodal pin power can be found by integrating Equation (F-1) over the
length of the node, This results in '

P, - Maximum LHGR * (fl+T)/n * (sin (x*z /(Hii)) - sin (n*z /(H+T))) (F-2)z 3

where

'

distance (f t) from the core midplane to the top of the node
ft) from the core midplane to the bottom of the nodez ~

g

distance (z2
'-.

,

The shape factor T can be found by applying Equation (F-2) to a part of the
'

,

fuel pin, f or example, to the upper four nodes. Then Equation (F-2) becomes

>

x*(P,n-P,)/(2*Hax.LHGR*(H+T))- sin (n*z /(H+T)) - sin (x*z /(H+T)) (F-3)z 3

where
,

3.1416x -

Maximum LHGR 15.540 kW/ft- .

P,c, 118.657-kW ;-

power in the midplane node - 15.540*l.3018 - 20.23 kW ;P -

H, 11,716 ft-

top of the highest node H/2 - 11.716/2 - 5.858 ft |z, -

bottom of the lowest node - 1.3018/2 =_0.6509 ft
'

z -
g

t
'

and can be iteratively solved for T, After a few iterations T - 0,2749 ft is
'

found. Hence Equation (F-1) becomes

P(z) - Maximum LHGR * cos(x*z/(ll 9909)) (f-4) i

F-5 i
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i FRAPCON-2 requires the normalized axial power, Qf(1), at each node boundary
location, X. The FRAPCON input may be normalized to either peak or average
values. lhe FRAPCON-2 values normalized to the maximum LHGR are given in
Table F 1, along with the corresponding LHGR at each location. FRAPCON-2 also
requires that the ratio of peak to average power, FA, be supplied when the
peak normalized axial power distribution is supplied; tais value is also
provided in Table F-1.

Table F 1. FRAPCON-2 axial power profile for the Oconee hot fuel pin.
- - _ _ .

X LHGR

. (ft1 QF(1)_ (kW/11]

0.0000 0.0360 0.5594
1.3018 0.3682 5.7218
2.6036 0.6580 10.2253
3.9054 0.8720 13.5509
5.2072 1.0000 15.5100
6.5090 1.0000 15.5400
7.8108 0.8720 13.5509
9.1126 0.6580 10.2253

10.4144 0.3682 5.7218
11.7160 0.0360 0.5594

FA a 1.534394
. - . - -

SCDAP/RELAP5/M003 requires an axial power profile array consisting of
values for the ratio of the node power to the average node power for each
axial node. Tr a node power P, (in kW) in each axial node (except the core
midplane node) is calculated using Equation (F-2). The power in the core
midplane node is then the difference between the total power P , and power in
the remaining nodes. (Nste, for the hot pin considered here tboe power in the
midplane node is maximum LHGR * 1.3018 = 15.54 * 1,3018 a 20.23 kW.) Table f-
2 contains the SC0AP/RELAP5/M003 axial power profile, along with the total
power generated in each node and the nodal LHGR for the not fuel pin operating
at the Technical Specification limit. FRAP-Y6 uses the same axial power
profile as SCDAP/RELAP5/M003.

Average nodal power P,31/9 -_118.657/9 - 13.18411 kW

nodal power nodal power
Power Profile ----- --------- - ---- ---------

avg nodal power 13.18411

i

F-6

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



_ - _ _ _ _ _ _ - _ _ _-_

.

t

Table F-2. SCDAP/RELAP5/M003 axial power profile for the Oconee hot f uel pil..

.

Center Power LHGR Axial
'

N2de ifil_ _ ..AW1 (kWilR_RGillt . . . _

1 0.6509 4.1287 3.172 0.31316 '

2 1.9527 10.4818 8.052 0.79503
3 3.2544 15.6?74 12.004 1.18532
4 4.5562 18.9724 14.574 1.43903
5 5.8580 20.2300 15.540 1.53442
6 7.1$98 18.9724 14.574 1.43903
7 8.4616 15.6274 12.004 1.18532
8 9.1634 10.4818 3.052 0.79503 -

9 11.0652 4.1287 3.172 p.31316

Total 118.6510
. o

F-2.2 Hot Channel Average Fuel Fins

t

The SCDAP/RELAP5/M003 hot channel model consists of 832 pins representing
four fuel assemblies. Two of the pins represent a high- and low-burnup fuel
pin, respectively; their power distribution was determined in Section F-2,1.

hot channel willThe power distribution of the remaining 830 fuel pins in t: a

significantly inf'iuence the thermal-hydraulic conditions of the two hot fuel
3pins being analyzed. For the purpose of this analysis, it is assumed that th9

remaining rods of the hot channel 're operating at the lechnical Specification
enthalpy rise hot channel factor, but with a flatter axial power profile.
This axial power profile is based on a chopped, symmetric cosine distribution
with 5% less axial peaking than used in Section F-2.1.

The linear power at any location along the fuel pin can then be found
from

P(z) 0.95 * Maximum 1.HGR * cos(r*z/(ll.716+T)) (F-5)

where

distance from the core midplane (ft;z -

shape factor (ft)I -

Max. LHGR - 15.540 kW/ft (see Section F-2.1)

and the total pin power can be found by integrating this expression over the
length H of the fuel pir:

P - 2*0.95* Max.LHGR7*((ll 716+T)/r.)*(sin (r.*H/2*(ll.716+T))) (F-6)ug

F-7
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The shape factor, T, may be determined by setting this expression equal to the
total pin power of 118.657 kW for a fuel pin operation at the lechnical
Specification enthalpy rise hot channel f actor (see Section I 2.1);

T - 1,003.

The equation for the power at any axial location then becomes:

P(z) = 14.763 * cos(r.*t/12.724) (F 7)
'

The total power in any node can be found by integrating this expression over
the length of the node, as was shown above. Tables F-3 and F-4 contein the
carresponding FRAPCON-2 and SCDAP/RELAP5/ MOD 3 data for the average fuel pin of
the hot channel.

F-2.3 Radial Power Distribution

The SCDAP/RELAPE/ MOD 3 core model consists of three fueled channels with
the fuel assemblies distributed as follows:

Channel | kumber
of Assemblies

_.

Hot Channel 4

Central Region 81
Cuter Region 92

Oconee FSAR Figure 3-34"' provides a typical normalized radial fuel assembly
power distribution for an end of-life (EOL) equilibrium core. This
information is used to appraximate the radial power distribution in this
analysis. The power distribution for a 1/8 core is:"6

0.780 0.830 0.839 0.836 1.043 0.986 0.995 1.008

0.937 0.738 0.794 1.054 1.005 1.311 0.976

0.704 1.097 1.182 1.025 1.082 0.781

1.202 1.148 1.091 1.034
i

1.043 1.218 0.798

0.911 '

F-8
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/' . ?!;w%y . t J .;o er profile for the Oconee average hot channel.
.

|$$Q'
, 3% . g.z., . -- -. . = -.

X LHGR
(ft) 0f(1) _QW1[1)_. _ _ , , , . . .

0.0000 0 lE41 1.832,

l 1.3018 0.1312 6.355
2.6036 0.6942 10.248
3.9054 0.8860 13.000
5.2072 0.9871 14.573
6.5090 0.9871 14.573
7.8108 0.8860 13.000
9.1126 0.6942 10.248

10.4144 0.4312 6.366
11.7160 0.1241 1.832

FA = 1.461822
.

Table F-4. SCDAP/RCLAP5/M003 axial power profile for the Oconec average hot
enannel fuel pins.

Center Pa:er LHGR Axial
Node ift) ( k.M) [kW/fti _ qrofile .

1 0.6509 5.3829 4.135 0.40829
2 1.9527 10.9084 8.379 0.82739
3 3.2544 15.3153 11.765 1.16165
4 4.5562 18.1559 13.947 1.37710
5 5.8580 '9.1320 14.697 1.45114
6 7.1598 18.1559 13.947 1.37710
7 8.4616 15.3153 11.765 1.16165
8 9.7634 10.9084 8.379 0.82739
9 11.0652 ,_lJ312 4.135 0.40829

' Total 118.6570
-

'

increasing the highest power assembly power to 1.714 to correspond to the
ilmiting hot cnannel enthalpy rise factor (see Section F 2.1 of this reoort)
and renormalizing the data produces the following distribution:

4

F9
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d

" Outer" region

0.773 0.822 0.831 0.128 1.033 0.977 0.986 0.998
* Hot" ,_hannel

0.928 0.731 0. ;'86 1.044 0.995 1.714 0.967
'

O.697 1.?87 1.171 1.015 1.072 0.7/4 ;

s

1.191 1.137 1.081 1.024
" Central" region

1.033 1.205 0.790
.

0.902 i

The core may be divided %to central, outer, and hot channel regions, as
shown above. Tho nodalization' ustd in SCDAP/RELAP5/ MOD 3 actually models the
four hot channel assemblies as.beirg face adjacent to one another. This
conservative assumption is not expected to significantly affect the results,
since the intent is to achieve hot channel conditiens that would be expected
in the close vi:inity of the analyzed hot fuel sins. The radial peaking
factor for the central region can be found as tie average of assembly-specific '

factors within this region, taking into account that some assemblies lie on
the segment borderline. The radial peaking factor for the outer region has
been calculated as a ratio of power in this region to the average power
generated by 92 assemblies. The respectisa radial power peaking factors are
summarized in Table F-5. They can be used to calculate tne total fission
power produced in the fuel (sce t'elow) et 102% power level, the total power
generated including gamma heating, and the fraction of total core thermal
power to be assigned to a specific component (see Table F 5).

Tablo F-0. SCDAP/RELAP/H003 radial power distribution input suixnary for
Oconee.

Power Power
Radial No. generation Pin including
peaking of within fuel power gamma heat Power

,_Componee1 factor oits (kX) _itl{). _.- IkW) Fr.3ction

Hot pins 1.7140 2 2.37314E+0? 118.657- 2.4390E+02 9.3116481E 5
Hot channel 1.7140 830- 9.84853E+04 118.607

1.01220h6
05 3.8643912E 2

Central region 0.9614 1E848 1.12130E+0f!- 66.554 1.1524E 4.3996487E 1:
Outer region 1.0029 1911fi LIMjl .Q5 69.427 1.3654E di )_,1123.Q lf..1 e

a
36816 2.54858E+06 2.6193E+06 3.t9999862

._.

.
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l

Fission power in hot pins (2 fuel pins) =
. t.

2*118.657 kW - 2.37314E+2-kW-2*P,o,
118.657(P , - kW, see Sec. 2.1)'

io

Fission power in hot channel (remaining 830 fuel pins) -
,

830*P,o, = 830*118.657 kW 9.848531E44 kW

Fission power in central region (8) fuel bundles) =

-radial peaking factor *81*l.02*f*CTP/177 -
0.9614*81*l.0?*0.973*2568 MW /177 = 1.12130E+6 kW

1

--
Fission power in outer region (92 fuel bundles) -

radial peaking factor *92*l.02*f*CTP/177 =
1.0029*92*l.02*0.973'2568 MW /177_= 1.32056E46 kW

~ F-2.4 Centrsi and-Outer Region

The data from Table F-5 can be used to determine the axial power
distribution in both the central and outer core regions, assuming a et,vnetric,
chopped cosine power shape. The ratio of the maximum power at the core
midplane, PHAX, to the minimum power at the fuel zone boundary, PHIN, is
assumed to be two. The following expression can then be written for the power
at the core boundary:

Wit! PMAX * cos(n*(H/2)/(H&l)) (F 8).

s

waert H is the height of the active fuel zone 11.716 ft (Section F 2.1).
Sc1v9ng for T:y

[ 0.5 - cos(r.*(5.858)/(ll 716+T))
( T = H/2 5.858 ft.

The linear power at any location along the fuel' pin can then be found from:

P(z) PMAX * cos(n*z/17.574) (F 9)

where
,

....

F-ll
- ;
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PMAX peak axial power in kW/ft at the core nidplane=

distance from the core midplane-in feetz -

!

and the total pin power can be found by integrating this expression over the
length of the fuel pin:

P , - 2 * PMAX * (17.574/s) * (sin (z 5.858/17.574))a
ro

- 9.689054 * PMAX . kW..

>

;

PMAX may be determined by setting this expression equal to the total pin power
given in Table F-5. For-the central core region,

PMAX - P,o,/9.689051 66.554/9.689054 6.869 kW/f t. '

For the outer core region,

PMAX - P,o,/9.689054 - 69.427/9.689054 7.165 kW/ft.

The equation for the power at any axial location then becomes: ,

P(z) 6.869*cos(n*z/17.574) kW/ft ... for the central core region 1

P(z) 7.165*cos(x*z/17.574) kW/ft ... for the outer core region

The total power in any node can be found S integrating these expressinns
over the length of th( node, as was shown abe Jr the hot fuel pins. lables
F 6 and F 7 summarize the FRAPCON 2 and SCDAh.,ttAP5/M003 data for the central
region fuel pins, while Tables F 8 and F-9 summarize these data for the outer
region fuel pins.

Table F-6. FRAPCOP-2 axial power profile for the Oconee central core region
fuel pins.

X LHGR

_ Lit ) 0F(T) (kW/ft)_

0.0000 0.5000 3.434
1.3018 0.6862 4.713
2.6035 0.8355 5.739

'3.9054 0.9397 6.455
5.2072 0.9932 6.822
6.5090 0.9932 6.822
7.8108 0.9397 6.455
9.1126 0.8355 5.739

10.4144 0.6862 4.713
11,7160 0.5000 3.434

FA = 1.209202
- .__
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Table F-7. SC0AP/RELAP5/M003 axial power profile for the Oconee central core
region fuel pins.
-- .

,

| Center Power LHGR Axial -

Node Lf_tJ___ (kW) (kW/ft) orofile

1 0.6509 5.3278 4.0926 0.72047
2 1.9527 6.8346 5.2501 0.92423 i

3 3.2544 7.9723 6.1241 1.07808
. 4 4.5562 8.6814 6.6688 1.17397
.| 5 5.8580 8.9218 6.8534 1.20648

5 7.1598 8.6814 6.6680 1.17397
7 8.4616 7.9773 6.1241 1.07808
8 9.7634 6.8346 5.2501 0.92423

; 9- 11.0652 __521216 4.0926 0.72047
,

,

Total 66.5540
__ =

J

,

.

'

Table F-8. FRAPCON 2 axial pcwer profile for the Oconce outer region fuel
pins.

_. -

X LHGR
(ft) Qf(T) (kW/ft)_ . _..

0.0000 0.5000 3.582
1.3018 0.6862 4.917 r

2.6036 0.8355 5.986
3.9054 0.9397 6.733 >

5.2072 0.9932 7.116 -

6.5090 0.9932 7.116 i

7.8108- 0.9397 6.733 ;

9.1126' O.8355 5.986 .

10.4144 0.6862 4.917
11.7160 0.5000 3.582 .

:

FA - 1.209114
. - _ . . _ . --

6

I

F-13

-. :.-. . - - .. -. _. . ..- - - - - ...u.. - . -. . . _ _ - . - - - - . - - . . -



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

-

!

Table F-9. SCOAP/RELAPS/ MOD 3 axial power profile f or the Oconee outer core
region fual pins.

,

Center Power LHGR Axial
Node (ft) ___1tyi (kW/ft) Drofile

-
t.

1 0.6599 5.5578 4.2693 0.72047
2 1.9527 7.1296 5.4767 0.92423
3 3.2544 8.3164 6.38S4 1.07808
4 4.5562 9.0561 6.9566 1.17397
5 5.8580 9.3072 7.1495 1.20652
6 .7.1598 9.0561 6.9566 1.17397
7 8.4616 8.3164 6.3884 1.07608-

8 9.7634 7.1296 5.4767 0.92423
9 11.0652 5.t578 4.2693 0.72047

,

Total 69.4270
-

F-2.5 Hot Fuel Pin Case Using Varied Peaking Factors

The hot fuel pin case was also run using varied peaking factors, peak-to-
average ratios, and axial power profiles, as calculated according to the
technique set forth in Section F 2.1. The FRAPCON 2 values normalized to the
peak are given in Tables F-10, F-ll, and F-12 for peaking factors of 2.4, 2.2,
and 2.0, along with the corresponding LHGR at each location. The ratio of
peak to aversge pover, FA, is also provided in the tables. FRAP-16 requires
an axial power profile array containing values for the ratio of the total node
power to the average nodo power for esch axial node, lhe FRAP-T6 values are
given in Tables F-13, F-14, and F-15 for peaking factors of 2.4, 2.2, and 2.0,
along with the total power generated in each node and the nodal LHGR at each
location. !

+
,

|

I-
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7able F 10. FRAPCON 2 axial power profile for the Oconee hot fuel pin with
2.4 peaking factor. ;

.-

X LHGR !

fft) OffT) ( kW/.ft)
'

.
_

O.0000 0.1954 2.77
1.3018 0.4812 6.82
2.6036 0.7225 10.25
3.9054 0.8969 12.72
5.2072 1.0000 14.18
6.5090 1.0000 14.18
7.8108 0.8969 12.72
9.1126 0.7225 10.25

10.4144 0.4812 6.82
11.7160 0.1954 2.77

FA 1.534422
.. .

Table F-ll. FRAPCON 2 axial power profile for the Oconee hot fael pin with
2.2-peaking factor.

_

X LHGR
(tt) OEfil (kW/ft)

0.0000 0.3679 4.78
1.3018 0.5989 7.78
2.6036 0.7879 10.24
3.9054 0.9218 11.98
5.2072 1.0000 13.00
6.5090 1.0000 15.00
7.810B 0.9218- 11.98 |
9.1126 0.7879 10.24

10.4144 0.5?89 7.78
11.7160 0.3679 4.78

FA - 1.283547
-

<

||

L I
L

| F-15
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Table F-12. FRAPCON-2 axial power profile for the Oconee hot fuel pin with
2.0 peaking factor.

X LHGR

(ft) 0F(T) (kW/ft)

0.0000 0.5832 6.89 ,

1.3018 0.7402 8.75
2.6036 0.8645 10.22 ;

3.9054 0.9505 11.23 .

'

5.2072 1.0000 11.92
6.5090 1.0000 11,82 - 1

'

7.8108- 0,9505 11.23
9.1126 0.8645 10.22

10.4144 0.7402 8.75 :

11.7160 0.5832 6.89

FA - 1.166861 ',
_

F

Table F-13. FRAP-T6 axial power profile for the Oconee hot fuel pin with 2.4
peaking factor.

Center Power LHGR Axial
Node (ft) (kW) ( kW/ f tL __ pro file

1 0.6509 6.29 4.84 0.47746
2 -1.9527 11.20 8.60 0.84939
3 3.2544 15.06 11.57 1.14273
4 4.5562 17.54 13.47 1.33034

! 5 5.8580 18.46 14.18 1.40031
| 6 7.1598 17.54 13.47 1.33034

7 8.4616 15.06 11.57 1.14273
8 9.7634 11.20 8.60 0.84939
9 11.0652 6.29_._ 4.84 0.47746

Total 118.6499 ,
-

_

i

!
|
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Table F-14. FRAP-T6 axial power profile for the Oconee hot fuel pin with 2.2
peaking factor.
.-

.

i

Center Power LHGR Axial
Node ( fli (kW) (kW/ft) otpfile_

,_

1 0.6509 8.23 6.32 0.67414 i
2 1.9527 11.80 9.07 0.89529
3 3.2544 14.55 11.18 1.10378
4 4.5562 16.28 12.51 1.23501
5 5.8580 16,92 13.00 1.28356
6 7.1598 16.28 12.51 1.23501
7 8.4616 14.55 11.18 1.10378
8 9.7634 11.80 9.07 0.89529. '

9 11.0652 8 , [1._ 6.32 0.62414

Total 116.6528
_

Table F-15. FRAP T6 axial power profile for the Oconee hot fuel pin with 2.0
peaking factor.

- - - . . .

Center Power LHOR Axial
Node (ft) (kW) (kWL(1) proffie__

1 0.6509 10.27 7.85 0.77502
2 1.9527 12.39 9.52 0.93971-
3 3.2544 14.01 10.76 1.06285
4 4.5562 15.02 11.53 1.13898
5 5.8580 15.38 11.82 1.16689
6 7.1598 15.02 11.53 1.13898
7 8.4616 14.01 10.76 1.06285
8 9.7634 12.39 9.52 0.93971
9 11.0652 10.22 7.85 0.77502

Total 118.6512

L

L
i

! F-17

|

-



_ _ . _ . . . . . . _ _ _ _ _ . _ . . _ . _ . _ _ . _ ...__ _ .--__ _ _ _ _._ _ . _________.m__m-_._

;

,

i

F-3. REFERENCES

:

F-1. G. h. Berna et al., FRAPCON 2: A Computer Code for the Calculation of
Steady State Thermal-Mechanical Behavior of Oxide fuel Rods, NUREG/CR- '

'

1845, January 1981.

V~2. C. H. hiiison et ai . (Eds.), SCDAP/REl AP5/M003 Code Manual, Volumes 1-
111, (Draft), NUREG/CR 5273, EGG 2555, Revision 1, September 1990.

F-3. L. J. StefYen et al., FRAP.76: A Computer Code for the Transient
Analysis of Oxide fuel Rods, NUREG/CR 2148. ECG-2104, May 1981. I

F-4, final Safety Analysis Report for the Oconee Reactor, Tab 1e 4.21. ,

F 5.- Technical Specifications for the Oconee Reactor, Technical Specification
2.1, Safety Limit s, Reactor Core. :,

F-6. final Safety Analysis Repcrt fcr the Oconee Reactor, Figure 3 34. ;

;

,

e

i

, -

'

i

t

|

I
|

F-18

<

- . - , --n. - -.n - , , - - - - - - - - . - - - . - . .-..---r-w, --r- - - - -- --,v..-n.., .n, .- - - . . - , + - - -.:~,, - - - . , - -



_ ____-_-_ -_ ___-___-___.

P

;

I
!
l
'
4 <

l
j

_

APPENDIX G

I

CORE P0 wen DISTRIBUTION CALCULATION FOR SEABROOK

,

J

G-1
i

~ " -- ---- - --_-.__,___



_ _ _ _ - _ _ _ _ _ - _ - - _ _ _ _ _

APPENDIX G

CORE POWER DISTRIBUTION CALCULATION FOR SEABROOK g

G-1. INTRODUCTION

Apnendix G documents the fuel pin power distributtor in a Westinghouse
_(y) 4 loop reactor (Seabrook plant) used for the timing analysis of
pressurized water reactor fuel pin failures. The purpose of the analysis is
to determine the minimum time to fuel pin failure for a range of large break
loss-of coolar,t accident (LOCA) break sizes. The analysis assumed an

-

-

equilibrium core operating at 102% of rated power with some fuel pins of high
and low burnup operating at the maximum Technical Specification axial and
radial peaking factors. The analysis was performed using a series of four
codes to calculate initial steady-state fuel pin conditions, the system
thermal-hydraulic co The ecdesused were FRAPCON 2.gitions, and transiegt, fuel pin condi(ipns.and TRAP 16 3 'SCDAP/RELAPS/, 03, TRAC-Pfl/ MODI,

<

The time to fuel pin f ailure is highly dependent on the core power
distrihtion assumed for the analysis. The power distribution directly '

impacts the amount of stored energy calculated in the fuel and the internal
fuel pin pressure, two factors which greatly influence the time to fuel pin
failure.,

The purpose o' unis calculation is to determine the core power
distribution supplied as input to FRAPCON 2, SCDAP/RELAPS/M003, TRAC Pfl/HODI,
and FRAP-T6.

F.2 CALCULATION OF CORE POWER DISTRIBUTION

!
The axial and radial core power distributions for each of the core fuel

components modeled in SCDAP/RELAP5/M003 are calculated in this section. The
core representation used in this analysis consists of five fuel components,
each modeled with nine axial nodes of uniform height along the active core,

region. These fuel components represent a low-burnup hot fuel pin located in
the hot r.hannel, a high-burnup hot fuel pin likewise located in the hot
channel, remaining fuel pins of the hot channel, all fuel pins of the central
core region, and all fuel pins of the outer core region.

G-2.1 Hot Channel Hot Fuel Pins

from Table 4.1-1 of the Seabrook final Safety Analysis Report (FSAR):f"5
'

Reactor core thermal power (CTP) (MWt) 3411
Percent of heat generated in the fuel (f) 97.4%
Number of fuel assemblies 193

G-3
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,

i

;

Number of fuel pins per assembly 264 |
Fuel stack height (ft) 12 '

)4

Without taking into account fuel densification effects, the average linear f
heat generation rate (LHGR) for the Seabrook 17x17 fuel atsembly design can
then be calculated as follow::: |,

,

Average LHGR ~ CTP(kW) * f/(height of active core in ft * # of fuel pins) ;

Average LHGR = 3.411E6 kW * 0.974/(12 ft * 50952 pins)
Avg. LHCR 5.434 kW/ft ;

' >

i
,

The heat flux hot channel factor, f,, is defined as:

1

Maximum heat flux in the coro
7* . .............................Average heat flux in the core |

Seabrook Technical Specification 3/4.2.2 '' provides a value of L32 for f . I8

Applying this value, the maximum LHGR at 102% CIP for the peak power pin c,an
be calculated:

,

s

Maximum LH3R - 2.32 * 1.02 * 5.434 kW/ft
Maximum LHGR - 12.858 kW/ft

The total power generated in the hot fuel pin is determined by the
enthalpy rise hot channel factor, f ". This factor is defined as the ratio

, .
of the total integrated power in th hot fuel pin divided by the total

|_ integrated power in the average fuel pin:

! Hot pin power '

F| - - ---- -------- -.
Average pin power

-Seabrock Technical Specification 3.2.3''' provides a value of 1.49 for this
;

|- factor at 100% ClP. The total power in the hot fuel pin, P,.ci, at 102% CTP
can thar. be found from:

p

:P - F " * Average I.HGR * 1.02 * active fuel heightro3

| P , - ID 9 * 5.434 kW/ft * 1.02 * 12 ft
io

P , - 99.098 kW.u io

|

This= analysis assumes a chopped, symmetric cosine axial power profile for the
-hot fuel pin governed by the following equation:

G-4
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P(2) = PMAX * cos(s*2/(thi)) (G-1)-

where '

PHAX - peak axial power at the core midplane = 12.858 kW/ft
distance from the core midplane (ft)i z =

H activecoreheight(ft)=

T shape factor (ft).-

,

if the power for the length of the core midplane node is fixed at PMAX,
the total pin power can be found by integrating the axial power over the ;

remaining nodes and adding it to the power generated in the core midplane
node.

'

P, - PHAX * (H/9 + 2(H+T)/n * (sin (x*z /(H+T)) - sin (t*zi (H+T))) (G 2)z /

where,

H/9 . height of one node (ft)=

3 height of the top of the core midplane node measured from the' z =

core midplane (0.5 * H/9) (ft)
2 height of the top of the core measured from the tore midplane. z =

'

(H/2) (ft)

ebove ard iterating to find T.The shape factor, T, can be found by setting the P,o,fto 99.098 from
This results in a value o 0.096466 for T.

The instantaneous LHCR at any location along the fuel pin outside of the core
midplane node can then be found from

'

P(z) = 12.868 kW/ft * cos(n*z/12.096466) (G-3)

and the total power generated in eny node, N, except for the core midplane
node, can be found by solving the integral of this equation over the length of
the node:

r

P, - 12.668 kW/f t * (12.096466)3 * sin (x*z /(12.096466)g

-. sin (s*z /(12.096466))) _ (G-4)i

trhere
,

distance from the core midplane to the bottom of the node (f t)z3
=

z ,- distance from the core midplane to the top of the node (ft).=

,

FRAPCON-2 requires the normalized axial power, QF(T), at each node |

|
'

G-5 1
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,

bnunAry location, X. The FRAPCON input may be normalized % either peak or
average values. The FRAPCON-2 values normalized to the maximum LHGR are given
in Table G 1, along with the corresponding LHGR at each location. FRAPCON 2 i

also requires that the ratio of peak to average power, FA, be supplied when <

the peak normalized axial power distribution is supplied; this value is also i
; provided in Table C 1.

~

Table G-1. FRAPCON d oxial power proble for the Seabrook hot fuel pin.
-

X LHGR ,

_ _1fil -- . ._E T ) IkWft1 {. ___

0.0000 0.0125 0.16
i.3533 0.3512 4.52 ;

2.6667 0.6481 8.33 '

4.0000 0.8681 11.16 .

!
5.3333-- 1.0000 12.86
5.5667 1.0000 12.86 -

8.0000 0,8601 11.16 !

-9.3}33 0.6481 8.33
10.6667 0.3512 4.52 !
12.0000 0.0125 0.16

FA - 1.557046

4

SCDAP/RELAP5/M003 requires an axial power profile array consisting of
values for the ratio of the nodo power to the average node power for each
axial node. The node pcwer P (in kW) in each. axial node (except the core
midplane node) is calculated ,using Equation -(G 2). . The power in the core
midplano node is than the difference between the total power P ,-and power inro ,

the remaining _ nodes. Table G 2 contains the SCDAP/RELAPS/ MOD 3 axial power
profile, along with the total power generated in each node and the nodal LHGR
-for the het fuel pin operating at the Technical Specification limit. FRAP T6
uses the same axial power profile as SC0AP/RELAP5/M003.

0-2.2 Hot Channel Average Fu)1 Pins

,

The SCDAP/RELAPS/ MODS hot channel model consists of 1056 pins
representing four fuel asseinblies. Two of the pins represent a high- and low-
bornup fuel pin, respectively; their power distribution was determined in .

Section G-2.1. The power distribution of the remaining 1054-fuel pins in the
hot channel will significantly influence the thermal-hydraulic conditions of
the two hot fuel pins being analyzed. For the purpose of this analysis, it is
assumed that the remaining reds of the hot channel are operating at the
Technical Spcification enthalpy risa hot channel factor, but with a flatter
axial power profile. This power profile is based on a chopped, symmetric
cosine distribution with 5% less axial peaking than used in Section G 2,1.

G-6
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Table G 2. SCDAP/RELAPS/ MOD 3 axial power profile for the Seabrook hot fuel
pin.

I

Center Power LHGR Axial |
Ne.ie fft) (kW) ( kW/.itL, oro f il e .,_

,

1 0.6667 3,15 2.36 0.28600
2 2.0000 8.65 6.49 0.78582
3 3.3333 13.13 9.85 1.19234
4 4.6667 16.05 12.03 1,45732
5 6.0000 17.14 12.86 1.55705
6 7.3333 16.05 12.03 1.45732
7 R.oG6? 13.13 9.85 1.19234
8 10.0000 6.55 6.49 0.78582
9 11.3333 3 .1 L ,,, 2.36 0.28600

Total 99.098
;.

The linear power at any location along the fuel pin can then be found
from

P(z) - 0.95 * Maximum LHGR * cos(x*z/(12+T)) (G 5)

where

distance from the core midplane (ft)z --

shape fe.: tor (ft)T -

Max LHGR - 12.86 kW/ft (see Section G 2.1)

and the total pin power can be found by integrating this expression over the
length H of the fuel pin: ;

Pm - 2*0.95+ Max.LHGR*((12+T)/s)*(sin (x*H/2*(12+T))) (G6)

The shape factor, T, may be determined by setting this expression equal
to the total pin power of 99.098 kW for a fuel pin operation at the Technical
Specification enthalpy rise hot channel factor (see Section G 2,1);

T - 0.805593.

The equation for the power at any axial location then becomes:
'

,

P(z) - 12.215 * cos(x*z/12.805593)) (G-7)

G7
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The total power in any nodo car. be found by integrating this expression over
the len0th of the node, as wis :howr. shove. Tables G 3 and G 4 contain the
corresponding TRAPCON 2 and sCDAP/RELAPS/H003 data for the average fuel pin of4

,

the hot channel.

!
Table G 3.- fRAPCON 2 axial power profile for the Seabrook average hot channel :.

.

-fuel pins. ;
>

. . .. . .

X LHGR

fft) Of(T) (kWLit ) -
.

.

0.0000 0.0987 1.21 i
1.3333 0.4132 5.05 '

2.6667 0.6839 8.35 i
4.0000 0.8820 10.77 '

5.3333 0.9867 12.05 |

6.6667 0.9867 12.05 !

3.0000 0.8820 10.77
9.3333 0.6839 8.35

10.6667 0.0987 5.05
12.0000 0.1241 1.21

FA = 1.479194
-- - .-

Table G-4. SCDAP/RELAPS/M003 axial power profile for the Seabrook average hot
channel fuel pins.

. .

Center Power LHGR Axial
.kW) (kW/ft) orofileNode ___ (ft) (

: 0.6667 4.21 3.15 0.38195 i

? 2.0000 9.01 6.76 0.81866
3 3.3333 12.07 ?.65 1.16856
4 4.6667 15.35 11.51 1.39453
5 6.0000 16.21 12.16 1.47261 ,

6 7.33?3 15.35 11.52 1.39453
7 8.6661 12.07 9.65 1.16856 ;

8 10.0000 9.01 6.76 0.81866 ;

9 11.3333 4.21 3.15 0,38195 '

Total 99.098

P
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G 2.3 Radial Power Distribution

The SC0AP/RELAP5/M003 core model consists of three fueled channels with
the fuel assemblies distributed as follows:

Channel Number
of Assemblies

Hot Channel 4

Central Region 77
Outer Region 112

07Seabrook FSAR Figure 4.3-10 provides a typical normalized rt. dial fuel
assembly power distribution near end of-life (EOL) for an unrodded, HFPe

equilibrium xer.on core. This information is used to a) proximate the radial
powgrdistributioninthisanalysis. The power distri)ution for a 1/4 core

7is:

0.97 1.10 0.97 1.11 0.99 1.15 0.96 0.86
1.10 0.97 1.10 0.98 1.13 1.00 1.14 0.86
0.97 1.10 0.97 1.12 1.00 1.15 0.94 0.81
1.11 0.98 1.12 1.01 1.16 1.01 1.09 0.65"

'
O.99 1.13 1.00 1.16 1.19 1.09 0.93
1.15 1.00 1.15 1.01 1.09 1.11 0.67

0.96 1.14 0.94 1.09 0.93 0.67

0.86 0.86 0.81 0.65

Increasina the highest power assembly power to 1.49 to correspond to the
limitier het channel enthalpy rise factor (see Section G 2.1) and
renormaiizingthedataproducesthefollowingdistribution:

G9
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Cl +

Cl- 0. 63 1.092 0.963 1.102 0.983 1.142 0.953 0.854

1.092 0.963 1.092 0.973 1.122 0.993 1.132 0.854 f
Central Region ;

0.963 1.092 0.963 1.112 0.993 1.142 0.933 0.804 :

Outer Region.

1.102 0.973 1.112 1.003 1.152 1.003 1.082 0.645

0.983 1.122 0.993 1.152 1.490 1. .'82 0.923
~

1.142 0.993 1.142 1.003 1.082 1.102 0.665
t

0.953 1.132 0.933 1.082 0.923 0.665

0.854 0.854 0.804 0.645

,

The core may be divided into central, outer, and hot channel regions, as
shown above. The nodalization used in SCDAP/RELAP5/M003 and TRAC-Pf1/ MODI
actually models the four hot channel assemblies as being face adjacent to one
another. In addition, SCDAP/RELAP5/M003 and TRAC-Pfl/ MODI nodalization -

further assumes that the hot channel only communicates directly with the
central core region. These conservative assumptions are not expected to
significantly affect-the results, tince the intent is to achieve hot channel
conditions that_ would be expected in the close vicinity of the analyzed hot !
fuel pins. The radia| peaking factor for the central region can be found as

.

the average of assembly-specific factors within this region, taking into r

account that some assemblies lie on the segment borderline. The respective

radial power peaking factors are summarized in Table G-5. They can 3e used to 'calculate the total fission power produced in the fuel (see below)-at--102%
power level, the total power generated including gamma heating, and the

,

fraction of total core thermal power to be assigned to a specific component
(see Table G 5). -

Table G-5. SCDAP/RELAP/M003 radial power distribution input sumary for
Seabrook.

-
-

Power Power
Radial No. generation including- 6

peaking of within fuel ALHGR gamma heat Power
Comnonent factor eins (kW) (kW/ft)

,
(kW) frgtion

Hot pins 1.4900 2 1.982E+02 8.26 2.0349E+02 5.8486000E-5
Hot channel 1.4900 1054 1.044E+04 8.26 1.0724E405 3.0822348E-2
Central region 1.04907 20328 1.418E+06 5.81 1.4562E+06 4.1854056E-1
Outer region 0.94876 22153 Lffff Dj ._5221 1.9156E+06 5.5057e61E-l

50952 3.389E+06 3.479E+06 1.0 t

G-10
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G 2.4 Central and Outer Region

i

The data from Table G-5 can be used to determine the axial power
'

distribution in both the central and outer core regions, assuming a symmetric,
chopped cosine power shape. The ratio of the maximum power at the core
midplane, PMAX, to the minimum power at the fuel zone boundary, PMIN, is
assumed to be-two. The following expression can then be written for the power
at the core bounda.ry:

PHIN = PMAX * cos(z*(H/2)/(H+T)) (G 8) ]
1

'where H is the height of the active fuel zone - 12 ft (Section G 2.1).
Solving for T:

0.5 - cos(s*(6)/(12+T)) .

1 - H/2 - 6 ft. |

The linear power at any location along the fuel pin can then be found from:

P(z) - PMAX * cos(z*7/18) (G-9) !

where

peak axial power in kW/ft at the core midplanePMAX =

distance from the core midplane (ft)-z =

and the total pin power can be found by integrating this expression over the
length of the fuel pin:

P , = 2 * PMAX * (18/s) * (sin (n*6/18))io
= 9.92392 * PMAX . . . . kW

PMAX may be determined by setting this expression equal to the total pin power
given in Table G-5. For the central core region, !

,

| PMAX = 7.031 kW/ft.

For the outer core region,

PMAX = 6.358 kW/f t.

The equation for the power at any axial location then becomes:

| G ll
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!

:

P(z) = 7.031*cos(s*z/18) kW/ft ... for the central core region i
P(z)=6.358*cos(s*z/18) kW/ft ... for the outer core region i

t

'

The total power in any node can be found by integrating these expressions
over the length of the noo. 3s was shown above for the hot fuel pins. Tables i

G 6 and G 7 summarize the FRA CON 2 ar.d SCDAP/RELAP5/H003 data for the central ;

region fuel pins, while Tables G 8 and G 9 summarize these data for the outer i

region fuel pins. ;

1

Table G-6. FRAPCON 2 axial power profile for the Seabrook central core region ,

fuel pins. i

r

X LHGR
(ft) OffT) (kW/ft)

L

0.0000 0.5000 3.52
~

1.3333 0.6862 4.82
2.6667 0.8355 5.87

;. 4.0000 0.9397 6.61
5.3313 0.9932 6.98

[ 6.6667 0.9932 6.98
8.0000 0.9397 6.61 1

9.3333 0.8355 5.87 {
10.6667 0.6862 4.82 '

12.0000 0.5000 3.51

FA - 1.209199

,

;

Table G-7. SCDAP/RELAP5/M003 axial power profile for the Seabrook central
core re9 on fuel pins,1

__

' Center Power LHGR Axial .

'
I Node (ft) fkW! (kW4ft) Profile

.

|

| 1 0.6667 5.59 4.19 0.72046
2 2.0000 7.16 5.37 0.92421
3 3.3333 8.36 6.27 1.07814
4 4.6667 9.10 6.83 1.17395

|
5 6.0000 9.35 7.01 1.20647
6 7.3333 9.10 6.83 1.17395
7 8.6667 8.36 6.27 1 07814.

8 10.0000 7.16 5.37 0.92421
9 11.3333 __5.59 4.19 0.72046

Total 69.772

G-12
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Table G-6. FRAPCON 2 axial power profile for the Seabrook outer region fuel
pins.
. - _ _ . - .-

X LHGR

_ fi) 0UI) ..E#Lf1)(
.

0.0000 0.5000 3.18
1.3333 0.6862 4.36
2.6667 0.8355 5.31
4.0000 0.9397 5.98
5.3333 0.9932 6.32
6.6667 0.9932 6.32
8.0000 0.9397 5.98
9.3333 0.8355 5.31

10.6667 0.6852 4.36
12.000u 0.5000 3.18

FA = 1.209114

Table G 9. SC0AP/RELAPS/M003 axiai power profile for the Seabrook outer core
region fuel pin 2.

Center Power LHGR Axial
Hode._ ?ft) HyWL (kW/ft) pI9 file

1 0.6667 5.05 3.79 0.72046
2 2.0000 6.48 4.86 0.92421
3 3.3333 7.56 5.67 1.07814
4 4.6667 8.23 6.17 1.17395
b 6.0000 8.46 6.34 1.20647
6 7.3333 8.23 6.17 1.17395
7 8.6667 7.56 5.67 1.07814
8 10.0000 6.48 4.86 0.92421
9 11.3333 __1.95 3.79 0.72046

Total 63.101

G-2.5 Hot Fuel Pin Case Using Yaried Peaking Factors

The hot fuel pin case was also run using varied peaking factors, peak to-
average ratios, and axial power profiles, as calculated according to the
technique set forth in 5ection G-2.1. The FRAFC0ii 2 values normalized to the
peak are given in Tables G-10, 011, and G 12 for peaking f actors of 2.2, 2.0,
and 1.8, along with the corresponding LHCR at each location. The ratio of

G 13
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I

peak to average power FA, is also provided in the tables. FRAP-16 requires t

an axial power profile array containing values for the ratio of the total node '

power to the average node power for each axial node. The FRAP-16 values aic j
; given in Tables G-13, G 14, and G-15 for peaking factors of 2.2, 2.0, and 180,

.

along with the total power generated in each node and the nodal LHGR at each '

: location. ;

.

Table G-10. FRAPCON 2 axial power profile for the Seabrook hot fuel pin with i

2.2 peaking factor.
__

X LHGR I

fft) .JQL{1) _ (kW/ft)
__.

0.0000 0.1005 1.23
1.3333 0.4145 5.05,

: 2.6667 0.6846 8.s0 |*

4.0000 0.8823 10.76
5.3333 1.0000 12.19
6.6667 1.0000 12.19
8.0000 0.8823 10.76 ;

i 9.3333 0.6846 8.35
10.6667 0.4145 5.05"
12.0000 0.1005 1.23

FA - 1.476509
-.

;
,

Table G-11. FRAPCON 2 axial power profile for the Seabrook hot fuel pin with
2.0 peaking factor.
__ ______

:

| X LHGR
fft) Of[T) ikW/(tj '

_ _ _ _ _ _

O.0000 0.2766 3.07
1.3333 0.5371 5.95
2.6667 0.7538 8.36
4.0000 0.9089 10.07

-5.3333 1.0000 11.08
'

6.6667 1.0000 11.08 +

8,0000 0.9089 10.07
9.3333 .0.7538 8.36 i'

10.6667 0.5371 5.95 ;
12.0000 0.2766 3,07 '

FA 1.342282
_ .._, .,

,

G-14
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-Table G 12. TRAPCON-2 axial power profile for the Seabrook hot fuel pin with
1.8 peaking factor.

__.

X LHGR
( t:t) OffT) _1hW/f p

0.0000 0.5015 5,00
.

1 3333 0.6872 6.86
2.6667 0.8360 8.34
4.0000 0.9399 9.38
5.3333 1.0000 9.98
6.6C67 1.0000 9.98
8.0000 0.9399 9.38
9.3333 0.8360 8.34 |

10.6667 0.6872 6.86 '

12.0000 0,5015 5.00
4

FA - 1.208053
--.

Table G-13. FRAP-T6 axial power profile for the Seabrook hot fuel pin with
2.2 peaking factor.

..

Center Power LHGR Axial
EJgle ( f t_) (kW) (kW/ft) crofile

.1 0.6667 4.22 3.17 0.3836
2 2.0000 9.01 6,76 0.8187
3 3.3333 12.85 9.64 1.1672
4 4.6667 15.33 11,50 1.3922

,

5 6.0000 16.26 12.19 1.4765
6 7.3333 15.33 11.50 1.3922
7 8.6667 12.85 9.64 1.1672
8 10.0000 9.01 6.76 0.8187

'

9~ 11.3333 4.22 3.17 0.3836

Total 99,0982

,

G-15
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Table G-14. FRAP-16 axial power profile for the Seabrook hot fuel pin with
2.0 peaking factor,

.

Center Power LHGR Axial
Node fft) (kW) (kW/ft) orofile

1 0.6567 6.05 4.54 0.5499
2 2.0000 9.61 7.20 0.8724
3 3.3333 12.37 9.28 1.1236
4 4.6667 14.13 10.60 1.2830
5 6.0000 14.78 11.08 1.3423 ;

6 7.3333 14.13 10.60 1.2330
7 8.6667 12.37 9.28 1.1236
8 10.0000 9.61 7.20 0.8724 .

'
9 11.3333 6.05 4.54 0.5499

Total 19.0982'
|

.

Tablo G-15. FRAP-T6 axial power profile for the Seabrook hot fuel pin with
1.8 peaking factor.

Center Power LHGR Axial
Node __ (ft) (kW) ikW/ft) or.gfile

1 0.6667 7.94 5.96 0.7212
2 2.0000 10.18 7.63 0.9242
3 3.3333 11.86 8.90 1.0775
4 4.6667 12.92 9.60 1.1730
5 0.0000 13.30 9.98 1.2081
6 7.3133 12.92- 9.69 1.1730 ;

7 8.6667 11.86 8.90 1.0775
~

8 10.0000 10.18 7.63 0.9242
9 11.3333 7.94 5.96 0.7212

Total 99.0982

,
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APPENDI'X H-

: TRAC-PF1/M001 INPUT DECK PREPARATION AND: RESULTS

H-1. -CODE DESCRIPTION
p

[ TRAC-Pfl/ MODI performs best-estimate analyses of loss-of-coolantM

i accidents (LOCAs) and other transients in pressurized water reactors (PWRs).
[ The' code also models a wide _ range of thermal-hydraul_lc experiments in reduced-

scale. facilities. _.Models used include rcflood,- multidimensional two phase - -

flow, nonequilibrium thermodynamics, generalized heat transfer, and reactor
kinetics. Automatic steady-state and dump / restart capabilities also are*

[ provided.

I The TRAC-PFl/M001 -code version used in- the timing analysis of PWR fuel
i pin failures (Version 14.3) was the same version used in the code scaling,

applicability, and uncertainty evaluation (CSAU)- study.e2 As such, itsi
; : capability-for modeling a large break I.0CA has been established. Further,

TRAC-PFl/ MODI models and results have been extensively. assessed;-and the
; results of this assessment have been documented. Appendix F of Reference H-2
^ provides an extensive list of assessment-reports applicable to the TRAC-

PFl/ MODI code. Because of its maturity and exhaustive assessment, TRAC-
|_ Pfl/M001 was selected to perform a calculation for comparison of results with
j SCDAP/RELAP5/M003 results.

L H-2. METHODOLOGY ;

!
..

Figure H-1 shows the role of TRAC-PFl/ MODI analysis in the overall
methodology for the timing analysis of PWR fuel pin failures. To-provide a.

basis for evaluating the adequacy of SCDAP/RELAP5/M003 for large-break LOCA
,

analysis, a. single TRAC-Pfl/MODl_ calculation was made. This calculation.

provided-primary system thermal-hydraulic boundary conditions for the 100%
-design basis accident.(DBA), or worst-case scenario, for the Seabrcok reactor.
This scenario' consists of_ a complete, double-ended, offset shear break of a-

*

cold leg, without pumped emergency core cooling and ; main ecolant pump trip.
4

The results from' the TRAC-Pfl/ MODI calculation were used in two ways.y

_ First, thermal-hydraulic conditions of interest to this_ analysis were directly
.

compared with results calculated by SCDAP/RELAPS/M003. Second, the FRAP-T6
fuel pin failure time matrix for the Seabrook 100% DBA case was regenerated,

:using TRAC-Pfl/M001 thermal-hydraulic boundary conditions as input. Fuel pin,

failure times were then compared to those talculated previously using
SCDAP/RELAP5/M003_ thermal-hydraulic boundary condition data. (These results
are reported in Appendix 1.) ]

>

|

:
I

j'
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FRAPCON-2 TRAC-Pfl/H001
Calculates burnup dependent Calculates primary system thermal-
fuel pin initial conditicus hydraulic response, including

' primary system pressures, tem--

k' peratures, void distributions
Initial values of break flow

released fission gas inventory core thermal-hydraulics
retained fission gas inventory containment isolation signal
permanent cladding strains timir:gs
cladding oxide thickness
amount of open fuel porosity

V V
lime-dependent tables of

Bulk thermal-bydraulic conditions in
cora nodes and core inlet and outlet
volumes.
Coolant mass flux in core nodes.

V
- J

FRAP-T6
Calculates transient

fuel performance

;

Fuel pin failure timing

Figure H-1. Flow chart of methodology using TRAC-Pfl/ MODI thermal-hydraulic d:ta.

H-3. MODEL DEYELOPMENT

The basic TRAC-PFl/M001 reactor model used in this analysis (referred to
hereafter as the base deck) was an existing input deck for a generic
Westinghouse four-loop RESAR-33 plant with a 17x17 fuel pin configuration.w 2
This deck was modified to replicate the modeling and initial conditions-of the
Seabrook SCDAP/RELAP5/M003 deck (see Appendix E).

Since the base deck was developed as a best-estimate model representing
an operating plant midlife of a second cycle, plant conditions differed from
the conservative asstimptiens used for the timing analysis for PWR fuel pin
failures. Thus, some of the plant :aodel operating and boundary conditions had
to be modified. Also, the TRAC code used for the calculations is the
" uncertainty" version, which had some updates that allowed for varying certain
parameters. These nad to be reset to nominal code values. In addition, the
axial nodalization in the core region had to be modified to correspond to that

H-4
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used with the FRAP T6 and SCDAP/RELAP5/M003 models. Nodalization diagrams'for
the revise.d TRAC Pfl/ MODI model are presented in Figures H 2 and H-3. :

This appendix presents a general description of revisions made to the-
TRAC-Pfl/ MODI base deck to perform the supplemental calculation for the timing
analysis of PWR fuel pin failures. Details of modifications and supporting
calculations are found in calculation packages supporting this analysis-(see,

Appendix A). Section 113.1 describes revisions to steady-state base deck
" input data; Section H-3.2 describes revisions required for transient analysis.

,

H-3.1 Steady State Input Data (Plant Model)

The steady-state deck fully describes the basic plant model. All four
,

locps and the pressure vessel are modeled. Changes made to the CSAU base deck
for the timing analysis of PWR fuel pin failure are given in Table H-1.

H-3,2 Transient Input Data
-

The system plant model was set up in the steady-state model (see figures
H-2 and H-3). To-run a large-break transient, the cold leg TEE component (46)
was removed and replaced by TEE component 46 and PIPE component 56, plus break
components 97 and 98, as shown in Figure H-4 The initial conditions for
these components were taken from the steady-state results for component 46.'

The back pressure (containment pressure) data were taken from the SCDAP/RELAP5
:alculation.

During a large-break LOCA, the plant model fails in the steam generator
secondary at approximately 25 - 26 seconds into the transient. This failure
occurred during all the CSAU transients, as weil as during. transients for the
timing analysis of DWR fuel pin failures. Tne problem occurs in the

;- recirculation junction of the secondary modeling, as shown in Figure H-2.
|-- Very small flow rates oscillate at this junction, causing a convergence
i failure.
1 To correct the problem, the flow areas of the secondary tube of the TEE
p components were set to 0.0 and the problem was restarted. This change was

used in-both the CSAU and timing analysis of PWR fuel pin failures
calculations. Since the feedwater is off and the steam line valve is closed,
the secondary is isolated; therefore, this modification has no effect on the

-large-break LOCA transient.

H 3.3 Execution

The TPAC-PFl/ MODI base deck was modified as noted above and executed on
the Cray Supercomputer using TRAC-Pfl/ MODI code version 14.3050.LG. Table H 2 '

lists the description, input file, and output file for each case. All source,

-input, and output files have been archived on tape for permanent retention.'

H-5
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Table H-1. Steady-state input data revisions to TRAC-PFl/ MODI input deck.

Descr1Dtion pf data DescriDtion of modificatiQQ.

. User Information:

Main data card 1 Number of title cards changed from seven to six;
nu,T.ber of fuel rods changed from 46 to 16.

NAMEllST modifications Added calls in core region; changed critical
flow muittpliers from LSAU values to def; ult
values.

.

Uncertainty multipliers All of the uncertainty nialtipliers were changed
=from C$AU values to default values (1.0).

Safety injectic'. trip _The fill curves for the emergency care
cooling (ECC) injection were set to trip "on"
with pressure. Since the timing ana' lysis'of.PWR
fuel pin failures allows no puupd ECC, the
pressure trip point was reset so that the ECC
would not~come on. (NOTE: This resetting of
the pressure trip setpoir.t did not work. So,-
the fill curves (mass flow versus pressure) were
set to 0.0.]

VESSEL' component
' changes:

Controls Increase axial levels due to core region
renodalization from five to nine cells. Cha'nge

. number nf rods from CSAU value to fuel pin
failure value. Change maximum allowable rate of
change of programmed reactivity (w/s). Change
initial-power to 102% (3.411E9 x 1.02 - 3.479E9
W).

|
.

L Geometry--cell locations Because of the core region renodailzation from
' five to nine cells the axia.1 elevations of the
; cells were recalculated. Tne core region was
L divided into nine nodes of equal size -

.

Vent valve location data Because of the core region renodalization from
five to nine cells, the vent valve cell number
connections had to be changed.

Guide tube location data Because of the core region renudalization from
L five to nine cells, the guide tube cell number
L connections had to be changed.

!

H-8
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Table H 1. .(continued)
._ .- ._

; Descriotion of Data angdLttra_qflq1if hation i__ , . _ ,_ _

Hot and cold lep Because of the core region renodalization from
location data five to nine cells, the hot and cold leg cell

number connections had to be changed.

Radialipower density at The radial-power density at the node positions
the node positions (nodes 1-5 for fuel pellets ano nodes 6-8 for

cladding) was revised to correspond to the
radial profile used in the SCDAP/RELAPS/MCD3
calculations (see Appendix E).

.

Radial peaking factors The radial peaking factors for the core were
for.the core defined as calculated in Appendix G.

Cell nambers for The CSAU deck had 34 supplemental rods in cell i

supplemental rods 1. The fuel pin failure analysis has four J

supplemental rods, located in the center ring, l
cells 1-4. '

Power peaking factors The power peaking factors for the supplemental
- for the supplemental rods were defined as calculated in Appendix G.
rods

Axial poker profile The axial power profile was defined as
calculated in Appendix G.

Reactor power versus The reactor power versus time curve was defined.

time curve as the power / time curve generated by the
SCDAP/RELAP5/M003 calculations for the 100% DBA
LOCA case without ECCS.

Mole fraction of gap gas The CSAU model contained helium, argon, krypton,
: constituents xenon, and air. The model for the timing-

analysis of PWR fuel pin failures contains i

helium, krypton, and xenon. Specified values
ware defined from the steady-state FRAP-T6 -

calculation,

Dummy variable: The following variables must be input even
though they are not used in the calculation:
moles of gap gas per fuel rod; gap gas pressure;
fuel rod plenum volume; pellet stack length;
total cladding length. Specified values were
obtained from the FRAP-T6 input deck.

Heat- slab areas Because of the core region renodalization from
; five to nine cells, the heat slab areas had to

be redistributed.,

H-9
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-Table H-1. (continued)' 1

.

Descrigion of Data Description of Modification-

Heat slab node positions The average thickness for heat slabs that are
,

now partly divided batween two axial levels had
to be calculated (to conserve mass).

Additive loss Because of the core region renodalization from
coefficients five to nine cells, the axial (Z) additive loss

coefficient terms- had to be adjusted linearly by
length ratios. (The r and 0 values required no
adjustment.)

Cell fluid volume No changes to these data were required for the
fractions timing analysis of PWR fuel pin failures.

However, the CSAU inrr value for ring 3 of
level 4 appeared to be anomalous and-was changed
to the value for all other core levels.

Cell edge average area This change was made after a steady-state run
'

fractions with the modified deck was evaluated. The mass
flows in the core region-(rings 1, 2, 3) were
slightly different than SC0AP/RELAP5/H003. mass
flows. Thus,'the cell edge average area
fractions were adjusted slightly by the ratio of
mass flows,

VESSEL data Because of the renodalization of the core
initialization region, initial estimates of cell pressure end

temperature and slab temperature had to be
prorated over nine cells instead of five.

[ NOTE: These data are initial estimates only;
the values are computed during the .<teady-state
calculation.]

VESSEL fuel rod cards For variables BURN and RfTN, there must be as
many sets of fuel rod cards as there are fuel
rods modeled in the deck. Since the CSAU deck
has 46 rods and the revised deck only 16 rods,
30 sets of fuel rod cards were removed from the
deck.

System component
changes:

Steam generator The input flow area for all steam line valves
-secondary outlet area and the steam generator outlet was increased by

2% to accormodate increased steam flow. This
change was made for all four steam generators.

|

|

| H-10
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Table H-1, (continued)'
.

..Descriotion_of Da.ta Description of Modification-
,

Feedwater and steam flow Since the power for the fuel pin failure study 1

is set at 102% of full power, the feedwater and
steam flows were raised 2% to remove the excess
power.

Loop flow The steady-state loop flows exceeded those of -
the SCDAP/RELAP5 model. Thus, the pump speed.

(0MEGA) was reduced by the flow ratio to adjust
the loop flows.

.

Pumped ECC inject'lon There is no pumped ECC in-the timing analysis of
PWR fuel pin failures; thus, the trip for the
ECC model was changed so that the fill curve
would_not be activated. This did not keep the
ECC at zero flow, so the flow versus pressure
curve was modified to have zero flow at all
pressures.

.
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.

Table H-2. TRAC-PFl/ MODI input and output matrix for Seabrook.
-

Case __JRAC input files,_ TRAC qq1 pat _Gles_

.

Steady-state _ input deck ssdchc.fpf TRCOUT.ss
to initialize the system TRCGRF.ss

'

TRCDMP.ss

; . Transient restart from trdkhc.fpf.1 TRCOUT tr.1
steady state (0 - 24 TRCGRF.tr.1
seconds) 1RCOMP.tr.1

. Transient restart at trdkhc . fpf.2 TRC00T.tr.2
24.0 seconds (24 --60

'

TRCGRF.tr.2
seconds)' TRCDMP.tr.2

__.

H-4. RESULTS

Two TRAC-Pfl/ MODI calculations were performed. From the steady-state
input deck, a transient was run to obtain the plant steady-state conditions.

' - From the steady-state restart file, a blowdown transient was initiated by
replacing the cold leg TEE component in loop 2 with a TEE and PIPE component,

and two break components. As explained above, the transient was _run for 60'

seconds with one restart.

H-4.1 Steady-State Results

The results of the SCDAP/RELAP5/M003 and TRAC-PFl/ MODI steady-state
. calculations for Seabrook are compared in Table H-3 for a selected set of
parameters.

H-4.2 Transient Results

The transient results are presented graphically in Appendix L. The plots
show that good comparison was obtained betwcen SC0AP/RELAP5/M003 and TRAC.
PF1/M001 for the break flow and resulting system depressurization (plots 6 and
3), .Tha accumulator flows (plot 7) also compare well. However, for the:

SCDAP/RELAPS/H003 calculation, the accumulators had to be isolated when empty
of ECC water, thereby shutting off any nitrogen flow into the primary system.
The TRAC-PFl/ MODI caiculation discharged nitropen gas to the cold loop and

, .
vessel. This surge of noncondensible gas pressurized the upper downcomer,
resulting-in a surge of fluid into the core region, as shown in plot 2. This
is also seen in _ plot 12 (downtomer void fraction), where the downcomer is full
of liquid until the accumulators emptied.

H-13'
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Table H-3. A comparison of SCDAP/RELAP5/M003 and TRAC-Pfl/MGDI steady-state
.results for the Seabrook reactor model.

- - . . ._.

Parameter SCDAP/RELAP5/_M003 TRAC-PF1/JiQD.L Difference ._

System data:

Hot leg temperature (K) 599.6 603.2 3,6 K

Cold leg temperature (K) 565.8 569.8 4.0 K
Delta T (K)- 32.8 33.4 0.4 K
Average temperature (K) 582.7 586.5 3.8 K
Intact loop flow (kg/s) 13205.0 13212.0 - 0.7 01.
Broken loop flow (kg/s) 4434.8 4404.0 -0.69%
Reactor dome pressure (MPa) 15.64 15.69 0.32%
Pressurizer dome pressure (MPa) 15.55 15.53 -0.13%

,

_

Core Data:

Core inlet temperature (K) 566.9 569.7 2.8 K
Hot channel-top node temperature (K) 615.5 618.2 2.7 K
Middle channel top node
temperature (K) 602.6 606.4 3.3 K

Outer channel-top node
temperature (K) 599.4 601.4 2.0 K-

-Core average outlet temperature (K) 599.7 603.2 3.5 K
Hot channel flow (kg/s) 346.2 339.2 -2.03%
Hiddle channel flow (kg/s) 6752.7 6620.6 1.96%
Outer channel flow (kg/s) 9858.5 10657.1 -

3ypass flow-(kg/s) 531.6 N/A 2.57%-

Secondary:

Intact loop flow rate (kg/s) 1451.7 1444.5 -0.50%-
Broken loop flow rate (kg/s) 483.57 481.5 -0.43%
Feedwater temperature (K) 499.7 497.7 -2.0 K
Dome pressure (MPa) 6.44 6.39 6.99%
Steam temperature (K) 553.5 558.0 4.5 K

.

The hot channel mass flow rate at level 8 (midcore) is shows in plot 11.
The mass flow rates and temperature at each level in the hot channel are fed
into the FRAP T6 code.to compute cladding ballooning and rupture.
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APPENDIX I

FRAPCON-2 INPUT DECK-PREPARATION AND RESULTS
b

,
,

CODE DESCRIPTION

FRAPCON-2"' is-a computer code for calculating the steady-5, tate thermal -
'

tand mechanicalLbehavior of_a single light water reactor (LWR) fuel rod.
LFRAPCON-2 calculates-LWR: fuel rod behavior-when power and boundary condition 9

' changes are sufficiently-slow so that a series of steady-state analyses-(no
time derivativas) can be used to model rod behavior. Such situations would
include long pertods at constant-pcwor and slow power ramps typical of normal '

power reactor. operations. The code calculates the variation with time and
-burnup of all significant fuel rod variables, including fuel and cladding
temperatures, cladding hoop strain, cladding oxidation, fuel irradiation
swelling,-fuel densification, fission gas release, and rod internal gas

' pressure _ In aJdition, FRAPCON-2 isjesigned to generate . initial conditions *

for fuel' rod analysis using FRAP-T6, - a companion computer code that-

calculates LWR fuel = rod performance during reactor transients and loss-of-
,

coolant accidents. (LOCAs).

-FRAPCON-2 was developed for the U. S. Nuclear Eneroy Comission (NRC) to-

perform both~best-estimate calculations and audit calculations for licensing
proceedings. As such, its_models and~results have been e
andtheresultsofthisassessmenthavebeendocumented."gt,ensivelyassessed;

.

' " Even though'

code-assessment does not address fuel pin burnuos >-35,000 mwd /HTU, FRAPCON-2 '

was chosen as-the best code available to provide steady-state fuelzpin data
.

for--:the timing analysis of pressurized water reactor-(PWR) fuel pin failures. |

-
.

METHODOLOGY

Figure;I-l shows the role of FRAPCON 2 analysis in the overall
methodology for the timing analysis of PWR fuel-pin failures. FRAPCON-2 was 1

used to calculate-fuel pin initial conditions at specific burnups; these data
e were-then input into FRAP-T6 for transient analysis. FRAPCON-2 calculations

were made1for the hot channel hot pin with each of four peaking factors
considered for the Seabrook and Oconee reactors. FRAPCON-2 data were also

- calculated for- the hot channel average fuel pin, middle core region fuel pin,
Land. outer core region fuel pin; these data were used to initialize SCDAP fuel
componentsi so that SCDAP and FRAP-T6 fuel temperatures and failure times could,

:-be compared.-
; y

e MoDEL DEVELOPMENT

A stngle fuel pin design was modeled for each plant type analyzed. These
fuel deugns included the Mk-B9/10 design for the Oconee analysis and the

I-3
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_

FRAPCON-2
Calculates burnup-dependent
fuel pin initial conditions

h
Initial values of

released fission gas inventory
retained fission gas inventory
permanent cladding strains
cladding oxide thickness
amount of open fuel porosity

V
i

_

V V
I I

SCOAP/RELAPS or TRAC-PF1 FRAP-T6
Calculates primary system thermal- Steady-state case run to
hydraulic response, including provide initial steady-

primary system pressures, tem- state conditions for SCOAP
peratures, void distributions components
break flow
core thermal-hydraulics
containment isolation signal Initial gap conductance
timings Initial gap gas pressure
fuel pin ballooning and rupture Radial temperature profile

h
Time-dependent tables of

bulk- thermal-hydraulic conditions in
core nodes and core inlet and outlet
volumes.
Coolant cass flux in core nodes.

I fuel pin power distribution.
V
i

FRAP-T6
Calculates transient

fuel performance

|
1

.

Fuel pin failure timing
!

| Figure I-1. Flow chart of methodology using FRAPCON-2.
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,

H_17x17 standard fuel design for the St.abrook analysis. Specific data for_
these fuel rod models came from a variety of sources. Reactor-specific
datawereobtainedeitherfromthefuelvendorortheappropriateFSAR."(uel'"'

For the Oconee model only, -an adjustment was m&de to the upper plenun length
to account for differences between the Oconee upper and lower plenums. The
basic design parameters for each fuel type are summarized in Table I-1.

Table I-1. Summary of fuel design characteristics for fuel types modeled in
FRAPCON-2.

. . - -

Characteristic B&W Mk-B9/10 W 17x17 standard [

-Pin lattice 15x15 17x17
Fuel pins per assembly 208 264
Fuel cellet 00 (in.) 0.370 0.3225
Cladding ID (in,) 0.377 0.329
Cladding OD (in.) 0.430 0.374
Plenum length (in.) 8.394 6.479 ,

Initial. fuel . stack height (in.) 140.595 144.0
Initial fill gas pressu psig) 340.0 365.0
Fuel enrichment (wt. % g ()

- U 3.5 3.1

The mechanical and fission gas release models and other code model
options were chosen to best suit the analysis requirements based on
descriptions and recommendations provided in code assessment documents."b3''
Of the three mechanical models_ available in FRAPCON-2 (FRACAS-I, FRACAS-II,

_

and PELET-RADIAL), FRACAS-II was chosen for the FRAPCON-2 models ~ as the most

releasemodel."{. appropriate fuel rod deformation model, when coupled with the FASTGRASS_ gasFASTGRASS is=a highly mechanistic gas release model that
accounts for bubble formation, migration, coalescence, channeling, and
eventual release and -is the most suitable gas release model for high
temperatures and burnups.

In FRAPCON-2, four fuel pins were modeled for each reactor, corresponding
'to the hot channel hot pin,_the hot channel average pin, the middle ring
average pin,.and the outer ring average oin. The FRAPCON-2 hot channel bot
pin models.were used to provide steady-state i_nitialization of burnup- -

.

dependent. variables for FRAP-T6 at specific fuel burnups and varied peaking '

factors. All of the FRAPCON-2 fuel rod models were also used to provide
initializing data for SCDAP/RELAP5/M003 fuel components.

The axial power prof.iles for FRAPCON-2 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-T6, 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 spacification enthalpy rise hot channel
factor.

' I-5
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As recomended in Reference 1-1,11 radial nodes were used in the
FRAPCON 2 models, with eight nodes in the fuel pellet and three nodes in the
gap. The FRAPCON-2 nudalization was based on uniform area cross-sectional
regions, and the radial power profile was code-calculated.

To generate FRAPCON-2 data at the specific burnups required for this
analysis, the linear heat generation rate was ramped to the peak power and
then held constant. The time array was extended to provide output data beyond
the maximum burnup required and then refined to give data at specific burnup
levels (5, 20, 35, and 50 GWd/MTV for Seabrook; 5, 20, 35, and 55 GWd/HTV for

'

Oconee). The data files written for FRAP-T6 at the time step corresponding to
these burnups were then used as int't to FRAP-T6. These data files contained
-initializing values for released and retained fission gas inventory, permanent
cladding strains, permanent fuel strains, cladding oxide thickness, and amount
of open fuel porosity.

Calculation packages supporting the Oconee and Seabrook fuel deformation
models are listed in Appendix A.

INPUT DECK PREPARATION AND EXECUTION

Listings of the required and optional FRAPCON-2 input variables used in
this analysis are given in Tables 1-2 and 1-3. The specific values given a o
those used for the Oconee hot channel hot pin model. A complete descript; .

of FRAPCON-2 input variables is given in Appendix A of Reference 1-1.

FRAPCON-2 input decks for seven different cases for each reactor type
were prepared and executed for this analysis. Table 1-4 lists the
description, input file, and output files for each case. A representative
input file and output summary are shown in Figures 1-2 and 1-3. The input
decks were executed using FRAPLON-2, Version 1, MOD. 05, a version converted
ic portable FORTRAN 77 and modified for use on a DEC 5000 workstation (see
Appendix C). All input and output files have been archived on tape for
permanent retention.

i
RESULTS

The FRAPCON-2 results most significant to the timing analysis of PWR fuel
pin failures are summarized in Table I-5.

1-6
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Table 1-2. FRAPCON-2 required input variables.

DLttble DescrIILtion

No name Uncertainty analysis option tard; default - 0

No name Identifier or title card

$FRPCN Namelist identifier

IAXSYM 0 Flag controlling the AXISYM locci strain model (not used in
this analysis)

.

IM 82 Number of power-time steps. This number must match the
number of entries in the power and time arrays (QMPY and
TIME).

MECHAN 3 Flag controlling the choice of mechanical model. FRACAS-Il
was chosen for this analysis.

NA 9 Number of axial nodes (nine used in this analysis).

NR-ll Number of radial nodes in fuel (fixed at 11).

NGASR--2 Flag controlling the choice of gas release model. FASTGRASS
was chosen for this analysis.

.

$FRPCON Namelist identifier.

COMP 0.0 Plutonium oxide content of fuel.

CPL =10.314 Plenum length (in.)."

DC1-0.377 Fuel cladding inside diameter (in.)

DCO-0.430 Fuel cladding outside diameter (in.)

DE-0.5431 Equivalent heated diameter (in.)

3DEN =95.00 Fuel density as percent of theoretical (10.97 g/cm ).

DISHSD .0435 Dish shoulder width (pellet radius minus dish radius) (in.)

DP-0.370 Fuel pellet diameter (in.)

DSPG=0.360 Spring outside diameter (in.)

DSPGW-0.062 Spring wire diameter (in.)

ENRCH-3.5 Fuel enrichment (wit.)

1-7
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Table I-2. (continued)
-

Variable Descrintion

FA-1.534422 Axial power profile peak-to-average ratio.

FGPAV-340.0 Initial fill gas pressure (psia).

2
FLUX = Ratio of fast neutron flux to specific power (N/M -s per W/g
9*9.0365 ell fuel); input one value for each axial node.

zG0-2.67e6 Mass flow rate (lb/h-ft ); may be input as an array.

H0!SH 0.010 Depth of fuel pellet end dish (in.). |

HPLTe0.455 Fuel pellet height (in.).
4

ICM 4 Index for cladding material. Index - 4 for cold-worked,
stress-relieved zircaloy-4.

IDXGAS-1 Index for initial fill gas composition. Index - 1 for
helium.

IMSWCH-0 Flag for use of evaluation models with FRACAS-1. Flag - 0;
evaluation models not available for use.

IPLANT--2 Switch to specify the radial power profile, Radial power.

profile calculated by RADAR subroutine; flag -
-2 for PWR, uranium enriched, s10%.

IQ-0 Flag for axial power shape. Flag = 0 (user input) for peak
pin cases; flag - 1 (code calculated) for average pin cases.'

IVARDM-0 Flag for inputting variable axial or radial dimensions.
Uniform axial and radial dimensions were used. Flag = 0 (no
variation).

-JDLPR 1 Flag for output control. Flag - 1 (peak power axial node
only per time step).

JN-10 Number of entries in QF and X arrays (JN = N+1, where N =
number of axial nodes).

JST-1 Array controlling choice of axial power shape for each time
step (IQ-0). Only one axial power shape was used.

N0PT=0 Flag for varying amount of output. Flag - 0 for full
output; flag - 3 for summary output.

;

l-8
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4

Table I-2. . (continued)

Variable Description

NSP-0 Flag for inputting time dependent pressure, temperature, and
mass flow (P2, TW, and GO), Constant pressure, temperature,
and mass flow values were used. Flag = 0.

NUNITS-1 Flag for input unit type. English units were used. Flag -
1.

P2-2200. System pressure (psia). May be input as an array.

QF=0.0360, Axial power profile array (input if IQ = 0). Axial power
0.3682, profiles input for all peak pin cases.
0.6580,
0.8720,
-1.0000,
0.8720, '

O.6580,
0.3682,.
0.0360-

-QMPY-1.5540, Linear heat generation rate (LHGR) array versus time
3.1080, (kW/ft). LHGR ramped to peak power in ten time-steps using
4.6620, 1/10th increments and then held constant Number of array
6.2160, entries must match IM and number of array entries in TIME.
7.7770,
9.3240,
10.8780,
12.4320,
13.9860,-
73*15.540

RC-0.0 Radius of pellet boro (in.).

ROUGHC- Arithmetic mean roughness of cladding (in.).
-3.0e-5

ROUGHF- Arithmetic mean roughness of fuel (in.).
7.0e-5

TIME-0.1... Time array corresponding to LHGR array (days); first value
673.684 must be greater than zero. For this analysis, TIME was

arbitrarily chosen to be: 0.1-step increments to one day;
one day increments to five days; one five-day increment; 10-
day increments to just above maximum burnup. The time steps
were then refined to give data at burnups of 5, 20, 35, and
50 (55) GWd/MTV.

TOTL-11.716 fuel stack height (ft).

I-9
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l

Table 1-2. (continued)

YAriable Description

TW 555.8 Inlet water temperature ('F); may be input as an array.

VS-54 Total number of spring turns.

X-0.0, Array of axial elevations corresponding to axial power
l.3018, profile. array (QF) entries (f), ranging in ascending order'

2.6036,- from 0.0 to TOTL. [lf QF(i) are not input, X(i) are not
3.9054, input.] X(i) = (TOTL/NA) + X(1-1).
5.2072,
6.5090,
7.8108,
9.1126,
10.4144,
11.7160

a. FRAPCON-2 uses either British or SI units; British units were used in this
analysis.

|

,

l
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Table 1-3. FRAPCON-2 optional input variables.

YAr_ table Description _,

AMFAIR, These variables are the absolute mole fractions of various
AMFARG, gases and are only input when the IDXGAS user input flag if
AMFFG, turned on; default value used.
AMFHE,
AMFH2,

4
AMFH20,
AMFKRY, r

AMFN2, AMFXE

BUIN Initial fuel burnup (mwd /MTV); default value used.
~

CATEXF Texture factor; default value used.

CLOWKS'0.2 Fraction of cold work of cladding. Actual value used for
Seabrook; def ault value used for Oconee.

CP, CR Anisotropy coefficients; not used with FRACAS-l! mechanical
model.

CRDT Initial crud thickness; default value used.

CRDTR Initial crud building rate; not used.

CTMAX Meximum cladding temperature attained by the fuel rod axial
array; default value used.

DENG=0.75 Difference between pellet immersion density and geometric
density. Actual value used for Seabrook; default value used

.

for Oconee.

F0TMTL Fuel oxygen-to-metal ratio; default value used.

GRNSIZ-5. Initial fuel grain size (pm). Actual value used for
Seabrook; default value used for Oconee.

ICOR Index for crud model; not used.

ITREST Time-power step to begin a restart; not ased.

LINKT-6 Flag indicating version of FRAF T for data file; flag = 6.

NFR00 Number of fuel rods being analyzed; default value used,

h0 Fall Flag for cladding failure model in FRACAS-1; not used.

NPCYCL Number of previous power cycles; def ault value used.

1-11
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Table I-3. (continued)

!

Variable Description
_

NPLTAB Flag for parameter on plot abcissa; default value used. No
plotting was done.

NREAD Restart read flag; not used.

NRESTR Restart write flag; not used.

NTAPE-1 Flag to store data for use in FRAP 16. Flag 1 (data
stored at each time step).

NUCFC User-specified collapse failure criterion; not used.

QEND Normalized heat flux from top; default value used. j

PPMH2O Fuel initial water content; default value used.

PPMN2 Fuel initial nitrogen content; default value used.

RAPOW Radial power profile array; not used.

RSNTR Absolute change in fuel density because of thermal
resintering; default value used.

SGAPF Fission gas atoms produced per 100 fissions; default value
used.

SLIM Limit on fuel volume swelling; default value used.

.TSINT=2912.0 Fuel sintering temperature. Actual value used for Seabrook;
default value used for Oconee.

UBFS User-specified balloon failure strain; not used.

UMELT Cladding failure melting temperature flag; default value
used.

UOFD . Cladding oxide failure depth criterion; default value used.

CREPHR Creep _ time step limit; default value used.

I-

.
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Table 1-4. FRAPCONt input and output files for the timing analysis of PWR
fuel pin fallares. .

|

_ Case description Input file Output files
:

; Seabrook files
H:t fuel pin case with peaking seapeak scapeak.ol

Ei factor of 2.32 frap t.pkl

Average hot ch6no61 fuel pin case seaahc seaahc.ol
frap t.ahel

Middle core region fuel pin case saamid seamid.ol
frap t.mid! ,

. Outer core ragion fuel pin case scaotr seaotr.ol
frap t.otrl'

.

?Fc-t fuel pin case with peaking senpf22 seapf22.ol-

factor of 2.2 frap t.pf22
'

hot fuel sin case with peaking scapf20 seapf20.ol
factor of 2.0 frap t.pf20

,
,

" Hot fuel pin case with peaking seapfl8 seapfl8/ ol t

i facter of 1.8 frap-t.pfl8 :
o
.

-Oconoe filesa
.

Hot fuel pin case with peaking ocopf263.1 ocopf27.o
f actor-of L 63 ocopf27.dat ;

'

; Avurtge hot r.h.innel fuel pin case ocoahc.i ocoahc.o
ocoahc.dat

.

llicidle core region fuel pin case ocomid.1 ocomid.o
ocomid.dat ;

Outer core region feel pin case ocooutr.1 ocootr.o
ocootr.dat

hot fuel ein case with peaking ocopf24.1 ocopf24.0
factar o' 2.4 ocopf24.dat

,

p 1107 fuel pin case with_ peaking ocopf22.i ocopf22.0
fector o! 2.2 ocopf22.dat-

iot fuel pin case with peaking ocopf40.1 ocopf20.o >

factor of 2.0 ocopf20.dat
;

r-

! ''
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seeeeeeees.eeeeneeeeeesesseees.,eeseoesseesseeseseessee.. ...eseeeeeene,
e frapcon2, steade................y+ state fuel rod analysis cod =, version 1, mod. Ob o

......................................................e
e

e

e CAFE DESCh!PTION: OCONEE 15X' 5 ANALYEl$ CALLS
e

e UNIT
r!LK DESCRIP1'.!ON e

e .... ............. .................................. e
* -. Outputs e
e 6 STANDARD FRINTER CUTPUT e
e o
e -. Scratch *
* 5 BCRATCH INPUT r!LE FROH ECH01 e

,

e e

Input rkAPCON2 INFUT TILF (UNIT $5) ee

e

se e e e e e e e e e e e ee e e e e e e ee r s e e e e e e e e e e e ee e e e e e e e ee e e e e e e e e e e e.e s e e e e e e t e e s e
e GOES1NSI
r2120 $= ' nu 11 t il e ' , S TATUS=' acr at ch ' , FONf*' rOPMATTED' ,

cal &! AGE CONTROL =' LIST'
e

e oogsopts:
r!!.E01=' ocopf 2 63. 8TATU5=' UNrSOWN' , TOPN=' tWTOI0tATTWr!12.22='ucopf263.p' ',

dat , S TATUS = ' UHFNOWN ' , TOKHe' UNFORMATTED'
TILE 06='ecopf263.o', S TATU$=' UN TROWN' CARh
j e s e s s e s s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ,e e e e e e e! AGE CONTROL = ' LI ST'eeeeeeeeeeeeeeeeeeeeeeeee

0 1 uncertainty option turned off
oconee 15 15 hot ein with 2.67 pf
$ftpen

iamsym=0, 1 AX18YN option not used
is>=82, ! Numbst cf power-time steips
mechan =3, I TRACAS*!! mechanical model
ne=9 i Number of axial regionsnt=1k, I Humber of radial nodes in fuel
ngasr==2, 1 FAST / GRASS gas release model

$snd
$ftpcon
comp =0,0 i Puo conte 7t of fuelep1=10.?f4, ! Plenun lanyth (in.)
dc1=0. 3) f, I Cla(.11ng ID (in.)
doo=0.430, I Cladding OD (in.)
de=0.b431, 1 Equivalent heated diameter (in.)
den =95.00, I)

theoretical f uel density ((1s..)10.91g/cc)diahsde.f435, I Pellet dish shoulder width
| Ap=0.310 - I Diameter of pellet (in.)'

depg=0.J60, I spring OD (in.)
depgw 0.062, 1 D3ameter of spring wire (in.)

I ensch=3.5 i ruel enrichment (weight 4)fa=1.5344b2, 1 Axial povo* profile peak-to-everage ratio
f pav=340.6, I Initial fill gas pressure (psia)
flux =989.0365e11 I Hass flow rate 1 Fast. neutron flux / specific power (n gU/m*2es*W)

e
I &=2,67E6 (1b/ heft *2)kdis h=0. 0 k 0, I Depth of pellet end dish (in.)
| hp1t=0.455, I Heloht of pellet _ (in.)

iem=4, I cladding material index !Er.4),

Adagas=1, | Initial fill gas composition index (He)
imawch=0, i EM switch (Use only with MEcttAN=2)
iplant==2, i Radial power rirofile switch (RADAR)
Aq=0, i A1tial power shape inder (user-specified)
ivardm=0, I Axist dependent dimensione indez (no variation)

d1pr e.1, 1 Output control (1= peak node only, 0=all nodes)
n=10, 1 N d er of entries In each or vs. X table
stol, 1 Array of axial power shapes for each step

nopt=0 1 Output option (0=fu11 output 3= summer pa
ne =0,, I Time-dependent parameters svktch (consk'antfele
nunite=1, I Input unit type (British) ,

Figure I-2. FRAPCON= 2 input deck for the hot channel hot pin for Oconee.
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I

i

p2=2200.. I systen pressure (psia)
sc=0.0, I hadius of pellet Wre (in.)
roughea3.0e*5, I cladding soughnese (in.)
roughf=7.De-5, I ruel surface roughnues (Jn.)
t et 1=11 116, 8 rup} etect height (in.)

.

'

t w= $ $ 5. 0, I core inlet temperature (r)
ve=54, i Total number of spring turne

e

* optional ftpcon inpute
e

cidwke=0.2, i Fraction of cladding cold wot>
deng=0.75, 1 ruel immersion %TD minus geometric iTD
grnais=$., I ruel grain size
lintt=6, I rRAl'*T version
ntape=1 f Write FRAP*T data file
taint =2h12.0, I ruel sintering temperature (r)

e

axlel power profile arrev QF vs. X(ft)*
1)=0.0360,0.3682,0.65%0,0.8720,1.0000,1.0000,

qf (7) =0.8720 0.6580,0.3682 0.0360qf(
x (1 ) = 0. 0,1. Lb 18,2. 60 36, 3. 9 b $ 4, S . 2 b72, 6. $ 0 90, 7. 810 8, 9.112 6,
x ( 9) = 10. 414 4,11. 7160,

* 7eble of peak LHGM QHPY (kw/f t) vs. timoldays)
gmpy 01)=1.5540,3.1000,4.6620,6.2160,7.7770,9.3240.10.8780,
ympy 8|=12.4320,13.9860,73*15.540,

0.1, 0.2e 0. 3, 0.4, 0. $,time 01 |=

time 06 ie, 0.6, 0.7, 0.8, 0.9, 1. 0,

2.0, 3.0, 4.0, 5.0, 10.0,timo(11 '=

time (16 i= 00.0 10.0, 4C.0, 50.0, 60.0,
61.65k4 80.0, 9 0. 0,' 100.0, 110.0,time (21 'a

t ime (2 b l= 170.0, 130.0, 140.0, !$0.0, 160.0,
time (31 '= 170.0, 100.0, 190.0, 200.0 210 0
tim 4 (36 t = 220.0, 230.0, 240.D, 245.26b2,26b.b,
time (41)= 270.0, 280.0, 290.0, 300.0 310,0,
time (4 6)= 320.0, 330.0, 340.0, 350.0, 360.0,,

timef51)= 170.0, 380.0 390.0 410.0,

| timet S6)= 420.0, 428.87h9, 440.b, 400.G,460.0,' 460.0,,

time 1 61)= 470.0, 480.0, 490.0, 500.0, $10. 0,
i

timel 66)= 520.0, 530.0, 540.0, 550.0, 550.0,
tin 41 71)= 570.0, $80.0, 590.0, 600.0, 610.0,
tirei16) 620.0, 630.0, 640.0, 650.0, 660.0,
time (81)= 670.0, 673.684,

.Socd

:
,

i

!

Figure.I-2. (continued)
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52 9120. 31007. 15.54 663. 719. 776. 0.00 856.'936.2103.3473. 1345. 5894. (14. s.2S73 0.37619 3363 1553. 0.28 35.8
53 9360. 31824. 15.54 664. 720. 776. 0.00 857. 938.2105.3475. .850. 6060. 683. 0.2992 0.31622 3310. 1572. 0.29 36.5
54 9600. 32,41. 15.54 664. 720. 776. 0.00 359. 941.2107.3476. 1852. 6238. 603. 9.?O11 0.37624 3258. 1594. 0.30 3'.2
55 9840 33458. 15.54 668 720. 774. 0.00 860. 944.2109.3477. 1854. 6423. '610. 0.3032 0.37627 3207 1616. 0.30 37.9
5610080. 34275. 15.54 66t. 720. 777. 0.00 862. 947.2111.3479. 1861. 6615. 624. 0.6052 0.37630 3158. 3638. 0.31 38.6
5716293. 35000. 15.54 665. 721. 777. 0.00 863.'950.2113.3480. 1859. 4519. 664. 8.3073 0.37E33 3108 659. 0.32 39.3
5810560. 75909. 15.58 665. 721. 777. e.09 865. 952.2114.34st. 1876. 6949. 603. 0.3090 0.37636 3076. .683. 0.31 40.1*
5910808. 367?6 15.54 6b5. 721. 777. 0.00 867. 956.2117.3483, 1877. 7251. 720. 0.3118 0.37639 3013. 1712. 0.34 40.8
6011040.' 37143. 1*.54 665. 721. 778. 0.00 868. 959.2119.3485. 1981. 7456. 746. 0.3140 0.37642 2v49 1737. 0.34 42.6
6111290. 38360. 15.54 666. 722. 778. 0.68 870. 942.2121.3487. 1889. 7659. 770. 0.3162 e.37645 2927. 1757 0.15 42.3' 6211520. 39177. 15.54 465. 722. T78. 0.00 871. 964.2122.3488. 1891. 7834. 765. 0.3181 0.37646 2891. 1780. 0.36 43.1 i6311760. 399S4. 15.54 C64 722. 778. 0.00 873. 967.2124.34P9. 1697. 6034. 704. 0.3203 0.37651 2e54. 1803. 0.37 43.8
6412000. 40811. 15.54 6CT. 723. 779. 0.00 874. 970.2126.3491. 1903. 8257 824. 0.3226 0.3'654 2315. 1828. 3.38 44.4
65122e6. 41628. 15.54 667. 723. 779. 0.06 876. 973.2128.3493. 1899. 8429. 871. 0.3243 0.37656 2775. 1853. 0.38 45.4
6612480. 42445. 1.5.54 667. 723. 779. 0.00 877. 916.21 J1. 3 4 95. 1894. 8610. 931. 0.3261 0.3'659 2135. 1879. 0.3? 46.1
6712720. 43262. 15.54 667. 723, 779. 0.00 879. 979.2133.34G7. 1896. 2807. 1001. 0.3280 0.37662 2696. T9C;. 0.40 46.9
6812960. 44079. 15.54 668. 724. 780. 0.00 881. S82.2136.3499. 1899. 9017. 1482. 0.3300 0.3'664 2662. 4933. 0.41 47.7
6913200. 44e96. 15.54 660. 724. 780. 0.00 382. 985.2138.3501. 1903. S260. 1192. 0.3327 0.3'667 2425. 1960. 2.42 48.5 ,
7013440. 45712. 15.54 668. 724. 700. 0.00 88a. 988.2141.3502. 1908. 9404. 1245. 0.3343 0.3'669 25 9 L 1989. G.42 49.3
7113480. 4/529. 15.54 668. 724. 780. s.00 885. 990.2143.3506. 1915. 9714. 1382. 0.3365 0.37672 2561. 2013. 0.43 50.1
7213920. 47346. 15.54 669. 725. 781. 0.00 887. 993.2146.3509. 1921. 9959. 1527 0.339e c.37675 2531. 2c43. S.44 56.9
7314160. 43163. 15.54 669. 725. 781. 0.00 889. 396.211-4.3514. 1936. 10282. 1791. 0.3411 C.37677 2497 Ic71. c.45 31.7
74a4440. 48980. 1s.54 669. 725. 781. c.00 890. 999.2154.3518. 194S. 10;48. 2000. 0.3432 0.37659 2470. 21c2. 0.46 52.5
7514640. 49797. 15.54 670. 726. 762. 2.00 892.1002.2158.3523. 19e3. 19753. 2226. 0.3486 0.37682 2419. 2137. 0.47 53.3

e 7614980. 50614. 15.54 670. 726. 182. 0.00 894.1006.2163.3528. 1925. 10981. 2486. 8.345c 0.3'684 2403. 216a. 0.48 54.1
7715120. 51431. 15.54 670. 726. 782. 0.00 796.1009.2168.3534 1912. 11053. 2775. 0.3458 c.39685 2367. 2193. 0.48 55.0--

!
'd 7815360. 52248. 15.54 671. 726. 782. 0.00 at ?.1013.2173. 3539. 1900. 11196. 3026. 0.3464 6.37686 2336. 2224. 0.4w 55 8

I 7915600. 53065. 15.54 271. 727 783. 0.00 s*6.1016.2178.3544. 1893. 11406. 3333. 0,3476 0.37688 2302. 7256. 0.50 56.6 ;
8015840. 53882. 15.54 671. 727. 7e3. 0.00 901.1019.2182.3549. 1885. 11570. 3588. 0.3484 0.3768* 2274. 2235. 0.51 57.5
8116080. 54699. 15.54 671. 727 783. 0.00 903.1922.2186.3554. 1889.. 11757. 3851. 8.3494 0.37690 2247 2316. 0.52 58.3
8216169. 55000. 15.54 672. 727. 783. 0.08 905.1026.2191.3559. 1875. 12005. 4205. 0.3516 0.376*2 2217. 2:32. 0.52 58.6

1
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0.0027 Iend of life strain range (percent) =

fission 9am cumulative tractico releae - 0.245430 j
i

l
!tro2 weight gain ,(pa/m**2) 19.29=

!

4 .

+

,

Figure 1-3. (continued) I
i
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Table I-5. Peak node fuel centerline temperature and cas gap oressure
calculatedbyFRAF00h2forthetiminganeTysisofPWRfuela. <

pin failures.!
,

--.,

Peak node fission gas
fuel centerline gap

temperature pressure
Case description ('F) (psi) ,

Seabrook analysis: I
!*

,

tiet fuci pin cast with p;ating factor
of 2,32

3311 1151 ,

5 GWd/MTU burnup 2913 1324
'

20 GWd/MTU burnup 2896 1494
35 GWd/HTV burnup 2901 1736 )50 GWd/MTU burnup '

Average hot channel fuel pin case I

31G2 1155
5 GWd/HTU burnup 2787 1315
20 GWd/MTU burnup 2734 1472

'

35 GWd/MTU burnup 2742 1690
50 GWd/HTU burnup

Middle core region fuel pin case
2136 1024

5 GWd/M1U burnup 1994 1103
20 GWd/HTU burnup 1885 1226
35.GWd/MTU burnup 1800 1392
50 GWd/MTV burnup

2

Outer core region fuel pin case
1980 997

5 GWd/MTV burnup 1856 1072
20 GWd/MTU burnup 1758 1189 '

-35 GWd/MTV burnup 1675 1343
50 GWd/MTV burnup

Hot fuel pin car.e with peaking factor '

ofL2.2
3187 1152

5-GWd/MTV burnup 2790 1306
20 GWd/MTV burnup 2737 1459
35 GWd/MTV burnup 2744 1671

'

50;GWd/MTU burnup
1

|

|

' l 18

|
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- . . - - - . - - . - . _ - .- . . - . . - - . . . . - . . . . .-. . - - . . . .

!

!
4

\
.

Table I 5. (continued)
-

,

. - j
<

!peak node fission gas
'

fuel centerline gap
temperature pressure

Case description ('f) (psi)
,

i Hot fuel pin case with peaking factor |
of 2.0 ;

5 GWd/MlU turnup 2968 1149
20 GWd/MTV burnup 2613- 1281

,

35 GWd/MTU burnup 2499 1428 ,

50 GWd/M10 burnup 2519 1621 ,

,

L

Hot fuel pin case with peaking factor
of 1.8

2758 1147
'

5 GWd/MTU burnup 2457 1271
20 GWd/M10 burnup 2346 1433.

35 GWd/HTU burnup 2307 1655 .

50 GWd/M1U_burnupi

Oconee Snalysis

Hot fuel pin case with peaking factor
of 2.6?

5 GWd/MTU h*rnup 3753 1011
20 GWd/MTV b>trnup 3464 1294
35 Gkd/MTU bu nup 3420 -1659

'

45 GWd/6TU burnup 3559 2332

Average hot channel fuel pin cafe

5 GWd/MTU burnup 3629 1010
20 GWd/HTU burlup 3325 1280
35 GWd/MTV burnup 3338 1543 '

50 GWd/MTU biernup 3375 2119

Middle Lcore region fuel pin. cast -

2134 835
,

5 GWd/MTU buraup- 1993 885
20 GWd/MTU burnup 1894 982
35 GWd/MTU burnup 1810 11244

- 50.GWd/MTV burnup
,

1-19
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fTable 1 5. (continued) !

i- . _ _ _ . _ _

i

Peak node fission gas ;

fuel centerline gap ;
temperature pressure !

Caso description (*f) (psi)
_ - -

,

Hot fuel pin case with peaking factor
of 2.63

L t
5 GWd/MTU burnup * 3753 1011 !
20 GWd/MTU burnup 3464 -1294 !
35 Gyd/MTV barnup; 3480 1659 )55 GWd/MTV burnup 3559 2332

'

Outer core region fuel pin case

5 GWd/M1U burnup- 2203 243
20 CWd/MTU burnup 2056 895
35 GWd/MTU bornap- 19ft 1001

'

50 GWd/MTU burnup 1870 1155

Hot fuel pin case with peaking f.tetor Iof 2.4
3131 1004 I

5 CWd/MTV burnup 3215 1262
20 GWd/MTU burnup 3222- 1609

: 35 GWd/MTV burnup 3283 2242
55 GWd/MTV burnup-

Hot fuel pin ca.e with peating factor '

of.2.2
3245 997

5 GWJ/MTU burnup 2942 1242
'

20 GWd/MTU burnup 2972 1548
-

E35 GWd/MTV burnup ?043 2150
55 GWd/MTU burnup-

t

Hot fuel pin case with peakir.g factor
Jo f - 2. 0.

,

3135 988
5 GWd/MTV burnup 2780 1216 ;

20 GWd/Mlu burnup 2712. 1515
35 GWd/MTU burnup- 2795 2091-
55 GWd/MTV burnup

.- ---

,

1-20 |
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APPENDIX J l

i
FRAP-T6 INPUT DECK PREPARATION AND RESULTS '

Coot DESCRIPTION

MFRAP-T6 is a computer code for calculating the transient performance
of a single light water reactor (LWR) fuel rod during reactor transients and
hypothetical ' accidents such as loss of-coolant and reactivity-initiated
accidents. TRAP-16 calculates the temperature and deformation histories of
LWR fuel rods as functions of time dependent fuel rod power and coolant
boundary cotditions. The phenomena modeled by fRAP T6 include heat
conduction, heat transfer from cladding to coolant, elastic-plastic fuel and |

cladding deformation, cladding oxidation, fission gas release, and fuel rod
pressure.

FRAP T6 was developed for the U.S. Nuclear fncrgy Coamission (NRC) to
perform both best-estimate calculations and audit calculattens for licensing

.proceedinas. As such, its models and results have been e t
andtheresultsofthisassessmenthavebeendccumented.''$'ynsivelyassessed;FRAP T6 was
chosen as tne best code available to provide transient fuel pin data for the
timing analysis of pressurized water reactor (PWR) fuel pir, failures.

.

ME.THODO LOGY

figure J-l shcus the role of FRAP-16 analysis in the overall mothodology
for the timing analysis of PWR fuel pin failines. FRAP-T6 was used to
calculate transient fuel pin performance: using feel sin initial conditions at
specific burnups generated by fRAPCON 2 and case specific thermal-hydraulic
boundary conditions generated by SCDAP/RELAP5/M003.* Steady-state FRAP-T6
data were also calculated for the hot channel hot pin at burnups of 5 and 50
(cr 55) GWd/MTV, the hot channel average fuei pin, a middle core region fuel
pin, and components so that SCDAP and FRAn T6 fuel temperatures and failure

_

times could be compared.

The transient analysis consisted of calculations of fuel sin response for
ten distinct' loss-of-coolant accident (LOCA) scenarios. for t1e largo-break
LOCA analysis, a double-ended, offset, shear break of a cold leg was analyzed, |

using best-estimate models, for break sizes of 100, 90, 75, and 50% of the
full design basis accident (DBA) break area with no emergency core cooling i
(ECC). The case with the shortest time to pin failure (100% DBA) was chosen ;

as the base case and analyzed, using best-estimate models, under the following '

conditions: (a) reactor coolant system (RCS) purrps tripped at time zero

. . . - -

a. One set of FRAP T6 calculations was made for the Seabrook 300% design
basis accident case using thermal-hydraulic boundary conditions generated by
TRAC Pfl/ MODI.

J-3
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L

FRAPCON 2
Calculates burnup dependent
fuel pin initial conditions

h ,

initial values of
released fission gas inventory
retained fission gas inventory
permanent cladding strains
cladding oxide thickness
amount of open fuel porosity

Y
-

Y Y
'

SCDAP/RELAP5 or TRAC-PF1 FRAP T6
Calculates primary system thermal. Steady-state case run to
hydraulic response, including provide initial steady- ,

primary system pressures, tem- state conditions for SCDAP '

peratures, void distributions components
break flow
core thermal hydraulics
containment isolation signal Initial gap conductance
timings initiel gap gas pressure
fuel pin ballooning and rupture Radial temperature profile

h
Time dependent tables of

Pulk thermal-hydraulic conditions in
,

cora nodes and core inlet and outlet '

volumet.
Coolant mass flux in core nodes.
Fuel pin power distribution.

V
t

__..____

| FRAP-T6 .

'' Calculates transient
; . fuel performance

,

L
.

I

| 1
' Fuel pin failure timing

!

Figure J-1. Flow chart of methodology using FRAP-T6.

J4
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without LCC; (b) RCS pungs tripped at time zero with ECC; and (c) RCS pumps
running with ECC. The base case was also run with the licensing audit code i
models turned on. for the small break LOCA analysis, a 6 in.-dia cold leg
break was analyzed both with and without ECC.

Sixteen FRAP-T6 cases were executed for each of the eight large break an
outer core reginn fuel pin; these data were used to initialize CCDAp fuel LOCA
accident scenarios considered, using four different burnups and peaking
factors. for Seabrook, the burnups were 5, 20, 35, and 50 GWd/MTU; and the
peaking factors were 2.32, 2.2, 2.0, and 1,8. for Oconee, the buraups were 5,
29, 35 and 55 GWd/MTU; and the peaking factors were 2.63, 2.4, 2.2, and 2.0.
Each case was run to 60 s. ,

The cases with the highest peaking factor for the stall-break LOCA
scenario without ECC were run beyond 290 s u thout pin failure. Based on this
result, runs at lower peaking factors were not made for either small-break
scenario.

MODEL DEVELOPMENT

A single fuel pin design was modeled for each plant type analyzed, lhese
fuel designs included the Mk 89/10 design for the Oconee analysis and the
W 17x17 standard fuel design for the Seabrook analysis. Specific data for
these fuel rod models came from a variety of sources. Reactor-specific fu
data were obtained either from the fuel vendor or the apprc+riate FSAR.d*g'
The basic design parameters for each fuel type are summarized in Table J-1.

| Table J 1. Summary of fuel design characteristics for fuel types modeled for
FRAP-16.

' ,

-
-

Characteristic B&W Mk 89/10 W 17x17 standard
._ _

Pin lattice 15x15 17x 7
Fuel pins per assembly 208 264
Fuel pellet OD (in.) 0,370 0.3225
C1 adding 10-(in.) 0.377 0.329
Cladding CD (in.) 0.430 0.374
Plenum length (in.) 8.394 6.479
Initial fuel stack height (in.) 140,595 144.0
Initial fill gas pres 340.0 365.0fuelenrichment(wt%gtgre(psig)V) 3.5 3.1

.- - -

The mechsnical and fission gas release models and other code nodel
options were chosen to besi. suit the analysis requirements based on
descriptions and recommendations provided in code assessment documents.Jd'h3
Details of these model selections follow.

,

J-5
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There are two mechanical models available in FRAP-16: TRACAS 1 and I

TRACAS II. FRACAS-1 uses effective fuel conductivity and relocated fuel-
cladding gap size for thermal calculations, but does nat make use of the is '

relocated fuel surface in the mechanics calculations. FRACAS Il also uses
effective fuel conductivity and relocated fuel cladding gap size for thermal i
calculations, but does use the relocated fuel surface in the mechanics
calculations. For the FRAP-T6 model, the FRACAS-1 mechanical model was
chosen, since FRACAS-I is the only available mechanical model linked to the i

BALON2 subcode. BALON2 calculates the extent and shape of localized cladding ,

deformation that occurs between the time that the cladding effective strain 'i,

exceeds the instability strain ar.d the time of cladding rupture,

FASTGRASS, a highly mechanistic gas release model that accnunts for i

bubble formation, inigration, coalescence, channeling, and eventual release. -

was used in the FRAP-T6 fuel models. FAS1 GRASS is the most suitable gas |
release model for high temperatures and burnups.

Other code model options in FRAP-TS were also chosen tu best suit the )
analysis requirements. The Baker Just metal-water reaction model was chosen

L because it calculates metal-water reactions for temperatures < 1000 K. The
Dougall Rohsenuw film boilirs correlations was chosen because it most closely
matches the film boiling correlation used in SCDAP. The def: ult critical heat
flux correlation (W-3) was used; W 3 is a combinatinn of the Hsu-Beckner and,

' modified Zuber correlations.
!

The fuel failure probability threshold in FRAP T6 was chosen to be 0.S,
as recommended in Reference J-3. A cuiculated probability of 0.5 reflects the
conditions when 50% of the rods in an experimental data base rupture and 50%
do not. Wnen the computed probsoility for fuel failure is greater than 0.5,
the fuel rod is assumed to be fa ded and the internal pressure is set equal to'

the coolant pressuie,

in addition to analyses performed using the best-estimate models }
described abnve, one series of FRAP-T6 runs was made for each fuel type for
the worst-case accident scenario (100% DBA), using licensing audit code (LAC) t

model options. The available LAC model options are for cladding axial and
diametral thermal expansion; cladding specific heat, elastic modulus, and
thE mai conductivity; fuel specific heat, elastic modulus, emissivity, Poison
ratio, thermal conductivity, and thermal expansion; cladding plastic hoop
strain; cladding surface heat transfar :ocificient; gas thermal conductivity;
metal-water reaction; fuel deformation; and gap conductan.e.

In FRAP T6, four fuel pins a re modeled for each reactor, corresponding
- - - - - to the hot channel hot pin, the hot ctannel average-pin, the middle ring

average pin, and the outer ring average pin. The FRAP-T6 hot channel hot pin
models were used to determine time to pin failure for the various LOCA cases '

l considered at specified burnups and varied peaking factors. All of the FRAP-
L T6 fuel rod models were also used to provide initializing data for
I SCDAP/RELAP5/M003 fuel components.

The axial power profiles for FRAP-16 were calculated for a range of axial
penking factors using the basic assumptions and methodology described in
Appendices F and G. Nine axial nodes were used in rRAP-16, as well as each of

J-6
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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 integrr.ted over the length of the fuel was based
on the technical specification enthalpy rise hot channel factor.

As recommended in Reference e l, 14 radial nodes were used in the
FRAPCON 2, FRAP-T6, and SCDAP models, with eight nodes in the fuel pellet,
three nodes in the gap, and three nodes in the cladding region. However, the
radial nodalization is not identical among the codes, since the FRAPCON 2
nodalization was based on uniform area cross sectional regions, while the
FRAP-T6 and SCDAP nodalizations were based on uniform radii through the fuel
pellet region. In each caso, a normalized radial power profile based on a
cross .ection weighted distribution peaked from 0.98 at the fuel pellet
centerline to_1.02 at the fuel pellet edge was _ assumed.

,

For each peaking factor and burnup analyzed, FRAPCON 2 data files were
used to provide initializing values for released and retained fission gas
inventory,
thickness, permanent cladding strains, permanent fuel strains, cladding oxideand amount of open fuel porosity. For each steady-state or LOCA
case considered, data files generated by either SCDAP/RELAP5/M003 or TRAC PF1-
M001 werc-used to provide the thermal-hydraulic boundary conditions for FRAP-
T6; i.e., coolant pressure, enthalpy, temperature, and mass flux. Case-
specific FRAP-T6 power curves were derived by normalizing SCDAP/RELAP5/M003 or
TRAC Pfl/ MODI icactor power data.

INPUT DECK PREPARATION AND EXECUTION

Listings of the FPAP T6 input variables used in this analysis are given
in Tables J 2 through J-8. Specific data are for the Oconee reactor,100% DBA
case, with peaking factor of 2.63 and burnup of 55 GWd/MTV. A complete
description of all FRAP-T6 input is given in Appendix A of Reference J-1.

Sixteen FRAP-16 input decks were created for each large-break LOCA
scenario and four were created for each small-break LOCA. making a total of.

136 input decks for each reactor type analyzed. Table J-9 lists the
description, input file, and output files for each case. A representative
input file and selected output are shown in Figures J-2 and J-3. The input
decks were executed using FRAP T6 V 21 (12/90), a version converted to
portable FORTRAN 77 and modified for use on a DEC 5000 workstation (see
AppendixC). All input and output files have been archived on tape for
permanent retention.

In preliminary calculations, the FRAP-T6 code failed before reaching the
desired end time (60 secnnds). This problem was eliminated by decreasing the
time step and extending the range of the fuel thermal properties table.

J7
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Table J 2. FRAP-T6 initial variables.
_

_-.

Field
Ootion Sybootion vEhlLbL_ Rescription

. . _ _ __,

.

NCARDS 1 Calculation type flag. For new
'calculations, NCARDS 1.

'
,

IUNCRT 0 Uncertainty analysis flag. No
uncertainty analysis was
performed.

'

TSTART 0.0 5 tart time of calculations.

TEND 60.0 End time of calculaticns. TEND - .

60.0 seconds for all antlyses '

except small break LOCA without
ECC.

IRCOVR l* Flag for debugging. Not used for
this analysis.

PRTFRA O' FRACAS-II data printout flag.
Not used for this analysis.

TITLE Identifier or title card.

_

a. These-field vhriables are not discussed in Reference J 1.
:

|

|
-

'

J8
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Table J 3. TRAP 16 input / output data block.
. _ .

1

.

Field,

Octitn inhqp. Lion . ._ _ variable Dnt.iplion;

INPUT Ostion specifying the units andj

w1 ether or not a FRAPCON-2 data
file is to be read. i

SI UNITS Subortion specifying S1 input
units. Required because
RELAPS/H003 input data are in $1
units. ' i

'

FRAPCON Suboption calling for FRAPCON 2
; INPUT data input file.

TREST. Field variable providing time of
5.8206e+7 FRAPCON 2 initialization. A time

,

value is printed at the end of
each FRAPCON-2 time ste). TREST i

is the time value for tle time
step when the desired burnup
level is reachco.

DUTPUT Option specifying type and extent '

of output. '

,

SI UNITS Suboption specifying SI output
units.

PRINT
_ Suboption specifying time

INTERVAL interval between printouts. '

'

DTP0A(n) .1 Field variable defining the time
interval between printouts at
problem time DTP0A(n+1). This
was arbitrarily chosen to be 0.1.

POWER RAMP Suboation specifying a printout
of t1e fuel rod state at each
step of the first power ramp.

PLOT file Suboption specifying generation
OUTPUT of a plot file. "

f

DTPLT .! field variable specifying the
time interval between plot file'

points. This was arbitrarily
chosen to be 0.1.

.

J9,
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Table J-4. FRAP-76 design of f uel rod data block.

Field I
00 tion Subspil.pn variable Description

, _ . . _

.

FUEL R00 Option specifying overall fuel
rod data.

4 1

RL 3.57 Height of active fuel (m). )

PROD- Fuel rod outer diameter (m).
1.0922e 2

TMCOLD 294.4 fuel rod cold state temperature 1

(K).

PELLET Option specifying fuel rod pellet
data.

RSHD- Cold state radius of pellet i

3.594u-3 shoulder (m).
'

DISHDa Cold state depth of pellet dish
2.54e-4 (m).

PELH- Cold state pellet height (m).
1.16e 2

T

CoJ)d state pellet dish volume
'

DISHVO=

(m1.0325e-8 .

,

PELOD- As-fabricated pellet diameter-
,

9.3980e-3 (m).
'

R00GHF-1.78- Arithmetic mean pellet roughness
(pm).

,
.

F0EN= 950 Pellet fraction of theoretical
density.

BUP- Average fuel burnup (MWs/kg) - .
,

3.0969e+6 86.4 x burnup (mwd /MTU)_for the
average power. cases. For the

i peak-power cases, this value was'

divided by the peaking factor to
get average burnup values. :

FRP02 0.0 Fraction of fuel weight that is
Pu0 -; . 2

|

|

J-10
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Table J-4. (continued) -

__. .

Field
Ootion Subootion varialtle Description !

1

L f0THTL 2. Ratio of fuel oxygen atoms to
uranium and plutonium atoms.
Default value used.

TSNTRK-1873. Fuel sintering temperature (K).

FGRAIN-5.* Fuel grain size (pm).

CLADDING Option specifying cladding data. f
GAP-8.890e 5 Radial distance between the outer

surface of the fuel pellet and .

the inner surface of the cladding
(m).

COLDW .1 Reduction of cross-sectional area
1

due to the cold-working process.
Default value used.

ROUGHC 0.762 Arithmetic mean roughness of the
cladding inner surface (pm).

I

CFLUXA- Average fast neutrun flux (W-
2.7e+13 s/kgU).

TFLUX- Time span of cladding exposure to
5.821e+7 fast neutron flux (s . This

value is the same as) TREST.
CLDWDC 0.04' Cold work factor for ductility.

'

UPPER PLENUM Option specifying the upper
plenum data.

NCS 54 Number of coils in the plenum !'

spring.

$PL 0.224 Uncompressed height of the plenum
spring (m).+

SCD 0.914e-2 Uncompressed spring coil outer
diameter (m).

SWD=1.57e-3 Spring wire diameter (m). '

J-ll
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;

i

'

Table J 4, (continued)
i

Field '

.__. 0pij on Subootion variable Descriotion

VPLEN- Plenum volume, ipcluding volume
1.5355e 5 of the spring (m ).

LOWER PLENUM Option specifying the lower
plenum data. Used for Oconee,
since upper and lower plenums are
not the same.

NCOLPB-12 Number of coils in the pienum
spring.

SPLBP=0.053 Uncompressed height of the plenum
' spring (m).

COLOSP= Uncompressed spring coil outer
0.914e 2 diameter (m).

SWDSP- Spring wire diameter (m). <

l.91e 3

VOLBP. Plenumvolume,ipcludingvolume
3.5122e 6 of the spring (m- ).

GAS Option specifying the amount and
COMPOSITION mixture of gases in the fuel

,

rods; mole fractions must sum to
1.0. Default values were used.

GFRAC(l)-1.0 Fraction of helium.

GFRAC(2)=0.0 Fraction of argon.

GFRAC(3)=0.0 Fraction of krypton.

GFRAC(4)=0.0 Fraction of xenon.

GFRAC(5)=0.0 Fraction of hydrogen.

GFRAC(6) 0.0 Fraction of air.

GFRAC(7) 0.0 Fraction of water vapor.

GSMS Amount of gas in rod; left blank
when TGA50 > 0.0.

J-12
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__

Table J 4. (continued)
-

field
Ootion Subootion variable Description

. i

. GAPPRO. As fabricated fill gas pressure !
2.34e46 (Pa). l

!
TGA50 294.4 As fabricated fill gas j

temperature (K).
:

a, These field variables are not discussed in Reference J-1.

|

1,

L

?

i

>

b

b

P

| J-13
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F Table J 5. FRAP-T6 solution control data block.
1

E
_

Field4

Oction SuhpA ion variable Description -!t

PROPERTY Option specifying the temperature '

TABLES range and number of temperature :

entries in the thermal property -

tables.

FUEL Suboption specifying the range,

and number of entries in the fuel
thermal property tables. ;

NKf=100 Number of temperature entries;
recommended value 100.

;
_

T0F=270. Minimum temperature in table
defined as 270 K.

THAXK 2600. Maximum temperature in table
initially defined as 2500 K. :

This value was raised for some '

runs to avoid code failure.
,

CLADDING Suboption specifying the range
and number of entries in the
cladding thermal property tables. ,

NKC=50 Number of temperature entries;
recommended value - 50. ;

100-270. Minimum temperature in tables
defined as 270 K.

TMAXC=2200. Maximum temperature in table
defined as 2200 K.

TIME CONTROL Option specifying the time step
and the time span for modeling
steady-state heat conduction.

-JE STEP Suboption specifying time step
size.

DTHAXA(n)- The time step size at time
=0.025 DTHAXA(n+1). If the time step

size is constant, DTMAXA(1) is
the constant value. A time step
of 0.025 was chosen to avoid
early code failure.

'

J 14
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i

Table J-5. (continued) j

field
Oction Subsp 11gn yariable Dennjpt ion

CONVERGENCE Option specifying the type of
CRITERIA solution and convergence

criteria.

lHPLICIT Suboption specifying an implicit
solution.

PRSAAC=.001 Maximum fractional change in
internal fuel rod pressure
between t'vo successive iterations
for convei ,ence; Reference J 1.

1MPACC 001 Maximum fractional change in
temperature at any radial node
between two successive iterations
for convergence; Reference J 1.

TEMPERATURE Suboption specifying-accuracy of
CALCULATION the temperature solution by

controlling the iterations on
fuel thermal properties.

MAXIT-100 Maximum number of iterations in
the steady state temperature
solution; Reference J-1.

N0lTER 100 Maximum number of iterations in
the transient temperature
solution; Reference J 1.

EPS 1.0 Maximum temperature change
between iterations on thermal
properties before convergence is
declared; Reference J-1.

NODAllZATION Option specifying the number of
axial and radial nodes. -

AXIAL. NODES Suboption specifying the number
and position of axial nodes.
Since the axial nod position is
constant, only NAXN is required.

1

NAXN 9 Number of even1- spaced a.xial
nodes.

J 15
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Table J 5. (continued)
i
i

field
Ootion Suboption variable Descriotion

FUEL RADIAL Suboption specifying the number i

NODES and position of the radial nodes
in the fuel. Since the radial
node position is constant, only
NFMESH is required.

NFMESH 11 Number of evenly spaced radial .

nodes. '

'

CLAD RADIAL Suboption specifying the number
N0 DES and position of the radial nodes

in t1e cladding. Since the
radial node position is constant,
only NCHESH is required.

NCHESH 3 Number of evenly spaced radial
nodes - 3.

J-16
'
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Table J-6. FRAP-T6 model selection data block.

Field
Ootion Subontion - ,_ variable OncriptioJL_

FAILURE Option specifying the fuel rod
failure probability threshold.

GENERAL Suboption specifying the fuel rod
failure probability threshold.

PFAll 0.5 field variable defining the fuel
rod failure threshold. If the
com)uted fuel rod failure
pro) ability is >PFAll', the fuel i

rod is assumed to be failed and '

the internal pressure is set J

equal to the coolant pressure. |

Recommended in Reference J 3.

INTERNAL GAS Option specifying any suboption
PRESSURE related to internal gas pressure. '

PLENUM TEMP Suboption to calculate the
temperature of the gat in the
fuel rod plenum wit. a heat
balance model. Recommended in <

Reference J 1. i

GRASS Suboption_specifying the modeling I

of fission gas production and
release with the FASTGRASS '

subcode. This model was chosen
because of the high fuel
temperatures and burnups being
analyzed.

''
METAL WATER Option specifying the metal water
REACT 10N' reaction model (cladding

oxidation).

BAKER JUST Suboption specifying the modeling
of metal water reaction with the -

Baker Just model. 1his model wac
chosen because it calculates-
metal-water reactions for
temperatures <1000 K.

LAC' Option specifying that the
ilicensing audit code models be

used. -

i

J-17
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, :

.

>

ITable J 6. (continued) !
.

<

Field !

Ontion StQotion Vartable .Descriotion
.

ALL' Suboption specifying all of the :

licensing audit code models i

available (see Table A 18,
Reference J 1). This is the only
LAC suboption available in the '

code version used for the
analysis.

i

a. This option and suboption were turned on only for the 100% DBA cases !

without pump trip and ECC.
_

f

I

s

e

>

!

| i

..

|
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Table J-7. FRAP-16 power specification data block.
__ ..

0211yn FiCld_urlAlde ___ DeisrlplipL__

POWER Suboption specifying the fuel rod
HISTORY power history.

PTHA(n)=33.23, 0.00, Defines the average linear power *

31.56,0.10,21.00,0.20 at time PTHA(n+1). One set of
12.22,0.30,5.49,0.50, values are input for each
3.88.1.00,3.66,1.50, power / time point of interest.
3.48,2.00,3.07,3.00, for steady state cases, the
2.82,4.00,2.65,5.00, average linear power was input. -

2.20,10.00,1.98,15.00 for transient cases, the
1.65,30.00,1.45,50.00 normalized SCDAP/REL APS/M003

power curve was input,

AX1AL POWER Option specifying the fuel rod
PROFILE axial power profile.

PAXP(n)=0.3132,0.1984 Defines the axial power profile
0.7951,0.4336, at elevation PAXP(n+1). One set
1.1854,0.9919, of values is input at the
1.4391,1.3887, midpoint of each axi31 node. See
1.5345,1.7855, Appendices f and G for
1.4391.2.1823, calculation method.
1.1854,2.5791,
0.7951,2.9759,
0.3132,3.3727

RADIAL POWER Option specifying the fuel rod
PROFILE radial power profile.

PRAD(n)-0.9800,0,00 Defines th, radial power profile
0.9808,4.7202e-4, (normalized) at radius PRA0(n+1).
0.9816,9.3980e-4, One set of values is input for
0.9836,1.4100e-3, each radial node, beginning at
0.9864,1.8800e-3, 0.0 and ending at the fuel pellet
0.9900,2.3490e 3, radius.
0.9944,2.8194e-3,
0.9996,3.2893e-3,
1.0056,3,3759e 3,

.

1.0124,4.2991e-2,
1.0200,4.69950e-3

J-19 |
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Table J-8. FRAP f6 boundary cor.dition data block.
,

__

P

field
OpMsn. SubopMan_, variable __Descriolton ,

.

COOLANT Option specifying the coolant
CONDITION pressure, mass flux, and'

enthalpy.

GE0 METRY Suboption specifying the geometry
,

of the coolant channel
"irrounding the fuel rod.

DHE-1.380e-2 Equivalent heated diameter of the
flow channel (4 x flow
area /heateri perimeter) (m).

DHYal.335e 2 Hydraulic diameter of the flow
channel (4 x flow area / wetted
perimeter) (m).

2ACHN- Flow cross-sectional area (m ),
1.145e-4

TAPE INPUT Suboption specifying that the
coolant conditions are to be
input on tape. Coolant
conditions were input by -

SC0AP/RELAP5/M003 or 1RAC-
Pfl/ MODI data file.

'

NVOL 9 Number of coolant volumes -

surrounding the fuel rod.

CHF Suboption specifying the CHF
CORRELATION correlation to be used.

'

JCHF=W 3 Defines the CHF model chosen.
Recommended in Reference J-1.

FILM BOILING Suboption specifying the film
CORRELATION boiling heat transfer correlation

to be used.

JFB dougall- Defines the film boiling model
rohsenow chosen. The Dougall Rohsenow

model was chosen, because it best
matches the film boiling
correlation used in
SCDAP/RELAPS/M003.

-
.

J-20
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,,

Table J-9. FRAP-76 input and output files for the timing analysis of PWR
fuel pin failures.

3
._.

FRAPCON 2/ fRAP 15 FRAP-16

SCDAP/RELAPS input output
Case data files files ,_,.. flies

For Seabrook:

Steady-state:
Hot pin, 5 GWd/MTU frap-t.pkl seapf23,iS0s scapf23.oS0s

i Hot pin, 50 Gud/'iTU trap-t.ahcl s:apf23.15s seapf23.o5s
Avg. pin, hot c.ian, ftap t.midl seaahc.120s seaahc.020s
Avg. pin, mid, ring frap-t.otrl seamid.120s seamid.o20s -

Avg. pin, outer ring frapr5ss.dat seaotr.i20s seaotr.020s

b b
100% dba hot pin frap-t.pkl seapfN.15b seapfN.05b
pf=2.32; 2.2; 2.0; frap-t.pf22 seapfN.120b seapfN.020b
1.8 frap-t.pf20 seapfN.135b reapfN.035b

a frap-t.pfl8 seapfN.iS0b seapfN.oS0b
. sea 100dba.thdat

b b
90% dba hot pin frap-t.pkl seapfN.i5d seapfN.osd
pf=2.32; 2,2; 2.0; frap-t.pf22 seapfN.120d seapfN.o20d

- 1.8 frap-t.pf20 seapfN.i35d scapfN 03Sd
frap-t.pfl8 seapfN.iS0d seapfN oS0d

- sea 90dba.thdat

b b
>! 75% dba hot pin frap-t.pkl seapfN.15a seapfN 05a

pf=2.32; 2.2; 2.0; frap-t.pf22 s'apfN.120a seapfN,o20a -

1.8 frap-t.pf20 seapfN.135a seapfN.035a
frap-t.pfl8 seapfN.iS0a seapfN.oS0a
sea 755 '.thdat -

b b
50% dba hot pin frap-t.pkl seapfN.i5c seapfN.o5c
pf=2.32; 2.2; 2.0; frap-t.pf22 soapfN.120e seapfN.020c
1.8 frap-t.pf20 seapfN.i35c seapfN.035c

frap-t.pfl8 -seapfN.iS0c scapfN.oS0c -

sea 50dba.thoat

b b
100% dba hot pin frap-t.pk1 seapfN i5be seapfN.05bp
pump tripped at t=0 frap-t.pf22 seapfN.120bp seapfN.020bp
pf=2.32; 2.2; 2.0; frap-t.pf20 seapfN.135bp seapfN.035bp
1.8 frap-t.pfl8 seapfN.150bp seapfN.oS0bp

seapt100dba.thdat

b b
100% dba hot pin f r ap - t . p':1 seapfN.15be seapfN.oSbe

'

eccs turned on frap-t.pf22 seapfN.120be seapfN.o20be
pf=2.32; 2.2; 2.0; frap-t.pf20 seapfN.135be seapfN.o35be
1.8 frap-t.pfl8 seap fN. iS0be seapfN.05Cbe

seapt100edba.thdat

0-21
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lable J-9, (continued)
e

_- ._ . _ _ __

FRAPCON 2/ FRAP-T6 FRAP-T6
SCDAP/RELAPS input output

Case data files files fi ln___

For Seabrook ;

(continued):

100% dba hot i.in frap-t.pk1 seapfH.15bb senfN.o5bb
6 6

pump tripped at t=0 frap-t.pf22 seapfN.120bb seapfN.020bb
and eccs turned on frap-t.pf20 seap fh. i35bt' seapfh.035bb
pf=2.32; 2.2; 2.0; frap-t.pf18 seapfN.iS0bb seapfN.oS0bb

.1.8 sea 100ptedba.thdat
|

100% dba hot pin- frap-t.pkl seapfN.15bm seapfN.obbmb b

licensing audit code frap-t.pf22 seapfN.120bm seapfN.o20bm
models turned on frap-1.pf20 seapfN.135bm seapfN.o35bm

,

'

pf=2.32; 2.2; 2.0; frap-t.pfl8 seapfN.iS0bm seapfH.oS0bm
1.8 sea 100dba.thdat

,

6-in, break hot pin fr,p-t.pkl .seapf?3.15e seapf23.o5e
pf=2.3 sea 61n.thdat seapf23.120e seapf23.020e

seapf23.135e seapf23.o35e
,

scapf23.iS0e seapf23.oS0e

6-in. brea hc 1 frap-t.pk1 seapf23.15ee seapf23.obee
with ECC rumni or sea 61ne.thdat seapf23.120ee seapf23,o20ee
p f-2. 3 scapf23.135ee seapf23.o35ee

seapf23.iS0ee seapf23.oS0ee

100% dba hot F.: b bfra;,-t . pkl seapfN,15bt seapfN.05bt4

TRAC-PF1/ MODI- frap-t pf22 seapfN.120bt seapfN.020bt
T/H data- frap-t.pf20 seapfH.135bt seapfN.035bt
pf=2.32; 2.2; 2.0;- frap-t.pfl8 - seapfF. i S0bt seapfN.oS00t
1.8 frap.dat

._

For Oconec:

Steady-state:
Hot pin, 5 GWd/HTU ocopf263.dat ocopf263.155s ocopf263.oS5s
Hot pin, 55 GWd/MTV ocoahc.dat ocopf263.15s ocopf263.05s* Avg. pin, hot cnan. ~ocomid.dat ocoahc.120s ocoahc.o20s
Avg. pin, mid.-ring ocootr.dat ocomid.120s ocomid.o20s
Avg. pin, outer ring oconullhot.thdat ccootr.120s ocootr.020s

oconullcen.thdat
oconullout.thdat

.
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Table J-9. (continued)
- _. _

FRAPCON-2/ FRAP-T6 FRAP T6

SCDAP/RELAP5 input output
Case data files files files

For oconee
(continued)

b100% dba hot pin ocopf263.dat ocopfN.15b ocopfN.o5b'
pf=2.63; 2.4; 2.2;- ocopf24.dat ocopfN.120b ocopfN.o20b

,

2.0 ocopf22.dat ocepfN.135b ocopfN.035b'

ocopf20.dat _ ocopfN.iS5b ocopfN.oS5b
- ocol00dba.thdat

| 90% dba hot pin ocopf263.dat ocopfN.15d ocopfN.05db b

i pf=2.63; 2.4; 2.2; _ ocopf24.dat ocopfN.120d ocopfN.020d
2.0 ocopf22.dat ocopfN.135d ocopfN o35d

ocopf20.dat ocopfN.iS5d ocopfN.oS5d
oco90dba,thdat-

b b
75% dba hot pin ocopf263.dat ocopfN.15a ocopfN.05a
pf=2.63; 2.4; 2.2; ocopf24.dat ocopfN.120a ocopfN.o20a
2.0 ocopf22.dat ocopfN.135a ocopfN.035a

ocopf20.dat ocopfN.iS5a ocopfN.oS5a
eco75dba.thdat

b b
55% aba hot pin ocopf263.dat ocopfN.15c ocopfN.oSc

I pf-2.63; 2.4; 2.2; ocopf24.dat ocopfN.120c ocopfN.020c
2.0 ocopf22.dat ocopfN.135c OcopfN.035c

ocopf20.dat ocmfN. iS5c ocopfN.oS5c
occ55dba.thdat

b b
100% dba hot pin ocopf263.dat ocopfh.15bp ocopfN.05bp
pump tripped at t-0 ocopf24.dat ocopfN.120bp ocopfN.u20bp

! pf=2.63; 2.4; 2.2; ocopf22.dat ocopfN.135bp ocopfN.035bp
2.0 ocopf20.dat ocopfN.iS5bp ocopfN.oS5bp

ocopt100dba.thdat

b 6
100% dba hot pin ocopf263.dat ocopfN.15be ocopfN.05be
eccs turned on ocopf24.dat ecopfN.120be- ocopfN.020be
pf=2.63;-2.4; 2.2; ocopf22,dat ocopfH.135be ocopfN.035be

.- 2.0 ocopf20.dat ocopfN.155be ocopfN.oS5be
I ocoe100dba.thdat
|

b b
100% dba hot pin ocopf263.dat ocopfN.15bb ocopfN.o5bb
pump tripped at t-0 ocopf24.dat ocopfh.120bb ocopfN.020bb
and eccs turned on ocopf22.dat ocopfN.135bb ocopfN 035bb

L pf=L63; 2.4; 2.2; ocopf20.dat ocopfN.iS5bb ocopfN.oS5bb
2.0 ocoept100dba.thdat

J-23
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Table J-9. (continued)

FRAPCON-2/ FRAP-T6 FRAP-T6
SCDAP/RELAP5 input output

Case data files. files files

For 0conee
(continued):

-100% dba hot pin ocopf263.dat ocopfN.15bm ocop fN.95bm'#b

licensing audit code ocopf24.dat oconfN.120hm oconfN.020Lm
L models turned on ocopf22.dat ocopfN.135bm ocupfN.o35bm
i pf=2.63; 2.4; 2.2; ocopf20.dat ocopfN.iS5bm ocopfN.oS5bm

2.0 ocol00dba.thdat

6 ,n. break hot pin ocopf263.dat ocopf23.i5e ocopf23.05e
! pi-2.63 ocosb.thdat ocopf23.120e ocopf23.020e
; ocopf23.1350 ocopf23.035e

ocopf23.iS5e ocopf23.oS5e

; 6-in break hot pin ocopf263.dat ocopf23.15ee ocopf23.oSee
with ECC turned on ocoesb.thdat ocopf23.120ee ocopf23.o20ee
pf=2.63 ocopf23.135ee ocopf23.o35ee

ocopf23.iS5ee ocopf23.oS5ee

Graphics output files were also generated, using .g instead of .o as aa.
designator.

'b. N = peaking factor designator - 2.32, 2.2, 2.0, and 1.8 for Seabrook;
2.63, 2.4, 2.2, and 2.0 for Oconee.

_

a

|

|

i
i

!

L
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eeeeeeeeeeeeeeeeeeee......eseeeeeeeeeeeeeee...eeeeeeeeeee....a.. e eeee.
* TRAP-T6 input deck for analysis of fuel rode in Oconee reactor *
e. ........... . .......... ,.. ......... . ...... .. . .. ...... ......e
e e

* CASE DESCRIt' TION: OCONEE 15x15 TEST CASE *
* e

* UNIT TILE DESCAIPT20N * 2

**e .... ................................... ............
*Input:* .-

* 15 water properties data *
*
** Output:--

* 6 STANDARD FRINTER OUTPUT *
* 66 STRIFT TILE TCR GRATITI *
* *

Scratch ** <-

* 5 SCRATCH INPUT FILE TROM ECHO 1 * >

a e

* Input TRAP-?6 INPUT TILE (UNIT 55) *
e e

... eeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeee......eee.....
* NPA TLAGS
*NFAON
NPADBC
NPANOSYNC
HP APAX=' irapt f '
NFADUH='frapt6. dub'
NPASERVa'uniza0.0'

* GOESINS:
TILE 05='nullfile', S TATUS=' ecratch' . T A4='TOPMATTED',

CARRIAGE CONTROL ='LI5T'
TILE 15 ' /kk$u0/ Ak$ / bin /sth2xt ' , STATUS ='old',

FORM ='UNPOPMATTr"'
TILE 04='/kkjul/ min /loca/100dbaioco100dba,thdat', STATU5='old',

FORE e' f HTOPNATTED'
TILE 31 =' /kk ju2 /na.d/ f rapcon?/ >conee /ocopf 2 63. dat ' , STATUS ='old',

FORME *UNTORMATTED'
e

* GCESOUTS:
FILE 06='ocopf263.c55b', STATUS =' UNrNOWN' , CARRI A'JE CONTROL = ' LIST'
TILE 6 6=' ocop f 2 63. q5 5b' , STnTUS=' unknown', F0FW TOPMATTED' ,

CARRIAGE DCNTROLa' LIL f
/ * * * e e e e e e e e e e e e e e e e e e e e e e e e e e .' . . . . e * * e e e e e e e e e e e e e e e n . . . s e n e . . . . * * *

1 C. 0,0 60. 1 0
Oconee hot pin, 100%DBA, cold leg brtak. 55 GWD/TU, 2.63 pf
/iodata block
input

t. ' units.

frapcon link 5.8206e+7
output

si units
print interval .1
power ramp
plots .1

ond block
/dosign of fuel rod data block
fuel ro*1 data 3.57'1.0922e-2 294.4
pellet data 3.504e-3 2.54e-4 1.16e-2 1.0325e-8 9.3980i .* 1.78

.950 3.0969e+6 0.0 2. 1873. 5.
cladding data 8.890e-5 .1 0.762 2.7.+13 5.821e47 0.04
upper plenus: data 54 0.224 0.9149-2 1.57e-3 1.5355e 5
lower plenum data 12 0.053 0.914e-2 1.91e-3 3.5122e-6
gas composition 1.000 0.00 0.00 0.00 0 . O', 0.00

0.0 2.34e+6 294.4
end block

Figure J-2. FRAP-T6 innut deck for Oconee hot channel hot pf n, 2.63 peaking
factor, 55 GWD/MTU burnup.
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.

ssolution control data b.ock
property tables

fuel ecaductivity 100 270. 2600.
cladding conductivit 50 270. 2200.end

time cor. trol
time step 0.025

convergence control
implicit 001 .001
t%uperature computat 100 100 1.0end

nodalization
axial nodalization 9
fuel radial nodaliza 11
cladding radial noda 3

end
and block
/model selection data block
failure model

general 0.5
end
-internal gas pressure

plenum temp.
grass

and
metal water reaction

baker-just
'. end block

/pewer specification data block
power history input 33.23 0.00 31.56 0.10 21.00 0.2012.22 0.30 5.49 'O.50 3.88 1.00

3.66 1.5C 3.48 2.00 3.07 3.00
2.82 4.00 2.65 5.00 2.20 10.00
1.98' 15.00 1.65 30.00 1.45 50.00axial power profile 0.3132 0.1984 0.7951 0.4336 1.1854 0.99191.4391 1.38B7 1.5345 1.7455 1.4391 2.18231.1854 2.5791 0.7951 2.9759 0.3132 3.3727radial power profile 0,9800 0.00 0.9808 4.7020e-4 0.9816 S.3980*-40.9836 1.4100e-3 0. 9 8 6 4 1. 8 8 00e-3 0.9900 2.3490e-30.9944'2.8194e-3 0.9996 3.2293e-3 1.0056 3.3759e-31.0124 4,2991e-3 1.0200 4.6990e-3

and block
/ boundary condition data block
coolant ~ condition

geometry 1.380e-2 1.335e-P 1.145e-4
tape input 9
chf correlation w-3

,
film boiling corr. dougall-rchsenow

/end

|

I

:

| Figure J-2. (continued)
i

l'
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time (sec)=0.131000E+02 7 8 9
eximi mode number 2.578 2.975 3.372
eleeakiee (m)
local feel rod power (kw/s) 2.447E+0e 1.e43E+00 c.es9E-el

rad; ally av 2 feel enthalpy !)on/kg) 0.2+45c406 0.2015E+06 0.137sE+0s

energy am f:nel p; unit lengtb(kw-s) 0.1765E+0i O.14*SE+C3 0.9937E+02
ener gy in cAadding per untt lea -tA (kw-e) 0.3340E+02 0.26 s 'E402 0.1957E+02
energy ly,t after steady-stetelte-s/m) 0.510cE*02 0. 34 ~ '+02 0.1352e+02
enerny output after ctesWstate ftw-s/m) 0.1387E+03 0.14 .+ 0 3 0 56P2E+02|

! coolas; buAk temperature (k) 528.6 529.. 529.6
0,36&E+00 0.410E+00 0.459E+00

coolaat quality
cocammt mass fitz,kg/meo-mi -0.025E+01 -6.465C+01 -5.230E401

surface heat fium O_att/m**2) 1.465E405 1.05SE+05 5.422E+04

cr'.ticil best faux : watt /e**2) 2.25!E+04 3.155E-01 3.155E-el

!
critical beat flum / surface host flux 1.526E-01 2.982E-06 5.8182-05|

sur2a* e beat transf er coef. (watt /m**2dO.1) 3.00$E+02 2.837E+02 2.735E402

| heat trensfat mode E 9 $

i gop meet transfer c.wf. (wat t /e* +2co .a) 1.628E+03 1.r59E+03 1.14ct+03

thermal radial 9as ?sp (mm) 9.272E-02 7.649*,-72 9.944E-02

stzoeteral racial ens 9ep (mm) 9.2921-02 7.649E-02 9.946E-02

gap pr essure (n/***2) 4.35eZ*06 4.354E+06 4.35tE+06

ccolant pressure (n/a**2) 4.354E+04 4.354E*06 4.354E+06
1.293E-03dirparcoment cf f uel outez curfsca inal 4.991E-02 3.!t1E-02
*

displacement of clad outer surf ace Lam) 5.332E-Oi" 2.218E-02 .583E-02

cladding boop str ain (midplena) 1.047E-02 4.0S6E-03 2.856E-03

cladding permanent boop strata 5.700E-0.4 -3.476E-05 -1.6:3E-05

cladSing permanent axial strale 1.43*E-05 1.647E-os 0. 0t.0c+ ee
interf:ce mressure, atruct. sapin/m**2) 0.000E+00 e.000E+ee 0.000E+00

claddimy b~oop stress (a/m**2) -4.254E406 -4.354E+06 -4.354t+06

cladding azimi stress (n/m**2) -4.354E+f5 -4.351E406 -4.354E+06

effective cladding stress (n/m**2) 0.000E+es 3.000E+00 0.000E+00Cs
0.000E*D0 0.000E*00 0.000E+00e

PO cladding yield stress (n/***2)
43 cla6 ding ef f ective plastic straic 0.000E+00 0.000E+00 0.000E+70

0.000E+00 0.COEE+et 0.09'E'00
cladding instability strale 4

oside thickness,ciso poter surface sen) 1.256E-02 1.197E-07 1 11*E-02
{

osma stabalized alpha thletaess 'es) 0.000E+00 0.000E+09 0.000E+00
i

calk d+pt%, clad inner enzf ac+(mm) 3.000E-03 3.000E-03 3.000e-03

metsi-water react ion energy (twin) 8.836E-94 0.000E+00 0.000E+0s

f1 >w area reduction 0.0000 0.0000 0.0909

flow area reaaction uncertainty 0.0000 0.0000 e.0000
I

0 tempere';cres by radial mesa points
me. mesh radium tesaper at ur ae

imm) (11
1 0.000E*00 1173.0 1022.4 796.5

2 4.E991-01 1174.6 1921.7 796.2
|

3 9.39tE-01 1170.9 1919.4 795.4

4 1.410E+00 1165.0 1615.8 794.0 j

5 1.st0E+00 1157.2 1010.9 792.1
'

6 2.349E+0C 1147.0 1904.9 789.7

7 2.919E*00 1137.1 997.9 736.9

8 3.299E+00 112!.4 990.1 783.6 |
1

9 3.759t+b9 1112.5 981.2 779.9

10 4.229E+0c 1898.3 971.2 775.6

11** 4.699E+0c 1 02.1 959.7 770.8

12 4 768E+00 2005.5 904.5 723.7

13 5 124E+00 1903.4 903.2 727.3

14 5.461E*00 2001.3 901.4 726.8

Figure J-3. (continued)
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RESULTS

Tables J-10 through J-29 oresent matrices showing the fuel pin failure
times and locations calculated by FRAP-T6 using SCDAP/RELAP5/M003 thermal-
hydraulic data for all accident scenarios considered. (The numbers in
parentheses are the nodes in which failure occurred.) Tabie J-30 provides a
co.uparison of fuel pin f ailure times and locations calculated by FRAP-T6 using
SCDAP/RELAPS/ MOD 3 and TRAC-PFl/ MODI thermal-hydraulic data for the Seabrook
100% DBA case. Appendices K and L contain plots of internal pin pressure,
failure probability, cladding hoop strain, cladding surface temperature, fuel
centerline temperature, and exide thickness for all cases run for the Seabrook
and Oconee reactors, respectively.

Table J-10. FRAP-T6-calculated hot fuel pir, failure time (s) and location as
a functicn of burnup and peaking factor for the Oconee 100% DBA without ECCS. I

I
i Burnup

Peaking 6

factat_ ,j 5 GWd/MTV 20 GWd/MTV 35 GWd/MTV 55 GWd/MTU
r,.

. 2.63 22.7 (5) 20.3 (4) 18.0 (4) 13.0 (4)
2.4 > 60.0 25.3 (4L 19.7 (4) 14.1 (4)

_
2.2 3 > 60.0 34.8 (4) 23.9 (4) 16.4 (4)
2.0 | > 60.0 >60.0 33.8 (4)

, 22.5 (4) |_ _

|Table J-11. FRAP-16-calculated hot fuel pin failure time (s) ar.d location as
a function of burnup and peaking factor for the Oconee 90% DBA without ECCS.
g , 7 c,- .-==,a- . . - . - - . , _ -,-

Burnup

5 GWd/MTU | 20 GWd/MTU 35 GWd/MTU 55 GWd/MTVf$c_t,

2.63 25.0 (5) 22.1 (4) 19.7 (4) 33.6 (4)
i 2.4 > 60.0 27.7 (4) 22.3 (4) 17.7 (5)

_

2.2 > 60.0 54.7 (4) 25.8 (4) 22.7 (4) <

20 1 > 50.0 > 60.0 34.4 (4) 24.2 (4)

J-30

- - - - - ---_-- _ - _ - -
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Table J-12. FRAP-T6-calculated het fuel pin f ailure time (s) and location as -

a function of.burnup and peaking factor for the Oconee 75% DBA without ECC5.

1

Burnup
Peaking I

factor 5 GWd/MTU_ l. 20 GWd/M!U 35 GWd/MTV 55 GWd/MTU
_

2.63 25.0 (5) 23.5 (4) 21.1 (4) 14.6 (4)

2.4 > 60.0 31.7 (4) 23.5 (4) 15.6 (4)

_ 2. 2 > 60.0 51.3 (4) 29.3 (4) 18.0 (4)

2.0 > 60.0 >60.0 '17.5 (4) 23.0 (4)
,

I

L Table J-13. FRAP-T6-calculated hot fuel pin failure time (s) and location as
' a function cf burnup and peaking factor for the Oconee 50% OBA without ECCS.

,__ _

Burnup
-

Peaking
factor 5 GWd/,1TV 20 GWd/MlU 35 GWd/HTU 55 GWd/MTV

2.63 33.9_(5, 29.8 (4) 27.2 (4) 20.3 (4)

2.4 > 60.0 53. l__(4 ) 33.0 (4) 21.6 (4)

2.2 > 60.0 > 60.0 40.8 (5) 29.5 (5) <

h 2.0 > 60.0 > 60.0 57.4 (4) 30.3 (4)_ a

Table J-14. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Oconee 100% DBA without ECCS 4

and with pump trip.
_

- . - _,

Burnup
Peaking

5 GWd/MTV 20 GWd/MTU 35 GWd/MTU 55 Gyd/MTU
fa @ r--
2.63 37.5 (5) 33.5 (5) 26.2 (4) 22.3 (5)

2.4 > 60.0 49.7 (5) 32.1 (4) 25,5 (4)
-

2.2 > 60.0 > 60.0 33.6 (4) 27.4 (4)

2.0 > 60.0 > 60.0 > 6J.0 32.1 (4)
,

i

+
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- Table J-15._ FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function-of burnup and peaking factor for the Oconee 100% DBA with ECCS on.
--

||

._-
.

--- ..- ____

j Burnup

l rynr 5 GWd/MTU 20 GWd/MTU 35 GWd/MTV 55 GWd/MTU
"9

P. 63 22.7 (5) 21.1 BL 18.0 (4) 1,3.0 (4),

2.4- 54.9-(4)- 24.9 (4) 20.0 (4) 14.1 (4)
'

2.2 > 60.0 50.2 (4) 23.6 (4) 18.8 (5)
2.0 > 60.0 ;__ > 60.0 28.2 (4) 22.7 (41 _

I

Table J-16. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and. peaking factor for the Oconee 100% DBA with pump trip
and LCCS on.

| Burnup
Peaking

_ _fKtat.__ 5 GWd/MTU 20 GWd/MTV 35 GWd/MTU 55 GWd/MTU

2.63 24.8 (5) 24.4 (5) 23.5 (5) 20.3 (5)

i '2.4 > 60.0 P5.8 (5) 24.6 (4) 23.6 (5)
2.2 > 60.0 55.4 (5) 25.8 (5) 24.5 (5)_

2.0 > 60.0 > 60.0 64.6 (5) 25.3-(5)
__

_

,

Table J-17. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Oconee 100% DBA without ECCS
with licensing audit code medels on.
=- -r ~~ '

; Burnup
Peaking

! factor 5 GWd/NTU 20 GWd/MTV 35 GWd/NTO 55 GWd/HTU
\

2 . 6_3, 25.5 (5) 24.5 (5)- 21.9 (5) 12.5 (5)__
2.4 > 60.0 > 60.0 31.9 (5) 23.1-(5)
2.2 > 60.0 > 60.0 > 60.0 33.6 (5)
2.0 '> GG.0 > 60.0 > 60.0 > 60.0-- - -

. |

|

|

|
,
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Table J-18. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Oconee 0-in. break without

-ECCS.

_

_ _ _ _
.-

Burnup

f[ctor _ 5 GWd/MTV 20 GWd/MTV 35 GWd/H1U 55 GWd/MTU
"' y

_

2.63 __ > 393.0 > 393.0 > 393.0 > 393.0

Table J-19. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Oconee 6-in, break with ECCS.

Burnup

'*ftfn"r
9

5 GWd/MTV 20 GWd/MTV 5 GWd/MTU 55 GWd/MTU3
,

_

2.63 | >6,A 0_ _ _ _ _> 60.0 _ _ > 60.0 _j> 60.0

Table J-20. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of ournup and peaking factor for the Seabrook 100% DBA without
ECCS.

Burnup.

"
f ctor 5 GWd/MTU 20 GWd/MTU 35 GWd/MTU 50 GWd/MTU

2.32- 29.1 (5) 29.7 (5) 27.7 (5) 24.8 (4)

2.2 34.4(51 36.7 (5) 35.8 (5) 32.5 (4)
, _

2.0 44.5 (4) 48.4 (4) 43.6 (4) 43.6 (4)
,

1.8 > 60.0 :. 60.0 > 60.0 > 60.0

Table J-21. FRAP-T6-calculated . hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Seabrook 90% DBA without ECCS,

Burnup
'* "
t3c nr 5 GWd/MTV 20 GWd/MTU 35 GWd/MTV 50 GWd/MTU

2.32 31.8 (5) 32.6 (5) 30.5 (5) 26.5 (4)

2.2 35.6 (5) 36.2 (5) 35.7 (5) 34.8 (5)

2.0 39.6 (4) 40.1 (4) 39.4 (4) 38.7 (4)

45.7 (4)| 1.8 > 60.0 > 60.0 52g(4)_

J-33
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Table J-22. iRAP-T6-calculated hot fuel pin failure tima (s) and location as
a function of burnup and peaking fador for the Seabrook 75% DBA without ECCS.
-

| !. Burnup
'"

| 5 GWd/MTU 20 GWd/MTV 35 GWd/MTU 50 GWd/MTU3

2.32 30.E (5) 31.2 (5) 29,8 (5) 26.9 (4),

2.2 36.2 (5) 38.8 (5) 36.8 (5) 33.5 (4)
2.0 > 60.0- > 60.0 > 60.0 40 E (4)
1.8 > 60.0 > 60.0 > 60.0 | > 60.0

,

-Table J-23. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnuo and peaking factor for the Seabrook 50% DBA without ECCS.
- .-_ _-. , _ _ _ _

Burnup

_ factor 5 GWd/MTV 20 GWd/MTV 35 GWd/MTV 50 GWd/MTU

2.32 44.3 (5) 44.1 (5) 43.0 (5) 42.5 (5)
2.2 45.7 (5) 45.7 (5) 44.7 (5) 43.5 (5)

_

2.0 | > 60.0 > 60.0 58.6 (5) 47.2 (5)

_ 1.8 > 60.0 > 60.0 > 60 . 0 _ ___ > 60.0
,

Table J-24. FRAP-T6-calculated hot fuel pin failure time -(s) and location as '

a function of burnup and peaking factor for the Seabrook 100% DBA without ECCS
and with pump trip.

-_

! Burnup
;

factr 5 GWd/MlU 20 GWd/MTU 35 GWd/MTU 50 GWd/MTV
"

I. _ _

2.32 i 27.6 (5) 28.0 (5) 26.7 (5) 25.0 (4)
2.2 32.8 (5) 32.2 (5) 32.0 (5) 30.3 (4)
2.0 j 35.0 (5) 35.5 (5) 35.0 (4) 34.0 (4)
1.8 _jt > 60.0 > 60.0 48.0 (4) 38.2 (4),

|

J-34
|

! 4

| a



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

lable J 25. FRAP-T6-calculated hot fuel pin failure time (s) and location-as
a function of burnup and ped.ing factor for the Seabrook 100% DBA with-ECCS
on.

,

Burnup
Peaking
factor 5 GWd/MTU _ 20 GWd/MTU 35 GWd/MTU 50 GWd/M10

I
_ __

' ' 2.32 30.2 (5) 31.3 (5) 29.2 (5) 24.9 (4)
2.2 34.9 (5) 36.2 (5) 35.5 (5) 33.1 (4) !

.,

_,_,.. 2.0 ~42.5 (4) 43.2 (4) 42.7 (4) 39.1 (4)
'

l.8 > 60.0 > 60.0 >60f.
_

> 60.0___

.

Table J-26. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Seabrook 100% DBA with pump
trip and ECCS on.

_
_

-.

Burnup

c t o ,. 5 GWd/MTU ! 20 GWd/HTU 35 GWd/HTU 50 GWd/MTU
9

---
r-

2.32 28.3 (5) 28.8 (5) 27.7 (5) 25.1 (4)
2.2 31.8 (5) 32.1 (5) 32.0 (5) 30.7 (4)
2.0 35.2 (5) 36.2 (5) 35.5 (5) 34.6 (5)
1.8 > 60.0 > 60.0 42.1 (5) 42.0 (4) J

.

Table J-27. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Seabrook 100% OBA without ECCS
with licensing audit code models on.
. _ _ _ _ . .

---

_-2_ ---

Bu.nup
_ _ _

'"

actor 5 GWd/HTU 20 GWd/MTU 35 GWd/MTU 50 GWd/HTU

2.32 39.8 (4) 42.4 (4) 40.2 (4) 37.1 (4) ,

2.2 > 60.0 > 60.0 > 60.0 > 60.0
_

2.0 > 60.0 > 60.0 > 60.0 > 60.0

_
l.8 > 60.0 > 60.0 > 60.0 > 60.0 |

J-35
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Table J-28. FRAP-T6-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Seabrook 6-in, break without
ECCS.

.,
__ ._

Burnep
" "

5 GWd/MTV 20 GWd/MTV 35 GWd/MTU 55 GWd/MTU
_

f r

2.63 > 600.0 > 600.0 > 600.0 > 600.0

Table J-29. FRAP-16-calculated hot fuel pin failure time (s) and location as
a function of burnup and peaking factor for the Seabrook 6-in, break with
ECCS.

' ' "_ . .bMhe- m -. - ""*'

Burnup
*

_ t [ 5 GWd/MTU 20 GWd/MTU 35 GWd/Miu 55 GWd/MTU

)2.63 > 60.0 > 60.0 > 60.0 > 60.0

Table J-30. A comparison of FRAP-T6 fuel pin failure times using
SCDAP/RELAD5/M003 and TRAC-PF1/ MODI thermal-hydraulic data for the 100% DBA
case for Seabrook.
-- . _ . _ _ _ _ m

Burnup

[3 c t o ."9
*

5 GWd/MlU 20 GWd/MTU 35 GWd/MTU 50 GWd/MTU

Fuel Pin Failure Times u:;ing TRAC-PF1/ MODI Thermal-Hydraulic Data
'2.32 > 60.0 41.4 (5) 41.3 (6) 34.9 (6)

___

2.2 > 60.0 > 60.0 41.4 (5)
,, 41.-2 (6)

2.0 > 60.0 > 60.0 > 60.0 > 60.0

1.8 > 60.0 > 60.0 > 60.0 > 60.0

Fuel Pin Failure Times using SCDAP/RELAP5/M003 Thermal-Hydraulic Data

2.32 29.1 (5) '9.7 (5) 27.7 (5) 24.8j4,)2 i

l
2.2 34.4 (5) 36.1 (5) 35.8 [5) 32.5 (4)
2.0 44.5 (4) 48.4 (4) 43.6 (4) 43.6 (4)
1.8 > 60.0 > 60.0 > 60.0 > 60.0

|

I
|

J-36
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APPENDIX K

PLOTS FOR THE TIMING ANALYSIS OF PWR

FUEL PIN FAILURES FOR OcoNEE
;

4

Appendix K contains the plotted results for the timing anlaysis of PWRg

fuel ein failures for the Oconee reactor. Section K-l.1 contains the |

SCDAP/REl.AP5/M003 plots of total core power, collapsed reactor water level, ;

reactor upper head and pressurizer dome pressures, centainment pressure,
fission prouoct release, internal pin pressures, fuel centerline temperatures,
cladding surface temperatures, hoop strains, total break flow, accumulator
flow, accumulator liquid volume, hot leg flows, cold leg flows, hot channel
core flow, downtomer void fractions, mass error, time step size, and cpu time
for the nine accident scenarios. Section K-1.2 contains the FRAP-T6 plots of
failure probability internal pin pressure, cladding hoop strain, cladding |

,

surface temperature, fuel centerline temperature, and oxide thickness for the I

nine accident scenarios. Tables K-1 and K-2 provide a listing of the plot
variables.

;

K-3
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K-1.1 SCDAP/RELAP5/ MOD 3 PLOTTED RESULTS FOR OcONEE

Table K-1. Description of SCDAP/RELAP5/H003 plot variables for Oconee.
-- --

Variable Description

0 rktpow Total core thermal power (W)
0-rkfipow Total core fission power (W)
0-rkgapow Total core decay heat (W)
4010-cntrivar Hot channel collapsed reactor water level for Oconee (m)
4040-cntrivar Core-average collapsed reactor water level for Oconee (m)
550010000-p Reactor upper head pressure for Oconee (Pa)
615010000-p Pressurizer dome pressure for Oconee (Pa)
'49010000-p Containment pressure for Oconee (Pa)
s-ogtfprs Soluble fission product releasa rate (kg/s)
0-bgtfprn Insoluble fission product release rate (kg/s)
1-pcas Average-burnup fuel pin internal pressure (Pa)
2 pgas low-burnup fuel pin internal pressure (Pa)
3-pgas High-burnup fuel pin internal pressure (Pa)
Inn 02-cadet Low burnup fuel pin centerline temperature for node nn (K)
Inn 03-cadct High-burnup fuel pin centerline temperature for node nn (K)
14nn02-cadct Low-burnup fuel pin cladding temperature for node nn (K)
14nn03-cadct High burnup fuel pin cladding temperature for node nn (K)
n02-hoop Low-burnup fuel pin cicdding hoop strain for node n

(dimensionless)
n03-hoop High-burnup fuel pin cladding hoop strain for node n

(dimensionless)
410-cntrivar~ . Total break flow (kg/s)
702000000-mflowj Total accumulator flow for Oconee (kg/s)

3700-acvlig Total accumulator liquid volume for Oconee {m )
100000000-mflowj Hot leg flow for the Oconee broken loop (kg/s)
200000000-mflowj Hot leg flow for the Oconee intact loop (kg/s)
151000000-mflow] Cold leg flow for the Oconeo-broken loop (kg/s)
181000000-mflowj Cold leg flow for the Oconee intact loop (kg/s)

l 251000000-mflowj Cold leg flow for the Oconee intact loop (kg/s)
L 281000000-mflowj Cold leg flow for the Oconee intact loop (kg/s)
| In010000-mflowj Hot channel flows for n - 1, 3, 5, 7, and 9 for Oconee
| (kg/s)

|
|

|

_
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B&W (OCONEE) 100% DBA LOCA' PIN FAILURE B&W (OCONEE) 100". DBA LOCA PlN FAILURE
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B&W (OCONEE) SB LOCA PIN FAILURE w/ ECCS B&W (OCONEE) SB LOCA PIN FAILURE w/ ECCS
| fuel centerline temperatures for 5 GWD/MTU pin fuel centerline temperatures for 65 GWD/MTU pin
i 2600 0 7 , , m e RSCP 0 , ,

0--4 10202-estet 0--- o '0203-cadet g

2400 0,L --4 10303 -endet - 4000 0 o--.c 10303+ cadet - 40000
9 4 7, , ,

( a-a ID402-c&dct a--a 10403-cadet
* +-- * 10503-codet Cg ; \ ** 10502-ce $ct Qg

0 - -v bcadet
- 3000 0 $' 2000 0: . v-v 10607 cadet - 30000 e -e 10703-cadet ge -a 10702-redet g

{ 1600 0 f f 1000 0 " f
$, 30000 $$ 20000 $'

EEF 3300 cE ino0 0 -

OV %. Oo
eco 0 -

- 30000 e00 0 -

N 30000

e%% : --: : -
4po n b4cc g k - )a-i' > L- -

00 10 0 to 0 30.0 40 0 60 0 50.0 00 to 0 20.0 30 0 40 0 40 0 000

Time . ec) Tune (sec)

B&W (OCONEE) SD LOCA PIN FAILURE w/ ECCS B&W (OCONEE) SB LOCA PIN FAILURE w/ ECCS 1

cledding surface ternperatures for 5 GWD/dTU pin cladding surface temperatures for 55 GWD/MTU pin
$30 0 t--m 630 0

1

D-C 1402C2 cadct I r>--c 140203-codcL ,3

,

830 0 a - o 140302-cadet
,

620 0 o C>---o 140303-codet
-. a-a 140402-cadet k a-o 440403-cadet >

'-'** 140602* cadet -

640 0 C { 610 0I
*-* 140603-radet - 640 0 g2 slo e ,

\\- V-T 140602 eedet 9--T 1400 03-ca det*"
'

s~a 140702-cadet * " #' # 630 0gng - 480 0 600 0 -

f f L -t &

{ 6MO - 6000 {{ 690 0 - % 000 0 $
g

I $ **oo b$ mo; \
. n00 .n o

6 0 s '

" Dh4-- A HBO, , * - ~

5H C
! t' ' ' ' ' '

630 0 580.0 *

00 10 0 20 0 30 0 40 0 80 0 60 0 00 10 0 30 0 300 40 0 50 0 60 0

hm45 (Sec) hme (Sec)
-

B&W (OCONEE) SB Lou PIN FAILURE w/ ECCS B&W (OCONEE) SB LOCA PIN FAILURE w/ ECCS
noop strains for 5 GWD/MTU pin b b. 36 0

hoop strains for 55 GWD/MTU pin b
b- NC 18 0 - - ww-- , 2 6 0 -a

0-0 202-hoop o--c 203+ hoop
M Mahnp - 23 017 0 .

o -O 302-hoop ; 17 0 R$ c ,,
4-4 402-hoop p a - a 403-hoop

+-* 602-hoop ,
4-+ $03-hoop
9-v 603-haep - tt 016 e i - v - v 602-hoop - 18 0 24 0 ; s

{--e 702-hoop * -a 703-hoop

$ j ti=:mimi.mi=i=;=m $ 8' 4 (\
- 88 ''" "

e - o qg c
at 0 h - - at 014 0 + -NO*-o--0--C+ 14 0

==='=2m%mWmMmWm W|
13.0 31 0 4 C-6 C M 6 C W G 3. 0'

13 0
-1 ---o-.c --o--.-o--o- -.o

1 e
12 0 1 - 12 0 to a

'
- to o' '

00 10 0 30 0 30 0 43 C 60 0 50 0 00 to 0 20 0 30 0 40 0 SO O 80 0

Time (Sec) Tim 8! (Sec)

K-44

1
1



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

'O

B&V-(OCONEE) SB LOCA PIN FAILURE w/ ECCS B&W (OCONEE) SH IDCA PIN FAILURE w/ ECCS ~ ;
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B&W (OCONEE) SB LOCA PIN FAILURE w/ ECCS B&W (OCONEE) SB LOCA PIN PAIUJRE w/ ECCS
bl downcomer void ',ractions il downcomer void fractions
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B&W (OCONEE) SD LOCA PIN FAlWHE w/ ECCS UkW (OCONEE) SD LOCA PIN FAILURE w/ ECCS
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K-1.2 FRAP-T6 PLOTTED RESULTS FOR OcoNEE

Table K-2. Descriptior. of FRAP-T6 plot variables for Oconee.
..

Variable Description
_ , _

0 ffr Failure probability
0-prspin- Internal pin pressure (psis, Pa)
n-cladhsn Cladding hoop strain at ar.ial node n
n-cladote Cladding surface temperature at axial node n (*F, K)
n-ctemp Fuel centerline temperature at axial node n (*F, X) ;

n-ooxtn Oxide thickness at axial node n (in., va) '

- - . , _ -

1

+

b
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OCONEE 100%DBA 55 GWlVMTU PIN-PF 2.63 OCONEE 100%DBA 55 GWD/MTU PIN--PF 2.63
internal pin pressure failure probability
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OCONEE 100%DFA 35 GWD/MTU PIN-PF 2.63 OCONEE 1007.DBA 35 GWD/MTU PIN-PP 2 63 ,

internal pin pressure failure probability
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OCONEi.' 100%DBA 5 GWD/MTU PIN--PF 2.63 OCONEE 100%DBA 5 GWryMTU PIN--PF 2.03
internal pin pressure failure probability
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internal pin pressure failure probability -
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OCONEE 100%DDA 35 GWD/MTU PIN--PP 2.4 OCOMEE 100%DBA 35 GWD/MTU P3--PF 2.4
internal pin pressure failure
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OCONEE 100%DDA 5 GWD/MTU PIN--PF 2.4 OCONCE 100%Df1A 6 GWlVMTU PIN---PF 2.4
internal pin pressure failure probability -
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dCONEE 100%DDA 65 GWD/MTU PIN- -PF 2.2 OCONEE 100%DHA 55 GWD/MTU PIN--PF 2.2
--internal pin presst:re - failure probability
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- OCONEE 100%DBA 20 GWD/MTU PIN -PF 2.2 OCONEE 100%DDA 20 GWD/MTU PIN--PF 2.2
internal pin p essure failure probability

10 0 r 10 ,- , . : . ,'., i. m
!0-0 0-pregnj | (s--o 0-fft|i

* 1350 0
SO 06 ,

,

b ?
n

[ - 10000 8 3'

$ 60 e 08 - ,

.& 1 750 0 & &
D g% 3 4

~E 40 - E & 04 ,_-
& - 500 0 & D
A A "4"

d
02 - #VO -

- 260 0

o- --o----o+
00 ' ' ' ' - 0.0 0.0 :We- 4++Me I - * - -

'

0.0 10 0 20 0 3A0 40 C 50 0 80.0 00 10 0 20.0 00 0 40 0 50.0 40 0

nme (see) nme (sec)

OCONEE 100%DDA 20 CWD/MTU PIN-PF 2.2 OCONEE 100%DBA 20 GWD/MTU PIN--PF 2.2
cladding hoop strain claddhg surface ternperature

0.14 e-r+ - 1800 0r , , 1 s ,
7

I[ g4[0%W %MdD"--O 3-clap n - _ec 0- ;,.-%: 1400 0

' '" ~ ~ [f ~
o tt 7 on 4-clach.n / 4000 0 7

' /*M T
a~a 6-eladhan , rd

-g go f'
-

.R 1200 Cow 6-cladhsn j p goo o ge g
y/,,y" S *

! T-? 7-cladhan 4-6--a-a -9 ;

h.
=~a s*cladhsa

.

_ -
g aan o 1000.0g g g, g

N- [ & E
'& 00s -

R 400 0 800.0 [-
b 0-

b M 4-cladote
a-a S-cissot, - 800 0 $0 C4 - - A 400 0

/ *~~ 0 6-cladete
033 - 9- 4 600 0 - *-9 %cladote - 430 0*

_ m. g_-. g-g. _ -- g=g ----j a-a 0-eindet.,

_c.i > a.- - 4;g g. gga
00 10 0 20 0 30 0 40 C 50 C 60 0 00 10 0 20 0 30 0 40 0 50.9 - 64 0

nme (sec) nme (sec)

OCONEE 100%DBA 20 GWD/MTU PIN--PP 2.2 OCONEE 100%DBA 20 GWD/MTU PIN--PP 2 2
fuel centerline ternperature b oxide thickness

1250 0 r -- to 0 r -m-

fc~ a 3-clerrh
. . .

7.r. g=-$"""" """"$* 28 0
!c -- *

o 4-ctercp .gg 52000 0
3* a-A S-ctemp ;

- 2 - VF64 e e-o 6-ciemp gg .

;

4 9-v betemp SC O***

1600.0 D' '
o

-4 200C0 y 45 0 - 18 0- g
f

G C-% 13b3 0 - ' 'Q.- 4 M M 3-opste
o__o4-o,y - 1e 0

@ 1000 G - .\ M p g 8 4 - M ;_ S EE a -E j .o o

m . a-a- --Ye8W N " a--a 5-oortn
* 0 ~Md t" - 14 0 1- 4 10G0 0 3g e .

v-T 7-oortn750 0 -

+ *~4 0-contoy
I- ' .i - 12 0503 C 30 C ;

00 to C 20 0 30 0 43 4 3' 60 0 00 10 0 20 0 :30 0 4+0 50 0 - 60 0

nme (see) nme (sec)

K-59 |

i
I

Ii

!
< r , - - . . _ _ _ .m . . I
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internal pin pressure failure probability

s0 c.as -m-, , , . ,

IIIO#
| 0-propin|" | |o--o 0-ffrl'

0.24 - '

TO' - 1000 0 g
g q % O sa -

r % B
6 'O - "** 5 30.i. . .

E E fj j g- 760 0 0.t -,, _

2 E ac. -

c. g e.Os
-

.

. ,n ,

4.0

' S00.0
' - -s.0 O.00 a : ':- -

0.0 10 ft to 0 10.0 40.0 60 0 60.0 00 to o to 0 30 0 40 0 50.0 60 0
Time (sec) nme (sec)

OCONEE 100%DBA 5 GWD/MTU PIN--PF 2.2 OCONEE 100%DBA 5 GWD/MTU FIN--PF 2.2
cladding hoop strain cladding surface temperature

006T4 1800.0 , , , , ,

[ *#' .
'

c>-43 3-eladhan -aW / 1400.0
' '0 07S0 - o---o 4-cladhsn - 1000.0 - p -

a----a 6-cladha n )
: ,"

88C0836 - ** 6-cladhse a 2 000 0 '
* W ge

'

~I {-
i

. T-t 7-cladhen *

i / 1'
h 500.0

-
t

d - 0,0600 'w 8-clad t.s e - 1000.0e

i e
d 0 0376 /

- { 900 0 000.0 [
O Eg o--o 4-cladote

Cone - g - A ee0 0 .-a 6-ci. dote . .00 0 #
+-* 6-cladote

0.0126 - -, 600 0 - t-v T-cladete
, ,, .

_

- m---a 8-cladote
- 400,0

0.0000 "
' g --r-f[ '

400 0
' ' '

- 0.0 10 0 to 0 30.0 40 0 60 0 60.0 0.0 10 0 20 0 30 0 40 0 60 0 00 0

Time (sec) nme (sec)

OCONEE 100%DBA 5 GWD/MTU PIN--PP 2.2 OCONEE 100%DBA 5 GWD/MTU PIN--PP 2.2
fuel centerline temperature b oxide thickness

3260 0 p 300:, ,

M 3-etemp : o-- c 3-oostna

2000.0' o--o 4-etemp
- 3000.0 W . o-o 4-oosta ~

b'.

gi a-a 6-etsmp a-a 6-oostn I

Q 1760 0 *- M 6-etemp p g *-o 6-costa
*9--T 1-etemp 28 0 - v-9 7-ocatn

0' *P 0 '' " "1600 0

g .

- 20000 g E 24 0 -

g
O

{ 1260 0 { j - 6.0

1000.0 - Dg_,
80g- 1000 0 to 0 - :_cC W h;"" ~

,
' ' ' ' '800 0 16 0

O.0 10.0 to 0 30G 40 0 60 C 60 0 00 to 0 20.0 30 0 40 0 60.0 00 0
Time (sec) Emc (sec)

!

l
.

K-60
|
i

!

!



_ . _ _ . _ _._. _ . . _ - . . . _ ._ _ _ . . . _ . _ _. _ .._ _, . . _ . ~ _ _ _ . _

__

. 1

- t
-- t

-
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-internal pin pressure failure probability
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internal pin pressure failure probabihty
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internal pin pressure failur e
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OCONEE 100%DBA 5 GWD/MTU PIN--PF 2.0 OCONEE 100%DBA 5 GWD/MTU PIN--PP 2.0
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internal pin pressure failure probability
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' OCONEE 90%DBA 35 GWD/MTI> PIN--PF 2 63 - OCONEE 90%DBA 35 GWD/MTU PIN--PF 2.63
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' internal pin pressure failure prchability
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internal pin pressure failure probability

.= -*,.u..e
, , , to : --no , , ,

g
|t>-o 0-propin] ' lu--o 0-ffrj

3p q -

'#'*

A
a - 12600 ? $ -

d 00 y Z
S f '8 ~E - 1o00 0
2 [2 eO r

| g 04 -| - 750 *

t 2t <0 -

500 0 4 g4
6 gg , ,

30 '
~ 250.0 /

f
WP-<~" u O 0 0 n~ e ' : > '-

' +---.y.
0.0 to O to e 30 0 40 0 60 0 60 0 00 10 0 20 0 10 0 40.0 60 0 50 0

Time (see) nme (sec)

OCONEE 50%DBA 3D CWD/MTU PIN--PP 2.4 OCONEE 50%DBA 25 GWD/MTU PIN---PF 2.4
cladding ricop stram cladding surface temperature

e20 u00 0 , , , ,

b e h 1000 0 - 9 - "

0 18 - 4-a 6-cladhen , - '
se

, b - WO
$ 1.|-. *--..e 6-cladhan Q 900 0

v--* 7-cladhan { g', e"gs-N % . Mi

800 0
- 1000 00.18 pa-e 8-cladhan a-a. r ,*l i

b$ H 3-cladste0,0s -

p( b/ M 4-cladote
U,/ 500 0 a-a 6-cladota - 600 0 0

0 04 / ).- - e-* 6-cladote
500.0 - t-v 7-cladote M00

/a s-a 0-clad. ate

,j - .
bJ_.,_,_, .,a y

.-.:r -n u,oe , . . . _ .

00 10 0 to *. 30 0 40 0 60 C $ 0.0 00 10 0 20 0 30 0 40 0 50 0 60 0

Time (see) nme (sec)

OCONEE 50%DDA 35 GWD/MTU PIN--PF 24 OCONEE 50%DBA 35 GWD/MTU PIN--F. 2.4
fuel centerline tempere ture oxide thickness

2500,0 7-- - (g0g g 0 010, , , ,

0-0 3-cteep .

"'"L F ::'::"; =4-r"# m =;=;=;=;=h *" F""

2 2000.00 *~e B-ctemp C 0 C06 -

~~

" 7- -9 7-etemp - 30000 v _o_._,, 30 o

5 u-
a 8-etmp- 1760.0 900? - -

e5. - R$ 0 *41w
* IS00 0 W C 0 006 -

D--a 3-conte.a 4 26
E m0 0 ES o_ o 4_,,,tn

~' 0m - c - a $~oonte
~

Q . _ _ c_jpgeseh t

IM0 '

gyjp'CIDD--- Mi%, & -* 6-contnN
' ' ' ~ ' 7-**U" - 15.0. _; ; --e- ~ a--

s w 8-ecutn--

g
t i % - i . a.wtag 0 i .m..:a i u 3 0c3 a -

00 10 0 - to 0 30 0 40.0 60 0 60 0 0C 10 0 20 0 30 0 40 0 50 0 63 0

Time (sed) Time (sec)

i

|
'

K-102

L



. , . . . , - - - - .- - - ~ . - ~ -. . - . _ - - . .-- . . . -

,

OCONEE 50%DBA P0 GWD/MTU PIN-PP 2A - OCONEE 50%DBA 20 GWD/MTU PIN-PF 2 4 *

.

internal pin pressure failure probability .
-io n , r-- --

. u-. - . r- .c%
. FoI ~<sp.laj :[o-+ o-Ifrlp,

1860 0
q-

80 - i -et -

x

'[
t,\o - 1000 0 3 $

L E . 6.0 - h 0. 0

E '. noo E 2
v => c.,

E 40 -3%, E & - ne -

.t. - scos t y p-u-m--
c. n, o--

&
''

- eso.o **

0e . 2 .-.,; i m. 4 _. A .-m P~-" 0 0 0oi t .m_.- . 1
00 10 0 ' 20 0 %0 40 0 90 0 60 0 00 10 0 90 0 30 0 40 0 SC O 90 0

. Time (see) Time (sec) ,

OCONEE 50%DBA 20 GWD/MTU PIN -PF 2.4 OCONEE SO%DBA 20 GWD/MTU PIN"PF 2.4
cladding hoop strain cladding surface temperature

'O175 --+ .
7_ . -r- i100 C

b U-cladhen _- } -W 14D0.0 -
0 650 - o~n 4-dedhan j 1000 0 ,- fg , _ . o

h y.. ,- >e--4 6-clad ha n - / :

0 124 - *~6 6 -clad ha n :[ - 2 900 0 Lf - \' C' l 8 '

T-9 7 -cla d ha n /
" ''

* ~ * O'#I'dh'" '

}
-{ 1000 052 0.100 g

'

800 0 /p# )
,

e r e / e
& Q.016f ,p* 'Q 100 0 E * - 930 Dy R

b
f j 4 -etable| b0-~-0

0 0$0 - 8 A 6000 4 - e -e bdam 6% C ' N

[[ - 600 0
'*--* - 6 -dadoie

0 026 - ,-? 7,dsdot =
, 49n ,

/- s - m 0-tiedote
. 0,000'| WEW=Eh b*- b 400'0 u- : ' -A-*-----*4- -

0Q- 10 0 20 0 '30 0 40 0 60 0: 60 0 in C 10 0 PC D 30C e n 0- 50.0 60 C

hme (see) Time (see)

. OCONEE 50%DBA' 20 GWD/MTU PIN--PF 2.4 OCONEE 50%DDA 20 GWD/MTU PIN-PF 2A
- 3400 g - ' fuel centerline temp +icature - b oxide thickness .

-r- r -- p P2 6 - 'o, r- -- , e .-

h fo--O 3-cLemh pd%=a")* ,,"p." *
, _ ,

oo ~WJa-L*C !%_
,o-o 4*ctemp ]2000$g a-6 $ .cte mp

- 3C00 0
Chng} 0 0g. +-* 6 -ete mp . {p E:v;' ,

e-~v 7-etemp ' 44 0
,

. - 1600 0 g s-- a 8-clamp -

% % geco n g 7, 40 0 i+

*u-
.

. .c.

' c- -

CL ' 1400 0 - 3.w===g+m%g % $ {0"* 3 -*"l"'S E 9"W b, _ , , _ , . _ 2 35 0 L 4-cortnjo--? _ g4 o

g ' ,,, , e.- y- p ,= W "-~' "f
%v-T -' h b 4.-- a 5- oox tu

-

t oco a L. oontn. , , ,NJ ~ 4 7-oorta ,v-t
g

..,e..-, %m . , , . a, D' .b"dE!
aso - - - a-- '

O.0 10 Q . 2C 0 sc 0 40 C 50 0 60.0 00 10 0 h0 30 0 4G U M0 "0
Time (SEC) hME (

d

K-103

.i

, , . - , , - ,- , - , . . , , - . . -



> _ .

_ OCONEE 50%DDA 5 GWIVMTU PIN--PP 2,4 OCONEE 50%DBA f GWD/MTV PIN-PP 2A
internal pin pressure failure probability
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OCONEE 60%DBA 35 C'TD/MTU PIN-PF 2 2 OCONEE 50%DBA 35 GWD/MTU PIN--PP 2.2
internal pin pressure failure probability
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OCONEE 50?.DBA 20 GWD/MTU PIN--PF 2.2 OCONEE 50?.DSA 20 GWD/MTU PIN--PT 2 2
internal pin pressure failure probability
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internal pin pressure failure probability

80 m 0 18 -- - - - , - - - - , r. ,,

IM 0-prep:al~ [M O MII"~' '

t 0.80 -

\70 1000 0 g

2 7 s
-

c, g 3 0.06

3 00 - 376 0 3 j

|
~

[ [ 0.0s - )
E to $ $
,8 I .2 d.04 - -

;'

h
*

- $36 0
40 -

II 0 03
- 600 0

000:. ^ ^* ^^ '^: I
'

30 ' 'l -
' ' ' '

OO to O to 0 30 0 42 0 60 0 40.0 00 10 0 10,0 30 0 to O B0 0 00 0 i

Time (see) TLme (sec) 1

OCONEE 50%DBA 5 GWD/MTU PIN--PF 2.2 OCONEE 50%DBA 5 GWD/MTU PIN--PF 2.2
cladding hoop strain cladding surface temperature

,

M 3-cladhen M- - 3400.0
0--o 4-cledhen MI 1000 0 -

0 04 - a---a 6--uadhe n - v '-''' - 4
'

*-* 6-cladhan / Q 300 0 - V' {*9-T Y-cladba c
0 03 - c---e 8-cledhen -' $40 0 ,

W 1000.0:

e , e/*- i ** **" E
-

d c Os o--e 3-tia .s.,

b/ b M 4-cla dote
/ $ SCO O.d a-a 5-clacote - 500.0 $

0.01 -

]/
W 6-claiote

.,-,-,J 600 0 - e-T '-cladote - 400 0

MPP hh.M U,,,i . ., , , ,
00 10.0 to 0 10 0 40 0 50 0 to 0 0.0 to 0 20 0 33 0 40.0 50 6 80 0

Time (nc) nma (sec)

OCONEE 50%DBA 5 GWD/MTU PIN--PF 2.P. OCONEE 50%DBA 5 GWD/MTU PIN--PT 2.2
fuel centerline temperature b cxide thickness

2400 0 p 30 0:, , i

o-o 3-ctamp ; n--e 3-oortn .
'

at 0 DM 4-eternp to 0 - **"''* '' " "I"
20000 a-a 6-clemp '~' '' " *

30000g b e'---* 6 -etenty gg *-a 6-oosin
*

( o-v T-etemp 20 0 - T-v 7-oorta
b 1900.0 t e-~-e 8-etemp I a m 8-oorta

- 30 0

3 3 '1m

8 2000.0 e S 8' E - d'

$ 12M O b - 80
s -e e .9, ut -

A , g--_--~,..-9---+--9-9-- g fo

5 : : =
[g_._. --g WHen0 - *

gg,, _ gg[ en

m. . . . ,.0 . . ._0
00 10 0 20 0 30.0 40 0 39 0 80 0 00 10 0 23 0 30 0 40 0 60.0 60 0

Time (Sec) hme (tec)

K-108

_ - _ _ - - _ - - - _ - - . __ _ _ - - - - - - _ _ _ _ _ _ - _ _ _ - - - _ _ - - - -



..

OCONEE 50%DUA 55 GWD/MTU PIN--PF 2.0 OCONCE 50%DBA 55 GWD/MTU PIN--PF 2.0
internal pin pressure failure probability
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OCONEE 50%DBA 5 GWD/MTU PIN--PF 2 0 OCONEE 50%DBA 5 GWD/MTU PIN--PF 2.0
failure probabilityinternal pin pressure
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- OCONEE 100%DHA 55 GWD/MTU PIN--PF 2.63 W/ TRIP OCONEE 100%DDA 55 GWD/MTU PIN-- PF 2.63 W/ TRIP
internal pin pressure failure probabthty
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OCONES 10J%DBA 35 GWD/MTU PIN--PF 2 03 W/ TRIP OCONEE 100%DBA 35 GWD/MTU PIN--PF 2.63 W/ TRIP
internal pin pressure failure probability
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OCONEE 100%DDA 20 GWD/MTU PIN--PF 2.63 W/ TRIP OCONEE 100%DBA 20 GWD/MTU PIN--PP 2.63 W/ TRIP
internal pin pressure failure probability
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OCONEE 100%DBA 5 GWD/MTU PIN--PF 2.63 W/ TRIP OCONEE 100%DBA 6 GWD/MTU PIN--PF 2.63 W/ TRIP
internal pin pressure failure probability
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'OCONEE 100%DBA 35 GWIVMTU PIN-PF 2.4 W/ TRIP OCONEE 100%DBA 35 GWD/MTU PIN--PF 2.4 W/TPIP
internal pin pressure failure probability
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OCONEE 100%DBA 20 GWD/MTU PIN--PF 2.4 WTRIP OCONEE 100%DBA 20 GWD/MTU PIN--PP 2.4 W/ TRIP
internal pin pressure failure probability
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OCONEE 100%DBA 5 GWD/MTU PIN--PF 2.4 W/ TRIP OCONEE 100%DBA 5 GWD/MTU PIN--PF 2.4 W/ TRIP
internal pin pressure failure probability
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---internal pin pressure failure probobility
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OCONEE 100%DBA 35 GWD/MTU PIN--PF 2.2 W/ TRIP OCONEE 100%DBA 35 GWD/MTU PIN--PT 2.2 W/ TRIP
'

internal pin pressure failure probability
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OCONEE 100%DDA 20 GWD/MTU PIN--PF 2.2 W/ TRIP OCONEE 100?.DHA 20 GWD/MTU PIN--PF 22 W/ TRIP
internal pin pressure iciture probabihty.
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CCONEE 100%DBA 20 GVD/MTU PIN--PF 2 2 W/ECCS OCONEE 100%DBA 20 GWD/MTU PIN--PF 2 2 W/ECCS
internal pin pressure failure probability
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OCONEE 100%DDA 5 GWD/MTU PIN--PF 2.2 W/ECCS OCONEE 100%DBA 6 GWD/MTU PIN--PF 2.2 W/ECCS
internal pin pressure feilure probability
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internal pin pressure failure probability
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APPENDIX l

PLOTS FOR THE TIMInc ANALYSIS OF PWR

FUEL PIN FAILURES FOR SEABROOK '

Appendix L contains the plotted results for the timing analysis of PWR
fuel pin failures for the Seabrook reactor. Section L 1.1 contains the
SCDAP/RELAP5/ MOD 3 plots of total core power, collapsed reactor water level,
reactor upper head and pressurizer dome pressures, containment pressure,
fission penduct release, internal pin pressures, fuel centerline temperatures,
cladding surface temperatures, houp strains, total break flow, accumulator
flow, accumulator liquid volume, hot leg flows, cold leg flows, hot channel
core flow, downcomer void fractions, mass error, time step size, and cpu time
for the nine accident scenarios. Section L-1.2 contains the FRAP-T6 plots of
failure probability, ir'.ornal pin pressure, cladding hoop strain, cladding
surface temperature, fuel centerline temperature, and oxide thickness for the
nine accident scenarios with peaking factors of 2.232, 2.2, 2.0, ar.d 1.8 and
burnups of 50, 35, 20, and 5 GWd/MTV and using SCDAP/RELAPS/ MOD 3 thermal-
hydraulic boundary condition data. For the 100% design basis accident (DBA)
case, plots of results obtained using TRAC Pfl/ MODI thermal hydraulic boundary
condition data are also included. Section L-1.3 contains plots comparing
TRAC-Pfl/ MODI and SCDAP/RELAP5/ MOD 3 results for the 100% DBA case for the
following variables: core thermal power, collapsed reactor water level,
presurizer dome and reactor upper head pressures, total break flow,
accumulator flow, accumulator liquid volume, hot leg flow, cold leg flow, hot
channel core flow, downtomer void fractions, and time step size. Tables L 1,
L-2, and L-3 provide a listing of the plot variables.
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L-1.1 SCDAP/RELAP5/M003 PLOTTED ResutTs ron SEADROOK

Table L-1. Deccriptian of SCDAP/ ret APS/H003 plot variables fur Seabrook.
.__ _

Variable . OeSitiMitu. ..

0 rktpow Total core thermal power (W)
0 rkftpow Total core fission power (W)
0-rkgapow Total core decay heat (W)
400-cntrivar Hot channel collapsed reactor water level for Seabrook (m)
403-cntrivar Core average collapsed reactor water level for Seabrook (m)
128010000 p Reactor upper head pressure for Seabrook (Pa)
620010000 p Pressurizer dome pressure for Seabrook (Pa)
670010000 p Containment pressure for Seabrook (Pa)
0-bgtfprs Soluble fission product release rate (kg/s)
0 bgtfprn Insoluble fission product release rate (kg/s)
1 pgas Average burnup fuel pin internal pressure (Pa)
2 pgas Low burnup fuel pin internal pressure (Pa)
3 pgas High-burnup fuel pin internal pressure (Pa)
Inn 02-cadet Low-burnup fuel pin centerline temperature for node nn (K)
Inn 03-cadet High-burnup fuel pin centerline tengerature for node nn (K)
14nn02-cacct Low burnup fuel pin cladding temperature for node nn (K)
14nn03-cadet High-burnup fuel pin cladding temperature for node nn (K)
n02-hoop low burnup fuel pin cladding hoop strain for node n

(dimensionless)
n03-hoop High-burnup tuel pin cladding hoop strain for node n

(dimensionless)
410 cntrlvar Total break flow (kg/s)
704010000-mflowj Accumulator flow for the Seabrook broken loop (kg/s)
702010000 mflowj Accumulator flow for the Seabrook intact loop (kg/s)

3704-acvlig Accumulator liquid volume for the Seabrook broken loop (m )
3702-acvlig

.

Accumulator liquid volume for the Seabrook intact loop (m )
400010000-mflowj Hot leg flow for the Seabrook broken loop (kg/s)
200010000 mflowj Hot leg flow for the Seabrcok intact loop (kg/s)
453010000 mflowj Cold leg flow for the Seabrook broken loop (kg/s)
253010000-mflowj Cold leg flow for the Seabrook intact loop (kg/s)
15n010000-mflowj Hot channel flows for n = 1, 3, 5, 7, and 9 for Seabrook

(kg/s)
__
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| -W 4-LOOP (SEABROOK) 6 in. SB LOCA FIN PAILURE W 4-LOOP (SEABROOK) 6 in. SB LOCA PIN FAILURE
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W 4-LOOP (SEABROOK) 6 in. SD LOCA PIN "AILURE W 4-LOOP (SEABROOK) 6 in. SB LOCA PIN F/ILURE
bl downnomer void fraction s il downcomer void fractions80 - , p. vy 00 10, -
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W 4-LOOP (SEABROOK) 6 in. SB LOCA PIN FAILURE W 4-LOOP (SEABROOK) 6 in. SB LOCA PIN FAILURE
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V 4-LOOP (SEABROOK) 6 in. SB LOCA PIN FAILURE
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il 4-LOOP (SEABR00K) 100% DUA LPF, PULIPED ECCS W 4-WOP (SEABR00K)100% DBA LPF, PUMPED ECCS
d core thermal power collapsed reactor water level
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.W 4-LOOP (SEABROOK)100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK) 100% DBA LPF, PUMPED ECCS
d' pressures d containment pressure
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I: W 4-LOOP ( +IADR00K) 100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK) 100% DBA LPP, PUMPED ECCS
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W 4-LOOP (SEABROOK)100% DDA LPF PUMPED ECCS W 4-WOP (SEABROOM) 100% DBA LPP. PUMPED ECCS
fuel centerline temperatures for 5 GWD/MTU pin fuel centerline temperatures for 60 GWD/MTU pin
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W 4-LOOP (SEABR00iy 100% DBA LPF, PUMPED ECCS # 4-LOOP (SEABF10K) 100% DBA LPF, PUMPED ECCS )
cladding surface temperatures for 5 GFD/MTU pin cladding surface temperatures for 50 GWC /kUU pin
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W 4-LOOP (SEABROOK) 100% DBA LPP, PUMPED ECCS W 4-LOOP (SEABROOK) 100% DBA LPP, PUMPED ECCS
hoop strales for 5 GWD/MTU pin hoop strains for 50 GWD/MTU pin
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W 4-IDOP (SEABROOK) 100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK)100% DBA LPP. PUMPED ECCS
d total break how d total ECCS flows
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W 4-LOOP (SEABROOK) 100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK)100% DBA LPF, PUMPED ECCS
accumulator flows uccumulator liquid volume (m3)
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-W 4-LOOP (SEABROOK) 100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK) 100% DBA LPP, PUMPED ECCS
-g. hot leg flows d cold leg flowsp 16 0 -
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# 4-LOOP (SEABROOK) 100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK) 100% DBA LPF, PUMPED ECCS
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11 downcomer void fractions rtass error10 to 00n. m ou

,-- , , %, ,
, , ,

i )

f08
[

- 05 ~40 0 -
- -400i

Ng 'l
8 r . b3 .' j 8 6

tal
:

,
- 0.6 i 1

- '
g 06 g -80 0 -60.0

-2: J

,

[:
-

| g E t.[~
,

h,
n

3 04 04'7 " -130 0 -
- ~120 0

f
0.2 -

g, 0 2 -160 0 - / - -160.0

' '0 0 :. -

~ ' '
OD -200 0 -200.0

' ' ' '

00 19 o EO O 30 0 O *) SO 0 60 0 00 to 0 20 0 30 t 40 0 f>0 0 60 0
Time (see) nme (sec)

L-32

-_- ._- _ --- __ _ __-_ _ _- _ _ __ -. ._ _--__ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ - - _ _ - - - _ _ _ - _ - - - -



_ ____ _ __ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - - _ _ . _ _ _ - - . _ - - - - - _ _ _ . - - _ _ _ _ _ _ -- -- .--- - . . - - - _ - - -

D

W 4-LOOP (SEABROOK)100% DBA LPF, PUMPED ECCS W 4-LOOP (SEABROOK) 1007. DBA LPP. PUMPED ECCS
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W'4-IDOP 100% DBA LPF, PUMP TRIP WITH ECCS W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS
g.-- core therrnal power collapsed reactor water level

y p ' 36.0 i 12.0 r: it 0a ..
, ____,; , , , ,

M 0-rktpow- |M 400 -cnttiva r
-

'

b
m 30 0 0-0 0 -kfipov - to o _ - g,, Lo_c 4 e3.c3g,j,,, ,o , ,

-*--. o-ni. pow
,

360
- SM y 0.0 - 00 -}7 . -o--

. -- 20.0 g6
-

50 .p '(i 10
_ - n.0

'

-Sf. 15.0

I0 )d' - 4 40 40
,

-30.0 4 o
8 h - 8.06. 0

- t0 Of - 2.0

h -8 0.0' '

'0.0 00 0.0
O.0 '10 0 20 0 ' $0.0 40 0 f00 40.0- 00 10.0 tic to 0 -400 60.0 00 0

Time (sec) hme (sec)
,

'?

W 4-LOOP 1007. DBA LPF PUMP TRIP WITH ECCS - W 4- LOOP 100% DBA LPF, PUMP TRIP WITH ECCS
. <b . pressures - d containment pressure
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: W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS W 4-LOOP 100% DBA LPF, PUMP TRIP WITil ECCS
4 ' fission prodnet release rate b- d - internal pin pressures,
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W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS
fuel centerline temperatures for 5 GWD/MTU pin fuel centerline temperatures for 60 GWD/MTU pin2260 0
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W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS W 4-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS
cladding surface temperatures for 5 GWD/MTU pin cladding surface temperatures for 50 GWD/MTU pin
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W 4-LOOP 100% DBA LPF, alp TRIP WITH ECCS W 4-LOOP 100% DBA LPF, PUMP ThiP WITil ECC3
hocp strains ~or 5 ,'^.0/MTU pin hoop strains for 50 GWD/MTU pin
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W 4-IDOP 1007. LJA !.PF, PUMP TRIP WITil CCCS V' t-LOOP 100% DBA LPF, PUMP TRIP WITH ECCS
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W 4-1DOP 100% DBA LPF, PUMP TRIP WITil ECCS W 4-LOOP 100% DBA LPF, PUMP TRIP WITil ECCS
intact loop pumped ECCS flows total ECCS flows
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W 4-LOOP (SEADH00K) 0 '. SBLOCA WITH ECCS W +-LOOP (SEABROOK) 6 in. SDLOCA WITH ECCS.
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L-1,2 FRAP-T6 PLOTTED RESULTS FOR $EAbROOK

Table L-2. Description of FRAP-T6 plot variables for Seabrook.
,

!
'

Variable Description

0-ffr Failure probability
0-prspin Internal )in pressure (psia, Pa) 1

n-cladhsn Cladding loop strain at axial node n |
n-cladote Cladding surface temperature at axial node n ('F, K) i

n ctemp Fuel centerline temperature at axial node n (*F, K) !

n-ooxtn Oxide thickness at axial node n (in., mm)
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SEABROOK 100%DBA 35 GW9/MTU PIN--PF 3.32 SEABROOK 100%DRA 35 GWD/MTU PIN--PF 2.32
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SEAUROOK 100%DUA 20 GWD/MTU PIN--PF 2.32 SEABROOK 100%DBA 20 GWD/MTU PIN--PP 2.32
internal pin pressure failure probability
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SEADROOK 100%DBA 5 GWD/MTU PIN--PF 2.32 EEABROOK 100%DBA 5 GWD/MTU PIN--PF 2.32
internal pin pressure failure probability
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SEABROOK 1007.DBA 50 GWD/MTU PIN--PF 2.2 SEADROOK 1007.DBA 50 GWD/MTU PIN--PP 2.2

internal pin pressure failure probability
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SEABROOK 100%DBA 35 GWD/MTU PIN--PF 32 SEABROOK 100%DBA 35 GWD/MTU PIN--PP 2.2
internal pin pressure failure probability
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internal pin pressure failure probabihty
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SEABROOK 100%DBA 5 GWD/MTU PIN--PF 0.0 SEABROOK 100%DBA 6 GWD/MTU PIN--PF 2 0
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internal pin pressure failure probability
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internal pin pressure failure probebility
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SEABROOK 100%DBA 5 GWDNTU PIN--PF 1.8 SEADROOK 100%DBA 5 GWD/MTU PIN--PP 1.8
internal pin presmre failure probability
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SEABROOK 907.DBA 20 GWD/MTU PIN-PF 2.32 SEABROOK 907.DBA 20 GWD/MTU PIN--PF 2.32
inte:Tial pin pressure failure probability
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internal pin pressure failure prolm
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SEADROOK 90".DBA SO GWD/MTU PIN-PF 2.2 SEADROOK 90%DBA 50 GWD/MTU PIN--PF 2.2
internal pin pressure
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SEADROOK 90%DBA 35 GWD/MTU PIN-PF 2 2 SEA 3R00K 90 DDA 35 GWD/MTU PIN--PP 2.2
internal pin pressure failure probability
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it.ternal pin pressure failure probabth!y
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internal pin pressure failure probability
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internal pin ptenure failure probebth
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|

I L-1,3 SCDAP/RELAP5/H003 ANo TRAC-PF1/ MOD 1 PtoTTeo Resutis
FOR SEA 3 ROOK

Tabl6 L-3, Description of SCDAP/RELAP5/M003 and TRAC-PFl/ MODI plot n ariables
for Seabrook.

._

._lEldl e OMiription
-

SCDAP/RELAP5/M003 Variables

0 rktpow Total core thermal power (W)
0-rkftpow Total core tission power (W)
0 rkgapow Total core decay heat (W)

_

400 cntrivar Hot thannel collapsed reactor water level (m)
403 cntrivar Core average collapsed reactor water level (ra)
128010000-p Reactor upper head pressure (Pa)
(20010000-p Pressurizer dome pressure (Pa)
410-cntrivar Total break flow (kg/s)
704010000-mflowj Accumulator flow for the broken loop (kg/s)

Total accumulator flow for the intact loop (kg/s))
702010000 mflowj

Accumulator liquid volume for the intact loop (m702-acv11g
200010000 mflowj Total hot leg flow for the intact loop (kg/s)
253010000-mflowj Total cold leg flow for the intact loop (kg/s)
155010000 mflowj Hot channel flows at the core midplane (kg/s)
1060n0000-voidg Broken loop downcomer void fraction for node n at the core

midplane elevation
1860n0000-voidg Intact loop downcomer void fraction for node n at the core

midplanc elevation
0 dt Timo step size (s)

TRAC-PFl/ MODI Variables:

RPOWER0990001 Total core thermal pcwer (W)
CORELEVEL Core average collapsed reactor water level (m)
PUP 0990001 Reactor upper head pressure (Pa)
P078001 Pressurizer dome pressure (Pa)
MFLOWTOTBRK Total break flow (kg/s)
MFLOWO440002 Accumulator flow for the broken loop (kg/s)

Total accumulator flow for the intact loop (kg/s))HFLOWT0TINTAC
Accumulator liquid volume for the intact loop (mACQLIQTOTINT

HFLOWINTHLEG Total hot leg flow for the intact loop (kg/s)
MFLOWINTCLEG Total cold leg flow for the intact loop (kg/s)
MFLOWTOT990801 Hot channel flows at the core midplane (kg/s)
ALPHA 0990814 Broken loop downcomer void fraction for node n at the core

midplane elevation
ALPHA 0990813 Intact loop downtomer void fraction for node n at the core

midplane elevation
DELT0000001 iime step size (s)
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Research has been conducted to develop and demoastrate a methodology for calculating the
time interval between receipt of containment isolation signals and the first fuel pin
failure for loss of-coolant accidents (LOCAs). Demonstration calculations were performed
foraBabcockandWilcoxdesign(0conee)andaWestinghouse4-loopdesign(Seabrook).
Sensitivity studies assessed the impact of fuel pin burnup, sxial peaking factor, break
size, emergency core cooling system availability, and main coolant pump trip on these
times. Tht. analysis used SCDAP/RELAD5/ MOD 3 and TRAC-Pfl/ MODI to calculate reactor system
transient thermal-hydraulic conditions and FRAPCON 2 and FRAP-T6 to calculate steady-state
and transient fuel behavior. This analysis also provides a comparison of
SCDAP/RELAP5/M003 and TRAC-Pfl/ MODI results for large break LOCA analysis.

Using SCDAP/RELAP5/M003 thermal-hydraulic data, the shortest time intervals calculated
between containment isolation and fuel pin failure are 10.4 and 19.1 s for the B&W and H
plants, respective ~,. Using data generated by TRAC-PFl/ MODI, the shortest interval for,

the W rea: tor is 29,1 s. These intervals are for a double-ended, offset-shear, cold leg
break, using maximum peaking factor applied to fuel with maximum burnup.
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