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Executive Summary

Staff from the Maine Department of Environmental Protection (MEDEP) carried out regionahbftizes andspeciation
analysedor 20002015and trajectory modeling analyses for tdeY 2 & (A Vidilitgk d¥s F£2002, 2011 and 2015

for Class | areas in the Milantic Northeast Visibilitnion (MANEVU) and nearblass | areas in Virginia and West
Virginia For MANEVU shtes 2002is the base year for the first round of regional haze State Implementation Plans (SIPs)
2011 is the base year for the current round of regional haze SIPs and 2015 is the latéstgragency Monitoring of
Protected Visual EnvironmentdPRQYE) data was available for this report.

Regional Haze metrics trends were completed for bothpiteviously approved calculationethodf 2 2 1 Ay 3 G @ H
visibility daysand E !  LINR L2 aSR O f Odzf I (120%Y2 & B (i K¥ R XyEBR Nry@d fdr HoihXi K 7
methods show that all Class | areas are well belov2®8Uniform Rate of Progress (UR&)el for the first SIP planning
period and all but the Brigantine Wilderness Class | area are currently below th&)R#RS/el for the second SIP planning
period.

A speciation analysis dived light extinction impacts intdhe followingprinciple components of regional hazsulfates
nitrates, coarse mass, organic carbon mass, light absorbing gasbibnseasalt andRayleighscattering For all Class |
areas analyzed in this repothere is a significant decrease in sulfates from 2002 to 20it1 a further decrease from
2011 to 2015 Ths decrease resudd in a different mix of componentsnd a different mix of dys with more days in the
winter for the 20% worst visibility dayer some of the sites Sulfates remain the dominant component of regional haze
at all Class &reas;however the percentage contribution from sulfates the current Syear period (201415) has
decreasedl7-28% from the2000-04 base year period With more winter days the percent contribution framtrates has
increasedat least 5% from the base year periatthe Lye BroolVildernessBrigantine WildernessShenandoah National
Park andlames River FaWildernessClass | site The ratural componenof regional hazéRayleigh scatteringercent
contributions have also increased with Northern Class | areas incre@sifgpandsouthern Class | areas increastgo
from the base year péod.

TheHYbrid Singlarticle Lagrangian Integrated TrajectdH¥ SPLIT) model was used to plohd2r back trajectories

four timesper dayfrom a starting height of 500 meters above ground leésults of the trajectory analyses can be used

to identify transport patterns and can be usa@dconjunction with other MAN&U contribution analysis tools (CALPUFF
modeing and Q/d analyses) to determine states to be included in the consultation prodgssults are in general
agreement with CALPUFF mtidg (MANEVU 2016Yesultsfor states that may contribute to regional haze at MAXE

Class | areadThere are strong transport patterns from Canadian source regions for Class | areas in Maine, New Hampsh
and Vermont. Results also show that transpguatterns have changed very little since the base year period as sulfates
continue to dominate impacts at Class | areas.
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1.0 Overview

For comparison pyposes and to be consistent with the CALPUFF modeling analysis conducted by staff from New
Hampshire Department dnvironmentaServices (NHDES) and Vermont Department of Environmental Conservation
(VTDE) (Mid-Atlantic Northeast Visibility Union April 2012P00-04 and 201415 regional haze daily speciation data
and trajectories for theéx H mipst impaired daysin 2002, 2011 and 201&ere analyzed in this repofbr the following
Class | aregsee Figure 1that have historical IMPROVE monitoring sites ilN#&Uand nearby Class | areas in
Virginia and West Virgirnia

MANEVU CLASS | AREAS Figurel: Class | Areas with IMPROVE Monitors

Acadia National Park, Maine and near MANEVU States
Moosehorn Wilderness Area, Maif@so representative
of Roosevelt Campobello International Park;MB) L™ A
Great Gulf Wilderness Area, Névampshirgalso [ \

representative of Presidential/Dry River Wilderness Are: é
Lye Brook Wilderness Area, Vermont
Brigantine Wilderness Area, New Jersey __Acadia Nat! Parggf

N

Moosehorn Wilderness Area .

NEARBY CLASS | AREAS
Dolly Sods Wilderness Area, West Virg{aiao
representative of Otter Creek Wildersg Area)
Shenandoah National Park, Virginia e
James River Face Wilderness Area, Virginia e \7\

1 &;
&

I§PA has not finalized the’Regional Ha}ze Ggidance metrjogl ,to t Nwe,nessA,gg -+ Sholr e ranc
OKIy3ISa Ay @awyRENI MUYELI ANE BLEK ‘ / ?/ gund
in this section wi]l show trends of t[mvopogedd YSo Yv$oU,F \.\»/ * James River e Wilderness Area | 4 gy 1aus
calculateY2 at A YL} ANBR Rl &a tyR 0 |/ N
calculate20% worst days. Both methods are the same for the  [bep o 5 Y s
20% best day trendsRegional haze dataom the following
database for 20062015 were downloaded from thEederal Land Manager Environmental Database (FED)
(http://views.cira.colostate.edu/fed)) for all Class | areas listed in Section 1.0

T IMPROVREROSOL, RHR Il (NEyuation) current method metrics

1 IMPROVE AEROSOL, RHRédWw Equation) latest updatedoroposed new method metrics

1 IMPROVE Natural Conditions II, BaselineD@0 current method metrics for natural conditions for the glide

2.0Regional Haze Metricsrends

Brigantine Wilderness Area

Dolly Sods

4k ]

penSY eetiep contbulors, and heGIS

path
Derivednatural conditions for the proposed new method metrics usedreate the glide path are from Appendix E of
9t ! Qa GSOKyA Ol {USERALILDOEGR RJ2 D2y S GRNI TG WS BERAZY1BNew | | T S

method metrics for the Lye Brook Class | areas are not yet available for the year$32012

Regional Haze metrics trends were created for288most impared days, 20% wset days and 20% best dayResults
are shown in Figures@ All Class | areas show no visibility degradation for the 20% best days. All Class | areas have
current (201320155-yr averagé 20% worst dayand 20%most impaired days visibility conditisbelow therespective
2028level of the Uniform Rate of Progres&IRP with the exception of Lye Brook (due to no data availdbiehe 20%
most impaired daysand Brigantin&Vilderness For Brigantine, th&0% worst daysisibility levels for 20125 are all
belowor near the2028URPFeveland the20%most impaired visibility levels for 20415 are below or near the
WLINR L2 aSRQ HnHay2 ROAQRRS SLHLISKS dif GoREi@itheEr 70160d&tSis availdingll Also be
below therespective2028 glide path level.
4


http://views.cira.colostate.edu/fed/
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Figure 2: Acadia National Park Haze Metrics Trends
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Figure3: Moosehorn Wildernessdaze Metrics Trends
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Figure4: Great Gulf Wildernesslaze Metrics Trends
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Figure5: Lye Brook Wildernesblaze Metrics Trends
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Figure6: Brigantine Wildernessiaze Metrics Trends
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Figure7: ShenandoalNational ParkHaze Metrics Trends
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Figure8: Dolly Sods Wildernesdaze Metrics Trends

32 s -
Dolly Sods Wilderness (DOSO) RH Metrics
30 N
28 —
- — -
26 - =~
\ S\ e |Slope =-0.311/yr
24 = - -
—-—
22
20 - ! Slope =-0.321/yr !
> \/\
Q18
2
@ 16
>
© 14
)
°
12 = ='Current Method Glide Path’
10 —+—"Current Method 20% Worst DV*
e='"Current Method 5-yr avg. 20% Worst DV*
8 —e—'Current Method 20% Best DV'
6 \ e='Current Method 5-yr avg. 20% Best DV'
hd =t=—20% most impaired Dv (NEW METHOD)
4 20% most impaired Dv (NEW METHOD) 5-yr Trend
2 == =20% most impaired Dv (NEW METHOD) glide path
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
O NIV OIS, HLHh O QPO O NI DX H OO0 A DO DNk d o0 A D
S O O NNAN NN NNNAPA AP A
S R R g g
Figure9: James River Face Wilderngdaze Metrics Trends
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3.0 SpeciationAnalysis

Regional haze data (Improve Aerosol, RHRI&w Equation)jor 20002015were downloaded from the=EDfor all Class
| areas listed in Sectidh0. For the Lye Brook site RHR Il data was used for-281Zhe followindight extinction (units
of inverse megametersm™) components of regional hazeere analyged in this report

Sulfates

Nitrates

Organic Carbon Mass

Light Absorbing CarbgElementalCarbon)
Coarse Mass

Soil

Sea Salt

RayleigiScattering

3.1 Comparison Plotef 2002, 2011 and 2015 Data
For each Class | arpiots (see Figure$0-17) werecreated shownglight extinction speciation for each day 2002, 2011
and 2015 For all Class | areas the trastelarlyshows a significant decreaBem 2002 to 2011n light extinction especially

for sulfatesand a smaller decrease from 2011 to 2015

FigurelO: Acadia National ParR002/2011/2015SpeciationComparison

Acadia NP, ME: 20% Most Impaired Days Light Extinction
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Moosehorn, ME: 20% Most Impaired Days Light Extinction

Figurell: Moosehorn Wildernes2002/2011/2015 Speciation Comparison
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Great Gulf, NH: 20% Most Impaired Days Light Extinction

Figurel2: Great Gulf Wildernes2002/2011/2015 Speciation Comparison
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Figurel3: Lye Brook Wildernes&011/2015 Speciation Comparison
Lye Brook, VT: 20% Mostimpaired Days Light Extinction
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Figurel4: Brigantine Wildernes2002/2011/2015 Speciation Comparison
Brigantine, NJ: 20% Most Impaired Days Light Extinction
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Figurel5: Shenandoah National Pag002/2011/2015Speciation Comparison

Shenandoah NP, VA: 20% Most Impaired Days Light Extinction
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Figurel6: Dolly Sods Wildernes2002/2011/2015 Speciation Comparison

Dolly Sods, WV: 20% Most Impaired Days Light Extinction
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Figurel7: James River Face Wildernex302/2011/2015 Speciation Comparison

James River Face, VA: 20% Most Impaired Days Light Extinction
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3.2 Percent Contribution Speciation Plots

Plots (see Figures 4) for each Class | aresere createdshowing the percentage contribution for each of the species
for 2002, 2011, 2015, 2064 (base5-year period and 201115 (current five year period) Sulfate ight extinction
percentage decrea&s for the regions Class | areiem 200604 to 201115ranged from17-28%. The resulting average
light extinction percentage increase from Rayleigh scattering9a&86 for northern Class | areas a8% for Brigantine
and other nearbyVirginia andWest VirginiaClass | areas. Other significant (5% or more) Bgtihction component
increasesncluded:

1 Lye Brook Wilderness5% from nitratesand 6% from organic carbon mass (note: higher because-26Hata
from current method used instead of proped method)

1 Shenandoah National Park7% fromnitrates;

1 Dolly SodsVilderness- 5% fromnitrates, and

1 Brigantine Wilderness 13% from nitrates.
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Figure B: Acadia National Park 208ost impaireddays light extinction speciation percentage
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Figure B: Moosehorn Wilderness 20%h0st impaireddays light extinction speciation percentage
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Figure20: Great Gulf Wilderness 2080st impairedlight extinction speciation percentage
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Figure21l. Lye Brook Wilderness 20ftost impaireddays lightextinction speciation percentage
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Figure22: Brigantine Wilderness 20%h0st impaireddays light extinction speciation percentage
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Figure23. Shenandoah National Park 20%wst impaireddays light extinction speciation percentage
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Figure24: Dolly Sods Wilderness 209tost impaireddays light extinction speciation percentage
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Figure25: James River Face Wilderness 20#st impaired daydight extinction speciation percentage

2002

0%

2%

65%

2011

50%

2015

17%

76%

2000-2004

57%

2011-2015

Rayleigh Extinction
B SeaSalt Extinction
B Soil Extinction
Coarse Mass Extinction
H Elemental Carbon Extinction
¥ Organic Mass Extinction

W Nitrate Extinction

Sulfate Extinction

17



Regional Haze Metrics Trends and HYSPLIT Trajectory Analyses 5/2017

4.0 Trajectory Analyss

MEDEMAQ Air Quality Meteorologist®rducted a back trajectory analysis for the 26%st impaireddays for 2002,

2011 and 2015 at each of tliwe Class | Areas within MANEJ as well aghe threenearby Class | areas listed in Section
2.0. Years chosen wer¢he same years used in tH2016 MANEVU Source Contribution Modeling Repol€ALPUFF
Modeling of Large Electrical Generation units &mdlstrial Sourcs).

A trajectory is a three dimensional representation of the path an air parcel followed based on forecast or archive
meteorologcal data. A back trajectory is the path the parcel took to reach a specific point in time and space.

¢KS blrGA2ylf hOSIYAO FyR ! Y2a&aLKSNRO HYBPLIN (Hykrid Sidgkitisle® v ¢
Lagrangian Integrated Trajectoig)a computer model used to create and map trajecto(l2saxler and Hess December
1997Yp ¢tKS Y2RSf dzaSa 3INARRSR YSiS2NRf23A0Ff RFEGEFZ GKA

HYSPLIT is available for use online and also on a local computer (PC). -BARDHERT meteorologists usebld online
version to create the trajectories included in this analysis. Archived EDAS meteorological (MET) data at 80 km was u
for the dates in 2002 while EDAS at 40 km was for dates in 2011 & 2015 used because this data set had the best resolu
andhad an excellent data recovery rat€he previous trajectory analysé3ontributions to Regional Haze in the Northeast
and MidAtlantic United State§NESCAUM 31 August 20@@rformed for the first round of Regional Haze SIP was
reviewed and it was determined due to resource restraints that the followetgngs within HYSPLWould be used in

this analysi$o give states a general understandingrainsport patterns during the 20%ost impaireddays for each Class

| area

The model was set to include verticalocity.

Back trajectory length was set at 72 hours.

Ending height waset to 500m above ground level.

Four start times were set for eaclay-- 3AM, 9AM, 3PMiad PM.

= =4 =4 =

For each run, the HYSPLIT online model generates both a graphical presentation of the trajectories and a text file. T
text file contains information about the hourly endpoints along each trajectory path including thédodattime and

aLl 0So ¢tKS&4S SYyRLRAY(O GSEG FTAtS&a 6SNB al SR FyR &dz
database was then mapped in ARCMAP, a geographical mapping tool used within the department.

4.1 TrajectoryAnalysisResults

Trajectories can identify the frequency and general direction of air masses that are transported to a Class | area. Howe\
GNIF 2SOG2NASa R2y Qi RAAGAYIdzh a K -Boviripedjactiod i§ inosRikely o caniibutg 2 N.
emissions that impact the Class | areas. The results will be useful in combination with other contribution analyses.

Two types ofmapswere created for each Class | area. The firapwill show the frequency (count) of hourly trajectory
endpoints in eaclof the 25x25 mile grid points on a map help define transport patterns to a Class | area during the
most impaired visibility days. The second set of maps will shdwidual trajectories for each dayp show seasonal
differences in transport patterndNote that you can also use the trajectory plots to look at potential impact from states in
combination with other contribution analyse€ALPUFmodelingresults (Mid-Atlantic Northeast Visibility Union April
2017)usedfor comparison with the trajectory analyses include states having an impactingd&t@tdor Industrial Source
(industrial, commercial, and institutionaourcewith at least a IMm light extinction impact to a Class | ar&etailed
source impacts aren Appendix F of the CALPUFF modeling repbdr EGU source impactgsults are forthe more
recent2015 99" percentile emissions modeled using 2002, 2011 and 2015 meteorologylndtmtrial Sourcesource
impacts, results are for 2011 typical emiss(2015 emissions not yet availabi¥o modeled using 2002, 2011 and 2015
meteorology. Note that every day was modeled in the CALPUFF analysis not the 20% most impaiieordaghClass
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| areain the following subsectionare alist of states meting that criteriaandtrajectory plotsfor 2002, 2011 and 2015
20%most impaireddays

4.1.1 Acadia National Park

CALPUFF modeling results showresifollowing stategincluding the number of sourcesieeting the criter@ contributing
to Acadia National Park regional haze impacts

T MANEVUNortheaststates

0 Maine-1 EGU and #hdustrial Source
Maryland- 2 EGUsand 1industrial Source
Massachusetts 3EGUs
New Hampshire 4 EGUs
New York 2 EGUsnd1 Industrial Source
Pennsylvanial0 EGUs
1 LADCMMidwest states

o lllinois-1 EGU

0 Indiana- 4 EGUsand1 Industrial Source

0 Michigan- 7 EGUs

o0 Ohio-8 EGUsand1 Industrial Source
1 SESARM Southeast states

o0 Georgial EGU
Kentucky 3 EGUs
Tennesseel EGU
Virginia- 2 EGUsnd 1 Industrial Source
WestVirginia- 2 EGUs

O OO 0O

O O oo

Trajectory plotdor the 2002 (Figure26), 2011 (Figure7) and 2015 (Figur@8) 20%most impairedvisibility daysshow
trajectories frommany regionsncluding the states listed abov@ransport patterns are similar for the three yea@ther
than the MANEVU and Canadian regiarBe strongest signal was frobADCGQtatesand northern SESARM stateBhere
was a strong signal from Canada due tmiature of impacts from the high poputd areas from Toronto to Montreal
and from other areas of Canada with smoke impacts (higher OMC fraction) from forest fires.

19



Regional Haze Metrics Trends and HYSPLIT Trajectory Analyses

Figure26: Trajectory analyses of Acadia National Partost impaireddays during 2002

2002 trajectories used EDAS 80km MET.
Grid cells are 25 X 25 miles.
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Figure27: Trajectory analyses of Acadia National Parlost impaireddays during 2011

Acadia NP Maine BackTrajectory Hourly Endpoint Counts
for 20% Most Impaired Days in 2011

These 500m trajectories were modeled by NOAA's HY SPUIT model
72 hour back trajectories were created 4 times per day at 3AM & PM and 9 AM & PM.
2011 trajectories used EDAS 40km MET.
Grid cells are 25 X 25 Miles
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Figure28: Trajectory analyses of Acadia National Parlost impaireddays during 2015

Acadia NP Maine BackTrajectory Hourly Endpoint Counts
for 20% Most Impaired Days in 2015

These trajectories were modeled by NOAA's HYSPLIT model
72 hour back trajectories were created 4 times per day at 3AM & PM and 9 AM & PM.
2015 trajectories used EDAS 40km MET.
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These 500m trajectories were modeled by NOAA'S HY SPLIT model
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4.1.2 MoosehornWilderness Area

CALPUFF modeling results showhd following statesmeeting the criteria contributing to Moosehorn Wilderness
regional haze impacts

1 MANEVUNOortheaststates
0 Maine-1 EGU and thdustrial Source
Maryland- 1 EGU and Industrial Source
Massachusetts 3EGUs
New Hampshire1 EGU
NewYork- 1 EGU and Industrial Source
Pennsylvania9 EGUs
1 LADCO Midwest states
o lllinois-1 EGU
0 Indiana- 4 EGUsnd 1lindustrial Source
0 Michigan- 6 EGUs
o0 Ohio-7 EGUsand lindustrial Source
1 SESARM Southeast states
o0 Georgial EGU
Kentucky 2 EGUs
Tennesseel EGU
Virginia- 2 EGUs
West Virginia 2 EGUs

O OO 0O

(0]
(0]
(0]
(0]

Trajectory plotdor the 2002 (Figure9), 2011 (Figure80) and 2015 (Figurdl) 20%most impairedvisibility daysshow
trajectories fromall the states listed.Transport patterns are similar folhe three years.Other than the MANE/U and
Canadian regionshe strongest signal was frodtADCO and northern SESA®Mes. Similar to the Acadia National Park
trajectories there was a very strong signal from Canada.
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Figure29: Trajectory analyses of Moosehorn Wildernes®sst impaireddays during 2002

Moosehorn Maine Back Trajectory Hourly Endpoint Counts
for 20% Most Impaired Days in 2002
These 500m trajectories were modeled by NOAA's HY SPLIT model.
72 hour back trajectories were created 4 times per day at 3AM & PM and 9 AM & PM.

2002 trajectories used EDAS 80km MET.
Grid cells are 25 X 25 miles
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Moosehorn Maine Date Specific Back Trajectory
Hourly Endpoints for 20% Most Impaired Days in 2002
These 500m trajectores were modeled by NOAA's HY SPLIT model
72 hour back trajectones were created 4 tmes per day at
3AM & PM and 9 AM & PM.
2002 trajectones used EDAS 80km MET.
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Moosehorn Maine Date Specific Back Trajectory
Hourly Endpoints for 20% Most Impaired Days in 2002

These 500m trajectories were modeled by NOAA's HY SPUIT modet
72 hour back trajectories were created 4 tmes per day at
JAM & PM and 9 AM & PM
2002 rajectonies used EDAS 80km MET
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Hourly Endpoints for 20% Most Impaired Days in 2002
These 500m trajectories were modeled by NOAA's HYSPLIT model
72 hour back trajectones were created 4 tmes per day at
3 and 9 AM & PM
2002 trajectonies used EDAS 80km MET.
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2002 trajectones used EDAS 80km MET.
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Figure30: Trajectory analyses of Moosehorn Wildernessst impaireddays during 2011

Moosehorn Maine BackTrajectory Hourly Endpoint Counts
for 20% Most Impaired Days in 2011
These 500m trajectories were modeled by NOAA's HY SPLIT model.
72 hour back trajectories were created 4 times per day at 3AM & PM and 9 AM & PM.

2011 trajectories used EDAS 40km MET.
Grid cells are 25 X 25 miles.
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Moosehorn WR Maine Date Specific BackTrajectory
Hourly Endpoints for 20% Most Impaired Days in 2011
These 500m trajectories were modeled by NOAA's HY SPUT model.

72 hour back trajeciones were created 4 tmes per day
PM and 9 AM & PM.
2011 trajectonies used EDAS 40km MET
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Moosehorn — ME: Light extinction (Mm-1)
for 20% most impaired days in 2011

Moosehorn WR Maine Date Specific BackTrajectory
Hourly Endpoints for 20% Most Impaired Days in 2011
These 500m rajectories were modeled by NOAA's HY SPUIT model
72 hour back trajectories were created 4 tmes per day at
JAME PMand 9 AM & PM.

2011 trajectonies used EDAS 40km MET.
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Moosehorn— ME: Light extinction (Mm-1)
for 20% most impaired days in 2011
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