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2005 Observed Values: Ozone
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Source * at 4540N 9320 W

Meters AGL

July 11 & 12, 2005

NOAA HYSPLIT MODEL

Backward trajectories ending at 1100 UTC 11 Jul 05

EDAS Meteorological Data

T

Trajectory Direction: Backward ~ Duration: 72 hrs
Vertical Maotion Calculation Method: Maodel Vertical Velocity
Meteorology: 0000Z 01 Jul 2005 - EDAS40
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Job ID: 361701 Job Start: Thu Jul 15 14:25:27 UTC 2010
Source 1 lat:45.40184 lon.:-93.20306 height: 500 m AGL

Source * at 4479 N 9351W

Meters AGL

NOAAHYSPLIT MODEL
Backward trajectories ending at 1200 UTC 12 Jul 05
EDAS Meteorological Data
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Job ID: 201706 Job Start: Thu Jul 15 14:31:20 UTC 2010
Source 1 lat.: 44.79144 lon.:-83.51253 height: 500 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Mation Calculation Method: Medel Vertical Velocity
Meteorology: 0000Z 01 Jul 2005 - EDAS40




Source * at 4479N 9351W

Meters AGL

July 14 & 15, 2005

NOAAHYSPLIT MODEL
Backward trajectories ending at 1300 UTC 14 Jul 05
EDAS Meteorological Data
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Job ID: 301719 Job Start: Thu Jul 15 144148 UTC 2010
Source 1 lat:44.79144 lon.:-93.51253 height: 500 m AGL

Trajectory Direction: Backward

Vertical Mation Calculation Method:

Duration: 72 hrs
Medel Vertical Velocity

Meteorology: 0000Z 01 Jul 2005 - EDAS40

Source * at 4512N 9286 W

Meters AGL

NOAAHYSPLIT MODEL
Backward trajectories ending at 1500 UTC 15 Jul 05
EDAS Meteorological Data

100

12 06 00 1& 12 05 00 18 12 06 00 18

Trajectory Direction: Backward
Vertical Mation Calculation Method:
Meteorology: 0000Z 01 Jul 2005 - EDAS40

07/15 07/14 0712
Job ID: 361741 Job Start: Thu Jul 15 14:51:21 UTC 2010
Source 1 lat.:45.11728 lon.:-92.85532 height: 500 m AGL

Duration: 72 hrs
Medel Vertical Velocity




Wind Speed (mph)
Cloud Cover (percent)
® Wind Gust (mph)

—Temperature (deg F)

|
|

|

W

\l A
A
— '\

N\

LPY

I\

Minneapolis During July Ozone Episode
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Source * at 4540N 9320W

Meters AGL

August 1 & 2, 2005

NOAA HYSPLIT MODEL
Backward trajectories ending at 1700 UTC 01 Aug 05

EDAS Meteorological Data
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Job 1D: 351818
Source 1 lat.:45.40184 lon.:-93.20306

Job Start: Thu Jul 1515:56:03 UTC 2010
height: 500 m AGL

Trajectory Direction: Backward ~ Duration: 72 hrs
Vertical Mation Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2005 - EDAS40

Source * at 4621 N 9376 W

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 02 Aug 05
EDAS Meteorological Data

g e -120

110

18 12 06 00 18 12 06 00 18 12 06 OO
08/01 07/31 07/30

Job ID: 391822 Job Start: Thu Jul 15 16:0017 UTC 2010
Source 1 lat.:46.20530 lon.:-23.75945 height: 500 m AGL

Trajectory Direction: Backward ~ Duration: 72 hrs
Vertical Mation Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2005 - EDAS40




August Ozone Episode
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Modeling Description

A LADCO BaseM 2005 emissions & meteorology

A CAMX version 5.01, CB05 chemical mechanism,
3-d
I Chemical Process Analysis (CPA) for Ozanee area
as the 12km grid, format as regulawrgfile)

AVERTAVG post processor

I Integrated Processes Rate (IPR) analysis for Particula
Matter (for PA grid cells only, 1 fortran post processer
program, Microsoft Excel 2002 Macro)

I Integrated Reaction Rate (IRR) analysis for Ozone wa
disregarded because it is closely related to CPA, whicl
IS more user friendly



12km Model Domalin
Process Analysis (IPR) Grid Cells

Minnesota Ozone Monitors in 2005

T

L

|

]
U1
T T
11
308 o
|

1210 r"qf-j[ci;% {

PA Domainis 12 x 19 x 11 = 2508 grid cells
11 layers selected to capture the likely daytime boundary layer




CAMXx Control Parameters for
| Process Analysis

PiG_Submodel ='None', !None,GREASD,IRDN
Probing_Tool [ Yt ! (INbne,OSAT,PSAT,GOAFKAPGA,DDM,PA)RTRAC

I--- Qutput specifications--

Average_Output_3D = false., 3-D also applies
Output_3D_Grid(1) = false., !Set Average_Output_3D = falsel 5 CPA output
Output_3D_Grid(2) = .true., !if you set any of these to .true. files and is useful

&PA_Control

PA File Root ='$OUT/$tdate.$CGRID.$CRES.$NZ.$CCASE.Id.$\MODEL
Number_of PA Domainsl,

Within_ CAMx_Grid) = 2, ! Specify which CAMx grid that this PA domain is in
PA Beg | Ind¢kx) =22,
PA End | Ind€x) =33,
PA Beg J IndgX =25,
PA End J Ind€k) =44,
PA Beg K IndéX =1,
PA _End K Ind€k) =11,
&END

PA domain for
IPR specified here

\V
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Integrated Process Rate
Results



Aggregating IPR Results Over Grid Cells

A IPR domain has 2508 individual grid cells

A Transport/diffusion processes couple together grid cell:

I Transport/diffusion dominates any single grid cell
A E.g., vertical diffusion can dominate the shallow surface cells
I Chemistry of the Twin Cities plume is the result of many
grid cells combined
A Start the IPR analysis by aggregating results for all 25(
grid cells

I TheCAMxIPR posprocessor can do this

I Could refine the region to be aggregated to focus on parts
of the plume or boundary layer



Hourly Ozone Changduly 11-

Hourly O3 Change from Different Processes in Twin Cities.
Run =05 Jul_11-15 ipr_allcells
Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1to 11

‘ OTop Boundary ODeposition OChemistry BLateral Boundaries ‘
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Jul 11, 2005 Jul 12, 2005 Jul 13, 2005 Jul 14, 2005 Jul 15, 2005
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Hourly Ozone Changgduly 11- 15
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Hourly O3 Change from Different Processes in Twin Cities.
Run =05 Jul_11-15 ipr_allcells
Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1to 11

OTop Boundary ODeposition O Gas-Phase Chemistry @ Heterogeneous Chemistry
OWest Boundary B East Boundary 8 South Boundary ONorth Boundary
Jul 11, 2005 Jul 12, 2005 Jul 13, 2005 Jul 14, 2005 Jul 15, 2005
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Daytime Ozone Production

July 11¢ 15

Total Ozone Production During Daylight Hours

Observed Peak 8-hr Maximum O, Concentrations Os

Mogeled (ppb) 3 Obs O3 |[Produced
Date 3 Max - Min

Produced (opb)  |Modeled /

(ppb) Brainerd | Stanton |MilleLacs| Michael | St. Cloud |Shakopee|Wash. Co PP Obs
11-Jul 16 1.71
12-Jul 46 0.45
13-Jul 33 0.85
14-Jul 46 0.72
15-Jul 32 0.58
1-Aug 24 60 0.41
2-Aug 59 23 1.35

Model ozone production peaks on July 14 (33 ppb) and August 2 (31

ppDb)
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Hourly Nitrogen Oxide Change
July 11- 15

Hourly NO Change from Different Processes in Twin Cities.
Run =05 Jul_11-15 ipr_allcells
Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1to 11

‘ OTop Boundary ODeposition OEmissions BChemistry BLateral Boundaries

Jul 11, 2005 Jul 12, 2005 Jul 13, 2005 Jul 14, 2005 Jul 15, 2005
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Change in NO2 (ppb)
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Hourly Nitrogen Dioxide Change
July 11- 15

Hourly NO2 Change from Different Processes in Twin Cities.
Run =05 Jul_11-15 ipr_allcells
Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1to 11

‘ OTop Boundary ODeposition OEmissions BChemistry BLateral Boundaries ‘
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P =production;D = destructionc destruction missing on 2 nilghts




NO2 Chemistry

A Production
NO + O3, NO2

A Daytime destruction

NO2 + radicalg, nitric acid and nitrates
e.g., OH + NO& nitric acid

A Nighttime destruction
NO2 + O3 NO3
NO3 + NO2 N205; N20O5 + H2® nitric acid
NO3 + some VOQ@g nitrates

Nighttime destruction depends upon the presence of ozone



Hourly Nitric Acid Change
July 11¢ 15

Hourly HNO3 Change from Different Processes in Twin Cities.
Run =05 Jul_11-15 ipr_allcells
Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1to 11

OTop Boundary ODeposition O Gas-Phase Chemistry @ Heterogeneous Chemistry
OWest Boundary @ East Boundary 8 South Boundary ONorth Boundary
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Procedure for Summing
Daytime & Nightime Contributions

A Ozone Produced
iS5 80AYEOXt XKKaS /| KSYA ailNEE
i Nighti A YSH¥DR &I &S |/ KSYA A0 NB £

A NQ, Emitted
%cﬁlér P €
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Emissions by Source Category

July Episode

NO Emitted (ppb) NO., Emitted (ppb)
Time of Date : - erlr\1| ict)t)((ad
Day Area Point Area | Point |a|| srcs
Srcs Srcs |All Srcs| Srcs Srcs (Ppb)
11-Jul 3.37 1.06 4.43 0.32 0.12 0.44 4.87
GE) 12-Jul 3.31 1.05 4.36 0.32 0.12 0.44 4.80
2 13-Jul 3.34 1.05 4.40 0.32 0.12 0.44 4.84
8 14-Jul 3.34 1.05 4.39 0.32 0.12 0.44 4.83
15-Jul 3.36 1.06 4.42 0.32 0.12 0.44 4.86
o 11-Jul 1.17 0.59 1.75 0.10 0.07 0.17 1.92
£ 12-Jul 1.16 0.58 1.74 0.10 0.06 0.17 1.91
E 13-Jul 1.16 0.59 1.74 0.10 0.07 0.17 1.91
= 14-Jul 1.17 0.59 1.76 0.10 0.07 0.17 1.93
< 15-Jul 1.17 0.59 1.76 0.10 0.07 0.17 1.93
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Nitric Acid Production Efficiency from NO
Emissions in Twin Cities Metro Area Durini
Daylight Hours

HNO3

Time of Date Proél)jced errl?i?téd Prstl%ed Produced /
o PPb) | (pPD) | (PPb) | g

Emitted

11-Jul 27 4.87 1.69 0.35
& 12-Jul 21 4.80 2.18 0.45
g 13-Jul 28 4.84 1.42 0.29
8 14-Jul 33 4.83 1.96 0.41
15-Jul 18 4.86 1.75 0.36
o 11-Jul -3.3 1.92 1.47 0.76
_g 12-Jul -3.5 1.91 1.37 0.72
= 13-Jul -4.0 1.91 0.50 0.26
= 14-Jul -3.8 1.93 1.17 0.61
15-Jul -4.0 1.93 1.55 0.81

22



Ozone Production Efficiency from NO
Emissions in Twin Cities Metro Area
During Daylight Hours

O3 NOx Oz Prod /
Date Produced emitted NOx emitted
(ppb) (ppb)
11-Jul 27 4.87 6
12-Jul 21 4.80 4
13-Jul 28 4.84 6
14-Jul 33 4.83 7
15-Jul 18 4.86 4

23



Chemical Process Analysis
Results



CPA Variables {keven)

Ozone and Oxidant Production and Loss

A OxProg Production of Ox = O3NOyNO , ppb
A OxlLossDestruction of Ox, ppb

A PO3 nejNet ozone produced, ppb/hr

A PO3 VOCsphet ozone produced under VOC sensitive
conditions, ppb/hr

A PO3 NOxsndNet ozone produced under NOx sensitive
conditions, ppb/hr

A PH202 PHN®Ratio of HO, produced / HNQproduced,
ppb/hr

A O3 desf Ozone destruction by chemical reactions, ppb/hr

25



Maximum Ozone Concentration
July 14 at 4pm

Ozone Concentration, July 14 at 5pm CDT
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July 14 @ 2 pm

Production of Ox = O3 + NOy-NO

Destruction of Ox
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Net O3 Produced Under VOC Sensitive Conditions

The ratio of H202/HNO3 production is used to assign O3 production 1o
VOC oNOxlimited condition with a cut point of 0.35
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July 14

Net O3 Produced Under VOC Sensitive Conditions Net O3 Produced Under VOC Sensitive Conditions Net O3 Produced Under VOC Sensitive Conditions
2 2 2
24 I 24 I 24 I
2 2 2
22.4 22.4 22.4
21 ] 21 21
201 201 20
19, 19, B 10}
- - . 2 * ' -
17 17 17
A T heeM
S 15 S 154 2154
i i IIlh‘l'All i
S P
12 12 > Nu TN 12
) n ~ ﬁ'd“l n
B’ A=
10} 10} ‘ ' A= 10}
o o AmdtnY ]
84 84 84
7] 7] 7]
6. 6. 6.
s s s
. . .
s s s
> > >
h h h
0./ 0.2 o-
1 9 17 25 33 41 49 57 65 1 9 17 25 33 41 49 57 65 1 9 17 25 33 41 49 57 65
July 14, 2005 10:00:00 UTC July 14, 2005 12:00:00 UTC July 14, 2005 16:00:00 UTC
win A L0 M R 3 2 5 P S v win A" L0 M 55 7 = 16
Net O3 Produced Under NOx Sensitive Conditions Net O3 Produced Under NOx Sensitive Conditions Net O3 Produced Under NOx Sensitive Conditions
25 25 67 25
22 22 53 22
o1
22 2] S 2]
21§ 214 57 214
20.- 20.4 55 20. 4
s
19, 19 3 1]
18 18 s 18
17. 1 17 :Z 17
g1 g s g
S 154 S15. 4 41 S1s
Sl S 3 S
B g 37 g
SRER RER s RE
12 12 5 12
114 11 4 31 11
29
10 10,4 27 10,4
ol s 2 5
2l s | 23 5 1
2
7] 7] o 7]
6. 6. 17 6.
5. 5. 15 5.
13
4 4 H 4
3 3 B 3
2. 2. 7 2.
5
1 1 H 1
o- o- 1 o-

Min L, 1 - 0, Max GO, 31) = 12.
nlifGLD-=0mBpMan G, B8 0 AT B8
Ilim (54, 42— —SBBOODE), N1 (22, 13)— 000WI0

4 pm

10 am

The area where ozone formation is \Mi@ited shrinks through the day
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Maximum Ozone Concentration
August 2 at Spm

Ozone Concentration, August 2 at 3 pm CDT
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August 2 @ 12 pr

Production of Ox = O3 + NOy-NO
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August 2

Net O3 Produced Under VOC Sensitive Conditions
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Min 1, 1) = 0, Max 9, 34) = 14.




