
. _ _ _ _ _ _ ._ - __ _

'

.

,,,,,,,, . us.muctaAa neoutarony commesman mars o' *aopona

isen 8/1/83
|

, PROJECT AND BUDGET PROPOSAL POR NRC WORK g mes, ('

G mevesomme. |
mer vm.s ''"au"**a. .

LWR Melt Progression and Accident Sensitivity Study A1342
~

mac sen muassen

""* 37s's'e a r c h 60190201
; oce cosernacrom . ' M*''T'"'"'*"*Sandia National Laborateries **e. wa.4 wenenn ge

esva *** e*a avuman |Albuquerque, NM 87185 401001060 |
commeaant pensasseet - = =non i neamansmusman runsoooppunnonenamcal

anc enomer massanan i stantiseo cara |J. Han NRC/RES 427-4260 | 10/1/83 |
QTMet senc Tm:msesca sfA** consstances oATER. Wright NRC/RES 427-4266 9/30/94ao. mcr o.n

846-5208
-**QdCT "Anacan A. W . Snyder SNL/6400 844-8203h|

puissecara6 mysstio4Tonts:

W.J. camp (task leader) SNL/6425 844-3348
M.F. Young SNL/6425 844-0130

svano vsAneop apeomtis e = , .r. , , in a3 n a4 in d5 in ao in ,

0*** N '**""
2.2 2.4 6.O

|
omer oeuse teammes

fTera anaec7 rrace vaase 2.2 2.4 6.O
_ _ . _ caer psicsscan i

I -
# |

|733ommasema" 232 263

usemes ano ar==us eaaumens Acm
|105 8

#"
l i20 15 14

20
%% *==en 3 0 1 2

{Ouaume 5 6 6 6 i |
nadhuur Lamar Case

f
- - ~

l | I
Gsames one Aenea=nuine i se

| | |

| 775 | |Tofat openaTrses cost 365 292
cartTAL acuspeeenf

1 iame cMAncao:
| |

TOTAA**omCTctW7 365 292 7'75
,, 94 A- mov mesen e---- nw.a, seenwam, . amen

m,w
_

24 | 24 24 24 24 29
esposes *P'% amar m er a.ma sr servuseet

24 24 24 24 24 24 Im == iam

8507130114 850415PDR FOIA
ALVAREZ85-110 PDR

'

_ _ _ _ _ . _ __ _ _ . _ . _ _ _ . _ _ . _ _ _ _..___.________.. _ _ _ _.__._ .__ _ . _ _ _ _ _ _ . ___ .-



__.

,somesin w.a. =ws saa sow are=1 sommaneses. --'

eensewasmNe2A-1< eso

PROJECT AND SUDGET PROPOSAL POR NRC WORK sari
July 1, 1983

* FugegET 7.T=4

LWR Malt Progression and Accident Sensitivity S tudy

I

see.._ _ :on .aario

Sandia National Laboratories
somecaer =ussione emaar. s i.see -

-

-c ae = gin,, ransmovios astiasarso ocu.4a cosv som anos raea a siacas, veam
sv aj av eg inv e3 4av ee isv
le $ 3e| 3e j est i tar $3ne|3e(essite|3nej3ejeus te i Snel Dejeen i te i Ste$ Dej deFi

! Sequence essecu6a -

| S en s i ti v i ty
| Analysis - PWR coef 120

Sequence newegu6a
^

.

| Sensitivity
' Analysis - BWR = 14o

ecosau6a a
Improved Model
Development i

-

|cost | 105

* = final topical acneouts| |
g.

.

report I

# * interim topica l sCos? ] |

-l | |

1
=

TWTALcorteenvuo secueCf czper
365 292 775

F'"'T OtecatrTtese: desumman amnesse
6|M M & M

_ . se suo g supe a see eser saum asume as aims anse e see mac reme ta a as summe e

t. anJeeftve op PReposso suonet

a summaany op paion Groosts

1 WORet 70 es PeRPOReseo aseo eMPGCfeo RecukT5

a. ossenspriose on a=v pou.owee e** cats

S. Re6AT1osessee# TO oTMet PIDCueCTS

s. naposmeno scusouta

7. SuecoprfB4C70m toeponesA71oes f
a. ust seen caalfA6 Gousease=T meouwiso

& cescRies N Paoluffee Neousmoo

te. conwuctop wrenest mooneaarices

ses esac inamuat emaaren ites som acomossa6 moonesafioseaspeev aparty - - tasma ,4

jp goata
'%b

'

f)v3 g as,

~1' - w i6425 *

.

j/ 6420 7 0155 - * ~6A00 ovuv4
'

|

.

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



.

. '

F

Lg3 M Proeression And Aceident Sannitivity 1134y,
- 1. Obieetive gi Pronosed W2IA

The obj ective of this project is to provide the USNRC with a
state-of-the-art, mechanistic analysis tool with which to scattor
the progress of a severs LTR accident from the stage of loss of
rod geosotry, through core melt, internal s t r a'c t u r e failure,
nelt-water interactions, up to and including vessel breach and
materials ejection. This tool, the MELPROG code, is to link with
suitably ~ improved RCS models based on the TRAC and RELAP code

', families. It is to interface temporally with the SCDAP fuel rod
failare and core degradation code, and both apatially and
temporally with the CONTAIN containment response code. TheLatograted code package (SCDAP, MELPROG,

l
~ RELAP5 and TRAC-PF1) isI knows sa the levere Euel Ramage Analysis lackage. SFDAP. It

should be noted tha t MILPROG is based partially on the MIMAS
code, wheae espabilities it greatly extends.

A asj or sosponent of this objective is the use of MELPROG at
i

suitable stages of its development to analyze major L7R accident! sequences. This is aimed at providing NRC with timely'

state-of-the-art accident sequence predictions at all major
! stages of the proj ect. P rd ac ipa l information produced by the'

'

code includes core temperatures, location of materials, steam
i generetion rates, rates of release and transport of fission

prodsats and hydrogen to the RCS and through vessel breaches, and
the mode and timing of possible vessel breaches as well as the
c.a t e of material ejection from the, vessel, A further objectiveof the project is to provide sensitivity analyses of deviations!

from "b e s t-e s t ima t e " code input assumptions and models. This
1 will provide mechanistic delineation of accident uncertainties; and definition of follow-on code and esperiment needs. Finally| the MELPROG effort is intended to provide o a' g o t a g guidance to.

severe fuel damage esperiment programs both at INEL and SNL.
; 2. Summary 21 EIl2X Efforts

Until- recently analysis of se ve re accident progression has relied
on simplified, parametric codes developed for probabilistic risk
assessments, notably the MARCH family of codes. The inadequacyof this type of code for development of "b e s t-e s t ima t e s " o f

, accident progressions has been noted many times. (See, fori

example, the Zion-Indian Point Study (Martin et al., 1980), theMARCH assessment project (Rivard at al., 1981), the SASA project(Haskin et al., 1981) and the Severe Fuel Damage Task Force
Report (Silberberg et al., 1981).} A recent important effort has
been the Damage Assessment of THI-2 (Maudlin et al., 1983)..for5 which the MINAS core damage analysis code was developed at Los

.
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Alsass National Laboratories. This code has been adoptsd as thebasic driver package for MELPROG.
.

3. Eznected Results. 1114

The structure heat up. Ioading and mechanical failure
package will be completed and compared to detailed finite-elementanalyses. This subtask involves replacing some simplified
structures models with more detailed ones. This.is approximatelya six man-month effort.

.

The fourth acaentum field, the solid rubble field will be
added to the finida driver--completing that module. (Much of thedevelopment work has already been completed for this subrask.)
Implementation should involve about three man-months.

The TRAC-PF1 RCS hydraulics code will be in117 linked to
MELPROG, thus creating a complete primary-system package forPTRs. This is a cooperative effort with Los Alamos National
Laboratories- and should involve less than six san-months.

Implementation of the VICTORIA fission product release codewill be carried out. Work will begin on adapting TRAP-MELT and
MAEROS phenomenologies for fission product transport anddeposition to HELPROG. This is an involved task because
transport is necessarily and automatically carried out byMELPROG's fluids driver. Fission product physical and chemical
states will be monitored by bookkeeping within that context.
Deposition on solids and phase changes aust be modeled byinter-field exchange processes.

Thus MAEROS and TRAP-MELT nodels
sust be translated into the HELPROG f o rr a .* i s a rather than simplycarried over autatis antandis. This task will involve about one

,

man year in 1984 However the,

transport / deposition modelingeffort will not be completed until FT1985.
*

A modest accident analysis effort will be carried out
involving detailed studies of one or two severe accidents. Thisis largely a code szercise effort, rather than the besinning of
an overall accident analysis project. It is anticipated that
three man-mon th s will be devoted to this effort.

Before describing follow-on efforts, it is worth noting that
several tasks important to the completion of the code are beingslipped into FT85/86 due to funding constraints. In particular,| implementation of the TEXAS nelt/ water interaction module is now
scheduled for FT85. Equally importantly, the development of a
SCDAP/MELPROG interface has been slipped into future years. The

,

; rationale for choosing which tasks.to slip is as follows. TEIAS| exists and can be used (albeit in a crippled manner) to run as a
| stand-alone module in parallel to MELPROG. So accident analysis
I

3
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seing NELPROG. while hindered by this difficulty, can be earried
ont with considerable effectiveness. On the other hand. the FY842

tasks ontlined above are all necessary to a MELPROG code with anypretense of robastness. Thus it makes sense to complete themprior to creating a MELPROG/SCDAP linker. It is also worth
noting that MELPROG will be quite capabis of experiment analysisand accident progression studies in FY84 However fundingconstraints limit us to very limited code exercises. Finally. weare not staff limited in this area. Increased funding can be
directly translated into more rapid progress during FY8 4. *

4. Follow-on Efforts

(a.) Elli

(L.) Implementation of TEIAS module into NELPROG. This will
allow detailed treatment of steam explosions and steam spikes byMELPROG. This is about a 1-1/2 man year effort. or less.

(ii.) Completion of the fission product transport and
deposition models for the fission product modnies. This shouldbe a one man year effort.

(iii.) Commencement of EWR model development. Initial work
involves changing details of the PSEUDO-SCDAP modnie and majorc'ha n g e s in the structures module. This represents about a one
man year effort in FY85.

(iv.) Creation of the SCDAP/MELPROG interface. This is acooperative effort wi th *INEL. Approximately one man year isinvolved. A major task is the implementation of the
HTLPROG/RELAPS interface.

.

| (v.) Start of an overall accident analysis project. Thiseffort is either to be a joint effort with the SCDAP proj ect at
INEL or at least closely coordinated with their efforts.- Thisi involves about one man year in FT85.

(

(vi.) Detailed PBF/ ACER seve re- f ue l-dama g e experimentanalysis.
This involves six man-months or more of effort inFT85.

(b.) Elli

(1.) Continuation of EWR model development. Possible(
adoption of a multi-channel hydrodynamics scheme apres SCDAP/BWRHOD. Link to RELAPS BTR-RCS hydraulics model. This couldinvolve up to two man years in FT86.

r
.
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(ii.) Contianation of detailed SFD experiment analysia.(Approximately one man year).
'

(iii.) Greatly expanded accident analysis effort aimed at
providing a best estimate analysis for most major accidents in a
spectrum of PWR plants. This is a two pins man-year effort.

(iv.) Sensitivity analysis for selected sequences in a few
PWRs aimed at examining uncertainties in best-estimate,
mechanistic analyses to changes in input and a modelingassnaptions. This is a two man year effort.

5
(v.) Begin limited accident analysis for major DWR accidants(one man year).

5. Relationshin 12 Other Profects

This proj e ct is closely tied to the SCDAP fuel rod damage
and core degradation code developaint effort at INEL. Ultimately
the tw o codes are to be tw o closely linked parts of an integratedanalysis package. SFDAP. Similarly the project is related to theLTR CONTAIN code development project at SNL. That project is to
provide a containment response model which will be linked to
MELPROG to provide an ove ra ll analysis of the reactor, the RCS.and th e containment building.

In addition. MELPROG is closely related to TRAC-PF1/MIMASdevelopment projects at LANL. That effort has provided part of
the basis for MELPROGe and it is currently aiding devel:pment of
the HELPROG/ TRAC-PF1 link. Finally, MELPROG is closely tied to
the severe fuel damage experiment programs at INEL and SNL. and
is coordinated with the "ELCOR risk code development project atSNL.

6. Resortine Schedule
~

Results from the MELPROG proj ec t will be reported in SNL
topical reports and journal articles. In addition, monthly
management brief s will be provided as part of SNL/ARSR monthlyreports. Detailed technical progress will be updated in SNL/ARSR
quarterly reports. In addition regular and frequent
telecommunications between NRC and SNL project leaders will take
places and staff visits to the site will provide opportunity for
detailed briefings.

!

7. Subcontractor Information
l

Not applicable.
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1. Objective of Prooosed Work

i
'

The objectives of proposed work are: (a) the development of physically
realistic computer-based models (GRASS-SST, FASTGRASS, PARAGRASS) that
describe the release of fission products from and the response of irradiated;

| INE fuel during steady-state operation and hypothetical accident situations;'

!
(b) assistance to INEL and ENUL for the incorporation of the models into SCDAP
(INEL), FRAP-T (INEL), and FRAPCON (BNUL) fuel-rod codes; and (c) technical*

assistance to MC on other fuel-behavior / fission product release matters.
.

2. Summary of Prior Efforts

PARAGRASS-tCR 1, a very fast running, semi-sechanistic model for
predicting fission product release during steady-state and transient
conditions us developed ad ver:1fied. PARAGRASS updates (complete
interfacing instructions) were written for FRAPCON, FRAP-T, and SCDAP, and
were transmitted in tape format to BlWL (FRAPCON) ed INEL (FRAF-T, SCDAP).
Assistance was provided to BNUL and IML in the implementation of these new

| codes on their respective computers, and in the initial code checkout
procedures. Paemm is based on analyses in FASTGRASS and GRASS-SST. This,

model provides FIAPCON, FRAP-T, and SCDAP with an extremely fast rnaning
! option for fission-product release and swelling. PARAGRASS-410D 1 has the

capability of reproducing GRASS results with good accuracy. A MASS-SST and
| FASTGRASS generated data base is,also being used to assess key factors that
i affect Saa release and swelling.
1

! The steady-state ad transient gas release and s-114a- subroutine,
.

FASTGRASS, was modified to include a mechanistic description of volatile
I

fission product (77P) behavior. The 7 fps I, Cs , Cs I, Cs 2 oo , and Cs 2C0g areM g
included in this analysis (FASTGRASS-VFF1). This work 1.s built on the steady-

j state analysis of iodine and essium performed eder an EPRI contract, and
emphasizes volatile fission product behavior under severe accident
conditions. As the oobie gases play a mejor role in establishing the .. A~
interconnection of escape routes from the interior to the exterior of the
fuel, a realistic description of VFP release unst 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 iodine ad
cesi m can be incorporated. The results of experiments run at ORNL and the
====4 nation results of the ENL high-temperature test specimens obtained at
ANL were used to verify and improve the IRR aodel of transient volatile-
fission product (iodine and casism) release. In the present model, the
inclusion of Cs,Moog and Ca2 dog can provide strong competitive traps for the
avsflahle Cs. *he formation of Cs2 oog and Cs2M UO4 can have a crucial effect
on the reaction involving CsI which is of major concern for deducing the form
of iodine release in INR power plant accident scenarios. FASTCRASS-VPP1 has
undergone preliminary verification for steady-state fission product release.

Analyses during transient conditions were performed and documented in
order to assess the key factors affecting iodine release during accident
conditions. A study comparing FASTGRASS predictions with those of the CORSCR
code was performed at the request of the NRC.

|

.
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A computer link between INEL and ANL was initiated. This link wiu
facilitate ANL's task of providing INEL with a fission product source tern

-

calculational capability. This link will also enable ANL to assess fission
product response during INR accidents with the FRAP-T/PARAGRASS and the
SCDAP/PARAGRASS codes.

Improved anchanf atic models for fuel microcracking were developed and
included in the FASTGRASS analysis. lhel microcracking can have an extreme.

effect on fuel temperatures and fission product release during accident
conditions. The Chan-Argon creep cavitation model was coupled to the
FASTGRASS computer code for the prediction of fuel microcracking. Grain-

*

boundary separation (or microcracking) can often short-circuit norum1, slower
processes of fission gas release from within the fuel grains to the fuel
exterior. The Chen-Argon model is a more mechanistic (realistic) model for
' grain-boundary cavitation than the Dihlfi-Deitrich model currently used in
FASTGRASS. Model predictions for total gas release and radial profiles of
separated grain-boundary area per unit volume unre compared with results of
out-of-reactor direct electrical heating tests on irradiated INR fuel.

A FASTGRASS users menuel was completed. This documentation uns supplied
with the FASTGRASS code to the ANL National Energy Software Center.

3. Work to be Performed and Edoected Results

The development of the fast tunning PARAGRASS code for the prediction of
steady-state and transient fission product release will continue. Semi--

sechanistic andels for the prediction of the 7 fps Cs, I, and CsI win be
included in the analysis. These models win be based on the acre complex 7FP
analysis in FASTGRASS-VFF1. PARAGRASS-tt0D 2 win be submitted with
doctamentation to the ANL National Energy Software Center.

.

The development of models for predicting the behavior of volatile fission
products during steady-state and transient conditions win be continued (e.g.,
the inclusion of the fission product tenurium). These improved models will
be included in the FASTGRASS code (FASTGRASS-7FP2).

The FASTGRASS and PanacR A*S development will continue to be coordinated|

l

with fuel code developers at INEL and BNEL. Assistance viu continue to be
provided to these organizations in implementing and using GRASS-
SST/FASTGRASS/PARACRASS. The calculation and documentation of the response of
fission products during accident conditions win continue.

ANL win conduct pretest and posttest analysis of fission gas and ~

volatile fission product release during the GtNL high cesperature fission
product release tests (FIN No. 30127).

Models will be developed for the behavior of fission products during INR
fuel melting and in INE fuel in a steam envirossent. Gross fuel neiting
conditions can lead to fission gas /molcan fuel interactions and enhanced fuel
deformation, froching, and fuel dispersal. The presence of a steam
environment can affect the oxygen parcial pressure in the fuel and can have a
very dramatic influence on the fission gas and volatile fission product
diffusivities. These models will be incorporated into both FASTCRASS and
PARAGRASS.

-.

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

,

Technical assistance to the NEC/RES/DAE will be provided in the area of,
'

fission product release as requested. The degree to which ANL will be able to
respond to this activity is contingent on budget and schedule constraints.

! Sensitivity analyses to determine key factors affecting fission product
release will be continued.

.

If additional funding becomes available (1001), mL will be able to
!

provide the following: assistance to SNL in the interfacing of
FASTGRASS/P AR ACB AR$ ggd $ggd13 s in-Tessel source terB Bodel; coordination of8

programs between ML and SNL for the development.of models describing the
release of the lower volatility fission product during accident conditions; in
conjunction with SNL, use these models to calculate and doctment the response
of the lower volatility fission products during accident conditions; a higher
degree of involvement with IEEL in the area of assessing fission product
response during INE accident conditions with the IRAP-T/PARAGP ASS, the
SCDAP/PARAGRASS, and the FASTGRASS-7PP codes.

,

4 Description of 211ow-3n Efforts,

i

; Analytical andeling, experimental support, and other technical assistance
will be provided at the request.of NRC/RSR.

,

3. Relationship to other Proiects

. The results of experiments peformed at INEL will be used to verify andi

improve the INE model of transient fission product release and swelling. The
results of experiments run at 2NL and the ewsmination results of the SNL1

high-temperature test specimens obtained at ANL will be used to verify and,

improve the INR model of transient volatile-fission product (iodine and
cesium) release. ANL will assist IEEL in the incorporation of these models

1

into the SCDAP (INEL) FRAP-T (INEL) and FRAPCON (3NEL) codes. The NEC hel
Behavior Review Group reviene and coordinates chose programs.

6. Report Schedule
.

FY 1983 - Published'

Light Water Reactor Safety Research Progras Quarterly Report. (1st-4th
Quarter),

FT 1983 - Planned
.

; J. Hast, FASTGRASS, User's Manual (4th Quarter)

Light Water Reactor Safety Research Progran Quarterly Report (1st-4th
Quarter)

!

|

|

|

.

1 -

1
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|
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FY 1984 - Planned
.

J. Rest, PAR &lt. ASS User's Manual (4th Quarter)

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

Light Water Reactor Safety Research Prograa Quarterly Reports (1st-4th.

Quarter)

7. Subcontractor Information

N/A -

8. Ecuipment Requirements

Eroenditures (in thousands)
Eouipment Item Subcask FT 1982 !T 1983 FY 1984

Graphic Computing (C) $10 - -

System

File Managers for (C). $10- -

Graphic Computing
*

High Speed Printer S40

TOTE $10 $10 $40

Justification: These items are needed to (1) facilitate computer usage
and reduce turn-around time by permitting large amounts of computing
during off-shift hours; (2) Improve turn-around time and reduce costs for
the anticipated increasing seoancs of graphics work; (3) facilitate ANL
assistance 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.

9. Soecial Facilities

N/A
.

10. Conflict of Interest Information

| Argonne Nacional Laboratory presently conducts research for NRC and ::o
conflict of incarest is involved.
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