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14 Ob4estive gi Pronosed Tggi

This program will develop a computer model for analyzing
physical and radiological conditions inside a reactor containment
building following a severe accident. The code, called CONTAIN.
is designed to be highly modular and adaptable so that new
state-of-the art phenomenological models can be integrated into
the code as they are developed. It is also intended to be highlyf l e x ib l e'. so that a broad variety of accident sequences can be*

handled. CONTAIN has the ability to model both Light Water
Reactors (LTR's) and Liquid Metal Fast Breeder Reactors (LHFBR):it is intended that other reactor types (e.g., gas-cooled) mayalso eventually be treatable with the code. The code analyses
conditions outside the primary system, hat inside the containment
building, from the time of accident initiation through the
po s s ib l e release of radioisotopes to the environment. It isintended that the code be used at a variety of laboratories and
om different computers, so a high level of portability is
required.

L S umma rv 21 Exigg Ef f o r t s

. La CONTAIN Status g* 1AA 21 M The CONTAIN code is
saique among accident saalysis codes la a number of respects: (1)
it incorporates a high degree of physical realism for a wide
variety of processes which can occur during a severe. accidents
(2) in part because of this physical realism.'the code is
suitable for analysis of both LYR's and LMFER's: (3) a
substantial effort has gone into verification and validation

,, activities, providing a relatively high level of confidence inl the predictions of the code, compared to most other system level
reactor safety codes currently la use (which have.had little or
no such validation.)

1.1 Achievements darine FY83. A substantial effort was
devoted during FT83 towards assuring the quality and accuracy of
CONTAIN through a sy s t ema t ic testing and validation program. The-test program, which consists mainly of hand calculational checks
and code comparisons. initiated in FY82 was expanded to include
almost all features of the code at some level of testing. This
effort was esiminated in a report on the test program documenting
the 90-odd test cases run to dates it will be published in the

| sunser of 1983.

Validation activities for CONTAIN involved participation in
three code validation exercises, two of them involving blind,

i predictions of experimental results. The ABCOVE te st serie sconducted at REDL provided a unique opportunity to demonstrate
the superior predictive capability of the aerosol models in
CONTAIN. Overall agreement between blind predictions of CONTAIN
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(or MARROS) and experimental results were significantly better'

than for the other participating codes. Additional aerosol modelvalidation efforts involved the NSPP experiments being conducted
at ORNL. Although this was not a blind validation exercise,
these comparisons established confidence in the diffusiophoresis
model in CONTAIN, since there was a significant amount of
cottensation of water on walls in this experiment.

.

The EDR blind code validation program coordinated by IfE
provided an opportunity to test the thermal-hydraulic. features of
numerous reactor safety codes from many different countries. Theexperiment series staalated a full-scale design basis LOCA at the
decossissioned HDR reactor near Frunkfurt, Germany. CONTAIN
predictions for pressure and temperature vers in quite good
agreement with experimental re sul ts , particularly over the
long-time regime for which the code is designed.

These validation exercises, combined with the extensive test
program, establish CONTAIN's predictive credibility to a greater
extent and over a broader range of phenomens, than any otherexisting severe accident analysis code.

Despite these encoura'ing results, and despite distributiong

of the code to selected institutions in FY81 and FY82, the code
has not seen widespread use outside of the developing
organization. This is due in part to a number of operational
difficulties which stem from the size and complexity of the code.'

An effort was initiated in FY83 to rewrite the code into standardFORTRAN 77, and to restructure it so that it can be easily .

adapted to run accurately even with short word-length machines(IBM. Amdahl). This task will be completed before the end ofFT83.

'Another important area of new activity for the CONTAIN
development group was to demonstrate that the code could perform
useful accident analyses by participating in a number of severe
accident research studies requiring actual code calculations.
The draft reports for the LYR severe accident source te rs study
was reviewed and a naaber of accident sequences were selected for
calculations. These include tw o AB sequences and TML3' at theSurrey plant. In some cases, these calculations were
confirmatory of the results from the codes used for the draft
source tera reports in other cases. however. significant
discrepancies were found which were traceable to simplifications
inherent in the codes used for the original calculations. Animportant part of the work needed to participate in the source
tera studies was to construct an interface between CONTAIN andMARCH. Such a program (designated MARCONI) wasgwritten in FT33,

.
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and is currently being used for the comparison calculations.
Follow-os activities involving the source tera study include
participation la the Quantitative Uncertainty Estimate of the
Source Tera (QUEST) proj oe t beias conducted.at Saadia under the
auspices of the Aseident Source Term Program Office.

The development and improvement of the models in CONTAIN
continued to be as important activity during FYE3. In
particular, significant progress was made in the.following areas:

Models f6r-the following engineered safety features are now
*

operational: fan cooler. containment spray, ice condenser,
and intercell liquid network. The spray model now includes
the effect of washout of fission products and aerosols from
the atmosphere.

t *
The MEDICI reactor savity model for LWR's now has all thel

features intended for the first version of the code. These;

include models for debris aizing, fragnostation. and(

quenching, steam ezplosions, expulsion of material from*

j the cavity, hydrogen generation, debris bed formation.I dryout and reselt.
t

* A need for a sodium pool model which was simpler and morel robust than the existing one was recognized, and such a!

'model was developed as a stand-alone code, then integrated
into CONTAIN as an option. The model is designated SMSCI.

(Semi-Hechanistic Sodina Concrete Interaction Model).
*

A number of improvements have been ande La the aerosol model
oriented chiefly towards speeding up calculations involving
evaporation and stadensation on aerosols. Models for
additional depos.eion mechanisms (thermophoresis,
diffusiophoresis) were also added to the code.

The behavior of the gas jet which can form at the point of
*

l

containment breach was studied, and model development for| this phenomenon was initiated. Strictly speaking, the!
,

jet forms just outside the containment building, but
it is not properly analyzed in any ex plant model, and
it is quite natural to treat it as part of a containment,

'

code like CONTAIN.

* The effect of deposited aerosols on heat, transfer from the
atmosphere to heat sink . structures was modeled and included; as an option in CONTAIN. A series of calculations was
performed for an LMFBR accident sequence to quantify this
effect.

!

|
:
|

|

.

D

l
. _ _ _ _ _



- ._

__. . -
'-

s

.

-4-
.

* The new model for condensation and evaporation from structure
surfaces was completed and thoroughly tested. The success
of the HDR code validation exercise was largely attributable
to the accuracy of this model.

M M 1g kg Performed 13A Ersected Resules

M 11 Conni e t ion af. & h Releasamble Version af,CONTAIN

A significant fraction of the CONTAIN development group's
resources will be devoted to completing the first version of
CONTAIN intended for general use by the reactor safety communi,ty.This code will be designated CONTAIN 1.0, and will be produced to
high standards of quality assurance, doensentation, completeness,
and consistency. To meet the goal of being available for release
in the second quarter of FT84, a number of milestone sust be meton a rather tight schedule. Several key phenomenological modelsmust be completed. Numerous operational features essential to a
widely used code must be implemented or improved. Model

,

development must be frozen. And the complete phenomenological
model system be subj ec t to intensive testing. Input and output
must be made more consistent and easier to use. Finally,
adequate documentation on the use of the code anst be available
at the time of release, and must be completely consistent with
the code as written.

A large number of models and features are now implemented
and operating reliably in CONTAIN, so th a t only a few details
remala for the complete specification of the capabilities of
CONTAIN 1.0. Regarding new features, the approach to be followed
will involve prioritizing development efforts and, if necessary,
postponing the inclusion of some non-essential models in order to
meet the release schedule. The reactor cavity will be the focus
for most of the new features. A general processing scheme is
bessg developed which will allow models from various stand-alone
codes to.be easily integrated into the rest of the system. Foz -LTR applications, most if not all of the models developed for the
MEDICI reactor cavity code will be incorporated. For LMFER's
there will be tw o options available: a pool model which ut il iz e s
the SLAM model for sodium concrete interactions will allowanalysis at a high level of details when such detail is
unnecessary, a simpler and faster model will be available.

The completed CONTAIN 1.0 code will be made available to
selected users along with 1 User's Manual and instructions on
bringing the code to the operational level for a variety of
computers and operating systems. Input decks for a snaber of
standard test problems which have been developed in.the code

.

4

i

e

.

_ _ _ _ , , _ _ , _ _ _ _ _ _ _ - - - - - - - - - - - - " ' ' " '



__

.

"
.

.g_

testing program will also be provided. It is expected that some
support will be provided to these users as they develop
familiarity with the code and its operation.

M L N*w E2A11 develonnent

A anaber of other model development efforts will be pursued ^
which are'salikely to be ready to be included in the released
version of~the code. These include the following:

* An improved model for hydrogen bara phenomena. This will
probably be the same model as in the HECTR code, thoughsome simplifications may be desirable. It is possible
-that some of the desired changes will be implementedis CONTAIN 1.0 but tho' goals of the complete remodeling
effort are probably more ambitions thaa can be accomplished
within the schedule constraints for the first release.

*
A model for the generation of aerosols from core-concrete'

interactions. The VANESA code will be re w r i t't e n in a formcompatible with the rest of CONTAIN and incorporated intothe larger code.

* The MEDICI code for reactor cavity phenomena. The stand-alone
first version of MEDICI will be completed, including a
number of features which will probably not be ready in
time for the release of CONTAIN 1.0 These any include
models for aerosol generation at the vessel breach, hydrogen
generation during the debris bed quench phase, and
dryout/ remelt of an uncoolable debris bed.

Models for plugging of vents by aerosol deposits. The
*

principal interest in th i s phenomenon is for LHFBR's,
but it say be of use for analyzing filtered vents in LWR's
as well. Models for the effect of severe accident conditionson other engineered safety features wi1~1 also be developed,e.g., deposited aerosol effects on heat transfer to fan
coolers.

*

A model for pressure suppression pools. Such a model aust
deal with design-basis-accident phenomena (steam absorption)
as well as severe accident phenomena (radionuclide
decontamination. response to high prosauro pulses. etc.)

.
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* Aa laplicit numerical solation scheme for the intereell
flow equations. This should doorense ramming time for eartain
types of multi-sell esafigurations sabatsatially. In addition
more logie will be built into the code to seleet sad control'

the time step for calculations. reducing the burden on thesee r, and simplifying operation of the code.
' * A.model for intersell flow due to buoyant forces. This will
,

allow atmospheres in sells Loested at different heights.to
*

siz through soavestive loops.
Is,3A 2.1 CONTAIN SAAg Assessmene,

Testing sad validation efforts will coatisme as part of a .

systematie Code Assessment for CONTAIN. A report will be
prepared reviewing the steps which have been takes in the areas
of quality assarasse, verification. and validation of CONTAIN.'

Partleipation la the AECOVE aerosol experiment series willcontiano as part of this program.
,

11.31 11 Jag Aaeident Analvaia Annilestions
4

A variety of aseident progression salsalations will be made
with CONTAIN is support of other analysis programs. These1

programs any isolade the Costaissent Loads Yorking Group, the
Severe Assident Risk Redaction Program, the Quantitative
Useertainty Estimate of the Soarse Tara projoet, and the AccidentSourse Tara Program. In particular. salti-sell salsalations for

,

i

the AB and TMLE ' sequenses at the Sarrey plaat planned for early
la FT34 will provide additional anderstnading of baseline source
ters s alasI n t io n s already performed for the Searco Ters Study.using other codes.

i Follow-on Efforts

The sos ta isse n t smalysis program is a
continains research effort,though fanded es a year-to year basis. Then CONTAIN 1.0 iscompleted, appliestions of the code can be espected to take os

4

more importaase. and
a sostiamed code asiatessace and user

support effort saa be anticipated as long as the code is activelyused.

The need for new or improved models can be espectedfollowing the release of CONTAIN 1.0. Corrections sets!

Lasorporstlag these estended features will be made semilable to
interested asers on a regular. but controlled basis. Major

,

changes is key models would be assouplished by the development ofi
a new version of the code, designated CONTAIN 2.0i
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1 RelationshiS 12 .0tist Prorrans
.

Similar but souplementary work is underway in the Molten
Fuel Concrete Interactions Program (A-1019) which is developingthe CORCON code. It is possible that a simplified version of
CORCON mod 2 as described in the phenomenological assessment forthe MELCOR program will be produced. If so, it would be highlydesirable to incorporate this as a subroutine in CONTAIN.

The incorporation of the hydrogen combustion models from the
EECTR code will insure that CONTAIN has state-of-the-artcapabilities in this area. This integration will be facilitated
by active cooperation with personnel in the Hydrogen BehaviorProgras.(A1246). ,

CONTAIN provides the basic code capabilities needed for the
analysis of containment response to Hypothetical Core DisruptiveAccidents at the Clinch River Breeder Reactor, and a separateprogram (A1362) will cover a variety of such analyses.

The MELCOR code now under development will be NRC's
principal tool for probabitistic analyse: of severe LWR
accidents. The CONTAIN code will provide a basis for many of the
models and methods to be used in KELCOR. and it is anticipatedthat extensive interaction between personnel in the two proj ec t swill be needed during FY84

14 Reeortine Schedute

Reports completed in fiscal 1983:
D. C. Williams. " Effects of Steam Upon LWR Radionuclide Release
Pinnes", summary submitted to LWR severs accident meeting inCambridge. HA.

E. D. Be rge ron. "Standa rdiz ed Te s t Procedures
for the CONTAIN Code . " RS4450/82/42, Sandia National Laboratories.June 1982.

K. D. Dergeron et al. "The Status of the CONTAIN
Computer Code for LWR Containment Ana ly s i s . " S AND8 2-224 C.presented at the 10th NRC Water Reactor Safety Mts. Gaithersburg,
Md. October 14, 1982, and the German-American Core Melt InformationExchange Meeting, Eft. Germany. October 25, 1982.
K. D. Bergeron and W. R. Trebilcock. "The HEDICI Reactor CavityCod e , " SAND 83-0 810 A,

submitted to Cambridge LWR Severe Acesdent Mtg.
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M. J. Classer et al. "A Com pu t e r Model of Containment Phenomena
Following Severs Re a c t or Acc ide nt s . " S AND83-0 88 5 A. Sandia National

-

Laboratories. March 1983, submitted to Cambridge LWR Severe
,4 c c i d e n t Meeting

E. E. Marsta et a l . "R e c e n t Highlights in the CONTAIN Testing
and Validation Pro gr am" S AND83-0822 A. Sandia National Laboratories.March 1983, submitted to Cambridge LWR Severe Accident
Meeting-

W. R. Trebilcock. "CONTAIN with CORCON Op t ion. " Sandi a Na t iona lLaboratories.
M.J . Cl as s e r, et al. "CONTAIN. A Code for Analysis of Breeder
Reactor Containment Response to Hypothetical Severe Accidents.

.

Proc. International Topical Meeting on LHFBE Safety. July 19-23,1983 Lyon. France

E. D. Bergeron. J.
R. Till s . "Re s ul t s of Blind Predictions of UDR

Steam Blowdova Experiments Using the CONTAIN Code . " S AND83-13 6 8 A.
Sandia National Laboratories. June 1983, submitted to SanFranciscoANS Meeting

F. W. Sciacca. "Te s t i n g of*the CONTAIN Code. " SAND 833
NUREG/CR-3310. Saadia National Laboratories. Hay 1982P. R. Shire.

"S em i-Ne c h a n i s t i c Sodina-Concrete Interaction. SMSCI. "Saadia National Laboratories. July 1983
G. G. Weigand. editor. "The Thermal Hy d r a ul i c Phenomena for Risk -A Summary. " Contributions by H. J. Clauser (Containment.Introduction. Overview, and Flow Thermodynamics). E. D. Bergeros(Reactor Cavity Phenomena). E. E. Murata (Interfaces between
Thermophysical Processes and Aerosol aan Fission Prodnet Processes
in Containment), and P. E. Rezroth (Containment Engineered SafetyFeatures).

Reports expected in fiscal 1984:
1. CONTAIN User's Manual
2. CONTAIN Reference Manual
3. Report. on CONTAIN Validation
4 Code Assessment Plas

14 Subcontractor Information
n/a
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