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1. Background and Summary of Results

1.1 Objectives

Since 2006, therBish Columbia Ministry of Environment@BVIE) has been working collaboratively

with the Vancouver land Health AuthoritfVIHA) the Greater Victoria Harbour AuthorifGVHA)the
James Bay Neighbourhood Associa@BNA~ | YR NBaSI NOKSNA |4 GKS ! yAGSN
department to investigate local air qualityPrevious gidies? haveidentified sulfur dioxide $Q) as a

air pollutant oflocalconcern associated witthe use of sulfuicontaining fuels bgruise shig, and
established that short term peals the James Bay neighbourhooduld exceed the current World
Health OrganizatiofWHO)10-minute and24-hour guideline$for ambient S@(500my/m?* and 20

my/m? respectively). While nocurrentBC provincial guidelisavere exceeded in James Bay in 2009,
the maximuml-hour average measured was 448/m>, near to the BC Level A anan@dian

WYl EAYdzY RS &ANI 0iighndin ScdakdanSef with/f&dmmartlationg made by the VIHA
in 2010, the GVHA partnered with the BEto establish a community monitoring site in the James
Bay neighbourhood of Victoria, BC (on the rooftef DanielsElectonicsBuildingon Erie Street

referred to as the Erisite orstation in this reportto measure levels of S@®om 2011 to 2013.TheErie
sitewas selected after considering the results of previous dispersion modelling work and ahgpitedx
account security, power, temperature controlled environment, and communications requirements.

Regulations limiting the sulfur content of the fuels used by cruise ships and other ocean going vessels
are changingMarine emissions to ain Canadaurrentlyfall underthe International Maritime

Organization (IMOMARPOL Annex Mihich came into force on May 19, 2005. Specifichlii,sulfur
content is limited to3.5 percent(35,000 ppm)ylobally with areduction t00.5 percent (5,000 ppm) to

take place Janugrl®, 202Q subject to a feasibility review to be completed no later than 204 ex VI

also allows for the establishment of emission control areas (ECAs), withinfabislilfur content is

further limited.® Canada and the United Statjesntly applied to the IMO to establish the North

! James Bay Air Quality Study Phase | (Feb 2008) and James Bay Air Quality Study Phase Il (Feb 2009).
http://www.viha.ca/mho/air_quality.htm

2 James Bay Air Quality Study Phas®NML ¢ Mobile Air Monitoring Laboratory Data @Gattion Repori; James
Bay Air Quality Study Jugédugust 2009 (Jan 2010). http://www.viha.ca/mho/air_quality.htm

¥ WHO(World Health Organization), 2006. WHO Air quality guidelines for particulate matter, ozone, nitrogen
dioxide and sulfur dioxide Glokal Update 2005. Summary of risk assessment. Available at:
http://www.who.int/phe/health topics/outdoorair_aga/en/

*The WHO guideline for $@ relatively new and is substantially maestrictive than the Provincial Air Quality
Objectives.MoEhas begun the process of developing new provincial guidelines to reflect current standards and
science but this process takes timédHA has used the WHO guideline in their health assessméretser
reflects current understanding of health effects of,SO

®Health Review and Response to James Bay Phase IIl Air Quality Monitoring (June 2010).
http://www.viha.ca/mho/air_quality.htm

® International Maritime Organization.
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Treotocotof-1997-
%28MARPGANNexVI%29.aspx
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American ECA, which was adopted March,Z810. Within the North American EG#ich covers
navigable waters ithin approximately200 nautical miles of theoast sulfur content in marine fuel will
be limited to 1 percent (10,000 ppm) as Atigust I 2012 and further limited to 0.1 percent (1,000
ppm) as of January*12015.

In addition to MARROL Annex VI, emissions from cruise ships to air are also regulated under the
Canadian Shipping AcSection 19-2 limits the amount of smoke of density level 2 to no more than 4
minutes (total aggregatéme) in any 30 minute perigcand otherwisgSection 1191) must not emit
smoke of density greater than 1. The measurement of smoke density is described am 3&8t and
1182. No reported smoke density information for cruise ships approaching the Ogden Point terminal
was identified for inclusion in this report.

This report provides an analysis of the data collectethe Erie statiorbetween April and Octadr,
2011, in conjunction with data collected from the neaBgMoE TopazStation(2006¢ 2011) the
Mobile Air Monitoring Lab (MAML) locatiam James Bay (2009)gden Pointvind station (2006;
2011) andMacAulay Elementary Schowheteorological statia (2006¢ 2011)(seeFigure Ifor
locationg. Results from analyses and dispersion modelling conducted for presiodie$ are also
incorporated

"Vessel Pollution and Dangerous Chemicals Regulations (SOR@0HRp://laws-
lois.justice.gc.ca/eng/regulations/SEIR12-69/index.html

® poplawski KSetton E, McEwen B, et al (2011). Impact of cruise ship emissions in Victoria, BC, Canada.
Atmospheric Environment 45, pp.8383.
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Figure 1. Study area

MES BAY "

 NEIGHBOURH(

o1 zv.‘ 2

L

5 kilometers

Specifically, this report addresses the following questions:

Ambient S@levelsand guidelines

1

What are the cruis@ersusnon-cruise period S§xoncentrations at botltrie stationand
Topazstation (max 10minute, hourly, 24hour, period average)?

How do ambient SOneasurements compare tourrent guidelines andlgectives at both
the Eriestation andTopazstation?

How often were Sg@concentrations in the range of concern according to ta@dbuver
Island Health Authorit$sQ Health Risk Guidat either statior?

Characteristics of S@ventsat Erie stationn 2011

)l
)l
)l

Do the diurnalSQ patterns at both sites link to cruise ship visits? Other sources?

Do higher S@concentrations relate to specific cruise ships?

Are maximum Sgroncentrations linked more closely to manoeuvrorgo stationary cruise
ship activity?

Under what conditins were maximum SQ@alues experienced at eith&riestation or
Topazstation? How often did these conditions exist while cruise ships were in port (% of
time)?

What conditions exigtd on ecific dates May 23%, June 18, and July 38" - when resilent
complaintsto the JBNAwere noted?

7| Page
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Comparison 06Q levels- 2006 to 2011
1 How do levels measureat Topaz2006¢ 2011) MAML(2009)andErie(2011)
compare?
1 What factors influence the observed differences
1 Were meteorological conditions experienceder the 2011 cruise ship season
similar to previous years?
1 If anomalous, in what way (temperature, precipitation, wind speed, wind direction,
atmospheric stability)?

Evaluation othe James Bay monitoring locations

1 How representativaare the MAML andEiie sitesasindicatorsfor SQ concentrations in the
James Bay neighbourhood?

8| Page
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1.2 Summary of Results
Key findings of this report include:

91 Elevated levels of S@ere clearly associated with the presence of cruise ships at both Erie
and Topaz stationsMeasured levels without cruise ships presesatgest otherminor
sources of Sgare present in the region, buhaximumlevels do not reach theame peaks
associated with the presence of cruise ships.

1 In 2011, S@evels weremeasured oly at Topaz and Erstationsso itisnot possible to
establish typical levels, peak levets frequency of peakat other locations of interest in
the studyregion. Additional monitoring is required to better understand the extent and
nature of the impact from cruiseng emissions on local air quality.

1 At Topaz statiomi 2011 ,no provincial, federal oWWHOair quality guidelines were
exceeded.

9 At Erie stationn 2011, the WHOair quality guideline foR4-hour average S@evels (20
ny/m®) was exceedetlvice>X | YR H K2dzZNBE 6SNB Ay GKS | yO2 dz
KSFHfGK NAR&a] 3IdzARS OF(GS3I2NE 2F WdzyKSIf dKe F2NJ

1 Peak levelsneasured at Topaz station 2011 were the lowestn recordsince 2006
inclusive.

1 Peak leved measured at Erie station in 2011 were much lower than those measured at
MAML in 2009.

1 The diurnal pattern of hourly average Sévels at Erie station in 2011 is distinctly different
that that measured at MAML in 20@8seasonal average houillgvels wee notelevated
between evening arrivals and departures in 20IHis change in diurnal pattern was also
evident (altrough not as obvious) at the Topaz site in 2011, compared to previous years
(2006 to 2010).

Additional details are summarized here, and @idta analyses are presented in each report section.

Ambient levels and guidelinesn 2011, cruise ships were present fgi65hours’ between April I and
October 3%

Tables 1 and 2 provide a summary of meas8€rlevels atErieand Topaz sitefNo Canadian or British
Columbia government air quality guidelines were exceeded at either site in 2011 (see Tables 5, 6, 7 and
8 for more details on guidelines and measured levélsjhe Eriesite, two days (2% of days with cruise

ships in port) ha@4-hour average levels in excess of @§/m?, the current WHOguideling®, and 2

hourly averagesi)(2% of hours with cruise ships in port) were in the Vancouver Island Health Authority

°The number of hours with cruise ships in port was estimated for this report using the “first line and last line™ times
provided by the GVHA for the cruise ship season. Hours with more than one cruise ship in port were counted only
once.

\WHO (World Health Organization), 2006. WHO Air quality guidelines for particulate matter, ozone, nitrogen
dioxide and sulfur dioxide Glabal Update 2005. Summary of risk assessment. Available at:
http://www.who.int/phe/health topics/outdoorair_agg/en/
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health risk guide categoty2 ¥

Gdzy KSIt GKe

hNBF Y AT I (Ao 0-ininudedeierBde SA50@m/m?) were recorded.

Table 1. Summary dbD-minute, 1-hour, and24-hour SQ levelsfor 2011

F 2 NJ a S gesiohtlie VDSl HEANR dzLJa ¢ ® b

10-minute average Maximum 95" percentile Top40* Exceedences
(mg/m’) (mg/m’) (rangeng/m’)
Eriestation 438 12.1 199-438 None
Topaz station 136 23.3 76¢ 136 None
1-hour average Maximum 95" percentile Top20** Exceedences
(mg/m’) (mg/m’) (rangeng/m’)
Eriestation ¢ hours with cruise ships 235 49 97-235 0.2% in VIHA
unhealthy
2% in VIHA
moderate
Topaz statiorg hours with cruise ships 66 21 33-66 None
Eriestation ¢ hours without cruise ships 48 7 none in top 20 None
Topaz statiorg hours without cruise ships 31 7 none in top 20 None
24-hour average Maximum 95" percentile Topl0*** Exceedences
(ng/m?®) (ng/m®) (rangeng/m°)
Eriestation ¢ days with cruise ships 25.5 171 14.5¢ 25.5 2%
Topaz statiorg days with cruise ships 17.4 8.4 7.7¢17.4 None
Eriestation ¢ days without cruise ships 7.3 4.2 none intop 10 None
Topaz statiorg days without cruise ships 7.9 6.0 7.9 None

* 40 top 10-minute levels atErieand Topaz occurred when cruise ships present

** 20 top 1-hour levels atErieand Topaz occurred when cruise ships present

*** 10 top 24-hour levels atErieoccurred when cruise ships preseftpf top 10 levels at Topaz occurred
when cruise ships presertt,occurred when no cruise shipgere presentat Ogden Point

Table 2. Seasonal average hourly B@els

Location Seasonal average
(mg/m?’)

Eriestation ¢ all hours with cruise ships 10

Topaz statiorg all hours with cruise ships 6

Eriestation ¢ all hours without cruise ships 2

Topaz statiorg all hours without cruise ships 3

Characteristics of eventsthe diurnal (time of dgypatternat the Eriesite showspronounced evening
peaks in Sgevels associated with arriveednd departure of cruise shipsand less pronounced, but still
obvious peaksassociated with cruise ships at datikring the daySQ levelswere lower at To@az, and

! James Bay Sulphur Dioxide Monitoring Program 204013 Health Ris&uide, available at:

http://www.who.int/phe/health_topics/outdoorair_aqg/en/
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only aneveningpeak associated with cruise ship arriviglglearly discernible. Negruise days at both
sites show low levels with little variation between hours.

The highest forty 1@ninute average levels, highestenty 1-hour average levelgand highesten 24-

hour average levels measuredB&tiestation occurred when cruise ships were present. The same was
observed at Topaz, with the exception of onel#lr average in the top ten, which occurred on g da
with no cruise ships in porWhileit is difficult to attribute elevated G; levels to particular ships when
more than one is in port, a variety of ships were associatithl elevated levels when no other ships
were nearby or at dock.

Hourly averageelvels measured at thEriesite dependon a complex relationship among numerous
factors especially wind direction in relation to the cruise ships and the monitoring sitegever,
simple analysesugyest the following:

1 Higher levels occurred during both daytime and evening hours, sometimes arily one ship
was present, but not always when more than one ship was present.
1 Higher levels were associated mainly with neutral atmospheric conditions (Pasquill Class D), but
also occurred under slightly stable conditions (Pasquill Class E). Undexl menditions,
pollution plumes tend to disperse both vertically and horizontally, in a @ivaed pattern,
while under slightly stable conditions, plumes mix horizontally more readily than verfitally.
1 Higher hourly average levels were measure&ig and Topaz most often when winds were
from 180 to 25, which occurred about 50 percent of the time.
1 Wind speed varied in relation to higher hourly average levels, mathlear relationship
apparent, alttough wind direction may be an important factoo include in future analyses.

Three dates were provided by tl8NAo BC MoE for inclusion in this report, based oeedotal
information from resident®n air quality impacts believed to be associated with cruise ship emissions
On two of the dates (Ma23® and July30"), elevated S@levelswere measured aEriesite. On the third
date (June 1‘8), Eriesite recorded low levels 3Q but was not downwind at the time of the complajnt
whereasthe complaintoriginatedin an area that was downwind olfi¢ terminal at the time

Trendsand Comparison2006¢ 2011:

Topaz SiteAt the Topaz site, the highegeaklevels of hourly S£vhen cruise ships were present were
recorded in 2009, and the lowepkak levelsvere recorded in 2011For hours without crise ships

present, average hourly levels at Topaz site were typically less thgm&in all years.The diurnal

pattern recorded at Topaz in each year (2006 to 2011 inclusive) shows reduced evening levels in 2011
compared to all years except 2007.

2 pages 24®@47: Air pollution: measurement, modelling and mitigation. Tiwary A and Colt€Edl. 3
2010. Routledge, NY.
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No clear associations were seen between Bels and annual differences in temperegy
precipitation, wind speed, and atmospheric stability. Otlamtdrs that may contribute to these
differences includehe number of ships arriving and departing concurrently, thyge of shiggs)present,
ship operations while at dock, and the sulfuntent of the fuel burned. Data were not available to
allow for evaluation of these factors.

Erie Site:SQ levels measured in the James Bay neighbourhood aEtiesite in 2011 when cruise ships
were present were lower than those measured at the MAM is 2009. In 2011, the diurnal pattern
shows a distinct drop in average levels between evening arrivals and departures, unlike 2009 when
levels dropped off gradually over the evening hours after arrivals. When cruise ships were not present,
average hoty SQ levels were less than Ify/m?, but still lower in 2011 than in 2008lo clear

associations were seen between 3€vels and annual differences in meteorological characteristics,

other than wind directionIin 2009, the MAML site was more frequently downwind of the Ogden Point
terminal in comparison t&riesite in 2011, andf it is assumed that higher levels are associated with the
monitoring site being more directly downwintlAMLmay have more frequently recorded higher levels
(although a similar change in levels and diurnaltpet was also observed at the Topaz site).

Representativeness of MAML arigriesites: SQ levels have been measured only at two specific sites
(MAML ancErig) in the James Bay neighbourhodtiese sites are downwind of the cruise ships at
Ogden Point morérequently than many other locations, and it is not unreasonable to expect that most
other locations would not be morigequentlyimpacted. Dispersion modelling conducted using
meteorological data and the cruise ship schedule for 2007, along with somé&sisgumptions about
manoeuvring time and the sulfur content of marine fuslggests that the MAML anHriesites are
located in areas expected to maore frequently experience highgte&a®ls.However the 2007
dispersion modellingnd specific residentaenplaintsand observationgorwarded by theJBNAalso
sugyest there are areas in addition to tl&ieand MAML siteshat maybe impactedby cruise ship
emissionsand alditional monitoringis recommended to evaluate thextentand frequencyof these
impadsunder varying meteorological conditions

12| Page



ANALYSIS GILFUDIOXIDEEVELE JAMESBAYNEIGHBOURHO@®11

2. Methods

SQ data from theEriestationfor 2011were provided by BC MoE stafflasurly averages and 10
minute averages in parts per billion (ppb). BC MoE staff reported that the hourly averages had been
corrected for instrument drift, but that the 1oninute data had not been corrected and could be3:56
ppb of the level provided. The ral@-minute data were adjusted by adding 0.5 ppb to all readings;
therefore, the 16minute average levels of $May beoverestimatecby up to 2.6mg/m?*(for example, if
raw data reported 1 ppb, the possible error would be @5 ppb, the corrected value would be
between 0.5 to 1.5 ppb, or 1.31 to 3.88/m>. If the actual value was 0.5 ppb (1:39/m°) then adding
the error factor would overestimatthe level by 2.68g/m®. Both the thour and 10minute data

were then converted to micrograms per cubic meteg/m?®) by multiplying the adjusted value by 2.62.
Daily averages (midnight to midnight) were developed using the hourly averages, andchaleded in
analyses only when 18 or more hours of data were avail#lenstruments were maintained and
calibrated by MoEstaff. Instrument calibratiorand auditrecordsfor Erie statiorare provided in
Appendix A Additionaldocumentation is availablen request to BC MoE

Quiality assured data for wind direction, wind speatihd variation (sigmathetajemperature,
precipitation, and S©at Topaz station for 20062011 wereprovided by BC MoE staff for Topaz station
Instrument descriptions and maiebhance/calibration records are available on request to MoE.

Hourly atmospheric stability class@&gure 2were calculated using wind speaddsigmatheta at
Topaz station, and solar radiation values from MacAulay school station, using a spreadshiekeidpogv
BC MoE staff.

Figure 2. Atmospheric Stability Classes

Stability class Definition Stability class Definition
A very unstable D neutral
B unstable E slightly stable
c slightly unstable F stable

Table 2: Meteoroloaical conditions that define the Pasauill stabilitv classes

Surface windspeed Daytime incoming solar radiation Nighttime cloud cover
m/s mi'h Strong Moderate Slight = 50% < 50%
<2 <5 A A-B B E F
2-3 5-7 A-B B c E F
3-5 -1 B B-C c D E
5-86 11-13 c C-D D D D
> 6 =13 c D D D D

Note: Class D applies to heavily overcast skies, at any windspeed day or night

Source: fittp://en.wikipedia.org/wiki/Air_pollution_dispersion_terminology
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Tenrminute average wind speed (&fs) and wind direction (degrees) at Ogden Point were provided by
Greater Victoria Harbour Authority statf Ogden Point wind speeds were converted to meters per
second (1 knot = 0.5144 meters per second), then used to develop hourly aspeems OgdernPoint
ten-minute wind direction data were used to develop hourly averdgections.

Cruise ship arrivals and departur@scorded as first line and last linky 2006 to 2011were provided
by Greater Victoria Harbour Authority staff.

Dispersion modellingesults as described in Poplawski, Setton, McEwen et al (2f)1d8re used to
assess the frequency of predicted hourly averagelS@ls at 25 locations in the James Bay
neighbourhood and surrounding area, and the associated potential representativehéesErieand
MAML monitoring sites.

3 Instrument descriptions are available on request te fBreater Victoria Harbour Authority.
 poplawski K, Setton E, McEwen B, et al (2011). Impact of cruise ship emissions in Victoria, BC, Canada.
Atmospheric Environment 45, pp.8383.
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3. Ambient SO, concentrations -2011

Distributions ofLO-minute average 1-hour average 24-hour average and seasonal hourly average levels
of SQare presented in Tables 3 and#en minute average levels rangiedm <1 to 438rg/m? at Erie
station, and from 1 to 124g/m?® at Topaz stationHourly averages when cruise ships were present
ranged from <1 to 23Fg/m* and <1 to 661g/m? at Erie and Topaz stations respectively, compared to
<1 to 48ng/m®and 1 to 31ng/m?* on hours without cruise ships. Avera@#hourlevels ranged from 1

to 17 mg/m3at Topaz station and 1 to 2fig/m? at Erie station on days with cruise ships present, and
were lower on days without cruise ships present: 1 tg@m®at Topaz statiormnd <1 to 17Hg/m3at

Erie station.

Measured levels without cruise ships preseuatgest other sources of $@re present in the region, but
levels do not reach the same peaks associated with the presence of cruise ships.

In general:

1 10-minute average legls were higher aEriestation thanat Topaz station 5 percent of the time.
This reflects the very short duration but high peaks ofi6@he James Bay neighbourhood
associated with cruise ship activity.

1 1-houraverage levels were higher Btiestation onhourswith cruise ships than ohours
without 75 percent of the time.

1 1-houraverages were higher &riestation than at Topaz station on hours with cruise ships in
port 75 percent of the time

1 1-houraverages when no cruise ships were in port wamailar atEriestation andTopaz
station; higher levels observed Briestation at 98' percentile and higher represent hours close
to arrivals and departures of cruise ships but not classified as having cruise ships actually
docked.

1 24-houraverage”’ levels werehigher atEriestationon days with cruise ships tham days
without 75 percent of the time

1 24-houraverage levels werkigher atEriestationthan at Topaxstation on days with cruise
ships in port 50 percent of the time.

1 24-houraverages wee very similar bulways slightlyilower at Eriestationthat at Topazstation
on days without cruise shipsuggestingthere may bemore smallsources of SOn the Topaz
area, such as diesélelled vehicles.

1524-hour averages were calculated only for days with 18 hours or mboata.
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SQ levels were below currerrovincial Amient Air Quality Objectives (see Tables 6, 7 andv@).Z8-

hour averages of 2dg/m*and 26rg/m?*(2% of days with cruise ships in patceeddthe World Health
Organization guideline of 2®/m?. In addition, two1-hour averages (0.2 % of hours with cruise ships in

port) and twentyl-hour averages (2% of hours with cruise shipsartjpwere in the Vancouver Island

Health Authority health risk guide categories‘fhealthy for sensitive grougs Y R WY 2 RSNJI 6 SQ =
respectively(Tables &; 8).

Table 3. Distribution of $@vels {0-minute, 1-hourand24-hour)- 2011

10-minute* 1-hour 24-hour*
(ngm”) (ngm”) (ngm”)
all all Cruise No Cruise Cruise No Cruise
Percentile Erie Topaz Erie Topaz Erie Topaz Erie  Topaz Erie Topaz
5 <1 1 <1 <1 <1 1 1 1 <1 1
25 <1 2 1 1 <1 1 2 2 1 2
50 2 4 3 3 1 3 4 3 1 3
75 3 7 8 6 2 4 7 5 2 4
90 7 9 22 13 5 6 14 8 3 5
95 12 11 49 21 7 7 16 8 3 6
96 15 12 58 26 8 8 18 9 4 6
97 19 14 74 29 9 8 18 10 4 6
98 30 18 93 33 12 10 19 11 4 7
100 438 124 235 66 48 31 21 17 7 8
Total 27,876 30,817 1,165 1,165 3,970 3,970 105 105 109 109

intervals

Taal with 26,578 27,793 1,035 1,002 2,809 3,496 102 94 95 102

valid data  (95%) (90%) (89%) (86%) (71%) (88%) (97%) (90%) (87%) (94%)

*0.5 ppb (13 ug/m3) was added to all raw fhinute data to account for possible instrument drift over tige

these valuesnay be overestimated by as much26ugm®t y R a4 K2dzZ R 68 O2yaARSNBR | Wg:
** Distribution of 24-hour averages includes only days with data for 18 or more hours (75% or higher data

completeness).

Table4. Seasonal hourly avera@Q levelsg April to October 2011 inclusive

ErieQuise ErieNo cruise ErieAll (pg’m3) TopazCruise  TopazNo cruise Topaz All
(ugm°) (ugm°) (ugm°) (ugm°) (ugm°)
10 2 4 6 3 4

Table5. 10-minuteaverage levelat or above guidelines

Guideline Level ErieStation TopazStation
(Hgm’)
World Health Organization 500 0 0
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Table6. 1-houraverage levelat or above guidelines

Guideline Level Erie Topaz Erie Topaz
(pg/me’) Cruise Cruise No Cruise No Cruise

VIHA health risk guidegood <=92 1,013 @8%) 1,002(100%) 2,809(100%) 3,496(100%)
Moderate 93-197 20 (2%) 0 0 0
Unhealthy for sensitive groups  198-485 2 (0.2%) 0 0 0
Unhealthy >485 0 0 0 0
Canada; max desirable 450 0 0 0 0
Canada; max acceptable 900 0 0 0 0

BC level A 450 0 0 0 0

BC level B 900 0 0 0 0

BC level C 900-1300 0 0 0 0

Table7. 24-houraverage levelat or above guidelines

Guideline Level Erie Topaz Erie Topaz
(ug/m3) Cruise Cruise No Cruise No Cruise
World Health Organization 20 2 (2%) 0 0 0
Capital Regional Digtt 125 0 0 0 0
Canada; max desirable 150 0 0 0 0
Canada; max acceptable 300 0 0 0 0
Canada; max tolerable 800 0 0 0 0
BC level A 160 0 0 0 0
BC level B 260 0 0 0 0
BC level C 360 0 0 0 0

Table8. Annual hourly average levelsor above guidénes

Guideline Level Erie Topaz Erie Topaz
(ug/ms) Cruise Cruise No Cruise No Cruise

Canada; max desirable 30 0 0 0 0

Canada; max acceptable 60 0 0 0 0

BC level A 25 0 0 0 0

BC level B 50 0 0 0 0

BC level C 80 0 0 0 0

Note: average werecalculaed using hournly from April £'to October 31 andwould be lower if all hours in
2011 were included.

17| Page



ANALYSIS @JLFUDIOXIDEEVELE JAMESBAYNEIGHBOURHO@D 11

4. Characteristics of SO, events - 2011

4.1 Diurnal patterns -2011

In 2011, diurnal (time of day) patterns Btiestation for hours with cride ships in port showed a clear
association with cruise ship activity, particularly evening arrivals and departures, but also notably during
mid-day hours (Figur8). At Topaz station (Figud, the most prominent peak in $@vels occurred at

7pm, coindding with cruise ship arrivals, but was much lower than the peaks obsenfestation.

Modest elevation of SQevels during the midlay hours at Topaz station on days with cruise ships is

also present.

SQlevels were low and relatively constant falt times of day at botlriestations and Topaz station
when cruise ships were not present (FiguPesnd 3).
Figure 3. Diurnal SO, levels with and without cruise ships z Erie Station 2011

20 +
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Figure 4. Diurnal SO; levels with and without cruise shipsz Topaz Station 2011
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4.2 Maximum events z 2011

The highest fortylO-minute averages at botlEriestation (199 to 4381g/m®) and Topaz statio(64 to
124 mg/m?) occurred when cruise ships were present (Tables 9 and 10) and were associated with
arrivals, departures, and ships at dodkhen more than one cruise shiyasnearby or present, it is not
possible to attribute edvated levels to one particular vessel; however, elevdt@dhinute average
levels were measured when the following ships were alone at or near dock:

Erie station:
§ Disney Wonder (May")
f Crystal SymphonMay 23, June 24 and28™ Aug15")
§ CarnivaSpirit (July 11, Aug8™)
f Sea Princess (July*3Bept %)

Topaz station:

§ Zaandam (May 1%

Norwegian Pearl (June i)
Crystal Symphony(ig3™)

Sea Princes#\(1g26")

Seven Seas Navigator (Sefjj 9

=A =4 =4 =4
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The highest twentyl-hour averages at botfEriestation (97 to 235ng/m?) and Topaz statio(B3to 66
my/m?) occurred when cruise ships were present (Tables 11 and 12) and were similar in naturd @ the
minute peaksg more often associated with arrivals and departures, but also occasionally with athips
dock during the day. A variety of cruise ships were present during the highgsth®0r events

recorded; howeverelevatedlevels werealsorecorded when the following ships were the only ones in
or near port:

Erie station:
§ Crystal Symphony (May 23June 2% and 28"
§ Carnival Spirit (July T1
f Sea Princess (July°31

Topaz station:
 Westerdam (July 29
f Crystal Symphony (July'93
f  Seven Seas Navigator (SePj 9

The highest ter24-hour averages aEriestation all occurred on days with cruiship activity (Table 13)
as did nine of the ten highe&d-hour averages as Topaz station (Table 14).
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Table9. 40 highestLO-minute average levelsEriestation 2011(*bold indicates highest 10 levéls

Date SQ . Shi_p(spresent or nearby First Last Activity
(Mg/m”) duringpeak levels Line Line (+/- 1-hour)
2011-05-02 15:50 210 Disney Wonder 10:17 18:28 At dock
20110516 22:50 212 Carnival Spirit 19:38 23:48
2011-05-16 23:00 313 Statendam 11-41 0:05 Departure
2011-05-16 23:10 217
2011-05-2317:40 264
2011-05-23 17:50 329 Crystal Symphony 9:37 23:50 At dock
2011-05-23 18:00 273
2011-05-27 19:10 256 Westerdam 18:24 0:06 Arrival
2011-05-27 19:20 199 Golden Princess 19:05 23:52
2011-06-09 15:50 220
2011-06-09 16:00 304
2011-06-09 1610 295 Rhapsody of the Seas 9:04 18:01 Departure and
. Amsterdam 11:41 22:57 .
201106-09 16:20 264 Celebrity Infinity 17:36  23:44 arrival
2011-06-09 16:40 205 ' '
2011-06-09 16:50 259
2011-06-24 10:10 240 At dock and
2011-06-24 10:30 229 Crystal Symphony 6:28 12:53  departure during
2011-06-24 12:00 239 day
ggﬂgggg ggg ;22 Crystal Symphony 9:45 23:46 At dock
2011-07-09 17:30 283 Norwegian Pearl 17:53 2341 .
) Oosterdam 18:26 23:52 Arrival and
2012-07-09 23:20 290 Sapphire Princess 18:03 0:07 departure
;8118;11 ;;gg ;22 Carnival Spirit 19:16  23:40 Departure
2011-:07-31 17:40 230
2012-07-31 17:50 243 Sea Princess 11:16 18:54 Departure
2011-07-31 18:00 220
Norwegian Pearl 17:38 23:37
2011-08-06 18:10 229 Oosterdam 18:48  23:46 Arrival
Sapphire Princess 18:44 23:59
2011-08-08 18:40 204 Carnival Spirit 19:30 23:55 Arrival
20110812 22:40 366 Golden Princess 18:15  23:42
2011-08-12 22:50 438 Westerdam 18:37 2350 Departure
2011-08-12 23:00 288
2011-08-15 13:40 248
2011-08-15 13:50 236 Crystal Symphon 9:41 23:42 .
2011:08-15 19:50 283 Ca{nival épiﬁt ’ 1926  23:55 Atdockand arrival
20110815 20:00 214
. Rhapsody ofhe Seas 8:35 17:58 Arrival and
20110825 16:50 224 Celebrity Infinity 17:31  23:40 departure
20110905 13:20 207
2011-09-05 13:30 281 Sea Princess 6:59 15:08 At dock
2011-09-05 1340 205
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Tablel0. 40 highestLO-minute average levelsTopaz station 201(tbold indicates highest 10 les)

Date SQ Ship(spresentor nearby  First Last Activity
(ug/m 3) at time of peak levels Line Line (+/- 1-hour)
2011-05-14 08:30 76 Zaandam 7:32 23:30 Al
2011-05-14 18:00 66 Regatta 13:53 19:35
2011-06-11 17:00 71 Norwegian Pearl 17:35 23:37 Arrival
2011-07-01 19:00 105 Golden Princess 19:00 23:50 A
2011-07-01 19:10 70 Westerdam 19:17 0:07
201107-22 23:00 67 Golden Princess 18:30  23:42 Departure
2011-07-22 23:10 73 Westerdam 18:47  0:28 P
2011-07-29 1810 69
201107-29 18:20 83 Golden Princess 18:31 23:44
2011-07-29 18:30 75 Westerdam 18'57 5335 Arrival
2011-07-29 18:40 77
201107-29 18:50 65
201108-03 15:50 71
2011-08-03 16:00 76
2011-08-0320:00 72 Crystal Symphony 9:29 0:06 At dock
201108-03 21:20 69
201108-03 21:30 71
2011-08-06 17:50 67
2011-08-06 18:00 103 Norwegian Pearl 17:38 23:37
L . Sapphire Princess 18:44 23:59 Arrival
2011:08-06 18:10 83 Oosterdam 18:48 23:46
2011-08-06 18:50 74
Na. : Rhapsody of the Seas 8:26 18:00 Arrival and
201108-11 17:30 98 Celebrity Infinity 17:33 23:42 departure
2011-08-12 17:40 65
2011-08-12 17:50 124
20110812 18:00 106 Golden Princess 18:15 23:42 Arrival and
AN e E Westerdam 18;37 23;50 departure
2011-08-12 18:20 97
20110812 18:30 73
2011-08-12 23:20 80
2011-08-18 15:20 71
2011-08-18 15:30 80
2011-08-18 15:40 73
) Rhapsody of the Seas 8:31 18:09
2011:08-18 15:50 70 Amsterdam 1202 2302  Atdockand
2011-08-18 16:00 76 Celebrity Infinity 17:38  23:50
20110818 16:10 74
2011-08-18 16:20 72
2011-08-18 16:50 73
) Golden Princess 18:10 23:31 g
2011-08-19 17:30 83 Westerdam 18'30 2347 Arrival
2011-08-26 13:50 64 Sea Princess 6:48 14:12 Departure
2011-09-09 16:00 86 Seven Seas Navigator 7:43 17:00 Departure
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Tablell 20 highestl-houraverage levelsEriestation 2011

Ship(spresent or

SQ f First Last Activity
Date (Lg/m 3) Ir;e\z/%rlgy at time of peak Line Line (+/- 1-hour)
Zaandam 7:32 23:30 Arrival and
2011-5-14 19:00 104 Regatta 13:53 19:35 departure
Oosterdam 18:44  23:44 P
) Statendam 11:41 0:05
20115-16 23:00 o7 Carnival Spirit 19:38  23:48 Departure
2011-5-23 18:00 165 Crystal Symphony 9:37 23:50 At dock
) Westerdam 18:24 0:06 .
2011527 20:00 157 Golden Princess 19:05 23:52 Arrival
2011-6-9 16:00 125 Rhapsody of the Seas 9:94 18501 At dock and
2011:6-9 17:00 235 Amsterdam Al 2as arrival
' Celebrity Infinity 17:36 23:44
) Westerdam 17:58 0:03 .
20116-17 18:00 112 Golden Princess 18:45 23:47 Arrival
2011-6-24 11:00 186 Crystal Symphony 6:28 12:53 At dock and
2011-6-24 12:00 179 departure
2011-6-28 18:00 119 Crystal Symphony 9:45 23:46 At dock
2011-7-9 18:00 162 Norwegian Pearl 17:53 23:41 Arrival and
) Sapphire Princess 18:03 0:07
2011-7-9 24:00 101 Oosterdam 18:26 2352 departure
2011-7-11 23:00 100 Carnival Spirit 19:16 23:40 Departure
2011-7-31 18:00 142 Sea Princess 11:16 18:54 Departure
Norwegian Pearl 17:38 23:37
2011-8-6 19:00 114 Sapphire Princess 1844 23:59 Arrival
Oosterdam 18:48 23:46
. Golden Princess 18:15 23:42
2011-8-12 23:00 224 Westerdam 18:37 2350 Departure
2011-8-15 14:00 121 Crystal Symphony 9:41 23:42 At dock and
2011-8-15 19:00 121 Carnival Spirit 19:26 23:55 arrival
Rhapsody of the Seas  8:31 18:09
2011-8-18 17:00 116 Amsterdam 12:02 23:02 Arrival
Celebrity Infinity 17:38 23:50
2011-9-5 14:00 157 Sea Princess 6:59 15:08 At dock
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Tablel2. 20 highestl-houraverage levelsTopaz station 2011

S : First Last Activit
Date (ug/%3) Ship(s) Line  Line (+1- -hour)
2011-7-1 19:00 34 Golden Princess 19:00 23:50 Arrival
2011-7-1 20:00 35 Westerdam 19:17 0:07
Golden Princess 18:30 23:42
2011-7-22 24:00 36 Westerdam 18:47 0:28 Departure
2011-7-29 19:00 66 Westerdam 18:52 23:35 Arrival
2011-8-3 15:00 41
2011-8-3 16:00 53
2011-:8-3 17:00 49 Crystal Symphony 9:29 0:06 At dock
2011-8-3 20:00 39
2011-8-3 22:00 45
Norwegian Pearl 17:38 23:37
2011-8-6 19:00 44 Sapphire Princess 18:44 23:59 Arrival
Oosterdam 18:48 23:46
) Rhapsody of the Seas 8:26 18:00 Arrival and
2011-8-11 18:00 33 Celebrity Infinity 17:33  23:42 departure
2011-8-12 18:00 54 Golden Princess 18:15 23:42 Arrival
2011-8-12 19:00 55 Westerdam 18:37 23:50
2011-8-18 16:00 62 Rhaposdy of the Seas 8.?1 18:09 At dock and
2011:818 17:00 65 Amsterdam 1202 23:02 arrival
Celebrity Infinity 17:38 23:50
Golden Princess 18:10 23:31 .
2011-8-19 18:00 41 Westerdam 18:30 23-42 Arrival
2011-8-26 18:00 35 Westerdam 17:50 23:34 Arrival
2011-8-26 19:00 42 Golden Princess 18:12 23:48
Norwegian Pearl 17:32 23:28
2011-9-3 19:00 34 Sapphire Princess 18:37 23:50 Arrival
Oosterdam 18:52 23:37
2011-9-9 16:00 51 Seven Seas Navigator  7:34 17:00 Departure
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Tablel3. 10 highest24-houraverage levelsEriestation 2011

Date (HS/%B) Ship(57I i First Line Last Line
Crystal Symphony 9:37 23:50
AU 178 Camival Spirit 19:24 23:40
Rhapsody of the Seas 9:04 18:01
2011-6-9 18.7 Amsterdam 11:41 22:57
Celebrity Infinity 17:36 23:44
Crystal Symphony 6:28 12:53
2011-6-24 19.8 Westerdam 17:48 0:06
Golden Princess 18:27 23:44
x Sea Princess 6:50 14:19
201%6-27 136 camival Spirit 19:40 23:52
2011-6-28 14.5 Crystal Symphony 9:45 23:46
Norwegian Pearl 17:53 23:41
2011:7-9 21.0 Sapphire Princess 18:03 0:07
Oosterdam 18:26 23:52
Crystal Symphony 6:26 13:14
. Norwegian Pearl 17:40 23:44
20117-30° 136 oosterdam 19:13 23:56
Sapphire Princess 18:30 0:07
Rhapsody of the Seas 8:39 18:31
2011-8-4 15.6 Celebrity Infinity 17:56 0:08
Amsterdam 19:06 23:55
GoldenPrincess 18:15 23:42
A2 LSkl Westerdam 18:37 23:50
Crystal Symphony 9:41 23:42
20118-15 L07 Camival Spirit 19:26 23:55
Rhapsody of the Seas 8:31 18:09
2011-8-18 15.5 Amsterdam 12:02 23:02
Celebrity Infinity 17:38 23:50

*Note: All ships present on the spked date are listedbut may not be associated with the

peakl-houror 10-minute levels recorded on that date

** Dates tied for 1§ highest average
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Tablel4. 10 highesR4-houraverage levelsTopaz station 2011

SQ . . . .
Date Ship(s First Line Last Line
(ugm?®  SMPE
2011-6-28 8.1 Crystal Symphony 9:45 23:46
2011:-8-3 174 Crystal Symphony 9:29 0:06
Golden Princess 18:15 23:42
2O 10.7 " \esterdam 18:37 23:50
Sea Princess 6:48 14:12
2011-8-26 10.3 Westerdam 17:50 23:34
Golden Princess 18:12 23:48
Sea Princess 6:59 15:08
AULLES 78 Carnival Spirit 20:10 0:08
2011-9-8 7.7 Celebrity Infinity 17:31 23:29
Seven Seas Navigator 7:34 17:00
2011-9-9 12.0 Golden Princess 18:24 23:25
Westerdam 18:24 23:41
Westerdam 8:43 20:44
g 8.6 Golden Princess 11:40 23:07
Amsterdam 7:46 22:50
N2 80 Oosterdam 8:50 23:06
2011-9-29 7.9 No ships

*Note: All ships present on the specified date are listed, but may not be associated with the
peakl1-hour or 10-minute levels recorded on that date

4.3 Fadors influencing hourly levels -2011
Additional analyss of factors associated with hourly average B@elssuggest the following:

1 Higher levelst Erie and Topaz stationscurred during both daytime and evening hours,
sometimes when only one ship wasesent, but not always when more than one ship was
present(Figures, 6, 7 and 8)

1 Higher levels were associated mainly with neutral atmospheric conditions (Pasquill Class D), but
also occurred under slightly stable conditions (Pasquill C)a$sdties 9 and 10)Under neutral
conditions, pollution plumes tend to disperse both vertically and horizontally, in a-sloaged
pattern, while under slightly stable conditions, plumes mix horizontally more readily than
vertically™®

1 Higher hourly average lelsswere measured drieand Topastationsmost often when winds
were from 180 to 25C°, which occurred about 50 percent of the tirfféigures 11 and 12)

® pages 24®@47: Air pollution: measurement, modelling and mitigation. Tiwary A and Colt€Edl. 3
2010. Routledge, NY.
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1 Wind speed varied in relation to higher hourly average levels, with no clear relationship
apparent(Fgures 13 and 14Wind direction may be an important factor to include in future

analyses.

In generalfactors that may contribute to these differences include the number of ships arriving and
departing concurrently, the type of ship(s) present, ship atiens while at dock, and the sulfur content
of the fuel burned. Data were not available to allow for evaluation of these factors.

Figure 5. Hourly SG; levels by time of day when cruise ships presentz Erie 2011

* red indicates highest 20 levels
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Figure 6. Hourly SQ levels by time of day when cruise ships presentz Topaz 2011

* red indicates highest 20 levels
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Figure 7. Hourly SO, levels by number of cruise ships present z Erie 2011

* red indicates highest 20 levels
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Figure 8. Hourly SO; levels by number of cruise ships presentz Topaz 2011

* red indicates highest 20 levels
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Figure 9. Hourly SQ levels by stability class at Topaz when cruise ships present z Erie 2011
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Figure 10. Hourly SQ levels by stability class at Topaz when cruise ships present z Topaz 2011
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Figure 11. Hourly SQ levels by wind direction when cruise ships presentz Erie 2011

* red indicates highest 20 levels
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Figure 12. Hourly SQ levels by wind direction when cruise ships present z Topaz 2011

* red indicates highest 20 levels
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Figure 13. Hourly SQ levels by wind speed at Ogden Point when cruise ships presentz Erie
2011
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Figure 14. Hourly SQ levels by wind speed at Topaz when cruise ships presentz Topaz 2011
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4.4 Specific dates

Three datesssociated with resident complaintgere provided byhe JBNAor further analysis; May
239 June 18, and July 36, 2011.

On May 28 (Figurel5), Crystal Symphony was in port between 9am and midnight, and Carnival Spirit
was in port between 7pm and midnight. At tBgiestation, small peaks ih0-minute average Sgdevels
occurred in the morning and egrafternoon, with significant peaks occurring between 4pm and 7 pm.
A small peak was also recorded in the hour before departures. Wind direction was more southerly prior
to the late afternoon peaks, and shifted back to more southwesterly in the evehimgl speed was
between 2.5 and 7.5 metres per seconddhghout the period. This day provides a good example of the
daytime peaks associated with ships in port during the day, and specifically the Crystal Syrithleony.
3" highest10-minute average, % highestl-hour average, and™ highest daily average of the season
recorded atEriestation occurred on this daylso of interest is the timing and location of a resident
complaint¢ early evening, east of the terminal. While level&aieare low after @proximately 6pm,

wind direction shifts at this point frompproximately200° (Eriedownwind) to 256, which would move
cruise shigplumesin a more easterly direction towarthe complaint area. Thisuggests thatelevated
levelscanoccur at locations otér than theEriesite depending on wind directiomvhichwould not
necessarilype reflected in theEriestation data.

On June 18(Figurel6), the Norwegian Pearl, Sapphire Princess and Oosterdam were in port between
approximately 6pm and midnight. Wingeed was generally above 7.5 metres per second in the
evening and consistently from almost wedi0-minute average S¢evels were not elevated at either

the Eriestation or the Topaz station. A small peakesiestation was observed just prior to arriga

Again, winds were generally from Z5@hich would tend to move the cruise ship plumes in a more
easterly direction and so higher levels than were measurdgriassite mayhave occurred.

On July 39 (Figurel7), Crystal Symphony was in port from appneately 6am to 2pm, and Norwegian
Pearl, Sapphire Princess and Oosterdam were in port between approximately 6pm and midnight. Winds
were southwesterly and between 2.5 and 7.5 metres per second during the morning. Moderately high
peaks ofLO-minute average SQwere recorded during the morningvhen resident complaints were
registered Winds then shifted to a more southerly direction and picked up to 10 meters per second and
higher between noon and 4pm, and S6évels dropped to background levels at bdile and Topaz

stations. By 5pm, just before the arrival of Norwegian Pearl, Sapphire Princess and Oosterdam, wind
speed slowly dropped to a low of about 2 metres per second by 11pm, and wind direction became more
variable, generally shifting between westdasouth over the evening. Small peakd@minute average

SQ were recorded around arrival and departuimes. Thel0™ highest daily average of the season
recorded atEriestation occurred on this dafied with June 27).
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Figure 15. May23rd, 2011
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Figure 17. July 30, 2011
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5. Trends and comparisons

The number of hours with cruise ships in port reached a peak in 2009 compared to previous years, and
dropped slightly in 201@nd 2011 (Table 15).

Table 15. Number of hours with cruise ships pres@@06 to 2011

2006 2007 2008 2009 2010 2011
Hours with cruise ships 962 816 982 1188 1160 1165
April 1¢ Oct 31 (19%) (16%) (19%) (23%) (23%) (23%)

5.1 Topaz 2006 to 2011

When comparing the highest 25 percent of hourly average levels from Topaz station in 2006 to 2011
when cruise ships were presefutata at and above the T5percentile), levels were highest in 2009,
followed by2008 and 201QFigure 18)and the lowest in 20l Levels below the ?5percentile were
similar in all years.

The distinct drop irmverage hourlyevels between evening arrivals and departures seen in the diurnal
patterns atEriesite in 2011 was also present at Topaz in 2011, 2010 and in 2003ugdthot as

obvious given the distance and lower concentratiqiégure 19)For hours without cruise ships
present, average hourly levels at Topaz site were typically less thgm&in all yeargFigure 20)
Factors that may contribute to these differences include:

1 Average temperaturesduring hours with cruise ships, temperatures were highest during June
and July of 2009, but were lowest during the same period in ZBRfIres 21 and 22)It is not
clear how temperature relates to hourly average, 8vels at Topaz.

1 Monthly precipitation- precipitation patterns during hours with cruise ships are markedly
different between yeargFigure 23)but do not appear to relate to high or lower S@levels.

1 Atmospheric stability the percent of hours with cruise ships in each atmospheric stability class
was relatively similar between yeaffSigure 24)with between 63 and 68 percent of hours in
Class 4 (Pasquill Classg deutral).

1 Wind speed and directiog these were remarkable similar at Topaz between y¢gigure 25
and 26) and winds blew from Ogden Point toward the Topaz site most frequently in all years
(Figure 27)

Other than wind direction, which directly influences the dtien of the cruise ship emission plunieis
not clear how differences in meteorological characteristics from year to year contribute to difference in
SQ levels measured at the Topaz site.
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Figure 18. Percentiles of hourly SO; levels for hours with cru ise shipsz Topaz 2006 to 2011
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Percentile 2006 2007 2008 2009 2010 2011

minimum 0 0 1 1 0 <1
1 0 0 1 1 0 <1
5 0 0 1 1 <1 <1
10 0 0 1 2 1 <1
25 0 0 2 1 1 1
50 3 0 4 4 3 3
75 5 5 9 14 7 6
90 16 13 20 37 20 13
95 29 21 33 54 32 21
99 55 56 73 96 68 42
maximum 77 88 146 170 123.4 66
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Figure 19. Diurnal SO- levels on days with cruise ships z Topaz 2006 to 2011
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Figure 20. Diurnal SO- levels on days without cruise ships z Topaz 2006 to 2011
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Figure 21. Average hourly temperature for hours with cruise ships z Topaz 2006 to 2011

25

2006
2007

—2008
20

—2009
2010

—2011
15

10

Temperature (Celsius)

0 T T T T T T
April May June July August  September October

Temperature recorded at Topaz Sif€elsius)

Year April May June July  August September October
2006 - 14 16 18 17 16 13
2007 10 13 14 17 16 13 10
2008 8 13 14 16 17 15 14
2009 9 12 17 19 17 16 13
2010 13 12 14 18 17 15 14
2011 9 12 15 16 18 16 11
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Figure 22. Percentiles of average hourly temperature for hours with cruise ships z Topaz 2006
to 2011
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95 22 19 21 24 21 21
100 28 25 28 33 31 26
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