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MELCOR Workshops & Meetings

= CSARP/MCAP/ MELCOR
Workshop

= September 8-12, 2014
= Almost 100 registered
= MELCOR full week Course
= MELCOR Code Assessment
Program (MCAP)
= September 18-19, 2014
= Asian MELCOR User Group
(AMUG)

= QOctober 13-17t 2014, Republic of
Korea

= Weeklong workshop
= European MELCOR User Group
(EMUG)
= Bel V & Tractebel, Belgium 2015
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MELCOR Code Development ).

CORQUENCH

Mechanistic Fan Model

New/improved
modeling
New Modeling Radiation Exchange Factors
Code
Sodium Properties

Performance
_— Validation el Assessments (Volume 1)

SQA

ll User Defined

Functions
Animated Plots
D — PTFREAD ~|:
Utilities - Formatting Templates

B User Coded
Functions

Development

MELCOR Code




New Model Development ) .
Tasks (2013-2015)

= Completed
= Mechanistic Fan Cooler Model
= New debris cooling models added to CAV package
= Water-ingression
= Melt eruption through crust
= Miscellaneous models and code improvements
= LAGCF
= MACCS Multi-Ring Release
= Valve Flow Coefficient
= |n Progress
= Spreading model implemented into CAV package
= CONTAIN/LMR models for liquid metal reactors
= Multiple fuel rod types in a COR cell
= CVH/FL Numerics
= Core catcher model
= Aerosol re-suspension model

MELCOR



New Modeling for Top-Quenche@m
Debris in Cavity

Laboratories
Water Ingression

MELCOR

Conduction with
+ internal heat
generation

Boiling

.)_'k - ‘Z'cf ‘-z';“'"

Slag or
—
Gas Film

Concrete

/
Ablation and generation of off-gases

= Quenching of the upper crust at the top of the corium debris can
lead to a considerable density change (~¥18%volume) leading to
cracking and formation of voids
= Water ingression reduces conduction path to molten pool and increases
surface area of contact
= Molten corium extruded through crust by entrainment from

decomposition gases as they escape through fissures and defects
in the crust.

= Enhance the coolability of the molten corium

= by relocating enthalpy from the internal melt through the crust

= more coolable geometry that is more porous and permeable to water .




New Modeling

MELCOR

= By default, corium
relocated to the cavity
will spread
instantaneously

= Users are able to specify
a spreading radius
through a CF or TF

= Current model
development adds an
internally calculated
spreading radius.

=  Balance between
gravitational and viscous
forces

MELCOR Debris Spreading Model @)

CAV_SP - Definition of Parametric Debris Spreading
Optional

This record may be used to model the spreading of
debris in the cavity. Users can define a maximum
debris radius as a function of time through a
tabular function, control function, channel of an
external data file, or an internal model.

(1) SOURCE

Source of data for maximum debris radius as a
function of time
1or‘TF
Use data from tabular function.
-1 or ‘CF’
Use data from control function.
2 or ‘CHANNELEDF’,
Use data from channel of external data
file NameCF_TF_EDF.
0 or ‘MODEL’,
This option allows the code to internally
calculate the debris radius as a function
of time. However, this option requires
the initial debris radius (RADTINI).

If SOURCE = 0, the following record is required:

(2) RADTINI - Initial time-dependent debris
radius for the internal model



New Modeling

% e m ﬁaqdial
ationa
Multi-Rod Model
=
= Motivation
= |tis desirable to model an entire assembly
within a single MELCOR ring
=  Challenge
= When hot assembly reaches ignition, heat AR RNt o] A AR ST RIS
transfer to cold assembly is problematic Hot Assembly Cold Assembly
Max Clad Temperatures (heated ring) Max Clad Temperature (unheated ring)
E —————— S ——9-Ring (33) > Ring
. o ——2 Ring (multi) ——2 Ring (multi)
| e - ——9-Ring (33)
% e S :;::\gg((;n;m) ‘E —9-Rin:(128)
£ ' 3 5
o = 3 £
£ g 5 (3] 2
'q_a ——2-Ring =
———2 Ring (multi)
= 9-Ring (33)

Distance from Center Line

Experiment Time

‘Time
= Validation
= Validation was performed against the Sandia PWR Spent Fuel Pool Experiments
= Comparisons between 2-ring (2 rods) model; 2-ring, (9 rods) model; and 9-ring model.

= CPU time is greatly reduced for multi-rod model
=  Simplified input requirements



MELCOR

Miscellaneous New Models:
Valve Flow Coefficient

= Description

'I'l National

Laboratories

= Valve flow coefficients are typically used in characterizing flow properties of valves.

= By definition, a valve has aC, of 1 when a pressure of 1 psi causes a flow of 1 US gallon
per minute of water at 60° F (i.e. SG = 1) through the valve.

= Since the pressure drop through a valve is proportional to the square of the flow rate:

c 0 SG
= k —_—
v AP
Q=Flow in gpm
Cv = Valve flow coefficient
DP = Difference in pressure (psi)
SG = specific gravity of liquid relative to water at 60 F

= Implementation

= The user indicates that the valve is a ‘NoTRIPCV’ and then supplies a CF for specifying
the value of C,, for the valve

= The valve must be on a single segment flowpath and takes the pipe diameter from this

segment

= Standard engineering units for flow coefficient are gpm/sqrt(psi) are expected.

fl viv 1

1 '"TestValve' 'VALVE' NoTRIPCV 'CVvsTime'



Laboratories

[ Miscellaneous New Models: ..
Lag Control Function

MELCOR

= The lag function type (designated by the short name LAG) is a
basic control theory function for which a function that is
passed as an argument, a,(t), is transformed through the
following integral equation.

¢

= Where ¢, is the lag time (seconds) and c, is a scaling factor. In
differential form, this integral is advanced using the following
transform equation.

dt 0\ dt
f”(l—}rcz(al” +a” )
X 2c 2

= May improve numerical uncertainty




Miscellaneous New Models: ) e,
COR_HTR extended to HS

= This feature has been extended to allow specification of a
heat transfer path from a COR component to a heat structure.
The heat transfer path must be defined 'From' a valid COR
component and the heat structure must not have a user
specified boundary condition (i.e., IBCL = 0,20,30,80, or 90).
Furthermore, if a radiation path is defined, the emissivity
must be defined by the user on the appropriate HS Boundary
Surface Radiation Data record (HS_LBR or HS_RBR).

Example

COR_HTR 2 !From:IAIRIC To: IA IR IC FLAG COEFF
124SS 3 3 SH CONDUCT-CONST 0.0818
2 24 SS HS# LEFT HS CONDUCT-CONST 0.0818

MELCOR

12



Miscellaneous New Models: ) i

é . . Il“aalﬂfrg%ries
: MACCS Multi-ring release
= Motivation
= Burnup and therefore activity for distinct rings " T [—accs 03 wre ozt

—=MACCS-903-M-RE-19(R2)
——MACCS-903-M-RE-36(R3)

—Total

o
w

may be vastly different. Recently, MACCS has
been modified to allow it to distinguish masses
provided by MELCOR by batch (ring). MACCS
then will associate different activities for a
class, dependent on the ring of origination

= The problem is that once RN mass is released, it
can no longer be distinguished by originating

ring. /

= New variable for approximating mass o s 100 mﬁ;ﬁqm o 35000 4ooeo
release by offload batch (ring) Lo

o
&

Cs Renviron. Release Mass [kg]
o o

o
-

= Not really a new model
= Creation of a plot variable in the binary plot file | S
= This is an approximation in obtaining a plot eSS R
variable RO T
= Previously implemented by KC Wagner o Rt Fo Ry o) o A
through use of control functions. P ol s ol R
= Control function description can be quite :

lengthy even for a two-ring model W

,,,,,,,,,,,,,,,,,,,,,,,,




DOE Models: ) i
CONTAIN/LMR Models for

Laboratories

MELCOR

= Phase 1 - Implement sodium as replacement to the working fluid for a
MELCOR calculation
= |Implement properties & Equations Of State (EOS) from the fusion safety database
= |Implement properties & EOS based on SIMMER-III

=  Phase 2 — Review of CONTAIN/LMR and preparation of design documents

= Detailed examination of LMR models with regards to implementation into MELCOR
architecture

= Condensation of sodium

= Phase 3 — Implementation and Validation of:
=  Sodium spray fires
= Upper cell chemistry
=  Sodium pool chemistry

= Phase 4 — Implementation and Validation of:
= Sodium pool modeling,
=  Sodium pool fire models
= Debris bed/concrete cavity interactions.

14
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DOE Models: Core Catcher /
Ex-Vessel Structure Model

u New model for simulating core catcher assembly
(assemblies) outside the lower head.

= Can also be used to simulate multiple lower heads or
secondary pressure vessels

= Debris relocated from lower head to core catcher via
transfer process

= Allow for multiple core catcher objects (pressure vessels)
connected via transfer processes

u 2-D core catcher nodalized through the wall
=  Through-wall and transverse heat conduction
= CV volumes serve as boundary conditions
= Available volume between structures can constrain melt

relocation Structure 1
= Heat transfer between debris and ‘upper’ (inner) structure

=  Radiation
= Possible contact
= Material composition of structure varies through mesh

= Allow for vessel structure to melt and molten material »
become part of molten debris. Structure 2

= Simple eutectics
= Homogeneous molten debris
= Crust between molten debris and structure

Sandia
'11 National

Laboratories

MELCOR

= Same RN release modeling as in COR package Water Ingression 0 Conduction with
*  Penetrations not modeled Boiling internallheat
=  Multiple failure criteria Corium / 2) \ /":‘ generation
=  Failure by melt-through Crust Y S B b o)
=  Failure by control function
= Secondary Pressure Vessel
—  Larson-Miller Creep Slag or A
—  Yield Stress Gas Film — Cor i Cavity

=  Work begins in October
=  To be completedin 2015

AN
Ablation and generation of off-gases




DOE Models:
Re-suspension Model

Laboratories
= Re-suspension modeling approaches

=  Static Methods

= Force balances or force ratio model assert that liftoff is determined by a balance
between aerodynamic and adhesive forces. Incorporates moments and
distribution of forces

= Calculates amount removed (no rate information)
= Reeks-Hall removal force
= Dynamic or kinetic models

= Attempts to improve on static methods by adding various dynamic features into
the model, such as resonances, energy storage, rolling, force moments, surface
deformation, etc.

= Rates of re-suspension are calculated.
= Rock ‘n’ roll model

= MELCOR approach

= Simplest model that is supported by the data (static methods).

= Other models (dynamic) can be incorporated later if validation supports
such model improvements.

= Validation against STORM tests (SR11 and SR12) 16

MELCOR
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° San_dia
Improved CVH/FL Numerics ) e,

MELCOR

= Retain same physics and basic equation set

= Revise code to improve stability and efficiency of explicit
coupling and time integration

I)I

= |ntroduce “temporal” filter on all flux rate terms

= |Improved and consistent treatment of “small value threshold”
situations
= Revise code to cast all implicit equations (e.g. CVH-FL) in
residual form

= Enables use of Modern Solver libraries (e.g. Trilinos, PETSc)

= Better separation of Computer Science from the Physics/Models




Improvements to MAERQOS
Aerosol Particle Growth by Condensation and
Hygroscopic Absorption of Water Vapor

= Current Status in MELCOR and Reason for Needed Advancement

= When excess steam introduced into a cell, condensed water drops are placed
into smaller particle size bin instead of condensing on existing aerosol.

Sandia
"1 National
Laboratories

MELCOR

= When steam condenses on hygroscopic particles, numerical diffusion leaves
some particles in bins that should have been depleted of these particles.

=  Proposed Enhancements to MELCOR

= Steam will condense on aerosol based on particle concentration, surface area,
and chemical composition.

= Numerical diffusion to be minimized by also tracking number concentration of
particles in addition to mass concentration of each chemical in aerosol.

=  Expected Completion Time
= Stand-alone implementation and testing (June 2015)
= MELCOR implementation and testing (Aug 2015)
= Documentation (Sept 2015)

18



Laboratories

Basic Concept: Remapping aerosol mass to bins aft?j o
condensation, spreads mass (numerical diffusion) = %=

Water
—— HYygroscopic material Remapped aerosol

o %; Non-water absorbing  smeared into smaller
initial =~ particle size bin, this error
may keep increasing each
time-step during
l condensation/evaporation
After water
condensation

kg/m?3

Particle Diameter (um) Partlcle Dlameter (um)




Solution: Increase order of mass concentration =
I . . . . . National
approximation from constant to linear within a bin ==

/TN

kg/m?3

Remapped aerosol
should be far more
accurate with much less
numerical diffusion

-

Particle Diameter (um)

N\

kg/m?3
kg/m?3

Particle Diameter (um) Particle Diameter (um)




MELCOR

Importance of Code Validation @&

= Code Developers
= provide the necessary guidance in developing and improving models
= Desirable to have validation test at time of model implementation

= Code Users

= |ncreased confidence in applying code to real-world application

= |mproved understanding of modeling uncertainties




Selection of Validation Test
Cases

Sandia
'I'l National

Laboratories

MELCOR
(0]
Is)
>

= Separate Effects Tests
= Designed to focus on an individual physical process
= Eliminates complications from combined effects
= May be difficult or impossible to design a single test to isolate a single process
= Sometimes geometry or boundary conditions for SETs are difficult to model within
an integral code
" Integral Tests
= Examines relationships between coupled processes
= Tests should be selected that are applicable to the calculation domain of the code.

= Actual Plant Accidents
=  TMI, Chernobyl, Fukushima, etc.
= Captures all relevant physics
=  Poorly ‘instrumented’
= |nternational Standard Problems

= Well documented
= Often there are code-to-code comparisons to compare modeling approaches



NUPEC M-7-1, M-8-1, and
M-8-2

= Validation objectives

Sandia
'11 National

Laboratories

= Pressure response;

= Temperature distribution and
stratification W oom Gonerar
"= Hydrogen mixing L marimant !
-Cully

= Spray modeling
* Film Tracking Model

Steam Generator
Loop Compariment | |

= 7 Scale Containment
= 10.8 m OD domed cylinder,
= 17.4 m high

= 25 interconnected
compartments (28 total)

= Sprays
[ | M_8_1 NO Sprays gt:':;n.g:s:nrtnor Foundation

= M-7-1and M-8-2 Sprays
modeled

Containment Vessel Sumpl
Pump Compartment

23




NUPEC Tests rh) pes

Containmen
Injection Initial Relative t
Test Location Conditions | Humidity | Helium Source | Steam Source Sprays
Bottom of SG 343 K, 0-0.03 1 0.08kg/s>0.03 1 49 4 3ys
M-7-1 Comp D (8) 146 kPa | O =0 G 313 K
283 K 383 K
o Upper Pressurizer 303 K, 0.027 kg/s 0.33 kg/s,
M-8-1 Comp (22) 101kPa | 07 283 K 388 K None
Upper Pressurizer 343 K, S U hetis=ol Ok 19.4 m3/s
M-8-2 Comp (22) 146 kPa | 09 =0 G 313 K
283 K 363 K




NUPEC MELCOR Nodalization

= Total of 35 CVs

= Dome compartment subdivided
into 7 CVs (green)

= Allows convection loops
" Upper pressurizer subdivided
into two CVs (re

= Allows circulation from upper
pressure compartment to lower
compartment (dead end)

= All other compartments
represented by a single CV

= M-8-1 & M-8-2 He source in
Pressurizer Compartment (CV
22 and CV 35)

= M-7-1 He source in CV8

= Spray junctions (M-8-2) shown
by dashed arrows
= Sprays not active in M-8-1

cv27 .
(RYV)

Sandia
"1 National

Laboratories
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He, Steam, and Spray Sources ).

= Steam released into a

compartment to

simulate break of a

steam generator 0.09 ®
. 0.08

system. Total helium ~~_ —

0.07

0.06 \ Helium -

- D — - 15
0.05 Steam |
——Spray
0.04

volume was decided by
volumetric scaling of
hydrogen release from

Spray Flow Rate (kg/sec)

He & Steam Flow Rate (kg/sec)

o ) . \ 10
10% Zr-H20 reaction 0.03 ~_
*= CVH mass and energy 0.02 — ~_ 5
sources in a CV 0.01
. 0 / : T \ 0
= At the same time, 0 500 1000 1500 2000

Time (sec)

containment spray was
activated to simulate
the impact of spray
water on mixing.

26




HS Film-Tracking Networks ) .

= Spray water is diverted onto ST e
seven separate film flow A
networks

=  Allows flow down each of the
four steam generator
compartments

= Also models water draining down
the containment walls from the
dome
= Motivation: Since the heat
structure film temperature and
the spray temperature were
close, it was expected that this
model would better represent
the uniform cooling of both
structures and gases observed in
the test




Temperature Distributions ) .

k T Atmosphere

M-8-1 (No Sprays) M-8-2 (Sprays) Vapor Tamp K

380.0

Section AA Section A&
370.0
o
E 360.0
a
350.0
Level 2 Level 2
Level 1 Level 1
3400
Section BY Section BR
S 330.0
@
>
@
Ay
320.0
Bi 8
Level 2 Level 2 310.0
Level 1 Level 1
300.0
A
Section CC Section CC
T 200.0
>
»
u
280.0
TATM (t=0) = 283 TATM (t=0) = 342

-20.0s

=  SNAP representation based on MELCOR nodalization and NUPEC drawings.
= Temperature stratification occurs for M-8-1
= No sprays
= Enhanced mixing for M-8-2
= Sprays active 28




He Concentration Distributions

M;S-‘I (No Sprayr’_sf)f_\_\ "/_I\(l:g-2 (Spraysﬁ)_ﬁ\ —
0\ Section AR~ N\ || seetion s, N O\ 0.05
[} ;/,// I;IQ \'-\ \\\ g v + $ \ f/ t A (f"; / 1 \\ \.\ (]
§ L] 4 | v + i [ D ]‘ } £
\ ‘-.\ Ijtl / v v f \ \ 1 ); /f [a]
ANEMp 1 level2 [ | L] | \\\\@//// bt
S~ - Level 1 - ' J S
o S
A A i N H0.03
Section BB,/ \ ¢ \ .
E / L\ i :7’ ~— jj‘, ~
% Al \_['_‘;\.;ET/_[_I Il g
—'el 1] B \. 1T T/ 1ea |
14 ~ S/ 0.02
Level 2 L e
Level 1 1 | LL B
! = “0.01
= Section CC o
(]
U §
0.0
-20.0s Source volumes CV 22 and 35 with red borders

= Similarly, stratification of helium in the upper dome is
much more significant for M-8-1 than M-8-2

= Stratification by floor in outer, lower compartments

Sandia

National _
Laboratories
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Pressure Response ) i,

= “\

= Pressure calculated 3 \ Jp—
for M-7-1 exceeds St
experiment
pressure

= M-8-1 without
sprays shows 2
excessive pressure

30
T —



Temperature distribution vert. dlstrlbut@

of general region

= Calculated temperature
in dome is less than
measured data for
spray tests
= Cooling from spray is
overpredicted slightly by
MELCOR
= Calculated temperature
in dome is greater than
data without sprays.

= Stratification may be
slightly overpredicted.

mldla

ational
lahnratunes

M-7-1

Temperature [K]
o w

M-8-1

re [K]

Temperatul

M-8-2

Time [min]

Color indicates CV




He Concentrations for vert. distribution of general

region

= Without sprays

= MELCOR significantly
overpredicts
concentration in lower
general compartments

= With sprays

= He concentration well-
predicted for all
compartments

|
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5 10 15
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s Y Y s <
!‘{.I I ‘ T g
~— | L4 I i ‘ =
I 10
” Wy E
. === e
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He Concentrations for vertlcal distribution of 3§ s,
|Oop D raturles

20

—SG_Found 8
~—SG_Loop_15
—SG_Chimney_21

—Dome 25

M-7-1

oncentration (Vol %)

= Concentrationin dome
is well-predicted for all
cases

= M-7-1shows
underprediction of He
in mid-level
compartments for
source in lower level

He Ci

ntration (Vol %)

M-8-1
He Concel

= Slight under-prediction
of concentration for
lower compartments in
M-8-2 otherwise, well
predicted

25 H

ntration (Vol %)

M-8-2

Color indicates CV 33




He Concentrations for 15 floor = e
horizontal distribution

Laboratories

= MELCOR predicts concentrations for all lower
compartments with reasonable accuracy

= MELCOR predicts concentration in source cell well

M-7-1

He Concentration (Vol %)

15 20 25 30

Time [min]

34




He concentrations for vertical distribution ) e,

center/pressurizer region .
" Problems in .
calculating :
concentration in
source volume and — | "
dead-end volume S | s |
adjacent to source ; : rﬂ” i r :
volume WL | £2
= Best agreement in M- B
7-1 where He source Eare e o =
was in a lower CV and el E |
sprays were active 2| Lol

Color indicates CV 35




MELCOR

A -

Findings: Proper Modeling of
Surge Lme (Bethsy)

SG? 862 & SE3

Sandia
'I'l National

Laboratories

Key surge line modeling aspects:

Pressurizer surge line FL junction heights (from and to) need to
extend the full height of connected control volumes with the
exception of the junction from the hot leg for which height
should be defaulted

Pressurizer surge line FL momentum exchange lengths need
to reflect full elevation differences between connected points

The pressurizer needs to be represented by more than one
control volume

Important model-wide modeling aspects:

| | — — Experiment

I
60 1 _:____: _____ : | _ —MELCOR‘
50 1— + _ | _ Presgurizer Mass W/o St}l_ge Line
| Changes | |

Time, 10° s

Flow path momentum exchange lengths need to meaningfully
couple the phases (water and steam) throughout

Flow path (FL) junction heights need to allow meaningful carry-
under of steam and carryover of water throughout

Stopped RCP flow resistance needs to be accounted for

Pressurizer Mass With Surge Line Changes
70

E | |

"—%' = = Experiment
o ——MELCOR |
= 30 4

=

0 2000 4000 6000 8000 10000
Time (sec)




MELCOR Documentation
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NotePad++ MELCOR Plugin ) .

MELCOR

Utilities

= MELCOR Plugin for
NotePad++

= Currently under
development

FL_JSW - Flow Path Junction Switches
Optional |~ %

| | Change
This record defines the type of flow path. A flow path may be horizontal or vertical. The algorithm Stites
used to define the equivalent opening height is different for the two cases. A pool-first flow path

- Flosis menl mber e all_myimilabin el jusbar in euboisbed Allken dhears in se sesl LJ E@
] I t | | tl File Edit "Sear.:h View _Encodmg_ Language Settings : Macro Run PIuins Window 7 — - X
nS a er g—rea ! sOABEBERE 4Dk eS|t 2 BB Ii,]| (o] El@ﬂ‘@&"\?

. I .f. B _Bethey v20imp | FEF ¥2tine |15 Blat7d vadiep | 1 i | B AT | o[+ [Function st =
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MELCOR Dashboard ) e,

B | E:\test\testinew\b_melcor_[VF6587.exe o || = | =

Records of Restart File: DEMON_uv2-@.RST
NCYCLE= 8 TIME= A.08P00BE+00
RESTART REQUESTED FROH LAST AUVAILABLE CYCLE
-1

s CL ad_from NCYCLE=
RESTART REQUESTED FROM LAST RURILRHLh CLE
START: CREATING HTML OUTPUT FILE
END: CREATING HTHL OUTPUT FILE 1.3 <SEC
Listing written TIME= @.B0@00E+08 CYoLES
/SMESSAGE/ TIH n GEBHBE*HE CYCLE= @
CAUBBAL - OM CAUITY PACKAGE
GAUTTY CAUTTY COTNG TO STLEEP
CYCLE= @ T= 0.00@@0@E+BA DICINC)>= 1.0000P0E+@0 CPU= O.00AOODE+00
CYCLE= 1P@ T= 9.96@397E+B1 DT(MAX)= 1.@ARGAAE+@O CPU= 2.839218E+00
CYCLE= 288 T= 1.996B48E+02 DI(MAX)= BOWBE+B0 CPU= 4.446828E+00
Restart written TIME =  2.006040E+82 CYCLE-= 201
CYCLE= 38@ T= 2.996@40E+02 DT(MAX)= 1.@ABGEBE+@0 CPU= 6.@84B39E+00
CYCLE= 480 T= 3.996840E+02 DI<MAX>= 1.00B0AGE+B0 CPU= 7.612849E+00
START: CREATING HTML OUTPUT FILE..
END: CREATING HTML OUTPUT FILE ©.90 <SEC)
Listing written TIME= 4.B@6B4E+@2 CYCLE= 481
Restart written TIME =  4.806040E+02 CYCLE= 401
keyboard input sensed — enter RETURN and then complete message with second RETU
N
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