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MELCOR Code Development

* MELCOR is developed by:
— US Nuclear Regulatory Commission
— Division of Safety Analysis (DSA)
— Office of Nuclear Regulatory Research
« MELCOR Development is also strongly influenced by
the participation of many International Partners
through the US NRC Cooperative Severe Accident
Research Program (CSARP and MCAP)
— Development Contributions — New models
— Development Recommendations

— Validation
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Current MELCOR Development

i life-cycl
Code Readiness Code life-cycle
I  code ready for applications \:| code conversion phase
I code not readyfor applications E code development phase
\:| code maintenance phase
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*MELCOR 1.8.6 *MELCOR 2.1 *MELCOR 3
—Molten pool models —FORTRAN 95 —gurrelnt I
_ . evelopmenta
Sgg;?angkage —New input version
—Released Fall 2005 —2.0 beta version
—Code Maintenance released Sept 2006
}r=-Current Workhorse —2.1 Release Sept
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MELCOR 3.0 Code Development Thrust Areas

Code reliability

+ Validation
* QA

* Numerical stability

MELCOR
A Code
User Utilities Developmen Code Enhancements
t
+ Converter
¢+ PTFREAD *New/improved modeling
+ SNAP +*Code performance

¢ Uncertainty Engine

Ly 4
&) ) .
PGP 4 Sandia
: R : ) Netona
“‘?“‘* e & Laboratories
0 W
hg 22 s

Vg# 4




MELCOR 2.1

- Source code ported to Fortran-95 by IBRAE

» Essentially equivalent to MELCOR 1.8.6 modeling
— Many MELCOR1.8.6 execution issues resolved
— Bit-for-bit parity between v1.8.6 & v2.0
— New models added to M2.1

« Dynamically allocated memory

— Arbitrary number of objects (CVs, FPs, Cells, etc.) limited by the
available systemmemory

 Input deck converter
— Can be used to ‘replace’ MELGEN to jumpstart use of code
— Improvements to GUI
— Double precision version
T Debugged against assessments
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NUCLEAR ENERGY: &2GLOBALSECURITY

Code Development: Code Reliability

Code Reliability
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Software Quality Assurance

* Review of current SQA practices
— Internal audit & review
« Code Configuration Management (CM)
— Recently moved to ‘Subversion’ CM
» Assessment calculations of MELCOR 2.1
— Currently underway
— Regression testing and reporting
— Automation of testing and reporting procedures
— Nightly builds & testing
* Bug tracking and reporting
— Bugzilla online
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el Software Quality Assurance
A ]
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Requirement 001.3.6 (CPR — Project planning and
001.3.6) oversight

. The software management — Requirements Development
and Management
framework adapted from two

internationally recognized — Risk Management
standards — Configuration Management
— the Capability Maturity Model — Technical Solution
Integration (CMMI) ® — Integrated Teaming
— and ISO 9001 — Integrated Product

— These standards provide elements

" o — Verification and Validation
of traceability, repeatability, erification and Validatio

visibility, accountability, roles and ~ — Measurement and Analysis
responsibilities, and objective — Development and Lifecycle
PP, evaluation Support
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Software Quality Assurance
Annual Re-evaluation

e
* Annually review of MELCOR
SQA Practices. sz
— Weighted average of team
members
— 0-None, 1-Little, 2-More, 3-
Most |
- Highlights areas of
improvements.
— Verification & Validation Revision 932008 scesrs ™

— Collected Improvement Data

4.00

— Risk Management veo .

— Integrated Teaming 200
 Focuses attention on areas
needing improvement
— Requirements Development 150 -
and Management 100 |
— Integrated Product 0501
Development 0.00 1

® Sandla’s Commltment tO SQA Revision: 9/3/2008 Process Dime?sions
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MELCOR Assessments

N~ * MELCOR 2.1 Assessment Matrix
* MELCOR 2.1 : — Over 70 calculations currently in the assessment rnrix
Assessment Matrix — Performed by Sandia National Labs and Russian Acaaeay of
. Example Science
Experiments — Results to be published with MELCOR 2.1 release
— Phebus » Test calculations cover a broad range of phenomenon
— Quench — Core uncovering (i.e., TMI-2 and LOFT-FP2),
_ OLHE/LHE — Core damage/melt relocation (TMI-2, PHEBUS, LOFT-FR)
— Core to upper plenum natural circulatin (TMI-2)
- RASPLAV — Natural circulation within SG tubes (i.e. lIST)
- LOFT — Core to lower plenum natural circulation (i.e., BACCHUS tests)
— PANDA — Lower head failure (i.e., LHF & OLHF)
— FLECHT/SEASE — FPrelease (i.e., ORNL HI & VI, VERCORS, PHEBUS)
T — Containment Thermal Hydraulics (i.e., CVTR, HDR, NUPEC,
— CORA13 Marviken blowdown, CSTF ice condenser, PANDA etc.)
— LACE — Aerosol Deposition (i.e., ABCOVE, SUPRA pool scrubhg,
_ NUPEC DEMONA, etc.)

o
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A . A Alternative TMI-2 Accident Benchmark Study
N

e OECD/CSNI Alternative TMI-2 Scenario Benchmark

— Participating codes: ASTEC v1.3, ATHLET-CD, ICARE
ICATHARE V2, MAAP4 , MELCOR 1.8.5, MELCOR 1.8.6

— Obijective to perform a benchmark on a well-defineglant
(similar to TMI-2) and with prescribed boundary conditions

e Conclusions

— Codes performed well in all phases with little or o tuning of
parameters

— Importance of adequate user training

— Prediction of oxidation of molten mixtures
— Prediction of UO, melting & interactions
— Prediction of debris coolability
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MELCOR 2.1 Assessment
NUPEC M-8-2

20

[
3]

* The key quantities
of interest obtained
from Test M-8-2
Include: :

- H e I I u I I I (e . g =y Helium Concentrations in CVs 8, 15, 21, and 25: MELCOR 2.1 Versus Experiment

simulated hydrogen) 2
mixing;

He Concentration (Vol %)
S

&

Time [min]

=
o

— Containment spray
performance

He Concentration (Vol %)
=
o

(&)

— Pressureand
temperature S .

response and
. . Helium Concentrations in CVs 8, 15, 21, and 25: MELCOR 2.1 Versus MELCOR 1.8.6
Stratlflcatl O n (YH) and MELCOR 1.8.5 (Q2)
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1 m i iy MELCOR 2.1 Assessment
4 LOFT LP-FP-2

* Key phenomena in I S R A
the LOFT LP-FP-2
tests wereoxidation/ . fo
hydrogen ni L
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MELCOR 2.1 Assessment
CORA-13
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ol T MELCOR 2.1 Assessment
e e !
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* Aerosol Modeling

e Hygroscopic effects

— Temperatures
— Pressures

A REGy,
o %$

e,

(@ 5TATEs
&
O

Ssimoo ™

Vg# 15
e

LACE-LA -4

1.0E+01

-,
1.0E+00 pp = === === padar®e o oo N\

1.0E-01

10602 g----------

10E03 g--------—--

1.0E04 £ -------mm-

CsOH Suspended Aerosol [kg]

10E05 g---------~-

-E—---l- e e et ettt EE
R I s e D5 S R

1.0E'DB| I P 1 } IIIIII' + 4 IIIIII' 4 } L4
1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06

time [sec]

Figure 3-9. Suspended CsOH Aerosol

1.00

Pressure [Pa]
(=]
8

0.85 -
0.80 —— +———+HH —+— -+
1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06
time [sec]

Figure 3-7. Test Vessel Relative Humidity

e BY Lzboratores



MELCOR 2.1 Assessment
PHEBUS B9

« Key Phenomenon

— Core material
relocation,

— temperature histories,

 Heat conduction/
convection

» fuel relocation
— hydrogen production.

* hydrogen production
occurrs during the | |
|n|t|a| Steam phase 0.2 04 06 08 T‘1| 12 14 16 T :
before any
relocation, MELCOR 1.8.5, 1.8.6, and 2.1 Hydrogen Production and Data

« relatively insensitive
to simulation
parameters.
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Test Suite run on a distributed
computer cluster

— 10 Dell PowerEdge 2950s (40 runs)

e 2 Dual Core, Hyperthreading 64-bit
Xeon Processors, with 2MB cache,
running at 3 GHz

e 667MHz Front-side bus

« 8GB RAM
— DEF - tool for automatically launching =z zlzl212]z 222 2] 2|2
jobs to distributed machines o N N I R
— Results archived in subversion Lo T T T
LacsT i XX EIX|X X
 Test Cases Lacal X Sl x| X
Vanam-2{3 X X XXX X
— Standard test cases chosen for physics s e R A
coverage ~14 test cases 21 IITixiy T
* New cases will be added as validation Tl (XX KX XK K XX XS
calculations are run (LELOCA) | | I
« Debug & optimized versions tested e T s T
« Unix versions not tested as frequently e R R EET
(will test more frequently in future) Table L1: Phyic: Fackags Covarais

£, — Special purpose cases to address Sandia
A& : - National
M } particular bug issues i) Yo

)

%
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Regression Tests

. & _ _ _ L
-« Regression testing performed with each interim codeelease
e Standard Test Suite

— Qualifies the code for particular application
* Analytical results
* Using ISP or other recognized assessments
* Baby problems
— Formal regression testing report (made available to users)
— Review test cases
« Every major code release
* Coverage testing
e Special Purpose Testing
— Regression test for each resolved bug
— Regression test for new feature or enhancement
— Responsibilities of submitter (owner)

* supply success criterion
e review test results for success

— Test case made inactive after three successes (still avaitafor future
£ e, testing)
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MELCOR Code Regression Test Report

« | e |8 |aA
i ABAHHUHE R
» Auto-generated regression test g [2|7)%]9 (2|58 |5
M-8-1 NeMix *S 0‘ 134 [] 1] [1] Em :61
report VELCOR Cote e TstKeor D R
Lacel 3 2 § 3 16 342011 | 487
H Sandia National Laboratories '\'l'.'..m'.\:?' 15 |15 26 H -16 L ‘EEECC 3:?8
Readable and highly demese [T T T Do fiel e T oo
FPIL 31 |2 68 16 31 ] 30000 06253
formatted report (PDF) O T R FTR E3
- T?srf-&mmfa;:ﬁéﬂfmﬁwmowﬁsﬁmm&'“‘m ST'EB'LFE:AC‘ 142|263 | 3241 9 19 43170 454158
AUtO-generatlon a.”OWS report f;é?;jﬂﬂ;’?fﬂfﬁf{ﬁ;“;g;ﬂ%ﬂﬁ Toe (550 130200022001 [9 Tis [6 19 [3s000 [13878¢
. - mm .f&ff;mmfﬁg:fflméimﬁ’em'?' P:;:;Bﬁnn 123|254 145 (2 ? 18 |6 1 16400 £5080
for each interim code release T 550 st ettt
. g)as well lsmugn.l tests. ndmany mlnmmmm] sundud Pm]l;:: Tabls 1.2: Caleulatica M(Mlum)
beu(humkam mm.eﬁmmﬁ;m unl 10 assess changes
Reports to be made available ﬂmmmﬁwmﬁmm
@
to users
* Side-by-side comparison of S
. i
regression test results :
Comparison plots for two code e - :
Ve rS | O n S E:'mmu Rzl T:‘;::'sd Tn:? 5 ul -
Gep Ralense - Ring 2 12380.07 1 ~ o
: Gap Ral -Rzg 3 12500.43 7 x
Event time tables (TP er—
oo Ralssss - Rizg 0 1328007 s
N S:ggcrl :u:u:o :.:.'I‘ ivl;';gt E o
« Test suite coverage tables ettt 1o
ﬁon?aﬁluﬁ-u:* 15357.4 s -
. . Sepport Eailuze - Romg 3| 21716.05 y R A RS
 Test case dimension table Peminin Pl 15005 LT
. . . m»; Eu::::m; 1571745 571050
) Ped|gree |nformat|0n P;:.:;m; !‘a:::m-s . 15405.02 540314 - .

Tables 12-1: Evest Tims Comparisza
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» Bugzilla site for bug reporting,
tracking, and information

— Available from SNL web page
e Users submit bugs and details

— OS, Hardware, affected
packages, severity

Bug description
— Attachments

e Comments and attachments can

be marked private and not
visible to other users

 Utilized more by MELCOR
community

90 bugs (M1.8.6) reported last
12 mos.

— 68 bugs (M1.8.6) resolved
o, — 22 bugs (M1.8.6) unresolved

MELZILLA Bug Reporting

Sandia Bugzilla— Bug 73 Editing of properties of SH componentLast modified: 2007-08-28 10:45:57
National
PNV 0Nl | Home bew Search | |(Fd) Reports My Reuests | Preferences | Log out Ihumph@sandia gov

MELZILLA Bug-Tracking System for MELCOR.

Bug List: (42 of 42) First Last Prev Mex{ Show last search results

Details People
Summary: [Editing of properties of SH component | Reporter: Randy Cole <rkcole@sandia govs
Assigned To: Larry Humphries <llhumphi@sandia govs

Bug# 73 3
Pugh 22 Hardwzr; QA Contact 3
s |
OS:|Windows [¥ Add CC: [lgin Resnolls aynaGeardagoe
Product | MELCOR 1.86 ~| Version: unspecified ad@sandia.govs
Priority [P | | |Lamy Humphries <Hh mph@sanda gov>
Component J Wmuam A Kally <wakelly@sandia gov>
Status' NEW Severity
Resolution
URL: | |
Whiteboard: | |

Dependson: |
Bocks: |

Show dependency tree - Show dependency graph

Orig. Est. Current Est. Hours Worked Hours Left %Complete Gain Deadline

50 |ao.E ] o oo
(VY Y-hM-DD)
Summarize time (including time for bugs blocking this bug
‘Attachments |

‘Add an attachment (proposed patch, testcase, etc.) |

Additional Comments [ Private Related actions

Clone This Bug

[J Add Larry Humphries <llhumph@sandia gov= to CC list

® Leave as NEW

O Accept bug (change status to ASSIGNED)

© Resolve bug, changing resolution to FIXED L

© Mark the bug as duplicate of bug #

O Reassign bugto Larry Humphries <lihumph@sandia. gov> ~

© Reassign bug to default assignee and QA contact, and add Default CC of selected component
Commit

Description: [reply] Opened: 2007-08-28 10:45

0 Private Sanma
m National
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Bugs Tracked in MELZILLA

-applications for reporting issue .

management - m Bug s
— Integrated with MSOffice, Bugzilla, and ‘1| Assignments
internal Wiki
— Charts of open/assigned issues —
* Leveling bugs with developers availability
— Timeline showing issues entered into bugzilla =

101

» Trying to reduce the length of time a bug is left

open ai 7

e Some issues are harder to resolve than others

Now07 DecO? Jan08 Feh-03 Mar-08 Apr08

o Need to
e : : . eliminate bugs
T ~ that are
b ! . unresolved for
'~ more than a

Btz :r' month
Bug 151
Bug 148 [ |
Bug 147 [ |
Bug 144 [ I
Bug 142 [ 1
Bug 140 [ [
1
RISl Bug 139 [ ]

:‘; % Bug 134 : [ l | m ﬁggdla |
g ETEES ona
QI : ' Laboratories
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218:
228:
229:
230:
231:
234
236:
238:
239:
240:
241
242:
251
252:
254:
257:
259:
260:
261:
262:
265:
266:
267:
271:
272:

Post-Workshop Bugs (M2.1)

Steady-State option leads to temperature on HS_ND record ancdamingin MELGEN
Logic error 4 in CVHMOM

Failure with converted input for VVER440

Error with unformatted EDF files

No error checks for time-dependent volume properties

File open warning in M_EXEC

PWR Shroud collapse temperature

Advanced B4C modeling

VVER calculation volume freezing — Film Tracking

CORA-13 COREUS run-time error

Integer valued CF arguments

MELCOR 2.1 freezes

In CVH_INPUT CV_SOU the H20O_VAP for IDMAT isn’t functioning p roperly
COROXY call to COROXD can result in invalid memory writes
MACCS interface variables calculation bug

Component collapse parameters

Wrong listing of film tracking in MEGOUT _v2-0

Abnormal termination on EDF with Belikov error

LOGIC ERROR 4 in CVHMOM

Content of ERROR and WARNING Messages

NMPAIR on DCH_EL is supposed to be optional

Array bounds exceeded in elheat_NSI

Error flag not set in cvhbvl_NSI

IHX model incorrectly implemented

Input echo missing comments and global variables

Vgt 22
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Set $wgl.ogo

path to your

[ o the URE

wown log

— Archive records ki

maloor

* Requirements L it

= MELCOR En. Ste
® MELCOR Project

» Testing reports s

® MELCOR Code
Development
118728 (NB470)

Quality Records meon

(¥eso1)
u  Advanced Reactors.

e Assessment work L e
Information Sharing

* Debugging Policies L

« Testing Policies e

e Code Development
practices

e Coding Conventions
 Lessons Learned

o Software Risk
Management

e * Version Changes

= Vi User's Guide
w  Communty portal
& Cument evants
u  Recent changes
= Random page
" Hep
= Donations

b finks hare
Related changes
Upload fila
Spacial pages
Prineabis version

.
.
.
.
"
= Permanent fink

O
& %
>. j g
< \ []
: g‘w j
% £
% e &
%, WV
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aticle | | discussion ad | | hisery
Main Page
MELCORWIKI

Who What When Where,..Why Wiki?

ot

1 MELCOR Vision

2 MELCOR Project uter Code for Analyzing
! Accidents in Nuclear
plonts and Other

3 Policies
4 MELCOR Contacts
& Cunent Activities
5.1 Code Davelopmant Projects:
5.2 Future Modal Improvaments
53 Current Mode| Development Actrities
5.4 Current Assessment Activities
55 MELCOR 2.1 Release Activities
8 MELCOR Assessments
6.1 Volume il
5.2 Assassment Matr: Important Dates
7 MELCOR Wotshops
7.1 2008 CSARP/MCAP
7.2 2008 Wosshop
7.2.1 Advanced Users Toples
7.3 Past Waorkshops

8 Buliding MELCOR Code 09/08/08 - Anticipated MELCOR 2.1 Code Release
© MELCOR Verion Control 09/09/08 - MELCOR Workshop
6.1 MELCOR Code Vasion Changes 09/16/08 - CSARP/MCAP Meetings

8.2 Subvatsion URLs 09/29/08 - HTR 2008 Conference (http/fwww. asmeconferences. org/htr08/)
10 MELCOR Bug Tracking

11 Code Testing
11.1 Code Testing Decuments
1.2 Cunant Regression Tests
12 MELCOR Quality Assurance
13 MELCOR Training Summary
14 MELCOR Manuals
15 MELCOR Tools
16 REFERERENCE ARCHIVE
16.1 HTGR References
16.2 IAEA HTGR Refarances
16.3 31d Intamational Topical Maating on High Tempatatuta Reactor Technology - HTR 2008
16.4 QUENCH References
18 5 ASTEC 2002 Usars Meeting
16.8 CONTAIN References

MELCOR Vision edif)

We will position MELCOR as the gold standard for severe accident modeling of new and existing reactoss by developing new models and capabilities that are tested for robustness and have been extensively
assessed against the world's available experimental data

MELCOR Project edif)
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MELCOR Web Page

[ Sandia National Laboratories - M| Code - Microsoft Internet Explore

Qe - © - [¥] (A & ) search 57 Favortes 2) 2 } wm-JE 3
 New Look R ek bt [ CHIEI T

« Downloads (Dt St o e S

1 coming soan)
— MELCOR '

executables

— Converter
executables

— 2.1 GUI
- Docu mentation B Jobiy) Lekews i | MELCOR 1-day Workshop for
— PTFREAD USNRC e gt B

CSARP/MCAP 4-day Meeting
Prosecoing Pcple and i Encirormmrnt

— Change Documents ————

Sandia National Laboratories TECHNICAL LIBRARY

Mombe e 17
fOr e Ot e e s 1wl Renorts

¥ Current MELCOR Version 1.8.6 (version

CSARP/MCAP 2008 Meeting
Bethesda Mary\and

nn
CSARP{MCAP Agenda

September 8-9
MACCS2 1-1/2-day Workshop

September 2-12
MELCOR 3-1/2-day =
Beginner Workshop

September 15

»>> Past Meetings

U.8. Nuclear Regulatory Presentations
* Workshop / CSARP i
NEWS
- - MELCOR is a fully integrated, anulnaunnp -level code that Labs Accomplishments 200
I n O rm atl O n models the of severe in light-water reactor Eneray
nuclear power Drants HELCOR ls bcmg developed at Sandia National
aharﬁtnrles for mmission as a 22> News archives
second-generation plant n5 assessmen! tool an e successor to
. the Source Term Code package. A broad spectrum of severe
Py accident phenomena in both boiling and pressurized water reactors is
u re Or I n treated in MELCOR in a unified framework. These include thermal-
hydrauhc response m the reactor molant system, reactor cavity, 5
and core hantup{ dagradatlan,
and relocation; core: attack; hyd r
and combustion; fission 9rodu\:t mleasa am:r transport behavior,
o S MELCOR applications include estimation of severe accident source
terms, and their sensitivities and uncertainties in a vari of

applications. MELCOR is also used to analyze design basis accidents
for advanced plant applications (ESBWR, EPR, APWR).
GALLERY [>>> More]

 More? Regression - — ;
reports,...

REW
eaﬂ Gu“
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MELCOR Online: Downloading MELCOR

Account login is your email address

» All authorized MELCOR users are given an account
— First time users must receive authorization from USNRC

* Access from MELCOR website or go directly to
https://melcor.sandia.gov/MelcorDownloads/MelcorDowloadStart.aspx

* You can follow its hierarchical links to access evg file on the system

To quickly download
the latest version of
MELCOR, just click
the “Latest News” link
to see a page like
this:

Current News as of September 1, 2008
MELCOR 2.1 has been released. View Chanage Document
To download the latest version, click here.

Click on the appropriate link for the User's Guide and Reference
Manual.

Other Options
Main Menu
Old News

Sandia
A Netioral
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Change Document Available Online

1.86YT: Changes since 1.86YS are listed below.
| Subversion Branch Location | Revision | Changed Files | Notes |
Branches/1.86YS/YT_ Development Trunk 1004 Coredt.f Correct problem with zero total wolume in edit for outer ring without
HS. (Bug #: 154)
Branches/1.86YS/YT_ Development Trunk 1001 Helecor.f, melgen.f Add CVF project workspace and Brisc input
Branches/1.86YS3/YT_Development_Trunk 985 aaaPointKinetics.£90 Fix pool deallocate routine 2-15-2008
aaarnpool.f
1.86YS: Changes since 1.86YR are listed below. With this release, a Word document file format is being adopted. Old format will be
retained with old release notes at the end of the document.
MELCOR 1.86.YS Changes
Subversion Branch Start Revision | Finished Changed Files Notes
Location # from Revision #
SubVersion | from
Repository SubVersion
Repository
Trunk 982 NA Cordhe, coredc Fixes for Bug 155 (involving steel

canister), including COREDT changes for
IOCN(:) and IOCB(:)

Trunk 942 Ni Coraedc Fixes problem with zero Clad nasses for
the COR text edit for all the test
problems. (Bug#: 1l1l4)

Trunk 938 NA Coredt, coruin Fixes problems with steam starvation plot
variable. Allows 7 parameters for COREDVOL
{coruin) and removes extra "." in COR-
STARV-0XY plot variable.

Trunk 928 NA Cvthrm Disable the nev “not quite equilibrium”
modeling (Bug #68). This fearure will be
coupleted in the next code revision.

Trunk 9z0 Ni CorxnS Corrects CORE SUPPORT STRUCTURE (*ERR™ )
HAS FAILED IN CELL (Bug #: S56)

Trunk 91§ NA Coredt Fixed Missing MP components in volume text
edits

Trunk 514 NA Enlrnh. £ Fixed problem with surface area calculated
for HS with mulviplicicy 0.0.

Trunk 864 NA Cvtnge Restored from rollback: Sigmnificant

changes to cvtnge by rkc to resolve some
problemns observed with the “original YS¢,
and also to resolwve buy 147.

branches/l.86YS 730 841 cavuain Allow IBUBX=Z for pool scrubbing of all
RC1l/Developers/jjoonyu/crunk aerosol and vapor species
branches/l.86YR/jjoonyu 588 564 CordbS, corpsZ, corrbl, corrnd, cordbz. Fixed Rod-dam-flag control function
argument .
.
. o &, [
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Code Development: Code Enhancements

Code reliability

MELCOR

Code
Enhancements

User Utilities

« All new code development will be performed in
MELCOR 2.1

. * MELCOR 1.8.6 — Code Maintenance only
. o’o Sandia
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Code Development
HTGR - COR Package Updates

* New reactor models (like present PWR, BWR)
PBR (pebble bed)

— New components
e Pebble fuel Tm”mfm
— New heat transfer coefficients émf
Iﬁlﬂ 8

— Effective thermal conductivity o
e radiation/convection/conduction Conted Particle winiis
. . Fuel Kernel
— Coolant friction loss

PBR (prismatic)
— New components

* Reflectors
« Hexagonal graphite blocks

— cell-cell conductive/radiative heat transfer
Graphite oxidation models
On-going work
o, — Fission product release and transport from HTGR fué

N
&

ién

Section

~
<

3 Sandia
N, 0 - ' ' National
.20, - Plant demonstration calculations M) feorat
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PBR COR Model

* Fueled part of pebble is fuel component
— UO, with extra COR material as graphite

* Unfueled shell is clad component
— Clad material becomes graphite

« Center reflector component

e Quter reflector component

* Fuel radial temperature profile for sphere

— Provides peak and surface pebble temperature
» Better reactor simulation

Vg# 29
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PBR COR Model contd

— Radial cell-cell conductive/radiative heat transferadded

» Uses effective bed conductivity (Zehner-Schlunder with
modifications for thermal radiation)

— Axial cell-cell conduction modified to use effectig bed
conductivity

— Coolant friction factor is for pebble bed (Ergun eaqiation) when
PBR model is invoked

« Achenbach correlation being investigated
— Coolant heat transfer uses pebble bed heat transfeoefficients

Vg# 30
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PMR COR Model

* More “rod-like”, requires fewer changes to COR
* Fuel compacts represented as fuel component

Part of hex block associated with a fuel channel is
“thick” clad component

— Temperature gradient in clad as well as fuel
Reflector components

Radial cell-cell conductive/radiative heat transfer added
— Single effective thermal conductivity

Sandia
|I1 National
Laboratories
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Graphite Oxidation Models

/CXTdatlon of graphite by steam and air
— The air oxidation rate is implemented as (Richards, 1987)

Rox =12219ex 20129)P°5
— The steam oxidation model is implemented as (Richards, 1988)
R) — I'(4|:)H20 E
X,steam 1+ k5P|_?25 + kGPHZO k| = Ki eX[E_ﬁj

« Maximum rates limited by gaseous diffusion to surfae

* Reaction Products
— Currently, the air reaction produces CO
— Steam reaction produces CO and H
— The CO/CO, mole ratio is given by (Kim and NO, 2006)

— -69604 RT
g"y " 4}‘"‘% fCO/ Cco, ~— 739@ Sandia
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Point Kinetics Model

 Point kinetics for operating I R -
reactor applications N Tl
— Model developed by UNM -
« Stable over wide range of ?
timesteps g 3
— Temperature-dependent 200 S\ S
reactivity feedback from COR ool | UUUMW \A ,,,,,,,,,,
components i 3 ‘ §
* Fuel/Moderator/Reflector 0 sc0 1000 1500 2000
generalized weighting for tmefeec]
spatially averaged feedback Sample Test
— External reactivity insertion via *Initial power level is 268 MVY

+3$0.50 reactivity oscillation (CF)

control functions +Period is 2 T10.05 = 125 s

I i +Doppler feedback from fuel
~, o (Generalized and flexible b Fgﬁo or teed! |
4 % Sandia
f Rl ) Sande
*%f vor 5 +PK Model turned o‘rh m?la?ories

+Oscillation started at 400 s



HTGR COR Model Testing

* PBR Testing of new COR model

* Deck adapted from Texas A&M PBR deck

— Pebbles represented as fuel/clad components insteaiddebris

— Steady state problem

* 268 MW reactor power
* Runto 1500 s

— Reactor is older Pty Ltd design as in Reitsma (2006

Vg 34
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HTGR Ongoing Work

Fission product release and transport from HTGR fuel

— Release

* Review PARFUME models
* Devise simplified MELCOR model (Booth?)

— Transport

* Plate out
» Surface sorption
e Dust liftoff

Plant demonstration calculations

— Use of point kinetics for accidents w/o SCRAM
— Consider coupling of 2D neutronics (ie PARCS) witlfCOR
HTGR RCCS model

— Removal of heat from vessel
Plant components

— Gas turbine

— Heat exchangers

— Helium circulator

S Sandia
: w g m National
2 %allly Laboratories
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HTGR Ongoing Work contd

) . Stratlfled flow for air ingress

— Original scenario was that air entered by diffusion
e 10hr timescale

— CFD simulation shows that air enters via stratifiedflow and
circulation (Kim, 2008)

» 260s timescale

1.0 sec 16.0 sec 256.0 sec
QP Snap Shots of Simulation (Air Mole Fraction) from *“ NRC/INL Meeting on Sandia
Methods for VHTRs”, E. Kim, C. Oh, R. Schultz, INL (2008 mh o




Code Development
New Modeling for MELCOR 3.0

¢+ Heat and Mass Transfer Correlations

¢+ MELCOR code should be able to model the CONTAINelations by default

+ Modify the MELCOR film tracking model and defaulbatel parameters based on
the CONTAIN parity

+ Engineered Safety Features (ESF) Enhancements
+ heat exchanger models
+ fan cooler models

¢ Improvement of SPARC Models

+ Review the SPARC98 model for possible improvements the earlier SPARC90
model

+ Improvement of VANESA Models

+ improvements for ex-vessel fission product rele&pecifically, the modeling of
Ru and Mo)releases

e, * Others...

PGP 4 Sandia

g W < rh National

%334 s ¢ Laboratories
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Code Development: User Utilities

MELCOR

User Utilities
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— Symbolic Nuclear Analysis
Package develped by API —
MELCOR Plug-in

PTFREAD

— EXCEL add-in for generating
plots, analyzing data, creating
AVI's, generation of regression
reports

MELCOR 2.1 GUI & Converter

— Utility for generating MELCOR
2.1 input decks and converting
existing MELCOR 1.8.6 decks to
new format

Uncertainty Software

— Suite of tools for running
MELCOR in batch, Monte Carlo
sampling of variables and
analyzing statistics

Supporting Applications

* Best Estimate with Uncertainty

Quantification
« Powerful tool for risk-informing
regulations
1 ; : ; p— E:jq_
09 LT
08 S R N
c 071t ST
E 06 0‘ MI‘ELCOI‘?4hr‘
205 A MELCORBHW
% 0.4 | | 1 | :;“:zg:::g
2oty oo
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PTFREAD
New AVI Capabilities

Temperature

« NewAVI format indicates i '
temperature of component by color o
- SipmEeas
— If horizontal flow paths exist = -III.=-.lII-

 Vertical component tiop -l. 2] PG ;
- Hnear iTterPola;t{ﬁn ﬁf the vt?lrtical o - illll..--..ll ll -
Oow veloCity at the Tlow pa 1900 "
junction hel)éht horizontaﬁ velocity ol =E}H=Iﬁ|==HHHHHII“ L . i -
* Horizontal component ool -II..-
— taken from the horizontal flow path. ol | EHIHIH
 Vector is positioned at the radial o TSI
center of the CV & the horizontal o
flow path junction height. e T
— If a horizontal flow path does not = | [ ]
exist e -
« The vertical velocity component in a 20
control volume is calculated as the 200
average of all inlet and outlet vertical 200
flow velocities and a vector is drawn %
at the center of the control volume. . (non-standard
=0l nodalization)
2950
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PTFREAD

New Mass Balance plot variables

IS IS a new PTFreadcalculated
~ variable and is accessed bé/ selectin

CALCULATED when asked to speci
the MELCOR package for the

variable:
— Mass is summed over a user- oK
specified range of materials Materil ) Ring (@)

— Mass is summed over a user- Intact or
specified range of components - ———————— ] Conglomerate

ZROX 2
— Mass is summed over a user-

S5
“fr . 550 Intact
specified range of rings e Conglonerate
— Intact and/or conglomerate masses

INC 4 _»|
can be indicated

— Wildcards can be used to sum over
an entire range
« PTFREAD variable Format (as
aﬁpears in the header row on the data
sheet):
— SumMass(intact or conglomerate,

materlal, Component, elevations,
rngs)
— Exarrl\w)le:
SumMass(*,SS:SS0X,*,1:2:3:4:5,*)
e QOption for elemental mass in oxide
(SSel)

— Only the elemental mass of Fe is = -

Sum material and component masses X

Component (s): Elevation (s):

&
i

FU
(a
PD
N
PB
SS
NS

AoewN -

included in the sum (does not include itionl
Oxygen mass) s
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B New MELCOR Output Format

HTML

i da MELCOR - OUTPUT: Problem Setup

National

L T" | le EdItS Laboratories § fe.///E:/MELCOR_Build/M2x_695/0%20Calcs/testinew/ DEMON_OUT.HTM

NOEES NREEEES rockage Edits
HELCOR BASE CODE VERSION =
2.1¥T SEP-24-2008

— Specified with global input
MEL_HTMLFILE ‘DEMON_Out.htm’
— File for each time edit

— Links to other time edits

— Links to package
edits/tables

DEVELOPMENT VERSION
BASE CODE YU+IB $Revision: 768 §

Opening user input file testlnew.inp
Computer environment = DVS

VUVUUUVUUUUUY MELGEN input WWWWUUWUWWYEWUWE P T

MESS File

Input file: testlnew.inp
FYE~ TMNDUT

FUCL, LHSS,
PD MP NS

o Other Links o oo
— SNL/Bugzilla ol
— /O files o
— Code Manuals —
— Graphical Diagrams 250000 |
« Node Diagram awago [l
e Temperature contours sso0 0 M 1a00 00

Sandia
A Netioral
Laboratories
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Other MELCOR Changes

MELCOR
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Intel Visual FORTRAN Compiler

— Did not want to make any changes until after 2.1 was released
 Intel Visual FORTRAN will become the new developmehplatform
— No technical support for CVF
— Problems with CVF rebuilding entire project
— Problems with error checking
« Advantages to Intel Compiler
— Able to build true 64-bit code for 64-bit operating systems
» Performance improvements
— Better support for F95 code
e Error checking
— Currently the only compiler we are supporting on Linux
— Improvements to the programmer interface (Visual Studio.NET)

e Automatic keyword completion
 Integration with subversion

— Capalbility to automatically convert CVF projects

(AR REGY,
& N

S Sandia
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MELCOR Licensing - Overview

* This and future MELCOR releases will be node-locked
— Each installation will require a separate license to run

— A license will only work on the computer for which it
was issued

 All licenses will expire
— Normally within one year
— Period may be shorter for special releases

—The version of MELCOR released at this workshop
will expire on 1 February 2009

e Check the MELCOR website for upcoming release dates

Vg# 45
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e ;; MELCOR Licensing - Requirements

; iy -M-T:L‘J.' E 5]

‘e
\.

by,
A
é° o»p
P -3
L # -3
% %, nif 3
Y fop o
L T % &

"« Two files now required besides the MELCOR and

MELGEN executables:

—calu_nl.dll

e Contains the CALU (Cross-plAtform Licensing Utility)
software that is called by both MELCOR and MELGEN

* Any media we provide MELCOR on will also include ths
DLL

— Product.key
« Contains your license
* This file is requested via email

* Both files must be in the same folder as your MELCOR
executable or it will not run

Sandia
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Summary
Code reliability

+ Validation

oQA

+ Numerical stability

MELCOR

_ Cod
User Utilities Developmen Code Enhancements

t

¢ Converter (Discussed in
following presentation

¢+ HTML Output
+ Etc.

*New/improved modeling
+Code performance
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