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Outline

® Motivation

® 3-D Modeling of new source ozone impacts
® Screening Tool

® Framework for evaluating ozone impacts

® Summary

773 San Mar in Drive, Suite 2115, Novato, CA 94998 P: 415-899-0700 F: 415-899-0707

WWWWWWWWWWWWWWWWWWWWWW



M‘ ENVIRON

nnnnnnn Motivation

® The Sydney Greater Metropolitan Region exceeds
applicable ozone standards

— 1-hr average of 100 ppb
— 4-hr average of 80 ppb

® Need methods to quantify ozone impacts of proposed new
sources

— Photochemical grid modeling is scientifically rigorous but
resource intensive

— Need a technically sound screening tool to efficiently evaluate
which new sources require photochemical grid modeling

® Need a framework to evaluate when ozone impacts are
significant
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Overview of Methodology

® Reviewed literature to identify defensible methods
Photochemical grid modeling

® Model several prototypical new sources using a photochemical grid model
(CAMXx) for Sydney

® Use a sensitivity method (HDDM) in CAMx to develop a parametric model of the
prototypical source impacts

O, impact = f(NO, emissions, VOC emissions, source location)

® |mplement the parametric model in a screening tool (spreadsheet) that can
extend results for prototypical sources to any new source

Screening Tool

® Develop criteria to evaluate impacts using a tiered approach
Level 1 — screening tool sufficient for sources with “small” impact
Level 2 — photochemical modeling required for sources with “large” impact
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Domain

— 3 km grid (70 by 90)
— 25 levels to 8,000m
Episodes

— Two summer periods
= Dec 2003 / Jan 2004
= Dec 2003 / Jan 2004

CAMx version 5.3

— CBO5 chemistry
Meteorology

— TAPM prognostic model

Emissions

— OEH anthropogenic
— MEGAN biogenic
Boundary conditions
— MOZART4
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CAMx Model Application for Sydney GMR
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Prototypical “new sources”
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Locations and magnitude
based on analysis of existing
sources

5 locations selected

— Newcastle

— Sydney East, Central, West
— Wollongong

Each 500 tonnes/annum
— VOC + NO, combined
— VOC/ NO, ratio of 1.24

Stack parameters that
produce minimal plume rise
for maximum impact
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** ! parametric model using HDDM sensitivity
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® The high-order decoupled direct method (HDDM)
computes O, sensitivity to selected emissions
within CAMX

— Computes first and second order derivatives

® Taylor series describes source impact (AO,)
AOj3 (ppb) = X-S'nox + Y-Slyoc + (X7-Snox /2) + (Y*S%voc /2) + (X-Y-S*noxvoc 12)

81 NOX = 803/8NO){

S'voc = 003/0VOC

SZNOX = 8203118NOX2
82VOC = 8203/8\/0(32
SZNOXVOC = 8203/8NO){8VOC
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Evaluating the HDDM parametric model

® Compare source impacts by the DDM parametric
model to brute force differences

— DDM parametric model impact

AO3 (ppb) = X-S'ox + Y-S'voc + (X7-S%nox /2) + (Y*-S%oc /2) + (XY S noxvoc 12)

— Brute force impact
O, with new source — base case O, without source
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Evaluation: Location of source impacts
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**Evaluation: Different source VOC/NO, ratios

® Scatter plot the brute force vs. HDDM result for 300 grid cells with the greatest

O, impact

— 5000 tonne/yr source in Central Sydney emitting VOC + NO,, VOC only and NO, only
® Very good agreement even when VOC/ NO ratio is changed

— Screening tool accurately describes non-linearity in O; formation

— Good accuracy for sources 25 x larger used to develop the method

— Used to set upper bound on range of applicability

Ozone Impact{ppb)by HDDM
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Criteria for Evaluating Ozone Impacts

® Factors to consider
— Magnitude of source impact
— Source located in O; attainment or nonattainment area
— In all cases, sources must satisfy other regulator requirements

® (Criteria established (not yet final)
—  Significant Impact Level (SIL)

Source impact below 0.5 ppb not measureable = level 1 analysis is
sufficient

—  Maximum Allowable Impact (MAI)
MAI = 1 ppb for nonattainment areas

For attainment areas, MAI = 25% of the difference between measured
maximum O; and the level of the standard
e.g. standard = 80 ppb; measured max O; = 60 ppb; MAI =5 ppb

Source impact below MAI = level 1 analysis is sufficient
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Flow chart to
guide source
proponents
through the
evaluation

|

Czare AsaEasment
Wl Py il

Czame Attalnment Ares

l 1o
| .

I

Gourae Emiasions oo
Eintagion Threahold

-

1o

4 1ES

Lewed 1 Scresning -
EmBsions within Levs 1
Ecraening Tool Rangsa

L]

-

Eimilizaion Thireahald

Source EmBskons abave

s Czona Asseamrent
Mo R

Emisaiens withim Lavel 1

L 1 Scresning -
Sercaning Tool R

MO

A

WD | EBMP Detsnmireton
considering RAT

et
o | BNF Determination,
conedering 84T
andior amission
oiffsets

-

MO | BMP Determinaticn;
eonidering AAT

kS
+ “ES y 1 VES
o Ptasirm s o s Ripxira e e s
obowe 3L |05 ppb) abave ZIL 0.5 ppl)]
EMF -
Cietermimation; 41ES 4 TES
considenng RAT
Mammuam insramend Maxirwim ircmmeni
abee rEgion-apeciio abowve ‘maximum
g ‘mamum alcwbia sllowabie incramern’
increEr=nt {1 piab]
EMF Decermimation, plua J
olfiar tonEdaraions
A5 AECQLIRED
I3
Lewel 2 Refined I
Aamnemunt |
i
Qeore Attainment Dizons Mor-attalinment
ATt A
A L8
. ) ) l
' % MO Flaximum Fcrement Maximurm Inaramend
=
— | abowve 8L (0.5 ppi| ) | abowg ZIL |0E ppig
Ciatermmation; vES | B
wonsideing AAT F_—l-—_ —
[ PRSI AR Ee T Mol T I EFRAsI L
-_\ abiove region-specific above ‘mazimum

'k iriiin allomable
incrament’

alcrsabde Berement’

|1 pbbi)
L1

considering AAT
mlbor emnBEaon
offaste

EMP Dezarmination, ‘

&

EMP Dalaiminagion, pluis J
ather consicerations

s ~

ENVIRON

Criteria for Evaluating Ozone Impacts

K or Mo ed
Soheduled Acthity

Level 1:
Use Screening
Tool

Level 2:
Use a model
like CAMXx
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Source data input

Source Region|Newcastle
VOC Input Option |Default VOC Reactivities
CH4 (tonnes/day) 0.000000
CO (tonnes/day) 0.000000
NOx (tonnes/day) 1.000000
VOC (tonnes/day) 1.000000

Calculate O3 Impacts >
]

Maximum Allowable Impact
(MAI) for source location

Location
Source Location Newcastle
Baseline Ozone (1-hr) 68.8 ppb
Baseline Ozone (4-hr) 62.4 ppb
Region Classification Attainmen

Maximum Allowable Increment (1-hr)

'I.I ;
4410

Maximum Allowable Increment (4-hr) :
Ozone Standard (1-hr) 100 ppb
Ozone Standard (4-hr) 80 ppb

‘ ENVIRON
Screening Tool: Spreadsheet Macro

Ozone impacts
compared to SIL

1-hr ozone increase for
300 screened grid cells
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Screening Tool: VOC Speciation
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Option to input source-specific VOC

-0.00005

Source Region|Newcastle User Specified Emissions: Input VOC list

VOC Input Option [User Specified Emissions Description Mwt |C|H|O CAS tonnes/day

CH4 (tonnes/day) 0.000000( |formaldehyde 30.03 | 1| 2| 1 |50-00-0

CO (tonnes/day) 1.000000| |formic acid 46.03 | 1| 2| 2 [64-186

NOXx (tonnes/day) 1.000000| |methyl alcohol 3204 | 1| 4| 1|67-56-1

acetylene 26.04 | 2| 2 74-86-2

glyoxal 58.04 | 2| 2 | 2 |107-22-2

Glyoxylic Acid 74.04 | 2| 2| 3 [298-12-4

Caeu it OB g oxalicacid 90.03 | 2| 2 | 4 |144-62-7

ethylene 28.05 | 2| 4 74-85-1

— 4405 | 2| 4 | 1 |75-07-0

CBOS reactivity factors (ppb 03/tonne per day) for Newcastle 44.05 | 2| 4| 1 |75-21-8

R 60.05 | 2| 4| 2 |64-19-7

2 1.hr pzone 60.05 | 2 | 4 | 2 {107-31-3

8 A-hr ozons 76.05 | 2| 4| 3|79-21-0

30015 d} 76.05 | 2 | 4| 3|79-14-1

30.07 | 2| 6 74-84-0

46.07 | 2| 6 | 1 |64-17-5

46.07 | 2| 6 [ 1 |115-10-6

i—.‘-‘*

0.o00r1
Q.00005
1] T
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& & &

Reactivity adjustment applied
using VOC reactivity factors

calculated for each source

location using HDDM
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Summary

® An efficient screening method developed
— Scientifically defensible and robust
— Defined range of applicability
— Suitable for “smaller” sources
— Use to focus resources on sources that require more detailed evaluation

® This method could be applied in other regions

— Parameters in the screening tool are location specific and would need to be
re-derived

— Develop parameters for new location using a photochemical grid model

® Evaluation framework developed

— In tune with local ozone standards and regulatory practices
= Not yet finalized

— Concepts could be adapted for new locations and jurisdictions
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