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INTRODUCTION

Motivation: Resolve the technical issues with the adequacy of MACCS in
the nearfield (i.e., at distances less than 500 m) that are identified in a non-
Light Water Reactor (LWR) vision and strategy report that discusses
computer code readiness for non-LWR applications developed by the Nuclear
Regulatory Commission (NRC)

The purpose of this presentation is threefold:
= Summarize the technical issues associated with the use of MACCS in the
nearfield and approach used to resolve them

= Alert users that improved nearfield modeling capabilities have been added to
MACCS

= Familiarize users with the improved nearfield capabilities available in MACCS



BACKGROUND

MACCS 4.0 uses the general gaussian plume equation with reflective
boundaries and includes models for plume meander and building wake

effects based on building dimensions
c - #Gi;exp[ j _Z { [ (Znh;ZH—z)Z]_I_exp [%(Znh;ZH—Z)Z]}

Previous (4.0 and earlier) versions of MACCS include only a simple model for
building wake effects. The MACCS User’'s Guide suggests that this simple
building wake model should not be used at distances closer than 500 m.
This statement raised the question of whether MACCS can reliably be used
to assess nearfield doses, i.e., at distances less than 500 m




GENERAL ARRANGEMENT OF FLOW ZONES
NEAR A SHARP-EDGED BUILDING

7 e \y\

Meteorology and Atomic Energy, 1968




APPROACH

Identify candidate codes considered adequate for use in nearfield modeling

Benchmark MACCS 4.0 nearfield results against results from candidate
codes

Identify model input recommendations or code updates for improved
nearfield modeling

Implement the code updates in MACCS

Verify that the MACCS code updates adequately reflect the results from the
candidate codes

Exercise new capabilities in MACCS



NEARFIELD CODE LIST

Four candidate codes were selected from the three main methods of
atmospheric transport and dispersion (ATD) in the nearfield and evaluated
= CFD models - OpenFOAM

= Simplified wind-field models - QUIC
= Modified Gaussian models - AERMOD and ARCON96

Based on these rankings, QUIC, AERMOD, and ARCON96 were selected for
comparison with MACCS 4.0



TEST CASES ﬁ“(A‘CCS

Two weather conditions
= 4 m/s, neutrally-stable (D stability class) - typical condition

= 2 m/s, stable (F stability class) - reduced dispersion condition

Three building configurations (HxWxL)
= 20m x 100m x 20m (5:1 W:H) - extreme width to height ratio

= 20m x 40m x 20m (2:1 W:H) - typical building size
= No building (point source) - evaluate differences for elevated releases with no building

Two power levels (heat content)
= 0 MW - without buoyancy

= 5 MW - with buoyancy

& /5, D sty 0 MW
b /5, D sablty, 5 M




COMPARISON RESULTS

At 50 m, order from highest to

IOWESt dilution |S ARCON96, Case 05 - 20x40x20 building, 4 m/s, neutrally-stable, no buoyancy
AERMOD, QUIC, MACCS e ~—séwon
1.E-01 —+—QUIC (increased dispersion)
Order changes with distance o - waccs
= ARCONO9G6 shifts from highest to lowest 5 i«
= AERMOD shifts from 29 highest to 2"d g
lowest g e
= Relative order between QUIC and o
MACCS is consistent
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UPDATED COMPARISON RESULTS

MACCS input modified to reflect a

ground-|eve| (1), non-buoya nt (2) Case 05 - 20x40x20 building, 4 m/s, neutrally-stable, no buoyancy

release (grey) bounds AERMOD and o ~ERoD

QUIC up to 1 km and ARCON96 from o QUG increased diperson

200 m up to 1 km ) ' —e—MACCS (ground, no area source)
£

MACCS input modified to reflect a g

ground-level (1), non-buoyant (2), -

point-source (3) release (light blue) g

bounds all three up to 1 km
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MACCS ENHANCEMENTS

Add two new capabilities in MACCS to facilitate simulating or bounding
nearfield calculations performed with other codes:

= Implemented Ramsdell and Fosmire wake and meander algorithms used
in ARCON96

= Updated existing meander model to fully implement wake and meander

model equations from US NRC Regulatory Guide 1.145 as implemented
in PAVAN

Maintain existing MACCS capabilities to bound results with AERMOD and
QUIC
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NEW MACCS ALGORITHMS R\I}(A‘CCS

Ramsdell and Fosmire meander model used in ARCON96

US NRC Regulatory Guide 1.145 meander model as implemented in PAVAN

- Plume Meander Ramsdell and Fosmire Reg. Guide 1.145
& US NRC Regulatory Guide 1.145 (MNDMOD=NEW) z-,y = (@ + Ad}, + Ad)"” XQ= 5 1+A o
¢ Ramsdell and Fosmire (MNDMOD=RAF) 2 ! ’ 100y 0, + A/2)
¢ Original MACCS (MNDMOD=0LD) Z, = (0; + Aq; + Agy)'”?
. Q= __....._.1__
" None (MNDMOD = OFF) xf U, (370,0,) P))
x/Q = ‘

Ulowzyoz 3)
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VERIFICATION-RAMSDELL AND FOSMIRE MEANDER MODEL

20 m x 40 m x 20 m building, stable 20 m x 100 m x 20 m building, neutrally-stable

all..
MACCS

Accident Consequence Model
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Generate results comparable to those from ARCON96 with MACCS

when using the Ramsdell and Fosmire meander model



VERIFICATION-US NRC REG GUIDE 1.145 MEANDER MODEL
AS IMPLEMENTED IN PAVAN

20 m x 40 m x 20 m building, stable 20 m x 100 m x 20 m building, neutrally-stable
1E-01 = 1.€-01
* Analytical X Analytical
——MACCS —MACCS
PAVAN PAVAN
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e
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Generate results comparable to those from PAVAN with MACCS
when using the full US NRC Regulatory Guide 1.145 meander model
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VERIFICATION-US NRC REG GUIDE 1.145 MEANDER MODEL

AS IMPLEMENTED IN MACCS 4.0

20 m x 40 m x 20 m building, stable 20 m x 100 m x 20 m building, neutrally-stable
1.E-01 - 1.E-01
¥ Analytical 0 X Analytical
—MACCS —MACCS
AERMOD AERMOD
. 1.E-02 = 1.E-02
s 5
g ¢
T 1E03 T 1E-03
3 3
§ 3
1.-04 © 1E04
-—___x_____x
1.E-05 1.E-05
0 200 400 600 800 1000 0 200 400 600 800 1000
Downwind Distance (m) Downwind Distance (m)

Maintain capability to bound AERMOD and QUIC results using
recommended MACCS parameter choices

14



MODEL COMPARISONS

When using the full US NRC Regulatory Guide 1.145 meander model, the
X/Q values for the test cases are higher than for the other two models

The X/Q values for the test cases with MACCS Ramsdell and Fosmire plume
meander model are lower than the other two models except at distances of
less than 200-300 m

Ground-Level X/Q.(s/m3)
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MODEL COMPARISONS CONT.

all..
MACCS

Accident Consequence Model

The three models converge with differences on the order of 5-10% at a
distance of 35 km
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SUMMARY ASSESSMENT OF MACCS

ARCON96, AERMOD, and QUIC selected for comparison with MACCS 4.0
based on initial evaluation

Based on the comparison, MACCS 4.0 can be used in a conservative
manner at distances significantly shorter than 500 m downwind from a
containment or reactor building

However, the MACCS user needs to select the MACCS input parameters
appropriately to generate results that are adequately conservative for a
specific application

Additional information available from final technical report (Clayton D.J and N.E. Bixler, “Assessment of the MACCS Code Applicability for Nearfield

Consequence Analysis” SAND2020-2609, Sandia National Laboratories, Albuguerque, NM, February 2020, ADAMS Accession Number ML20059M032)
17



SUMMARY OF NEW MACCS CAPABILITIES R\[‘#A‘CCS

Additional nearfield meander models are now included with MACCS

= Generate results comparable to those from ARCON96 with MACCS when using the
Ramsdell and Fosmire meander model

= Generate results comparable to those from PAVAN with MACCS when using the full US
NRC Regulatory Guide 1.145 meander model

= Maintain capability to bound AERMOD and QUIC results using recommended MACCS
parameter choices

Comparing the plume meander model results shows

= When using the full US NRC Regulatory Guide 1.145 meander model, the X/Q values for
the test cases are higher than for the other two models

= The X/Q values for the test cases with MACCS Ramsdell and Fosmire plume meander
model are lower than the other two models except at distances of less than 200-300 m

= Beyond 1 km, the three models converge with differences on the order of 5-10% at a
distance of 35 km.

Additional information available from final technical report (Clayton D.J, “Implementation of Additional Models into the MACCS
Code for Nearfield Consequence Analysis” SAND2021-6924, Sandia National Laboratories, Albuquerque, NM, June 2021)
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PROPERTIES FORM CHANGES FOR PLUME MEANDER ﬁ}(A‘CCS

In WinMACCS, on the Transport tab of the ==
Project Properties Form, updated the 0o L na] @vetn] G| @smius] Goee] |
“Plume Meander” model list to containing:

= US NRC Regulatory Guide 1.145 [MNDMOD=NEW] “D‘ZP:L'Z‘WFMW(NUM_DIST.O)

= Ramsdell and Fosmire [MNDMOD=RAF] @ Lookup Tebles

= Original MACCS Meander [MNDMOD=0LD)] A S

= None [MNDMOD=0FF]

~ Plume Meander

& US NRC Regulatory Guide 1.145 (MNDMOD=NEW)
' Ramsdell and Fosmire (MNDMOD=RAF)

" Onginal MACCS (MNDMOD=0LD)

" None (MNDMOD = OFF)

Show Required Forms | 1

oK Concel |
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REG. GUIDE 1.145 PLUME MEANDER MODEL

US NRC Reg Guide 1.145 Meander

[WINSP1, WINSP2, MNDIST, MNDFAC]
= Always required

= Function of wind speed, stability class
= Based on 1-hr release duration

US NRC Reg Guide 1.145 Point Source
Meander [PSMEQ1C, PSMEQ2C]

= Only needed if point source option selected
[SRCMOD=PNT]

= Function of building dimensions

0.3-A

fom = L e T T =y

fymz =3 _ 1 [( B In[u}—!t:[ui}). _ ]

fyma = m; - f(u) feo mi F ' In(usz) — Infuy) in(m;) Uy = U U
flu)= 1-"’“:' [ T

File Edit PreProcessing Execute PostProcessing Window Help

ol

Project

5% US NRC Regulatory Guide 1.145 Meander

B %, GEMNERAL
E-% ATMOS
@ Atmos Descri iption

US NRC Reg. Guide 1.145 Meander
o @ WINSF
. @ WINSP2
L. @ MNDIST
. @ MNDFAC
E|_. US NRC Regulatory Guide 1.145 Paint Source Meander
L. @ PSMERIC
.. @ PSMEG2C
.. Fiamzdell and Fosmire b eander

Enter Comments

PSMERIC (1/m2) "j [

PSMEQZC [0

Real [0.. 10.] 1/square meter

Point Source Model Equation 1 Coefficient

Change Lnits Make Uncertain Ok Cancel

Enter Comments a N
v

WINSP (m/s) [z

WINSP2 [m/s] [

MNDIST [m) |ggg_

Real [0., 20.] meters/second

Wind speed where the der factor ch

acl ges from a value to a
linearly decreasing function of the wind speed. Meander factor decieases
linearly from the value specified by MNDFACIn] to one at WINSP2. The index n
represents the atmosgpheric stability class.

Change Units | I ke Uncertain | oK | Cancel |

MACCS

Accident Consequence Model
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RAMSDELL & FOSMIRE PLUME MEANDER MODEL

Ramsdell & Fosmire model

[RAFDIST, TIMSCLY1, TIMSCLZ1, TIMSCLYZ2, TIMSCLZZ2, BKGTRBY,
BKGTRBW, TRBINCV1, TRBINCW1, TRBINCV2, TRBINCW?2]

= Function of wind speed and building
dimensions

f (1 | Aoy (e + aaﬂ[xjﬂ)“’ 2 —_ (1 o) +.ﬁ.:}'ﬂ[x]2)”2
YMRF — Im

oy (x)? a.(x)*

x
Agyy (x)* = 2rpfty, "Ty,, [1 - (1 +Tﬁ,1 -u) (T.!‘.vl ‘-')]
x
Ay (x)* = 2rpCrp ﬂuﬂﬁ[l—(1+—)' ( )]
2 virr BTy ary - VA =P ary - VA

2 _ z -1 P x
8021 (5)* = 2rwtes*Tas® |1 = (L4 o) e ()|

Ao (%) = 25,0 @y 2112;1[1 (1+ﬂm 1,41) (ﬂm )]

File Edit PreProcessing Execute PostProcessing Window Help

all..
MACCS

Accident Consequence Model

Project £ Ramsdell and Fosmire Meander
- %, GENERAL

H Enter Comments

B % ATMOS

- @ Atmos Description

. Property Form Parameters
G- @ Spatial Giid

’ R adionuclides

@ Deposition

i . Dispersion

. ﬂ Multi Source

-6 HYSPUIT Transport
L:_|. Plume 5 pecifications

B . Original Meander

B . US MRC Feg. Guide 1.145 Meander
-- . US MRC Regulatory Guide 1.145 Point Source Meander
Ej @ FRamsdell and Fosmire Meander
RAFDIST
TIMSCLY
TIMSCLZ
TIMSCLYv2
TIMSCLZ2
BKGTREY
BKGTREW
TREIMCY
TREIMCw1
TREINCYZ
TREINCwWZ

B . Flume Rise Scale Factor
- 0 Release Description

- @ ‘weather

[]‘ Output Control

[ %, EARLY

[ %, CHRONC

\ DOSE COEFFICIEMTS

-, COMIDAZ

RAFDIST [m] [1000
TIMSCLY (5] [1000
TIMSCLZ (3] [100.
TIMSCLY2 [0
TIMSCLZ2 [10.
BKGTRBY (=3
BKGTREW [0.584
TRBINCY1 [m/s) Joszs
TRBINCWT (mfs) [n.23
TRBINCY2 [s/m) [0z
TRBINCW2 [s/m) Joo1

Real [1.. 2000000.] meters

Distance to stop using Ramsdell and Fosmire meander model

Change Units

Make Uncertain ok Cancel |
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all..
MACCS

Accident Consequence Model

ORIGINAL MACCS PLUME MEANDER MODEL

Original meander model
[TIMBAS, BRKPNT, XPFAC1, XPFAC2]

= Function of release duration

LFiIe Edit PreProcessing Execute PostProcessing Window Help

|
Project B Plurne Meander Parameters @
%, GEMERAL
: Enter Comments a
B %, ATMOS v

- @ Atmos Description

. Property Form Parameters TIMBAS (5] |Egg
@ Spatial Giid i

’ Radionuclides BREPNT [s) |3600.
- @ Deposition
. Dispersion HPFACT ) |.2
_ bulti Source
fm =1 Alpejagse = Al g HYSPLIT Transport el |25
[—j @ Plume Specifications

Atg << Atrglease = ALy

ALy < Abpglogse = 10 hours

E-- @ Original Meander
.. @ TIMBAS

BREPNT
*PFACT

.. @ WPFACZ
Eﬂ.-... U5 NRC Reg. Guide 1.145 Meander
Eﬂ.---. U5 NRC Regulatony Guide 1.145 Point Source Meander
Eﬂ.-... Ramzdell and Fosmire Meander
G- @ Plume Rise Scale Factor
Eﬂ----’ Release Description
F-- @ ‘wWeather

Ej....’ Output Control
Bl %, EARLY

% CHROME

FReal [60.. 86400.] seconds

factor.

The time aszociated with the parameterization of the plume meander adjustment

Change Units Make Uncertain QK.
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BUILDING DESCRIPTION

Building Height Data

[BUILDH]
= Always needed

= Building height can be 0
Additional Building Data

[BUILDW, BUILDL, BUILDA]
= Only needed when using
models that require full
building information

o)

File Edit PreProcessing Execute PostProcessing Window Help

all..
MACCS

Accident Consequence Model

Project

[, GEMERAL

B %, ATMOS

@ Atmos Description

Property Form Parameters
Spatial Grid

’ Radioruclides

. Deposition

Dispersion

z Multi Source

- HYSPUT Transport

@ Plume Specifications

[i] ’ Release Desciiption

@ Flume of Maximum Risk
Plume Parameters
Trapped/Downwashed Plume Release Height
Particle Size Distibution

Inventory Scale Factor
Daughter Ingrowth Flag
Releaze Fractions
O Release Fraction Scale Factors
. Heat
. Density and Flow
@ Euiding Height Data

.. @ BUILDH
=! . Additional Building Data

.. @ BUILDW

& ELILDL

.. @ BUILDA
@ Initisl fres Source
. Initial &rea Source Coefficients
Wweather
’ Output Control
EARLY
7y, CHRONC
\ DOSE COEFFICIENTS

A Y

COMIDAZ

B
H

' 05
-

B+ Building Height Data

Enter Commets

BUILDH [m]

473

2 473

Height of building in meters

Real [D., 1000.]; Mrows = NHUMREL [HUMREL = 6] meters

‘ Change Units Make Uncertain ak Cancel | ‘
£3> Additional Building Data =]
Enter Comments a |7
v
BUILDW [rn] BUILDL ] BUILDA |
1 43 A0 0.
2 43 A0 0.
Y — ©
Real [1.. 1000.]: Mrows = NUMREL (NUMREL = 6) meters
Length of building in meters
‘ Change Units Make Uncertain ok Cancel | ‘

23



ol

PROPERTIES FORM CHANGES FOR PLUME SOURCE MACCS

In WinMACCS, on the Plume/Source
tab of the Project Properties Form,
added a “Plume Source” model list
containing:

= Point source [SRCMOD=PNT]

= Area SOUrce [SRCMOD=AREA]

= Automatic area source calculation
[SRCMOD=AUTO]

Accident Consequence Model

@ Evac/Rotation | @ Wind Rose | @ Animation/Health Effects | @ Food | @ Ec

.Soopel .Ttampottl @ weather {:MQ*F:&@_}I ’SiteDataI .Dosel

~Plume Source
& Point Source
" Area Source
 Automatic Area Source Calculation

~Plume Rise
& Power Model

" Density and Flow Model

I~ Original MACCS 1.12 Briggs Model

~Plume Trapping/Downwash
@ Briggs (building parameters)
" Briggs (buoyancy flux)

™ Automatic Trapped Plume Release Height Calculation

Show Required Forms l i

oK Cancel |
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PLUME SOURCE MODEL

Point Source [sRcMoDp=PNT]
= Assumes a value of 0.1 m for o, and o,

Area Source [sRcMOD=AREA]

= Uses specified value of initial source
[SIGYINIT, SIGZINIT]

Automatic Source [srRcmMop=AUTO]

= Calculates initial source based on building

dimensions and wind direction [sIGYCOEF,
SIGZCOEF]

O'y = CyWB

o, = C,Hp

File Edit PreProcessing Execute PostProcessing Window Help

all..
MACCS

Accident Consequence Model

Project £33 Initial Area Source
Bl %, GENERAL
H Enter Comments
El-%, ATMOS

- @ Atmos Description

- @ Property Form Parameters
. Spatial Grid

’ R adioruclides

- . Deposition
@ Dispersion

ﬂ bulti Source

@ HYSPUIT Transport

- @ Plume Specifications

‘ Release Description

- @ Plume of Masimurn Risk
F-@ Plume Parameters
H . Trapped/D ownwashed Plume Release Height
f- @ Particle Size Distibution
- @ Inventory Seale Factar
- @ Daughter Ingiowth Flag
- @ Release Fractions
[ o Relzase Fraction Scale Factors
[]---. Heat
- @ Density and Flow
M- @ Building Height Data
M . Additional Building Data
=@ Initial drea Source
& SIGYINT
L. @ SIGZINIT
|'_—‘|. Iriitial Area Source Coefficients
i.. @ SIGYCOEF
.. @ SIGZCOEF
- @ weather
[3..’ Cutput Control
E]""\ E&RLY
F- %, CHRONC
\ DOSE COEFFICIENTS
B-%, COMIDAZ

PDELAY [5) SIGYINIT [m] SIGZIMIT [m]
34360, 0. 22
34368 0. 22

Real [0.1. 1000.]: Hrows = NUMREL [NUMREL = 6] meters

Defines the initial value of sigma-y for each of the plumes released.

Change Units

Make Lncertain Ok Cancel |

B
5% Initial Area Source Coefficients

Enter Comments

SIGYCOEF

SIGZCOEF

|1

32

|04

E5

Real [0.001

.10]

Coefficient for calculating initial sigma y from building width

Change Units

Make Uncertain oK Cancel
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PROPERTIES FORM CHANGES FOR PLUME TRAPPING/DOWNWASH

In WinMACCS, on the Plume/Source tab of
the Project Properties Form, added a
“Trapping/Downwash” model list containing:
= Briggs (building parameters) [TDWMOD=BRGBLD]
= Briggs (buoyancy flux) [TDWMOD=BRGFLX]

= Check box for automatic calculation
[TDWAUTO=TRUE,FALSE]

Briggs (building parameters) rowmobp=BRrGBLD]

= Plume segment is calculated as trapped
(influenced by wake region) based on building
parameters

Hotyme < Hy + 13 *x

Briggs (buoyancy flux) mowmop=Brarix]

= Plume segment is calculated as trapped based on
wind speled and buoyancy flux

_[9.ﬂ9‘FE
U= Th, ]

@ Evac/Rotation | @ WindRose | @ Animation/Health Effects | @ Food | @ Ec

@ scope| @ Transpot| @ Weather | @ Plume |

all..
MACCS

Accident Consequence Model

.SiteDataI .Dosel

~Plume Source
& Point Source
" Area Source
" Automatic Area Source Calculation

~Plume Rise
& Power Model
" Density and Flow Model
[~ Original MACCS 1.12 Briggs Model

~Plume Trapping/Downwash
' Briggs (building parameters)
" Briggs (buoyancy flux)

™ Automatic Trapped Plume Release Height Calculation

Show Required Forms | i

ok | cancel |
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TRAPPING/DOWNWASH MODEL I?\I‘l(A‘CCS

Accident Consequence Model

File Edit PreProcessing Execute PostProcessing Window Help

Trapped/Downwashed Plume Release | o= =

. EI\ ATHMOS Enter Commerts : &
Height (pHTraP) & e
= Post wake region plume centerline height ¢

Dispersion PHTRAF (m)
= [f automatic calculation is off, use value
specified on form [TDWAUTO=FALSE]

= [f automatic calculation is on, use the
following [TowAUTO=FALSE]

SPLIT Transport

1

o

o] o1 4= [ ra =
FIEEEE

1aEH0 00900

ease Fraction Scale Factors Real [0.. 1000.]: Mrows = NUMREL (NUMREL = 6) meters

4
ensity and Flow Specifies trapped plume release height to use.

£
=
=

=]
T
[y

=
=
o
@
o

Hrrap = 2 * Hppyme — (Hy + 1.5+ x) Hy < Hpjume < Hp + 15 %X,

4l Area Source

190800800000 ©00;

O EHHBHEREEE
g e gy gy

2 £
£ =

Hrrap = Hpiyme — 10 *# X Hpjume < Hp 5

H
0 § CHRONC Change Units b ake Uncertain QK Cancel
%, oo

[l

If Hrrgp < 0.5 = x, then Hergp = 0

L o

»— __-z"'_"'" . ———— -
Bockground . — N

flow

Wake




QUESTIONS?
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BACKUP
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QUIC RESULTS MACCS

Horizontal and vertical slices for a 4 m/s, neutrally-stable weather condition
with a non-buoyant, elevated release from a 20 m x 100 m x 20 m building
(Ca Se 01 ) 300 Concentration atZ = 1 (m) ,Time = 2019/01/01 00:20:00 : 1

o

=

g
Concentration (g/ma)

Concentration at Y = 150 (m) ,Time = 2019/01/01 00:20:00 0.1

oncentration (glms)

1e-06 ©
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