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1. QObliective of Pzoposed Work

The objective of this project is to provide the USNRC with a
state~of~the~art, mechanistic analysis tool with which to momitor
the progress of a severe LVWR sccident from the stage of loss of
rod geometry, through core Delt, intersal structure failare,
melt-water interactions, 9P to and including vessel breach and
materials ejection. This tool, the MELPROG code, is to link with
saitably improved RCS models based on the TRAC and RELAP code
families., It is to interface temporally with the SCDAP fauel rod
failure and corze degradation code, and both spatially and
temporally with the CONTAIN contasinment response code. The
integrated code pPackage (SCDAP, MELPROG, RELAPS and TRAC~-PFl) is
knowa as the Severe Fuel Damage Asalysis Package, SFDAP. It
should be noted that MELPROG is based partially onm the MIMAS
¢ode, whose capabilities it greatly extends,

A major compoment of this objective is the use of MELPROG st
suitable stages of its development to analyze major LWR accident
sequences. This is simed st providing NRC with timely
state~of-the~art accident sequence predictions at all major
stages of the project. Priacipal ianformation produced by the
code includes core temperatures, locstiom of materials, steam
§enerstion rates, rates of relesse and trassport of fission
products and hydrogen to the BCS and through vessel breaches, and
the mode and timing of Possible vessol breaches as well as the
rate of material ejection from the vessel. A further objective
of the project is to provide sensitivity agnslyses of deviations
from "best-estimate” code iaput assumptions and models. This
vill provide mechanistic delineation of accident uncertainties
and definition of follow=om code and experiment anceds. Finally
the MELPROG effort is inteanded to provide ongoing guidance to
severe fuel damage experiment programs both at INEL and SNL.

2. Ssmmazy of Prior Efforcs

Oatil recently asnalysis of severe tccident progression has relied
98 simplified, parametric codes developed for probadilistic risk
ASsessments, notably the MARCH family of codes. The inadequacy
of this type of code for development of "Sest-estimates” of
accident progressions has been noted many times. (See, for
example, the Zion~Indian Point Study (Murfin et al., 1980), the
MARCH assessment project (Rivard et al., 1981), the SASA project
(Baskia et al., 1981) aad the Severe Fuel Damage Task Force
Report (Silberberg ot al., 1981).] A recent iosportant effort has
been the Damage Assessment of TMI-2 (Maagdlin et al., 1983), .for
which the MIMAS core damage snalysis code was developed at Los
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Alamos National Laboratories. Thris code has been adoptad as the
basic driver package for MELPROG.

3. Ezpected Resules, 1984

The structure heat-up, loading and mechanical failure
Package will bde completed and compared to detailed finite-element
anslyses. This subtesk iavolves replacing some simplified

structures models with more detsiled ones. This .is approzimately
& 3ix man-month effort.

The fourth momentum field, the solid rubble field will be
sdded to the fluids drivor--co-ploting that module. (Much of the
development work has slready been completed for this sabtask,)
Isplementation should iavolve about three san-months,

The TRAC-PF1 RCS hydraslics code will be fally linked to
MELPROG, thus €reating a complete primary-system package for
P¥Rs. Tiis is s cooperative effort with Los Alamos Natiomal
Laborstories and should iavolve less thas $ix man-months,.

Iaplementation of the VICTORIA fission product release code
vill be carried out., Work will begin on sdapting TRAP-MELT aad
MAEROS phenomenclogies for fission produect transport and
deposition to MELPROG. This is an involved task becsuse
transport is Becessarily aad aotomatically carried out by
MELPROG's fluids driver. Fission prodact physical and chemical
States will be monitored by bookkeeping within that context,
Deposition on solids and phase changes must be modeled by
inter~field exchange processes. Thus MAEROS and TRAP-MELT models
Bust be translated inmto the MELPROG forr. ism rather than siaply
éarried over mutatis mutandis. This cask will iavolve about one
Ban=year ia 1984, However the traasport/deposition modeling
effort will not Ye completed until FY198%,.

A modest accident analysis offort will be carried out
iavolving detailed studies of ome or two severe accidents. This
is largely a code txercise effort, rather thas the beginning of
&n overall accident analysis project. It is aaticipated that
three man-months will be devoted to this effort.

Before describing follow=on efforts, it is worth soting that
several tasks importamat to the completion of the code are being
slipped into FY85/86 due to fundiag coastraints. Iga particular,
implementation of the TEXAS melt/water interaction module is now
scheduled for FYS8S. Equally importantly, the development of a
SCDAP/MELPROC interface bas been slipped into future years, The
rationale for choosing which tasks to slip is as follows. TEXAS
exists and can be used (albeit in 4 crippled manmer) to run as 4
stand-alone module in parallel 2o UELPROG. So accident analysis
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using MELPROG, while hindered by this difficulty, can be carried
out with comsiderable effectiveness. On the other hand, the FYS4
tasks outlined above are all necessary to a MELPROG code with any
pretense of robustaess., Thus it makes sense to complete them
prior to creating & MELPROG/SCDAP linker. It is also worth
notiag that MELPROG will be quite capabls of experiment asalysis
sad asccident progression studies in FY84. Hovever fundiag
constraints limit us to very limited code exercises. Finally, we
are not 3taff limited in this area. Increased funding can be
directly transslated into more rapid progress during FY84. °

4. Follow=-on Efforts

(a.) EX3s

(i.) Isplementation of TEXAS module into MELPROG. This will
allow detsiled treatment of steam explosions and steam spikes by
MELPROG. This is abou: a 1=1/2 man=-year effort, or less.

(ii.) Completion of the fission product traasport and
deposition models for the fission prodeuect modules. This should
be a one m;an-~year effore,

(iii.) Commencement of CWR model development. Initial work
involves changing details of the PSEUDC-SCDAP module asad major
changes in the structures sodule. This represents sbout a1 ane
z=an~year effort in FY8S.

(iv.) Creation of cthe SCDAP/MELPROG interface. This is a
cooperative effort with "INEL. Approzimately oane man-year is

iavolved. A major task is the implementation of the
MZLPROG/RELAPS interface,

(v.) Start of am oversall dccident anmalysis project. This
effort is either to be o joint effort with the SCDAP project at
INEL or at least closely coordinated with their efforts. This
iavolves about one @san~year in FYS85S.

(vi.) Detailed PBF/ACER severe~fuel~damage experiment

snalysis, This involves siz man=montls or more of effort in
FY8s.

(v.) EX86

(i.) Conmtinuation of BWR model development., Possible
sdoption of a sulti=-channel hydrodynamics scheme apres SCDAP/BWR
MOD. Lisk to RELAPS BVR-RCS hydraulics model. This could
iavolve up to two man=-yvears in FYS86.
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(ii.) Continuation of detailed SFD experiment analysis,
(Approzimately onme man-year),

(iii.) Greatly expanded accident analysis effort simed at
providing a best-~sstimate snalysis for most major accidents in a
spectrum of PWR plants. This is & tvo-plus man~-year effort,.

(iv.) Seasitivity toalysis for selected sequences in a few
PW¥Rs aimed at examining uncertainties in best-estimate,
mechanistic analyses to changes in input and = modeling
sssumptions. This is a two zman~year effore,

(v.) Begin limited sccident sBalysis for major DWP accidents
(one man~-year),

5. hmmungmxlmuu

This project is closely tied to the SCDAP fuel rod damage
snd core degradation code development e¢ffort at INEL. Ultimately
the two codes are to be two closely linked parts of am integrated
anslysis package, SFDAP. Similarly the Project is related to the
LWR CONTAIN code development project at SNL. That project is to
provide a contaiaoment response model which will be linked to
MELPROGC to provide an oversll snalysis of the resctor, the QRCS,
and the comtainment building.

Ia addition, MELPROG is closely related to TRAC-PFl/V¥ HAS
development projects at LANL. That effort has provided part of
the basis for MELPROG, end it is currently aiding devel.pment of
the MELPROG/TRAC-PF1 link. Finally, MELPROG is closely tied to
the severe fuel damage ezperiment programs at INEL and SNL, and
1$ coordinated with the MELCOR risk code development project at
SNL.

6. Beporting Schedule

Resulcts from the MELPROG project will be reported inm SNL
topical reports and journmal articles, In addition, monthly
Sanagenment driefs will be provided as part of SNL/ARSP montizly
reports. Detailed technical progress will be updated in SNL/ARSR
Quarterly reports., In addition regular and frequent
telecommunications between NRC and SNL project ileaders will take
Placey and staff visits to the site will provide opportunity for
detailed briefings.

7. Ssbgonszactor Iaformstion

Not applicable.



NAC raam 188
»an

<

f\ = } PRCJECT AND BUDGET PRCPCSAL FOR NAC WORK

el NUCLEAR ARGULATCAY COMMISEION | SATR o9 hial-1a-1 PN

/83

fagre

Transient Fuel Response and Fission Product Release

i ™ sqvision ne.
MRQ.ECT ™17 BRI T 1
A2016

e ———— e e e
[ NAC BAA NUMBER

NAC OreiCE

60-19=02-01
T S DA 4 s e
SCH GENTRACTEA W~ A e
Argonne Natiounal Laboratory [—"F 3
(15 ‘ﬂ%'i_—__n »
T114mnie <+ -La I Sg
COANIZANT SURECANEL SAGANIZATION ATE MMONE NUMSER
N VMANAQER |
G. P, Marino and L. Chan 1 NRC/DAE 3/7%8
NAC TICHNICAL ITAAR | COMALATICN SATE ‘
| l opan
CQE PMMCUECT VAN AGER | ‘
T 1 DOE/CH | 72-222
T MANAGER |
R, . Frose ANL/MST 3724928
MMINCIPAL INVESTIGATOR(S)
J. Rasc ANL/MST ‘ 972-3026
STAPE YRAAS OF EFPGAT /Rouna ' ~eareet onmn o7 ¢ years vy 98 Y 1984 M LGHT ey v
Zirem Saentities Teenmien 1.3 | 1.3 1.5
Cther Oirset (Qreaee) 0.2 0.2 0.2
‘ TOTAL JIRECT STARR YEARS 1.9 1.3 1o 7
M
COST PRCPORAL J
Ciresr Smariee |  $87 | $61 $104
Materiel v Serviass |l sanuaing ACP 16 13 15
ASP Susnens | 30 74 35
e |
” tormen 3 3 3
.mu i xoen . 2 - - -
(MRS ey S8 nivisional Overhead ' 16 18 43
Cther  Soewrty) Reactor *ognn Adminiscraciay 5 " -
[Mummm m FY 83 =17.32 | 39 37 36
- -y 11
TOTAL OPERATING COST 228 S 325
CAPITAL BQUIPMENT -
BN CHARMGED: 2036/2016 20+ 40 —
$248 3254 3328
TUTAL PRCUECT SO8T &% &J ik
ﬁ 786 ot a7 T M 4TI ANLAAY ~EaALAAY T
* 18 17 37 20 20
WONTWLY SORICAST
orenee v WA T ¢ ey AuadT BT L0 1T |
20 20 o7 20 i 28
P *lacludes S14K of 7Y 1982 carrvover. =lacludes 310K of =7 19482 carryover,
,‘w - { 1\/2_‘ ’




i el NUCLAAA ARG U LA

PROJECT AND BUDGET PROPOSAL FOR NRC WORK

Transient Fuel Rasponse and Fission Product Release

Argonne Nacional Laboratory
FORECAST MILESTONE CHAAT ichecuied to Start - n - Campietea (Shown n Quarter ! ear)
A H FISCAL YEA

PROVIOE ESTIMATED OOLLAR COST FOR EACH TASK -
, . =

TASK -~ . L ! b]
I® [2na| e |4m | in |2va Ja] 4n \w |3na| el 4en | m | 2na] Sl een] 15t | 2na| dra| 4en

(C) Analywtical Studias

$325

cosT $248

soneouLs | A ! ! A
l
|
|

|
TOTAL ESTIMATED PRACLECT COST , $248 !_ $234 | $325 ) !

m: Mmmﬂmbﬁuy'-mma-'u- ATIRER on ol paper 9 Mg NAC Form 189, if an item iy
R el m sl See actached sheets for detailed milastone iaformacion.

. QMECTIVE OF PAOPOSED WORK

L SUMMARY QF PRIQRA EFFORATS

J. WORK TO 88 PERFORMED AND EXPECTED AESULTS
4. DESCRIPTION OF ANY FOLLOW-ON EFRC 2TS

i, ABLATIONSHIP TO OTHER PRCJECTS

4. AEPOATING SCHEDULE

7. SUBCONTRACTOR INFORMATION

8. LIST NEW CAMITAL BQUIPMENT AEQUIRED

3. JESCRIGE SPECIAL FACILITIES AEQUIAED

'0. CONFLICT OF INTEREST INSORMATION
SEE NAG MANUAL SHAPTER 1102 SOR ACOITIONAL NEGRMATION

APPRCV AL AUTHARITY <5IGNATONE JATE




L. Objective of Proocosed Work

The objectives of proposed work are: (a) the development of physically
realiscic computer-based models (GRASS-SST, FASTGRASS, PARAGRASS) that
describe the release of fission products from and cthe response of irradiated
VR fuel during steady-state operation and hypothetical accident situations;
(b) assiscance to INEL and BNWL for the incorporation of the models into SCDAP
(INEL), FRAP-T (INEL), and FRAPCON (BNWL) fuel-rod codes; and (c) technical
assistance to NRC on other fuel-behavior/ fission=product release matters.

R Sm of Prior Efforts

PARAGRASS-MOD |, a very fast running, semi-mechanistic model for
predicting fission-product release during steady-state and transient
conditions was developed and mswified. PARAGRASS updates (complete
interfacing instructions) were written for FRAPCON, FRAP-T, and SCDAP, and
Were Cransmicted in tape foraac to ENWL (FRAPCON) and INEL (FRAP-T, SCDAP).
Assistance was provided to BNWL and INEL in the implementacion of these aew
codes ou their respective computers, and in the i{aitial code checkout
procedures. PARAGRASS is based on analyses in FASTGRASS and GRASS~-SST. This
model provides FRAPCON, FRAP-T, and SCDAP with an extremely fast running
option for fissiom=product release and swelling. PARAGRASS=MOD | has the
capability of reproducing GRASS results with good accuracy. A GRASS-SST and
FASTGRASS~generated data base is also being used to assess key factors that
affact gas release and swelling.

The steady-state md transient gas relesse and swelling subroutine,
FASTGRASS, was uodified %o include 2 mechanistic description of volatile
fission-product (VFP) behavior. The VFPs I, Cs, Csl, Cs 400, , and ClZUOA are
{ncluded in this analysis (FASTGRASS-VFP1). This work L3 built om the steady~
state analysis of lodine and cesium performed under am ZPRI contract, and
emphasizes volatile fissiom-product behavior under severs accident
conditions. As the anoble gases play a major role in establishing the
intercomnection of escape routes from the interior to the exterior of the
fuel, a realistic description of VFP release must a priori include a realistic
description of fission-gas release and swelling. Thus, FASTGRASS provides a
natural framework within which the models for the behavior of lodine and
cesium can be incorporated. The results of experiments =um at ORNL and the
examinacion results of the ORNL high-temperature test specimens obtained at
ANL vares used to verify and improve the IWR model of transient volatile=
fission product (iodine and cesium) relesse. In the present model, the
i{nclusion of Cs,M00, and anm‘ can provide strong competitive traps for the
available Cs. The formacion of CsMo0, amd Cs,U0, can have a crucial effact
on the reaction lavolving Csl which is of major concera for deducing the form
of lodine release in VR power plant accident scemarios. FASTGRASS=VFPL has
undergone preliminary verification for steady-state fission-product releasa.

#Malyses during transient conditions were performed and documentad in
order to assess the kay factors affecting ilodine release during accident
conditions. A study comparing FASTGRASS predictions with those of che CORSOR
code was performed at the request of the NRC.



A computer link between INEL and ANL was inictiaced. This link will
facilitate ANL's task of providing DVEL with a fission product source term
calculacional capability. This link will also enable ANL to assess fission
product response during LWR accidents with the FRAP-T/PARAGRASS and the
SCDAP/PARAGRASS codes.

Improved mechanistic models for fuel aicrocracking were developed and
included in the FASTGRASS analysis. Fuel microcracking can have an extreme
effect on fuel temperatures and fission=product release during accident
conditions. The Chen-Argon creep cavitation model was coupled to the
FASTGRASS computer code for the prediction of fuel microcracking. Grain=-
boundary separation (or microcrackiang) can often short-circuir aormal, slower
processes of fission-gas release from within the fuel grains to the fuel
exterior. The Chen—irgon model i3 a more mechaniscic (realistic) model for
graln-boundary cavitation than the DiMelfi-Deitrich model currently used in
FASTGRASS. Modal predictions for tocal gas release and radial profiles of
separaced grain-boundary area per unit volume were compared with results of
out=of-reactor direct electrical heating tests on irradiaced ILWR fuel.

A FASTGRASS users manual was completad. This documentation was supplied
with the FASTGRASS code to the ANL Natiomal Energy Software Center.

3o Work to be Performed and m:od Rasulcts

The development of the fast running PARAGRASS code for the predicetion of
steady-state and transient fission-product release will continue. Semi-
mechanistic models for the prediction of the VFPs Cs, I, and CaI will be
included in the analysis. These models will be based om the more complex VFP
analysis in FASTGRASS-VFPl. PARAGRASS=-MOD 2 will Se submitted with
documentation to the ANL National Energy Software Centar.

The development of models for predicting the behavior of volacile fission
products during steady-state and transient conditions will be contizued (@84,
the iaclusion of cthe fission product tellurium). These improved models will
be included in the FASTGRASS code (FASTGRASS-VFP2).

The FASTGRASS and PARAGRASS development will comtinue o be coordinaced
with fuel code developers at INEL and B3NWL. Assiscance will continue to be
provided to these organizations in implementing and using GRASS~
SST/FASTGRASS/PARAGRASS. The calculacion and documentacion of the response of
fission products during accident conditions will continue.

ANL will coaduct pretest and posctest analysis of fission zas and
volacile fission=product release during che ORNL higzh cemperacure fission
product release tests (FIN Yo. 30127).

Models will be developed for the hehavior of fission products during LWR
fuel melting and in ILWR fuel in a steam enviromment. Gross fuel melting
conditions can lead to fission gas/molten fuel interactions and enhanced “uel
deformation, frothing, and fuel dispersal. The presence of a steam
environment can affect the oxygen partial pressure in the fuel and can have a
very dramacic influence on the fission zas and volatile fission=oroduct
diffusivicies. These models will be Lacorporatad into hoch FASTORASS and

PARAGRASS.



Sensitivity analyses will continue to be performed in order to determine
key factors affecting fission product release.

Technical assistance to the NRC/RES/DAE will be provided in the area of
fission-product release as requested. The degree to which ANL will be able to
respond o this activity is contingent on budget and schedule comstraiants.
Sensictivity analyses to determine keay factors affecting fission-product
release will be continued.

If additional funding becomes available (100K), ANL will be able to
provide the following: assistance to SNL in the interfacing of
PASTGRASS/PARAGRASS and Sandia's in-vessel source term model; coordination of
programs between ANL and SNL for the development of models describing the
release of the lower volacilicy fissiom product during accident conditions; in
conjunction with SNL, use these models to calculate and document the reasponse
of the lower volacilicy fission products during accident conditions; a higher
degree of iaovolvement with INEL in the area of assessing fission product
response during VR accident conditions with the FRAP-T/PARAGP ASS, the
SCDAP/PARAGRASS, and the PASTGCRASS~VFP codes.

4, Description of Follow=om Efforecs

Analytical modeling, experimental support, and other tecimical assistance
will be provided at the requast of NRC/RSR.

Se hlaumug to Other Proiects

The results of experiments pe-formed at INEL will bSe used =o varify and
improve the [WR model of transient fission=product release and swelling., The
results of experiments run at ORNL and che examination resulcs of che ORNL
high-temperature test specimens obtained at ANL will be used =o verify and
improve the VR model of transient volatile~fission product (iodize and
cesium) release. ANL will assist INEL in the incorporation of these models
into the SCOAP (INEL) FRAP-T (INEL) and FRAPCON (BMWL) codes. The MRC Rsel
S3ehavior Review Group reviews and coordinates these programs.

6. [Report Schedule
FY 1983 ~ Published

Ligh: Water Reactor Safety Research Program Ouarterly hp:n. (lst=éch
Quartar)

FY 1983 = Planned
J. Reast, FASTGRASS, User's Manual (4th Quarcer)

Light Water Reactor Safety Research Program Quarterly Raport (lst=éth
Quarter)



9.

FY 1984 - Planned
J. Rest, PARAGRASS User’'s Manual (4ch Quarter)

J. Rest, Topical Report on Modeling the Release of Volacile Massion
Products (4th Quarter)

Light Water Reactor Safecty Research Program Quarterly Raporss (lst=éth
Quarter)

Subcontractor Information
N/A
ul t Requirements

itures (in thousands)

Item Subtask 2 4 1984
Graphic Computing (C) $10 - -
System
File Managers for (¢). - §10 -
Graphic Computing
High Speed Printer $40
TOTAL $10 $10 $40

Justificacion: These items are needed to (1) facilirate computar usage
and reduce turn—around time by permitting large amounts of computing
during off-shift hours; (2) {mprove turn-around time and reduce coscs for
the anticipated increasing amounts of graphics work; (1) facilicare ANL
assisctance to INEL by providing ANL with the capability to receive
information generated from FRAP-T and SCDAP simulations on the INEL
computer via an ANL/INEL computer link.

Soecial Facilities

N/A

10. Conflict of Incerssc rnfoggtion

Argonne National laboratory presently conducts research for MRC and 20

conflict of intarest is involved.




