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Outline ) e,

= MELCOR Accident Consequence Code System (MACCS)
overview

= |Improvementsin the most recent versions
= New models being developed

= |mprovements in preprocessor codes

= Summary




History of NRC Consequence =
Code Development

= MACCS is the NRC tool used to evaluate the offsite consequences of
hypothetical radioactive releases into the atmosphere

= Evolved from codes going back to the 1970s

= Calculation of Reactor Accident Consequences (CRAC)
= Reactor Safety Study (WASH-1400)

= CRAC2
= 1982 Siting Study

= MACGCSv1.13.1
= NUREG-1150

= MACCSv2.4-3.8

= Security Studies

= Protective Action Recommendation Study

= State-of-the-Art Reactor Consequence Analyses (SOARCA)
= Spent Fuel Pool Consequence Study

= BWR Mark | and Il Containment Venting Study

= Level-3 PRA




MACCS Models and Capabilities ) .

= Models treat
= Atmospheric transport and deposition onto the ground
= Statistical effect of variability in weather

= Dose pathways for cloudshine, groundshine, inhalation, ingestion, and
deposition onto skin

= Protective actions during emergency, intermediate, and long-term
phases

= Calculates offsite consequences
= Doses
= Health effects
= Economic costs

= | and contamination



iNMACCS Interface

Graphical interface
improves usability
= QOrganizes problem
definition
= Provides visual cues

= Defines parameters
and ranges

Automates evaluation
of uncertainty

Incorporates post
processing of output

9 WinMACCS F:\NBixler\Wi
File Edit Execute ©

CCS Projects\SOARCA\PeachBottomRB8\PeachBottom-Seismic-LNT

=¥ Project Properties

= N GENERAL  @Dose | @ EvaciAotation | @ WindFose | @ EaipEffects | @ Food
=9 P:pe;‘:l:;nies i_ @ Dispersion | @ Weather | @ Plume Rise | @ Site Data |

¥ Release Fractions for Each Plume Segment

Enter Comments  [Come in thiu MELMACCS. ﬁ

< Prablem Description
+ @ FieSpeciications
+ <€) Reporting Options
=Y ATMOS ¥ Atmospheric Dispersian
@ Atmos Description

i+

@ Property Form Parameters
+ @ Spatil Giid ¥ Early Consequences RELFRC |
+ ¢ Radionucldes PDanngs ?eazues-u ;;454518 ?:2435-
+ @ Deposiion 77402 1.3642E-11 |B.8628E-15 |3.094BE-16 |
4 Dispersion ¥ Late Consequences 11340 7.217%12 |6.0363E15 |24145E-16 |
@ Plume Specifcations 14340, 6261E-13 |1.3482E16 |5.4546E-
= @ Releass Description BEG7E13 |23226E16 |9.397E18 |
I~ MACCS? Cyclical File Set ATET3 [1.0373E-16 |4 196918 |
(-4 Reasiniy Oyl 0348E13 |BEAS5E17 |3 4675618
B Plume Parameters 0014056 _|1.276E-05 | 9.0143E-05
= Pattice Size Distibution 53165 |0.0044904 |0.023259 0
® pspisT 031177 |9.855035E-0/0.010924 | 0.0024452 | 0.00144( >
& 4 »

Show Required Forms

Daughter Ingrowth Flag
Release Fractions

®

®

@ Inventory Scale Factor
<@

- @

® RELFRC

+ @

: Niows = NUMREL (NUMREL = 95); Ncols = MAXBRP 10 oo o
Wake Effect Data oK | Concal | ) —_—
et e release fraction for each of the plume segments for each oK

group. Al radionuclides in a chemical group are released
@ Densiy and Flow - acility at the same fraction.
# @ Weaher i  S865E 02 6955E. 01 Cancel
Outpt Control Te 35660  36E01
\+ gm.ku ° |§u B30T 02 3005 01
= ) Mo 3036E-03 45E2
@ Ealy Description Ce  3621E-02 2468E-02
@ Property Form Parameters La B903E-02 1.0209E-01
Model Basis * __ll‘ -
Dose Model L] KN - 3 ¥ Legend

Emergency Scenario One

o
o
<€ Additional Emergency Scenarios
®
o
®

Not
Required | Fequired | Optional

Early Fatalty Parameters Real [0.. 1.]: Nrows = MAXGRP (MAXGRP = 9): Ncols = NPSGRP
(NPSGRP = 10)

Defines the fraction of the released material allocated to each of the
p le-size (deposition-velocity) groups. Each plume segment uses
me allocation of material among these groups. The deposition
velnuly (VDEPOS) is shown as the column header.

Make Uncertain
0K
Caneel

Early Injuy Parameters

©
¥

Latent Cancer Parameters

#
%

&

&

H

+

+

+ <€ Output Contiol
N CHRONC

. COMIDA2

Parameters Files

Status

5/26/2003 1:50 PM




Status of WinMACCS/MACCS Development (@i,

= WinMACCS/MACCS 3.7 released November 2012
= WinMACCS/MACCS 3.9 released September 2014
= WinMACCS/MACCS 3.10 is currently being developed
= Development beyond version 3.10 is also ongoing




Improvements In WinMACCS 3.9

= Flexible capability to define the location of cohorts
= Keyhole evacuation model

= Tracking population movement

= Resizable parameter input screens

= Choice of units

= |mprovements in reporting options

= Change-card paradigm for cohorts eliminated

= Auto-propagation of cohort values added to facilitate conversion

= Upper limits increased
= Up to 150 chemical groups
= Up to 500 plume segments



Defining Cohorts ) .

= Cohorts represent

SOARCA| Peach Bottom Surry
Cohorts
emergency response Of Czhgrﬂ 0 to 10 Public
distinct segments of the | Cohort2 10 to 20 Shadow
. Cohort3 | 0to 10 Schools and |0 to 10 Schools
population 0 to 10 Shadow
Cohort 4 0 to 10 Special Facilities
= Each cohort follows a Cohort 5 01010 Tal
. . . Cohort 6 Non-Evacuating Public
timeline of actions
Accident Initiation
Alarm
Delay to Shelter Delay to Evacuate
P P
v v v
Normal Activity Sheltering Evacuation No Further Dose




Added Flexibility in Defining Cohorts ([

= The user can locate cohorts in
regions anywhere within MACCS
grid
= Feature was supported previously,
but not user friendly

= Map layer can be used to facilitate
cohort locations T

= E.g., regions might represent
= Emergency Planning Zone (EPZ) ‘

= Shadow evacuation
= No evacuation Q

= Special facility ‘

Ju. b by
18511, StewartsBWRg




Keyhole Evacuation Model

Keyhole consists of
= A central circular region
= An pie-shaped outer region

User defines initial

dimensions of keyhole
Shift in wind direction —
causes pie-shaped region to

expand

Model allows for
foreknowledge of weather
(forecasting)

X
B
9




Tracking Population Movement UL

= The timing of Fraction of Population Exiting EPZ for
. SOARCA LTSBO Scenario

evacuating cohorts )
crossing boundariescan o === ///j/
be evaluated to verify . | [ B /
consistency with the £, l /7 l
Evacuation Time go.s I] « /;/ II
Estimate (ETE) :03 —/ l

= Qverall timing of the o /I / // /’
entire population can [/ / |
also be evaluated o 1 2 3 & s & 71 s

Time (hr)




Resizable Parameter Input Screens @.

(.
Enter Comments  [Risk factors are those recommended by Keith Eckerman to use with a FGR-13 DCF file set modified as follows:
Red marrow DCFs have been modified to use a RBE of 1 for alpha radiation; breast DCFs have been modified to use an RBE of 10 for alpha radiation.
NUMACA (-] B
|ACNAME ORGNAM ACSUSC () DOSEFA (1 DOSEFB (-] CFRISK (1/5v] CIRISK (1/5v] DDREFA [
1 Leukemia L-RED MARR 1 1 0.E+00 0111 0113 2
2 Bone L-BONE SUR 1. 1 0.E+00 1.9E-04 2.71E-04 2.
3 |Breast L-BREAST 1 1 0.E+00 00506 010 1
4 Lung L-LUNGS 1 1 0.E+00 .0198 0208 Z
5 Thyroid L-THYROID 1 i 0.E+00 6.48E-04 .00648 2
] Liver L-LIVER 1. 1 0.E+00 .003 00316 2
i ) = — = 0E+00 0208 0378 2
& Shielding and Exposure for Cohort One 0.E+00 0433 163 2.
Enter Comments [1GP1 - ﬁ
ACTIVITIES CSFACT -] PROTIN [-] BRRATE [m3/s] SKPFAC (-] GSHFAC [-)
EVACUATION 0.98 2.66E-04 0.98 05
NORMAL 0.75 0.46 2.66E-04 0.46 0.4
SHELTERING 0.7 0.33 2.66E-04 0.33 0.25
‘ Change Units Make Uncertair oK Cancel | ‘
Real [0.. 1.]: Nrows = 3 dimensionless
Cloudshine shielding factor. A value of 0 indi 1! hielding: a value of 1 indicates no shielding.
hange Unit | Make Uncertain | 0K Cancel |

= Screens can usually be expanded to view all
parameters at once




Choice of Units

= WIinMACCS input units can be
chosen for most dimensional
parameters, e.g., time can be
specified in seconds, minutes,
hours, days, or years

= MACCS output units can be
chosen for activity, distance,
area, and dose

7| Netora

Laboratories
B3+ Plume Release Information i\ _El__! =2
Enter Comments  [Source Tem Specific. - ﬁ
NUMREL [-) 24
PDELAY (s PLHITE (m) REFTIM (-] PLUDUR [s] A
El 1.2084E+05 8.4E+00 05 3.6002E+03
10 1.2444E+05 8.4E+00 05 3.600E+03
1 1.2804E+05 8.4E+00 05 3.480E+03
12 1.3152E+05 8.4E+00 05 3.B00E+03
13 1.3512E+05 8.4E+00 05 3.7198£+03
14 1.3884E+05 8.4E+00 05 3.480E+03
15 1.4232E+05 8.4E+00 05 3.600E+03
16 1.4592E+05 8.4E+00 05 3.720E+03
17 1.4964E+05 8.4E+00 05 3.600E+03
18 1.5324E+05 8.4E+00 05 3.4802E+03
19 1.5672E+05 8.4E+00 05 3.5993E+03
20 1.6032E+05 8.4E+00 05 3.6001E+03
21 1.6392E+05 8.4E+00 05 3.7197E+03
22 1.6764E+05 8.4E+00 05 3.4803E+03
23 1.7112E+05 8.4E+00 05 1.680E+03
2 S W § U 1 " X | 1 1} ﬁ 1.1991E+02

Convert Data

PDELAY

PLHITE

PLUDUR

Change Units Make Uncertain 0K Cancel

-

B3+ Output Units

Enter Camments |FGw changed the Distance and Area Units fram km to mi and k2 =

to mi2. Dose Unitz changed from S+ to rem -
Auctivity Units |I:i LI
Distance Unitz Imi ;‘
Area Urits |mi""2 ;l
Doge Units Irem ;]




Reporting Options e

= Reports can be e =

created, e.g., with R
jUSt the mOSt -Selected::;rts
essential results

Edit |

Close

‘

" SAMA Results.txt - Notepad

File Edit Format View Help

||Report based on Project C: \Users\nb1x'|er\W1rMAccs Projects\VEGP Base Case 08 18 14\VEGP Base Case 08 18 14.mxd -
WinMACCS Version 3.9.1 SVN:2188

Report based on MACCS vers1on 3.9.0

First binary file date/time stamp 09/04/2014 14:56

9/5/2014 10:30:44 AM

population Dose (rem) Evacuation Overall L-ICRP60ED [0.,15.](mi

i Pt_;obab111ty Non-zero Mean 5th Quantile '10th Quantﬂe 50th Quantile 90th Quantile 95th Quantile 99th Quantile 99.5th Quantile Peak Concentration peak Probability
pPeak Tria
Realization 1  1.E+00 1.207E+04 2.331E+03 3.613E+03 1.077E+04 2.028E+04 2.158E+04 2.493E+04 2.653E+04 3.317E+04 1.332e-04 2.15e+02

Total Economic Costs ($) Evacuation CHRONC [0.,30.](mi)

c qubabﬂny Non-zero Mean 5th Quantile 10th Quantile 50th Quantile 90th Quantile 95th Quantile 99th Quantile 99.5th Quantile Peak Concentration peak Probability
peak Tria

Realization 1 1.E+00 4.849e+07 2.099e+06 5.499e+06 3.344e+07 1.067E+08 1.203e+08 1.59e+08 1.793e+08 2.345e+08 7.583E-04 2.30E+02




Development of WinMACCS 3.10 W=

= Ability to calculate consequences from multiple reactor units and/or spent
fuel pools
= Multiple accident initiation times
= Multiple fission product inventories

= Extended release durations
= User-specified dose projection periods in emergency and intermediate
phases

= New output category to report number of people displaced during each
phase




Development Beyond 3.10 =,

= Dosimetry improvements — allow all organs and tissues in
dose coefficient file to be used
= Alternative economic model based on GDP losses
= Based on input-output economic model
= Uses modified REAcct code developed for DHS
= Alternative atmospheric transport model (HYSPLIT) to

evaluate special issues
= Gaussian puff model

= Lagrangian particle tracking model




Typical WinMACCS Calculation Framework

Plot File

Input

Output

User Input

== 3% WinMACCS F:\NBixler\WinMACCS Projocts\SOARCAWeachBattomRB\WeachBottom Sefsmic LNT
= MELCOR Release Path:4 Flow Path:425 [ Fie Edt Execite Window Help

Release Fraction

e
Be-1
de-1

2e-1

MELCOR Release Path 4

50,000

100,000
Time (sec)

Project

=\ GENERAL

= @ Prperies
°

THEEDEFEMEE

@ FRekase Descrplion.
¥ @ Foeaselrio

3 Project Properties

% Eaily Cansequences

¥ Late Conssquences.

I~ MACCS? Cydical File Set

ctsin | @ WindRos | @ EaiyEtocts | @ Food |
@ eaie| @ Pumrion| @ ste0 |

(X

X elasse Fraction for Each Plunys Segment
‘Enter Comments. ]EmhlhuM[LMAEES ‘S

SERIEES
313
soEE

18 1981715
AaTTE TS |1 3905

i SRAE 15 (5206

1100466 13 16 S455E 17 134575E 16 11 2824E 15

ior:
Oata: Table422 45|

| poorses [ e T |

® o
+ @ Invenoy Scak Factor 10 SOARCA MACCS2 Distrbutions b 3
g —— s
i 08 — o2
— 021 Ureeran
¥ @ WekeEfleciData ok 084 | —-plox 1
58 bewssiren z e =
eny 138
E 07
[ i &
& @ OuuiCi I El — = |
S\ By o é 8T 181891 1
& @ EoDeicroton o c — (911650
& @ Py Fom Pasnctes (75 g 05 101200
& @ ModelBasis z A SOARCA Value =
4 @ DoseMoosl 2L 04+ — X
© @ Enmomeyscorsn e E
€ AddlonslEneigency Scensios 3 03 sl
i @ EayFatsityParameters Real [0.1.1. Niows - MAXGAP (MAXGRP - 9).1 O &
% @ Eoylouy P PSP - 10) g &3
i+ @ Latent Cancer Parametess. Defines the traction of the released matenal alloc kAl
& €@ Oubut Coriol particle-size (deposition-velocity) groups. Each pl ¥
| the some llcation o matonal mon these giou
@ X, CHRONC ‘velacity [VDEPUS] is shown as the column headt
X CoMDA2 o6 A |

* ¥ t +
107 10° 10° 104 10° 102 10 100 10'
Dry Deposition Velocities (m/s)
(VDEPOS)

17




MACCS Preprocessors ) S,

= MelMACCS

= Extracts and processes source-term data from MELCOR plot files

= SecPop

= Evaluates census, land use, and economic data for a MACCS site file

= COMIDA2

= Evaluates dose coefficients for the food pathway




MelMACCS Status )

= MelMACCS 1.7.1 released in January 2011
= MelMACCS 1.8.0 is currently being developed

= User-definable fission product inventories

= Support for spent fuel pool source terms




SecPop Status

= SecPop 4.2.0 released in October 2013
= Uses 2010 census data
= Allows 16, 32, 48, or 64 compass sectors
= Uses a smart algorithm for defining economic regions
= Supports alternative economic model development
= Supports Windows 7 operating system

= SecPop 4.3.0 released in September 2014
= A bug related to the calculation of farm fraction was fixed

= The first three economic regions are automatically assigned as follows:
= Region 1 is the exclusion area — population and economic values are zero

= Region 2 —no land area
= Region 3 — no census blocks



Summary ) .

Recent MACCS, WinMACCS, and SecPop developments improve
modeling fidelity and add user efficiency

More flexible definition of cohorts

Explicit modeling of keyhole evacuation

Choice of units

Output of population movement for verification against ETE data
Updated population and economic data

Ongoing improvements address

Requirements for NRC’s Level-3 PRA project

= Alternative models for atmospheric transport and economic analysis




CRAC
DHS
PRA
REAcct
SECPOP
SOARCA

List of Acronyms

Calculation of Reactor Accident Consequences

Department of Homeland Security

Probabilistic Risk Assessment

Regional Economic Accounting tool

Sector Population, Land Fraction, and Economic Estimation Program

State-of-the-Art Reactor Consequence Analyses




