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(1) Objective of Proposed Work

‘The Fuel Behavior Mode! Development Project provides for development and
maintenance of (a) a "best estimate* computer code (FRAP-T) which calculates
the thermal-mechanical-chemical benavior of lignt water reactor (LWR) fue!
rods during anticipated transients and postulated accidents including fye!
rod failure probabilities and the associated release of fission products from
the fuel rod after such events, and (b) LWR fuel rod materials properties
models which serve as an environmental package (MATPRO) for the fue! behavior
computer codes (FRAP-T, FRAPCON, and SCDAP). Experimental data and
analytical models from the [daho Nationa! Engineering Laboratory (INEL) and
other national laboratories, industry, etc., are reviewed and incorporated in '
the computer codes as appropriate. The project provides independent
assessment of the Nuclear Regulatory Commission (NRC) fue! denavior codes
which are being used to audit licensee submittals, %o plan and interpret fue!
! behavior experiments, to support NRC's safety goal and fission product sourca
l term program etc. The project also provides an gn-call caiculational support
|

|

|}

for the NRC as technical assistance for FRAP.T and SCDAP,

(2) Summarv of Prigr Efforts ;‘

i v.1983. °

| MATPRQ Maintenanca and [morovements

| |

: Maintenance of existing versions of MATPRO models was provided but new mode! |
development was delayed pending analysis of sensitivity studies to detarmine |

wnich models “ave i significant effact on key calculational results of the

SCOAP code. Models for thermal oroperties of water wers idded to support tne

SCOAP simplified boiloff thermal-nydrau!ics mode'. Quaiity assurance

procedures similar to those of FRAP-T were followed.

Transient Fue! Behavior Models |

! A version of PARAGRASS revised by ANL to be compatibie with SCDAP was

| 'ncorporatad into the code. This provides SCDAP with the capability %o

' analyze both intact regions and debris regions using a mechanistic gas
release mode!. The BALON2 mode! used in SCDAP/MODO/YO was reviewed to

! igentify alternatives for simolifying the mechanical mogel. A design report

; was writien which describes the proposed changes and was attached as an

Appendix to the SCDAP/MOD! development planning document.

[3) Work to be Performed ind Sxpected Results

FY.1984:

S rv

S ——— ..

The project consisss of maintaining the FRAP-TS code and the MATPRQ packace.
Several upcates will Ye addeqd o FRAP-TE/MODY wnich w111 2nnance the SRAP.TS
sellet cladding mechanical ‘nteraction PCMI) modeliing, so that the code

. " 2/ 4
-:-o-o. -
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(3) Nork to be Performed and Expected Resuylts (Continued)

FY-1984: (Continued)
Summary (Continued)

accurately calculates fue! rod cladding stresses. FRAP-T6/MOD1/V1 will be
created by including this additional modeling. A limited developmental
assessment will be performed, and the code will be transmitted to the NESC.
MATPRO maintenance will consist primarily of work in support of both FRAP-TH
and SCDAP. For FRAP-TH, the Zircaloy cladding plastic deformation models
will be revised, the fuel Creep and hot pressing subcodes will be modified
for use in FRAP-T6, and a mode! for tensiie cladding creep will be
developad. For SCDAP, several subcodes will be produced in support of adding
models from the TRAP-MELT rode to SCOAP. NRC technical assistance will be
provided including assembling a library of SCDAP/MODO input decks, a
calculation of the Three Mile [sland (TMI) event of 1979, and one special
project creating a core damage map.

MATPRO Maintemance and [Imorovements

Maintenance including correcticn of identified deficiencies in the subcodes
describing fuel restructuring (FRESTR), zircaloy-helium accommodation '
coefficients (GTHCON, GJUMP), and uranium-zi~caloy-oxygen comoound solidus

| and liquidus temperatures (PSOL and PLIQ) will be provided.

The zircaloy cladding plastic deformation routines (CKMN, CMLIMT) will be f
revised to consider yield point data as well as ulitimate strength data using !
the method developed in [S-NSMD-83-009% for stainless stael data. This :
! will improve PCMI calculations and all other Jow-strain cladding deformation
' caiculations with FRAP-T, The fyual creep and fuel hot pressing subcodes

' (FCREEP ana FHOTPS), which calculate strain rate as a function of stress wil)
D@ augmented with subcodes which caiculate stress as a function of strain
rate so that the fuel creep and hot pressing models can be used with the
FRACAS-II subcode of FRAP-T, A new model for cladding creep under tensile
stress will be developed to suppert PCMI mode! improvements in FRAP-T.

———

L. Hagrman, Mat:~ials Properties Data for Fusion Reactor Analysis,

& 0.
IS-NSMD~83-OQQ: April 1983,

F) 5/5
ow. 0643 .Q.J-L
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(3) Work to be Performed and Expected Results (Continued)

FY-1984: (Continued)

MATPRO Maintenance and Imorovements (Continued)

Several subcodes will be produced in preparation for coupling subroutines
based on the TRAP-MELT code to SCDAP. Oocumented models for the equilibrium
vapor pressures of CsI, CsOH, zircaloy cladding components, and control rod
components will be prepared in support of SCDAP. Models for the dynamic
viscosity, density, and molecular meam free paths of H2 = Hp0 mixtures

will also be developed for SCDAP. In addition, the particle diffusion
coefficients in Hy - Hp0 mixtures will be produced.

NRC Technical Assistance

The technical assistance part of the program will consist of three
activities. First, a library of SCDAP/MOD0 inout decks will be assembled to
provide quick response to NRC requests. The library will consist of
SCDAP/MODO input decks used in previous analyses by various organizations
within EGG [dano. The decks will be converted to the format required for
the fast ruming version of SCDAP/MODO. Five input decks have been targetad
for inclusion to the library. These decks represent the Power Burst Facility
(PBF) Severe Fuel Damage (SFD) test series ) scoping test, the German tasts
at Kerlisruhe, the ™I reactor, a pressurized water reactor, and a boiling

e ———————————————————————— e e

water reactor of primary concern to probability risk assecsment activities
being conducted by the NRC. Later in FY-1684, an input deck for
RELAPS /SCDAP/MOD! will Se assembled for T™I.

The second part of the tachnical assistance program is a SCDAP/MOD!
calculation that models the T™MI incident of March 1979. The companion RELAPS
input deck is currently available and a SCOAP/MOD1 deck would be assembled
and executed. The final part of the technical assistance program is
designated as special projects. One activity has thus far been identified,
nameiy, a set of SCDAP/MODO calculations to eavaluate threshold of damage to a
reactor core as a function time at temperature.

FY-1985:

Sumrz

The project consists of maintaining the FRAP-TS code and the MATPRQ package.
Model ennancements based on FEMAX! code calculations and experimenta! data
“rom Halden and P8F will be evaluated and some incorporated into FRAP-TH.
MATPRO mode! enhancements based on a sensitivity study will be incorporated.

NAC FORM 189
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L (3) Work to be Performed and Expected Results (Continued)

FY-1985: (Continued)

FRAP-T6 Maintenance and [mprovements

Ouring FY-1983 and FY-1984, models for accurate calculations of uniform axial
stress and the maximum hoop stress in cladding were developed. An additional
model to calculate localized axial stress caused by formation of
circumferential ridges is needed to perform the SCC analysis. An empirical
mode! will be developed to calculate the localized axial stressas based on
results generated by the FEMAXI code developed by the Japan Atomic Energy
Research Instityte. }

The fuel compliance mode!, relocation relaxation mode!, and the effective
thermal expansion model are based on data from a few experiments.. FRAP-TS
analyses and a literature survey have shown that this data base is inadequate
and a broader data base should be used to refine these models. This work
#111 define required data from selected Halden and ?8F experiments. The
broad data base will represent the effect of fabricated gap size, pellet
design parameters, burnup levels, steady state and transient power cycles on
cladding stresses and strains.

MATPRO Maintsnance and !morovements

Results from the sensitivity performed with SCDAP late in FY-1983 will he

used along with a critical amalysis of availavle data sources to improve
those preiiminary models developed n FY-19823/which arfect impartant SCDAP
predictions significantly. Minor maintenance of the package will continue
and draft cony will be prepared in preparaticn for publicatiorn of a complete
new MATPRO handbook to be completed in FY-1986.

NRC Technical Assistance

The tecnnical assistance program will address two areas. First, the SCOAP
input deck library will be expanded to have more decks availaple for meeting
short term calculation needs of the NRC. Three more decks will be added.
They will be companion RELAPS/SCDAP decks for plants of current concern to
NRC severe accident, accident management, source term, and licensing

4/ 0. L. Hagrman, Materials Properties Models for Severe Core Damage Analysis,
£58-CD0-5801, (May 1982).
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Work to be Performed and Expected Results (Continued)

(4)

FY-1985: (Continued)

NRC Technical Assistance (Continued)

activities. The plants currently under consideration are H. 8. Robinson,
Seabrook (f.e. RESAR-3S), North Anna, and Arkansas Nuclear One-Units | and 2.

The second part of the technical assistance program will be the special
projects tasks, which will be used to address current NRC needs as determined
by the NRC Technical Monitor.

Description of Any Follow=On Effbrt

FY-1986, FY-1987, and Beyond :

(9)

A minimal effort will be provided to maintain the FRAP-T6 comouter code and
the MATPRQ library of comouterized materiz!s sroperties models used by the
FRAPCON, FRAP-T, and SCDAP fuel behavior computer codes. The FRAP-TH/MOD2
assessment effort bequn during FY-1985 will be completed in FY-1986, and a
final updated version of the code will be released to the NESC. The MATPRQ
models used for analysis of severe reactor accidents will be updated as
dictated by comoarisons with new relevant data from separate effects and
integral severe fuel damage 2xperiments.

Ouring FY-1386, SCDAP/MOG| will be Indepencently assessed and findings
ceported to the SCOAP developmert project (A6360). A minimal effort for
SCDAP assessment is expected during FY-1987. Technical assistance will
continue o be provided to NRC during FY-1986 and FY-1987,

Relationships tn Other Projects

This project is closely associated with the Modeling Severe Fuel Jamage
Project (A6360) being performed at the INEL and the FRAPCON code development
(82043) and pellet-cladding interaction modeling (B2452) efforts being
performed at Battelle Pacific Northwest: Laboratories (PNL). Ouring FY-1984
and beyond, this project encompasses the efforts of a previous project, Fuel
Behavior Analysis and Code Assessment (A6046). The fue! behavior models and
computer codes developed and/or assessed as part of this project are used
extensively by the Thermal Fuels Sehavior Program, the Loss-of-Fluid Test
(LOFT) Program, and by other Faderally funded projects in development of
experimental procedures and in interpreting experimental data. The computer

PEGS s
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(5) Relationships to Other Projects (Continued)

codes are also used by NRC's Severe Accident Sequence Analysis Project
(A6354) and to support NRC's Fission Product Source Term Project. The
project derives inputs for model development and code assessment from
research projects conducted at Argonne Nationa!l Laboratory, Qak Ridge
National Laboratory, PNL, Battelle Columbus Laboratories, Sandia National

Laboratories, INEL, and the NRC sponsored program at the Halden Test Reactor,
Halden, Norway.

Reporting Schedule
FY-1983:

T. M. Howe et al., Fission Gas Release Modeling for SCDAP/MODO, EGG-NSMD-5108
(November 1982).

V. N. Shah and G. A. Berna, Constitutive Models far the FRACAS-I! Subcode of
FRAP-TH, EGG-NSMD-5103 (Novemoer 1982)

V. N. Shah, FRAP-T6 Analysis of Pallat Cladding Mechanica! [nteracrion,
£G6-NSM0-5155 [February 5533)

L. J. Siefken et al., FRAP-TA: A Computer Code for the Transiant Analysis of
Oxide Fue! Rods, NMURES/TR- y Lbbe ddendum (May

V. N. Shah et al., Ceveloomental Assessment of FRAP-T6/MOD1, EGG-NSMO-6299
(June 1923),

F. M. Haggaq, Sensitivity Study with SCDAP/MODO, (To be Published
August 1983),

FY-.1984 -

5. R. Wagner, SCDAP Inout Jeck Library, (To be Published Septemper 1984).

R. Chambers, SCDAP/MOD! Analysis of TMI-2 Event, (To be Published
September 19837,

V. N. Shah et al., Cladding Stresses Quring PCMI, (To be Published
Septamber 1984) .

V. N. Shah et al,, Developmental Assessment of PCMI Models in FRAP-TS, (To bde
Published September 1983,

ﬂgq.




