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i. Obiecszive of Pzoposed ¥orx

This program will develop a computer model for analyzing
physical asad radiological conditioms imside 4 resctor containment
building following & severe accident. The code, called CONTAIN,
is designed to be highly wmodular and sdaptable so that new
state~of=-the art phenomenclogical models can be integrated iato
the code as they are developed. It is also intended to be highly
flexible, so that & broad variety of accident sequences can be
handled. CONTAIN has the ability to model both Light Water
Reactors (LWR's) and Liquid Metal Fast Breeder Reactors (LMFBR),
it is intended that other reactor types (eo.g., gas~cooled) may
also eventually be treatable with the code. The code snalyzes
conditinas outside the Primary system, but imside the containment
building, from the time of accident izitiation through the
possible release of radioisotopes to the emvirommeat. it i»
intended that the code be used st a variety of laboratories and
o different compaters, so a high level of portability is
required,

2. _Ssmmazy of Pzior Effozes
2.1 CONTAIN Status st Ezd 2f EX83, The CONTAIN code is

Snique among accident amalysis codes in & number of respects: (1)
it incorporates a high degree of physical realism for 2 wide
variety of processes which canm occur durinag & severe accident,
(2) ia part because of this physical realism, the code is
scitable for asalysis of both LWR's and LMFBR's; (3) o
sabstantial effort has gome into verificatioa and validation
sctivities, providing a relatively high level of confidence i
the predictions of the code, compared to most other system level
resctor safety codes currently in use (which have had little or
80 such validation.)

2.2 Achievements dzcziaz EX83. A substastial effort was
devoted duriag FY83 towards Assuriag the quality aand sccuracy of
CONTAIN through a systematic testing and validation program. The
test program, which consists mainly of hand-calculational checks
tad code comparisons, imitiated im FY82 was expandoed to iaclude
almost all festares of tae code at some level of testing. This
effort was culminsted iz & report om the test program documenting
the 90~-o0dd test cases rua to date, it will be published in the
summer of 1983,

Validation activities for CONTAIN involved participation ia
three code validation exercises, two of them isvoiving blind
predictions of ezperimestal results, The ABCOVE test series
conducted at HEDL provided snique opportumity to demonstrate
the superior predictive capabdilicy of the serosol models ia
CONTAIN. Overall Sgreement betwvees blind predictions of CONTAIN
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(or MAEROS) and experimental results vere significantly better
thana for the other participating codes. Additionmal seroso]l model
validation efforts iavolved the NSPP experiments beinag conducted
at OBNL. Although this was ot s blind validation exercise,
these comparisons established confidence in the diffusiophoresis
sode! im CONTAIN, since there was significant amount of
coriensation of water on walls ia this experiment.

The HDR blind code validation Program coordiansted by KfK
provided a2 opportusity to test the thermal-bydraunlic festares of
Gumerous reactor safety codes from many different coumtries. The
experiment series simulated a full-scale design basis LOCA at the
decommissioned HDR resctor nesr Frankfare, Germaay. CONTAIN
predictions for pressure and temperature were im quite good
Sgreement with experimental results, particularly over the
long~time regime for whichk the code is designed.

These validation exsrcises, combined with the extensive rest
program, establish CONTAIN's predictive credibility to a grester
extent and over & broasder ragge of phesomens, thaa any other
existing severe accident analysis code.

Despite these encoursging results, and despite distribution
of the code to selected isstitustions iz FYS1 and FY82, the code
has not seen widespread use outside of the developing
organization. This is due in P&rt to & number of operational
difficulties which stem from the size and cowmplezity of the code.
An effort was igitiated ias FY83 e rewrite the code into standard
FORTRAN 77, and to restractars it so that it can be easily
adapted to run sccurately even with short vord~-length machines
(IBM, Amdakl). This task will be completed before the end of
FY83.

Another important asrea of new activity for the CONTAIN
development group was to demonstrate that the code coeld perform
sseful asccident sanalyses by participating in & number of severe
$ccident research studies requiring actual code calculations.
The draft reports for the LWR severe accident source term study
¥&s reviewed and & number of accident sequences vere selected for
calculations. These include two AB sequences and TMLE' 4t the
Sarrey plant, Ia some cases, thess calculations were
confirmatory of the results from the codes used for the draf:
$ogrce term report; iam other cases, however, significaamt
discrepancies were found vhich were traceable to simplifications
inshereat in the codes used for the original calculations, An
important part of the work needed to participate in the source
terz studies war to comstruct an interface between CONTAIN and
MARCE. Such a Program (designsted MARCONI) vas\rrittens ia FY33,
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aad is curreatly bdeiag used for the comparison calculations.
Follow=o0n activities iavolviag the source term study iaclude
participation im the Quantitative Uncertaiaty Estimate of the
Source Term (QUEST) Project being conducted at Sandie under the
taspices of the Accideat Source Tera Program Office.

The developmeant and improvement of the models ia CONTAIN
¢oastisued to be sz important sctivity during FY83. Ia
particular, siganificant Progress was made iam the following areas:

* Models fér the fellowiang engineered safety features are szow
Operational: fanm cooler, contaiament spray, ice condenser,
snd intercell liquid aetwork. The spray mcdel now iacludes
the effect of washout of ‘ission prodmcts and serosols from
the atmosphere.

® The MEDICI reactor ¢avity model for LWR's gow has all the
features intended for the first version of the code. These
isclade models for debris =izxing, fragmeatation, and
quenching, steam explosions, expulsion of material from
the cavity, bydrogen generation, debris bed formatios,
dryout and remelct.

* A need for s sodium pool model which was simpler and =more
robust thas the existiag onme was recogaized, and such a
model was developed as a staad~alone zode, then integrated
iato CONTAIN as an optiom. The sode!l is desigaated SMSCI
(Semi-Mechanistic Sodium Concrete Iatersction Model).

® A gumber of improvements have been made in the serosol mode ]
Oriented chiefly towards speeding up calculstions iavolviay
evaporation aand :'andensation on serosols, Models for
additional depos. ion |echanisms (thermophores:s,
diffusiophoresis) were also sdded to the code.

* The behavior of tie 83 jet which can form st the poiat of
contsinoment breach was studied, and amodel development for
this phezomenon was inaitiated. Strxctly speaking, the
jet forms just outside the contaiament buildiang, but
it is net properly ansalyzed ia any ex-plaat model, and
it is quite satarsl to treat it as Part of & containment
code like CONTAIN,

* The effect of deposited aerosols on hou:_trunstcr from the
Atmosphere to heat sink structures vas modeled and jiacluded
&3 an optiom ia CONTAIN, A series of calculations was
rerforzed for aa LMFEBR accideat sequence to quantify chis

effect,
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®* The nev model for condensation aad evaporation from straoctare
sarfaces was completed and thoroughly tested. The saccess
of the EDR code validation exercise vas largely attributable
to the accuracy of this model.

M!n.uuuhx.unumhnuuluuu
MhMumﬂx&Mhﬂmu

A sigaificant fraction of the CONTAIN development group's
resocarces will be devoted to completing the first version of
CONTAIN intended for general use by the reactor safety commuaity,
This code will be desigaated CONTAIN 1.0, asad will be produced zo
Bigh standards of quality assurance, documentation, completeness,
and comsistency., To meet the gosl of being available for relesse
iz the second quarter of FYS4, sumber of milestones must be met
98 & rather tight scaedule. Seversl key phenomenclogical models
must be completed. Numerous operational features essential to a
widely used code must be implemented or improved. Model
developmeat must be frozean, dnd the complete phesomenclogical
sodel system be subject to inteasive testing. Iaput and output
must De m;ade more consistent sand easier to use, Fizally,
adequate documentatior on the use of the code must bHe available
4t the time of release, and mustc bhe completely consistent with
t2e code as written.

A large gumber of models and features are zov implemented
43d operatiag reliably im CONTAIN, so that oaly a few details
remsia for the complete specification of the capabilities of
CONTAIN 1.0. Regarding nev features, the Approach to be followed
vill iavolve prioritizing development efforts asnd, if necessary,
Postponiag the inclusion of some son=essential models 1a order to
Z=set tde relesse schedule. The resctor cavity will be the focus
for most of the aew features. A general processing scheme is
be133 developed which will sllow m2odels from various stand~slone
codes to be easily integrated iato the rest of the system. For
LYR applications, most if amot all of the models developed for the
MEDICI reactor cavity code will be iacorporated. For LMFBR's
there will be two options available: pool model which utilizes
the SLAM model for sodium comcrete iateractions will allow
a3alysis at s high level of detail: when such deta:l is
innecessary, a siapler and faster model will be available.

The completed COMTAIN 1.0 code vill be made available to
selected users along with 3 User’s Masual sad iastructioms on
brisgiag the code to tie operational level for s variecty of
computers and operatizg systems. Iaput decks for agmber of
standard test problems which Bave been developed in the code



testing program wil! also be provided. It is expected tist some
sapport will be provided to these Bs86rs as they develop
familiarity with the code and its operation,

Task 2. New 30del devsloomens

A suaber of other model development efforts will be pursued

which are

snlikely to be ready to be inclauded iz the released

versiom of the code. These include the following:

An improved model for Bydrogen bdara phenomena. This will
probably be the same model as ia the HECTR code, though
some simplifications =2y be desirable. It is possible

that some of the desired changes will bhe implemented

iz CONTAIN 1.0, but the goals of the complete remodeling
effort are probably more ambitioums thaa can be sccomplished
within the schedule constraiats for the firsce release,

A model for the §eneration of aerosols from core~concrete
iateractions. The VANESA code will be rewritten in a form
compatible with the rest of CONTAIN and izcorporated iate
the larger code.

The MEDICI code for Feactor cavity phenomena. The stand=-alone
first version of MEDICI will be completed, izcluding a

cumber of features which will Probably aot be ready in

time for the relesse of CONTAIN 1.0. These =2y include

models for aserosol geaeration at the vessel breach, hydrogen
§eneration durimg the debris bed quench phase, and
dryout/remelt of az uncoolable debris bed.

Models for plugging of vents by aserosol deposits, The
priacipal iaterest ia this phencmenocn is for LMFBR's,

but it may be of use for taalyzing filtered vents ia LWR'g
43 well. Models for the effect of severs accident coenditions
on other engineered safety features will also bhe developed,
€.8., deposited aerosol effects on heat transfer to fan
coolers.

A model for pressure suppression peols. Such a model must
deal with design~basis-accident phenomena (steoam absorption)
&s well as severe accident phenomena (radiocauclide
decontamination, Fesponse to high pressure pelses, ete,)
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* Aa implicit ssmerical soluntiom scheme for the intercell
flov equations. This should decrease runaing time for certai:
types of multi-cell eonfigurations sabstaatially, Ias additior
more logio will be bduilts into the code to select asad control
the time step for ealcalations, reducing the bdurden om the
Sser, and simplifying operation of the code.

* A model for iamtercell flow due to buoysat forces. This will
° sllow atmospheres ia colls located at different heights o
miz through comvective loops.

mummw

Testiag aand validation efforts will coatinge as part of
Systematic Code Assessment for CONTAIN. A report will be
Prepared reviewing the $teps which have been taken in the sreas
of quality sssursmce, verification, and validation of CONTAIN.
Participation ia the ABCOVE serosol $xperiment series will
contisse ss part of this programs,

with CONTAIN ia $3pport of other anmalysis programs. These
Pregrams may include the Contsioment Loads Yorkiag Group, the
Severe Accident Risk Reduction Program, the Quaatitative
Uscertainty Estimate of the Source Ters Projeet, and the Accident
Source Tera Program. Ia particular, multi-cell ¢aleculations for
the AB asad THLB' $e#quences at the Sarrey plant planned for early

Usiag other codes.

4, Eollow-og Effozss

The contaiament tnalysis program is comtinuing research effort,
though fuaded onm a yoar=to=year basis. VWhea CONTAIN 1.0 is
completed, applications of the code can be expected to take on
Bore importance, asad contiaved code maintensace and user
sapport effort canm He saticipsted as long as the code is actively
ased.

The need for Bev or improved models can be exzpected
folloviag the release of CONTAIN 1.0. Corrections sets
iscorporating these ¢xtended feastures will be made available to
interested users om o regular, but controlled basis. Major
changes ia Eey models wounld be accomplished by the development of
& Bev version of the code, designated CONTAIN 2.0.
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i. Belationshio to Oghes Progcamy

Similar but complementary work is snderway in the Molten
Fuel Concrete Iateractions Program (A=1019) which is developing
the CORCON code. It is pPossible that o simplified version of
CORCON mod 2 as described in the Phenomenclogical assessment for
the MELCOR program will be prodaced. If g0, it would be highly
desirable to incorporace this as & subroctine in CONTAIN.

The incorporation of the hydrogen combustion models froe the
HECTR code will imsure that CONTAIN has state~cf-the~art

capabilities ins this ares. This integration will be facilitated

by active cooperstionm with personnel ia the Hydroges Bekhavior
Program (AIZ‘C){

CONTAIN provides the basic code capabilities needed for the
snalysis of comtainment response to Oypothetical Core Disruptive
Accidents at the Clinch River Breeder Reactor, and a separate
program (Al1362) will cover a variety of such analyses,

saccideats. The CONTAIN code vill provide & basis ¢

models and methods to be used ia MELCOR, and it is anticipated
that extensive interaction between personmsel ia the tvo projects
will be needed during FY84.

§. Bezozsing Schedzle

Reports completed ia fiscal 1983:

D. C., Williams,
Plumes”, sammary
Cambridge, MA.

"Effects of Stesm Upon LWR Radionsclide Release

sabmitted to LYR severes sccident meeting ig

E. D. Bor.oron.’!tusdnrdi:cd Test Procedures
for the COMTAIN Code, "™ RS4450/82/42,
June 1982,

Sandia Natiomal Ladoratories,
K. D. Dergeron et al, "The Status of the CONTAIN
Computer Code for LVR Contaigment Analysis,” SAND82-2242C,

NRC Water Reactor Safety Meg., Gllth.tlbﬂt].

Md, October 14, 1982, and the Cerman~Americas Core Melt Information
Ezchange Meeting, EfK, Germany, October 25, 1982,

E. D. Bergeron and ¥, R. Trebilcock,

“The MEDICI Reasctor Cavity
Code, " SANDE3-08104A, submitted to Cam

bridge LWR Severs Accideat Meg,




M. J. Clauser et al, "A Computer Mode! of Containment Phenomena
Follovwing Severe Reactor Accidents, ™ SANDS3-0885A, Sandias Nationmal
Laboratories, March 1983, sabmitted to Cambridge LWR Severe
Accident Meeting

E. K. Murata et al, "Recent Bighlights in the CONTAIN Testing

and Validation Program™ SAND83-0822A, Sandia National Laboratories,
March 1983, submitted to Cambridge LWR Severe Accident

Neeting-

¥. R. Trebilcoeck, “"CONTAIN with CORCON Optionm,” Sandia National
Laboratories.

M.J.Clauser, ot al, "CONTAIN. A Code for Asalysis of Breeder
Reactor Contsinment Response to Oypothetical Severe Accidents,
Proc. International Topical Meeting onm LMFBE Safety, Jaly 19-23,
1983, Lyon, France

E. D. Bergeron, I, R.Tills, "Results of Bliad Predictions of IODR
Stesm Blowdown Ezperiments Usiang the CONTAIN Code, " SANDE3-13684,
Sandia Natiomal Laborstories, June 1983, submitted to SaaFrancisco
ANS Meeting

F. W, Sciacca, "Testing of "the CONTAIN Code. ™ SAND213
NUREG/CR~3310, Sandia National Laboratories, May 1982

P. R. Skire, “"Semi-Mechanistic Sodium=Concrete Iateraction, SMSCI,”
Sandias Nationmal Laboratories, July 1983

G. G. Veigand, editor., "The Thermal Hydraslic Phenomens for Risk -
A Summary.” Costributions by M., J. Clauser (Containment,
Iatroduction, Overview, and Flow Thermodysamics), K. D, Bergeron
(Reactor Cavity Phenomena), K. E. Murata (Iaterfaces betwveen
Thermophysical Processes and Aerosol ane Fission Product Processes
ia Contsiament), and P, E. Rezroth (Comtainment Eangineered Safery
Features),

Reports ezpected in fiscal 1984

1. CONTAIN User’'s Manual

2. CONTAIN Reference Manual

3. Report om CONTAIN Validatios
4, Code Assessment Plan




