PUGET SOUND MARINNIANEARSHORE GRANROKBRAM

ANALY SIGF
INVASIVE SPECIEXITGS, OIL SPIAND
INTERATED RISK ASSESINHENDINGS:

A REVIEWOFGRANT PROGRAM RESJIPRRT 2

Prepared by:

AIMEE KINNEY
TESSA FRANCIS,DPH

JEFF RICE

PUGET SOUND INSTITUTE

W UNIVERSITY of WASHINGTON

July2016



This project has been funded in part by the United States Environmental Protection Agency
under assistance agreement PC 00J29801 to Washington Department of Fish and Wildlife. The
contents of this document do not necessarily reflect the views and policies of the Environmental

Protection Agency, nor does mention of trade names or commercial products constitute
endorsement or recommendation for use.

The authorswishto thank grant contributors who reviewed and commentedaprevious version of

this report AllenPleus, Jennifer Lanksbudeff GaeckleTodd Hass, antioby RosKris Symeprovided
design assistance.



KEY BSULTAND RECOMMENDATIONS

INVASIVE SPECIEREVENTION AND RESBPE

1) Records of marine and estuarine romigenous species (NIS) introduction and spread in Puget
Sound have increased over time. Vessel biofouling and ballast water are the most significant
vectors.

2) Ballast water exchage regulations have reduced, but not eliminated, the discharge of NIS
zooplankton into Puget Sound. Prioritization critdrave been developetb identify highrisk
vessels for inspections and other management actions. Tankers from California are gdyticul
highrisk, and exempt from federal regulations requiring ballast treatment system installation.
Ballast water from theColumbia Riveis also categorized higtisk, but exchange is not required
before entering Puget Sound under current regulations

3) The wessel biofoulingzector is not currently managead Washingtonbut development of a
biofouling program is underwayighrisk commercial vessels can be identified through the age
of their antifouling coating(i.e., hull maintenance schedulahd lengh of recent layups.
Biofoulingrisk is compounded by a lack of effectiveniater cleaning systems that prevent
release of both invasive species guallutants during operation

4) Implementation of ballast water management criteria and development of a biofouling program
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Water programs has declined in recent years, resulting in defefrséveral higkpriority
activities.

TOXICS IN NEARSH@ERETA

1) Regional patterns of contamination in biota can be observed using transplanted mussels
deployed and retrieved with the help of citizen voleers.

2) Contaminant patterns in transplant musselsroespond to adjacent shoreline langse.Weak
positive correlations were observed between impervious surface/road area and concentrations
of PAHs, PCBs, PBDEs, and DDWhasselsHigh levels of lead, copper and zinc in transplanted
mussels wer®bservedadjacent to designated urban growth areas

3) ltis difficult to demonstrate a cause and effect relationship betwesetiall effluent and
eelgrass decline in Puget Sound. However, concentrations of copper, lead, and zinc in eelgrass
tissue collected from Pug&oundare within rangeswhere adverse effects have been observed
elsewhere

OIL SPILL PREVENTKND RESPONSE
1) Operation of three proposed maritime terminal developmentfie Gateway bulk carrier
terminal, the TrandMountain/Kinder Morgan pipeline expansipand Delta Port terminal

expansions would increase the probability of an oil spill in US/Canadian tbemsdary
waters. However, most of theOTENTIAhcreased risk could be mitigated using a well



designed portfolio of management measures such as spaet$, oneway traffic regimes, and
a rescue tug. Some of these interventions should be considered for implemengatgonif none
of the 3 terminal developments are constructed.

2) Restoration sites and other highalue habitats may not be included in thix Geographic
Response Plans that are used to guide coordinated spill response in Puget Sound. These plans
can be strengthened with input froffiribes, local jurisdictions, and community organizations.
Having access and other logistical issues workedbefaire a spill should significantly improve
the performance of defensive measures intended to protect habitat.

3) Community volunteers can be engaged in some elements of spill response, but regular
investment in recurring training sessions is requit€depingorganizations and individuals
engaged in maintaining volunteer response capabilities may prove to be challenging given the
mismatch between the frequency of required trainings and the frequency of spill events.

PUGET SOUND PRESSURESESSMENT

1) The rankings that emerged from the Puget Sound Pressures Assessments{i@fpeA)a broad
array of Puget Sound recovery decision and planning activities.arbegformingthe
development of Syear LIO recovery plans, as well as the 2016 Action Agertidalp

2) ¢KS t{t! A0GNBaaz2NI NIrylAy3da F2NI YIFENRYS ol aiya
strategy. The largest Grant Program investments focused on several highly rated stressors, and
for the most part follow the management priority categories ddsediin the PSPA.
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1. BACKGROUND

The Washington Department of Fish and Wildlife (WDFW) and the Washington Department of Natural
Resources (WDNR) together serve as the Marine and Nearshore Lead Organizatiorp(irSibtesor
developing and implementing ay@ar strategy for implementing priorities of the Action Agenda for

t dzZ3S4 {2dzyRd ¢KS tdza3SG {2dzyR al NAYyS IyR bSI NAK2NEB

funds provided under the U.S. Environmental Prategty | JEP¥))aBoQsd Estuary Program for
projects related to protecting and restoring marine and nearshore habitat. The Grant Program has
organized th& investments into five areas:

1) effective regulation and stewardship,

2) habitat restaation and proection (includingcapital investments),
3) addressing high priority threats,

4) cross cutting issues, and

5) adaptive management.

Since 2011, the Grant Program has funded more t@aprojects. Work on grants awarded during

Rounds 34 of the current 6year funding cycle has largely been completed. During Round 5, the grant
program funded the Puget Sound Institute (PSI) to analyze and synthesize results of the first 4 years of
awards. A part of an adaptive management strategy, the aim of this grant is to evaluate past results in
order to inform and optimize outcomes at project, programmatic, and Puget Sound recovery levels. PSI
Ad S@Fftdzad GAy3a GKS DNI y i grounPo@inkesr@nrtardal2 NI F2€f A2 2 7F

Thel0grants reviewed in this report are grouped in tHigh Priority Threatsand Qrosscutting Issues
investmentarea® ¢ KS DNJ y i t NG thas$d grafisveretad 2 SOG A @S

oPrevent invasive species and oil spills from degrading Puget Sound
and compromisingn-going and future recovery effodsé

and

! RRNF&aa UGKNBFGa G2 tdza3S4 {2dzyR GKIF G Odzi
to achieve synergistic results beyohe scope of the Grant N2 I NI Y d ¢

This report synthesizes the findings presented in the grant products listEabiel. Our analysis isot

a comprehensive review tifieseissues in the Riet Sound region. We focus on the lessons learned and
implications of these specific projectShe followinganalysisof project results is organized by the sub
strategies used in the Action Agenda

LJIN.



Tablel: High Priority Threats and Cross Cutting Issues Grants (Rouddls 1

Grant Title

ProjectPartners

Product Citations

Ballast Water Management Assessment

WDFWand UW School of Aquatic and Fishery Sciences

Cordell et al. (2015)

Assessment of Biofouling Threats to Puget
Sound

Portland State Universitgnd Smithsonian Environmental
Research Center

Davidson et al. (2014)

Toxic Contamination Monitoring in Mussels | WDFW Lanksbury et al. (2012)
(Mussel Watch Pilot Expansion) Lanksbury et al. (2014)
Impacts of Outfalls on Eelgrass WDNR Gaeckle (2012)

Gaeckle (2014)
Gaeckle et al2015)

Assessing Threats from Large Oil Spills (Vess
Traffic Risk Assessment)

PugetSound Partnership, George Washington University,
and Virginia Commonwealth University

Van Dorp and Merrick
(2014)

Community Engagement for Oil Spill Respons
and Readiness

Northwest Straits FoundatiofNWSF)

NWSR2015)

Swinomish Oil Spill Preparednessjéct

Swinomish Indian Tribal Community

Swinomish Tribal
Community (2014+)

Preparing COASST R&giill

UW Coastal Observation and Seabird Survey TEDASST)

COAAST (2014)

Geographic Expansion of Seabird Survey and
Early OAScene Training

SeattleAudubon Society

Ross and Joyce (2014)

Puget Sound Integrated Risk Assessrhent

Puget Sound Partnersh{pSP)

McManus et al. (2014)
Labiosa et al. (2014)
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2. INVASIVE SPECHESEVENTION AND RESBD

This section providesnalysis of resultBom grants awarded to addregsction Agenda Subtrategies
B5.3(Prevent and rapidly respond to the introduction and spread of terrestrial and aquatic invasive
species) an®5.4(Answer key invasive species research questions and fill informatioi. gaps

Findings and recommendations prded in this section are basexh keyresultsof 2 Grant Program
investments

f dBallast Water Management Assessmient 3 [Cbrglell et al. 2016
f 6Assessment of BiofouliA@hreats to Puget Souad 3 [Dlawtison et al. 2014)

These investigations were specifically designed to infdevebpment of6-year state ballast watesind
biofoulingmanagement plas The Ballast Water Work GrotBWWG)2 5 C 2 BaBast Water
Inspection and Compliance Prograamd thelnvasive Species Couratie incorporating these results
into ongoing policy processes.

Thesestudies f 42 | RRNB&a I at NA2NRG& L0OIBeyn@aSScienceiVorR v ¢
Plan Assessisks imposed by marine invasive spécies

2.1 FINDINGS

Davidson et al2014)provided an overviewf invertebrate and algal invasionmsPuget Soun@nd
2 | aKAY3d 2y Qavajorlfirdikgs aréidted belowa

1 Atleast 74 marine and estuarimdr-indigenous species (NI&)cur in Puget Soundhe
authors concluded thisstimate is likely low becauddé!S monitoring efforts in the region have
been inconsistent, uneven, and nstandardized

1 Records of NIS introductions have increased over tiwith) 35 new detections in the past 20
years(Figurel).

1 The primary vector@ransportmechanismgby whichmarine and estuarin&lIS have been
introducedinto Puget Sundare: ballast water, vessel biofoulingnd aquaculture*

2 Biofoulingrefers to marine organisms that adhere to submerged surfaces. Biofouling species include sessile
organisms, like barnacles and algae, thtiach to surfaces as well as mobile species that inhabit a matrix of those
sessile organisms.

3¢KS .22D FR@GAASA 25C2 2y RS@GSt2LAyYy3IE NBGAaAAY3IAZI FYR AYL

law. It was established undé&hapter 220150-010(2) WAC

4 Shellfish aquaculture was historically a large contributor of NIS in the region. Changes in industry practices, and
regulations for importation and transfer of organisms and equéptrhavegreatlyreduced risks associated with
this vector.


http://wdfw.wa.gov/ais/ballast/
http://wdfw.wa.gov/ais/ballast/
http://www.invasivespecies.wa.gov/
http://apps.leg.wa.gov/wac/default.aspx?cite=220-150-010

9 Other potential biofouling vectors include: aquatic plant shipments, live bait, the aquarium
trade, live seafood, movement of maritime infrastructure, and floating marine debris.

1 Vessel biofouling has been implicated as a possible vector for the introduction of 43 NIS into
Puget Sound (37 as multector and 7 as sole vector).

9 Ballast water has been implicated as a possible vector for the introduction of 33 NIS into Puget
Sound &ll multi-vector).

1 The lack of data on impacts of marine and estuarine NIS established in the region hampers
FylrfeasSa 2F Nrala aaz20AFiSR gA0K (KSasS aLSOAs
found that impacts of only 39% of know NIS ocituyyiin Puget Sound had been evaluated in
published papers. Of the 138 papers on these species, only 13 included data collected in

Washington.
Figurel: Number of First Records for NIS in Puget Sound
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2.1.1 BALLAST WATFERCTOR

Cadell et al.(2015 evaluated 13 years of ballast water samples collected from ships arriving in Seattle.
They found:

5> Multi-vector refers tathose species having more than one possible vector of introduction



1 Ballast water exchange regulatiérmve reduced but not eliminated the discharge oNIS
zooplankton into Puget Soundihe authorgoncluded that sme vessels discharge potentially
highrisk ballast water du#o tank design limitations, noncompliant exchange management, or
SYOANRYYSyGlf FIOG2NAR o0S&2yR (UKS @SaasStQa

9 A total of 55 noAndigenous zooplankton species were foun®i6 ballast water samples
collected between 2001 and 2014.

1 Total estimated coastakooplankton discharged into Puget Sound declined dramatically after
2008(Figures ). The authors attributehis trend to anincrease in gerall ballast water
managemencomplianceresulting fromWDFWR & T 2sBigladspegtigns, sampling, and
review of ballasting recordsuring this time period

91 Ballast water from domestic sources had higher densitidsI8fooplankton(Figures 23), while
those from foreign sources kehigher species diversity.

1 Ballast samples from California had the highest densities of species identified aiskilyhS
compared to other areas of origin.

1 Tankers had the highest densities of coastal zooplankton compared to other shigfFypes
4).

Figure2: Coastal Zooplankton Density in Exchanged and Unexchanged Ballast
from TransPacific Sources (Figure 12 from Cordell et28l15)

Trans Pacific —a—No Exchange

—>—Exchange

35

25

15 +

Coastal log density (m-3)
N

05 1

6 Chapter 222150 WAGequires most vessels transitioning into waters of the state to perform an open sea ballast
water exchange to minimize discharge of NIS

7 Cordell et al. (2015) used percent composition and/or density of coastal zooplankton species (relative to oceanic
zooplankton species) as a proxy for ballast water exchange efficacy.


http://app.leg.wa.gov/wac/default.aspx?cite=220-150

Figure3: Coastal Zooplankton Density in Exchanged and Unexchanged Ballast
from West Coast Sources (Figure 12 from Cordell et al. 2015)
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Figure4: Estimated Total Coastal and NIS Zooplankton Pigudas Discharged
into Puget Sound for Two Main Ship Types (Figure 15 from Cordell et al. 2015)
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MANAGEMENT OF BALTABATER RISKS:

1 An objective of the Cordell et al. (2015) assessment was to develop recommendations for
threshold(s) that could be used tietermine when there is sufficient evidence for identifying
high-risk vessels that should be prioritized for management actidimeir analysis of post008
sampling data revealed that ballast water samples could indeed beassadool to identify
arrivals with poor exchange efficacy or roompliant exchange management.

8WAC 220150035RANB Olla 25C2 (2 GARSYGATeS LlzofAakKz FyR YFAyYydl
discharging ballast water or sediment containing oy RA 3 Sy 2dza aLISOA S& dsgelsanthsl G SNE 2 °
list will be prioritized for evaluation and boarding, and may require completion of an approved temporary
compliance plan and/or temporary alteative strategy.



http://app.leg.wa.gov/wac/default.aspx?cite=220-150-035

1

The authors concluded that the most valuable pasival metrics for evaluating relative risk of

NIS introduction are: (1) percent composition of coastalgankton species, (2) density of

coastal zooplankton species, and (3) ballast age. They established risk criteria for each metric to
allow WDFW to group ballast water samples into high, moderate, and low management priority
levels.

Currently exchange iaot required for ballast originating in the Columbia River because it is
RS & A 3y toinSoR watersGor@ é | 2 6 S @S NI -extitadgéd Cdldmbia Ri&r dzy
samples analyzkas part of this study would be categorized as High using the prioritization
scheme developed by the authors. This suggests the inclusion of Columbia River and Puget
Sound in the same common water zone should be reconsidered.

2.1.2VESSEBIOFOULINGECTOR

Davidson et al2014)evaluatedvessel biofoulingisks and potential management measurébey

found:

T

T

Vessebiofouling is a potentially significant vector fdiS introductiorand spread in Puget
Sound.

The proportion of NIS introductiongnd speadattributed to biofouling has increased over time
(Figures5 and6).

Vessel movement and maintenance patterns are integral to identifying and managing biofouling
invasionthreats. Factorsthat affect biofouling accumulatioriaclude age of coatingsintended
to reduce biofouling, vessel speddeshwater transits, angort residenceduration.

9 There are two types of coatings applied to vessels to reduce biofodlifig2 ¥ (-éuling gaintsare designed to
slowly wear away, revealing a fresh layers of chemicals toxic to marine speciei¢eides likecopper). The
continual renewal of the toxic surface layer prolongs the efficacy of the coatingl foHR-£elease paints which

are often siliconebased, create a smooth surface that does not allow organisms to remain on the vessel once it

moves.


http://wdfw.wa.gov/ais/ballast/common_waters_definition_aug0609.pdf

Figure5: Role of Vessel Biofouling in NIS Initial Introduction (Figure 1.4 from Davidson et al. 2014)
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Figure6: Role of Vessel Biofouling in NIS Spread (Figures 1.5 from Davidson et 4). 201
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VESSEL MOVEMENT AWMBINTENANCE DATA (MWRDAVIDSON ET AL. 20114

1

Approximately50,000commercial, fishing, and recreationadssels enter Puget Sound every
year.

Onaverage 920 commercial vessels make 3,200 arrivals to Puget Sound each yeardipased
U.S. Coast Gua@D082011 data). Review of commercial aaiidata indicated that{1) 56% of

these arrivals were coastwise traffic, with the most ports of origin in British Columbia, California,
and Alaska; (2) tankers generally had the longest msidience times; (3) container ships

traveled fastethan other ship types; an@#) 40% of layips occurred in bays along the U.S. west
coast.

Review of commercial vessel maintenance data (n=404) indicated: (1) 80% of ships used biocide
based antifouling mint; (2) 56% of ships reported application of atiling or foutrelease

coatings within the past 2 years; and (3) most vessels had not condueteatén cleaning since
dry-docking or delivery, though 20% did reporvirater propeller polishing.

1,584fishingvessels made at least 105,494 arrivals in Washington harbors betweer22085

A small number of fishing vessels frequently transited between Puget Sound and Grays

I FNDP2NKk2AEEFLI . Fe& 2y 2aKAy3dldz2yQa g2dzikKegSai
organisms to be mixed among these areas.

Recreational vessels likely play a stronger role in secondary spread of NIS along coasts or within regions,
rather than between regions, due to their limited range. The authors surveyed and/or interviewed 145
recreational boat owners and 8 fishing/other boat owners:

T
1

86%reportedthey had taken steps to reduce fouling within the past 2 years.
88%reportedusing some type of antifouling paint.

54% reported having cleaned their boats since last haul out. Notaldly,d%his group reported
doingsoin-g I G SNJ RS & LJA (i S “anlirawktdr yleanirg foivasse with biocidal
paints. Several of the boaters interviewedgarson acknowledged they were aware of being in
violation of state regulations.

67% of boateréndicated they had made overnight stays at marinas other than their homeport
in the past 12 months. Only 6% of these overnight stays were outside the Salish Sea (mostly
southeast Alaska).

10 pollutants generated dimg inwater cleaning of hulls with coppdrased coatings can cause an exceedance of
the water quality standard for copper. Ecologyhibitsin-water cleaning of recreational vessels with soft

coatings. EPA requirements foruater cleaning of commercial vessa{&9 feet in length are found in theessel
General Permi(Section2.2.23). Operators are required to: (1) employ methods that minimize discharge of fouling
organisms and antifouling hull coatings, (2) minimize release of copper from antifouling paint into the water
column when they clean their vessel, and (3) not clidenhull in copper impaired waters within the first 365 days
after paint application unless documented as absolutely necessary. Ship operators are also requiré to

WDFW and Ecology prior tovater cleaning of vessels covered under EPA general permits.
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http://www.ecy.wa.gov/programs/wq/nonpoint/CleanBoating/hull.html
http://www3.epa.gov/npdes/pubs/vgp_permit2013.pdf
http://www3.epa.gov/npdes/pubs/vgp_permit2013.pdf
http://wdfw.wa.gov/ais/ballast/ecy_hull_cleaning_guidance_14-10-012.pdf

MANAGEMENT OF BIOHONG RISKEROMDAVIDSON ET AL. 20114

1

Washingtondoes notrequire vessels to remove biofouling at regularly defined intervals.
WDFW does not have a formal biofouling management program, but rather deals with heavily
fouled vessels and iwater cleaning requests on a calsg-case basis.

Theauthorsd dz3 3 S a4 (i p@HibRidn dffh8valei cleaning ofecreationalvessels with soft
coatingslikely increassthe risk of NIS spread.

The referenced report describgelicies for managing vessel biofoulitngit have been

implementedin otherregions. These includél) requiring antifouling coatings be in good
O2yRAGAZ2Y YR NBYySs6SR 0SF2NB GKS SELIANI GAZ2Y 27
replacement period; (2) submittal of activity logs and/or questionnaires, with inspections or

treatment required if vessels argeterminedto be high riskand(3) requiringvessels to remove

biofouling at regulardefined intervals.

Improperlymanaged iavater cleaning can increase the risk of invasion by assisting in propagule
release from vessels into surrounding habitats. The authors suggest managing this risk by
considering the travel history of a vessel along with proposed cleaning methods

¢CKS | dzi K2 NBR &dzZa3Sal waterzleadinhs ey beMBeletradffod G A 2 ya 2y
development and use of cleaning technologies in the region.

In 2011, the Washington legislature passed a bill to ban the use of coppdoalitig paints on
recreatonalboats under 65 feet by 2020.

Age of antifouling coating and time in port are the 2 most important risk factors associated with
biofoulingabundance and richness on commercial vessels, accordinggb factor analysis
conducted by the authors

TheauthorssuggestedVDRV identify highrisk vessels entering Puget Soundehgluating
proxies for these factors h€ir suggestedriggers for management acticare: (1) time since dry
docking, either 4 years or 400 d&yand (2) layup periods of 10 dayswithin the past 12
months.

111n 2014, WDFW was granted authority to conduct vessel inspections, set up mandatory check stations, and issue
decontamination orders§CW Chapter 77.135.13%owever, funding needed to fully implement this law has not
been provided to WDFW.

2The typical recommended life span of antifouling paintsisy@ars However, literature indicatebiofouling
accumulationgncrease substantially400 daysfter paint applicationThe authors attribute this discrepancy to

the likely effect of niche areggon-hull submerged areabke rudders, propellers, and thrustgras biofouling
hotspots.Under rormal conditionsgoatings probably work well on relatively homogeneous hull surfaces after 400
daysbut organisms begin to accumulaite niche areas after this time.

1C


http://apps.leg.wa.gov/rcw/default.aspx?cite=77.135

1 The authorgecommendwWashington develop a biofouling policy using an advisory group
process to ensure rulemaking decisions consider the best available science, feasibility and
economic considerations, and implementation inf@tion.

2.2 IMPLICATIONS

Davidson et al. (2014) conclude that the lack of management of the biofouling vector in Washington
may underminghe impact ofongoing ballast water management efforihisconclusions supported

in the literature.Williams et al(2013)argued that management of ballast wates not sufficient d

prevent future invasions; they also identifiébfouling of all vessel typess a high priority for
management action.

WDFW campplythe risk criteria developed as part these2 grants to prioritize inspections and other
management actionslhe Cordell et al. (2015) sample prioritization criteria are not currently being
applied as part of daily inspection operations condudigd 5 C 2 Ralast Water Prograjthough the
intent is to move the program in that direction (A. Newsom, WDFW Ballast Water Specialist, personal
communication, October 2015). This is because the ballast water program does not currently have the
budgetfor sample analysis or management oversight (A. Pleus, WDFW Aquatic Invasive Species and
Ballast Water Unit Lead, persdrammunication, October 2015).

2.3 RECOMMENDATIONS

1) Incorporateprioritization thresholdsand other managementecommendations from Cdell et
al. (2014) and Davidson et al. (2014) into @xgear strategic plansurrently under development
fori KS abdllasiivé@mrogramanda newbiofouling management prografiin the
interim:

o Prioritize inspections ofankers from Californiavhich appear toposeparticularlyhigh
riskfor NIS introductionsiathe ballast and biofouling vectors. Notably, crude oil
tankers engaged in coastwise trade are exethjpom federal regulationsequiring
ballast treatmentsystem installation by 2021.

o Determine whether changes to the i | Gofn@@n Water Zone area are warranted.
o (ontinue to collect ballastvater samples.

2) Collaboratewith Ecology to identify biofouling management measures that balance the risks
associated with invasive species and tisks associated with introduction of toxins into the
marine environment. The Puget Sound Pressures Assessment (McManus et al. 2014) described

Ay {80GA2Yy ¢ O2dA R 68 | dzaS¥dA (22t F2NJ GKA&

B¢KAA ©2N)] Aa 0SAy3I FdzyRSR GKNRBdzZAK | wzzdegahd BallaNI y i
Water Unit in December 2015.

1433 CFR Part 151 Subparg§D51.2015(b)(1)
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http://wdfw.wa.gov/ais/ballast/
http://www.ecfr.gov/cgi-bin/text-idx?rgn=div5&node=33:2.0.1.5.21#se33.2.151_12015

3)

4)

5)

stressors involving tax chemicals was ranked higher than stressors associated witimaore
species.

Consider thdPuget Sound Ecosystem Monitoring Progr&8KEMJPas a venuédo coordinateNIS
research ananonitoringefforts.

o Cordell et al. (2014ecommend moreambient zog@lankton research and monitorirtg
establisha baseline for detecting future invasioridie invasive Asian copepod Oithona
davisae was of particular concefior them. The PSEMP Forage Fish and Food Webs
Workgroupcouldhelpfoster collaboration betweeNIS investigators and researchers
involved with ongoin@nd recommended futureooplanktonsamplingandtime series
analysidbeing conducted as part of thgalish Sea Btine Survival Project

o0 PSEMP could also play a roleduiewing existing monitoring effortgompiling data,
and providing recommendations on research and monitoring néede/DFW
programs

CommunicateAquatic Invasive Species Programdingneedsto executivelevel managers
through the Ecosystem Coordination Bodrdnding for the program has declinedrétent

years, resulting inleferral ofseverakhigh-priority activities (WDFW and Washington State Patrol
2015). @ucialprogram components arbeing fundedhroughgrants Thislack of budget
consistency is likely to make development of a new marine biofouling management pragram
challenge

UpdateNational Exotic Marine and Estuarine Species inétion Systen{NEMESIS) records
with distributioninformation provided in Cordell et al. (201f&garding copepod species that
have become established in Puget Souftte Davidson et al. (2014) species list was obtained
through a query of the NEMESIS datsé and & notedtwo missingspeciesLabidocera jollae
andOithona davisae

3. TOXICS IN NEARSREOBIOTA

This section provideanalysis of results related to Action Agenda-StrategyC1.1(Implement and
strengthen authorities and programs to preveéoxic chemicals from entering the Puget Sound
environmen}.

Findings and recommendations pided in this section are basexh keyresults of2 Grant Program
investments:

T 6¢2EAQO [/ 2yGFYAYlLGAZ2Y a2yAG2NAYy3I Ay adzaasStaé
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These investigations addretp priorities for2 PSEMP WorkgroggToxicgnd Stormwatey, as well as

I Gt NA2NRAGE { OASyOS -200BBlmilSare R6ry FlandeveBikinteyrytedi K S

monitoring and assessment of toxic chemical sources, exposure, and)effects
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http://marinesurvivalproject.com/research-activities/bottom-up-studies/
http://invasions.si.edu/nemesis/

3.1 FINDINGS

3.1.1 TOXIC CONTAMATNION IN MUSSELS

Blue musselg\ytilusspp.) are effectivéendicators ofnearshore wateand sedimenguality, and have
been used for decaddse track contaminant levelsy many areas across the United Statieanksbury
and West 2011)Since 1986,ite National Oceanographic and Atmospheric Administr@iOAA)
GadzaaSt 2| (hGskackedstdBsINrevids in environmental qualityy measuring
contaminant levels itivalvetissue

Lanksbury et al. (2014)jloted a large-scale synoptic survey of contaminant level®irget Sound
musselsduring winter 20122013 With the help of citizen volunteergsative musselsMytilus trossuluy
spawned and reared ian aquaculture facility were transplanted to 108 locatiSrzsd collectechbout
2 months laterConcentrations of several major contaminant classes were measuteed mussel
tissue ntaminant patternsvere then compared with adjacent shoreline ldsusemetrics

This project differs fronother existingmussel monitoring progrania Puget SoundTable2) ina few
important ways:

1 Amuchlarger number of sitesvere sampled 77% to 95% morthan in other studiegFigure
7.

1 Transplanted mussels were used instead of wild mussels. This change reduced the potential
effects of other factors (e.g. mussel species, size, age, and condition) on contaminant burdens.

1 Sample sites were located adjacent to a wide range of {asd types (undeveloped, rural,
F ANR Odzt (G dzNJ f = dzND I MuBsel Wettéh progyaR dudsidesiyried ta réprebent! | Q &
average conditions away from contaminant hotspots.

Using data from this tensive survey effort, the authors iastigated relationships between
concentrations of a suite of contaminants in mussel tissues, and metrics of urbanization.

f Contaminant classes
0 polycyclic aromatic hydrocarbon (PAHS)
0 polychlorinated biphenyls (PCBSs)
0 polybrominated diphenyl ethers (PBDES)

o dichlorodiphenyitrichloroethane (DDTS)

15 Sixty sites were funded by the Grant Program. Outside pastaponsored an additional 48 sites in Admiralty
Inlet, the San Juan Islands, and Hood Cafihkreverpossible, sites were located ameas where eelgrass, forage
fish, or shellfish beds were present; areas with a history of contaminant monitoring;read with a need for
Natural Resource Damage Assessn{BiRDA) baseline data.
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1 Proxies for landise in adjacent watershed catchment areas
0 percent impervious surface
0 percent road area
o0 within/outside designated Urban Growth Areas (UGAS)
1 Biological endpoints
0 mortality
0 growth (mm/day)
0 condition index (dry weight of soft tissue/shell length x 100)

Results Table3 and Table5) provide data on the current geographic extent and magnitude of
contamination in nearshore environments, and offer insight into how contamination in nearshore biota
may be relateda upland laneuse patterns.

1 The highest concentrations of organic contaminants were observed in the most urbanized
embayments, particularly Elliott Bay, Salmon Bay, Commencement Bay, and Sinclair Inlet.

{1 Statistically significant but weak positive corréats were observed between impervious
surface/road area and concentrations of PAHs, PCBs, PBDEs, and DDTs in mussel tissues.

1 Levels of lead, copper and zinc in transplanted mussels were significantly higher adjacent to
designated urban growth areas (UGK)t this relationship was not as strong as it was for
organic contaminants. There were no significant relationships between mercury, arsenic, or
cadmium concentrations in mussel tissues and UGA designation.

1 PAH concentrations were also elevated in musiels some norurban shorelines where they
may have been exposed via marinas, ferry terminals, roadways, or other point sources.

9 ¢KS | dziK2NA KIFIR adz00S&da AYFSNNRAYy3I az2dz2NDODSa 2F t
characteristic of certain inputs (unbued petroleum or combustion sources). This technique
holds promise for future source identification efforts.

[Fyl&d0dz2NE S Ffd o6vnmnd O2YLI NBR GKSANI O2y il YAYIl Y
Mussel Watch Program. They found generatguais of contaminant distribution in Puget Sound were

similar between the two datasets, but in some cases contaminant concentrations differedustidoiby.

Both projects measuredontaminants in mussel tissue collected freites in Elliott Bay (FotMile Rock

and Myrtle Edwards). PAH concentrations in the wild mussels sampled by NOA#nvieie higher

than concentrations in transplanted mussels from this study. The authors attribute this to differences in

study methods (gg., wild vs. transplant, tidal height sampled, proximity to substrate, and different

analytical labs). They caution against direct comparisons between their results and results of other

regional mussel monitoring effort3 §ble?).
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Table2: Comparison of Puget Sound Mussel Monitoring Efforts

Gradient Project

(TacomaPierceCounty
Health Department

pesticides6 metals

Program #of | Location of Sites Contaminants Measured Time Frame | Mussel
Sites Type
WDFW Toxi€ontaminant | 108 | Throughout Puget Soundcross a PAHs, PCBs, and PBB&shlorinated 2012-2013 transplant
Monitoring in Mussels wide range of upland land uses pesticides6 metals
(Subject of present
analysis)
NOAA Mussel Watch 14 Throughout Puget Sountut away More than 140 compounds, including 17 1986-present | wild
from industrialareas metals, PAHs, PCBs, and pesticides (biennial)
Department of Ecology | 5 Padilla BayWest Duwamish 43 pesticides/breakdown products and | 1995 wild
Pesticide Monitoring Waterway, HylebosWaterway; PCBs
Program Chamber Creelower Budd Inlet
Snohomish Marine 9 Snohomish County More than 140 compounds, including 17 2007-present | wild
Resources Committee metals, PAHs, PCBs, and pesticides
ENVEST Partnership 24 Sinclair InletDyes InletPort Orchard | Metals, PAHs, and PCBs 20092011 wild
PassaggeRich Passagégate Passage
(Navy, EPA, and Keyport Liberty Bay
Department of Ecology)
Mussel Watch 18' | Hylebos WaterwayRuston Waterfront PAHs, PCBs, and PBB&shlorinated 2012-2013 transplant

% TheMussel Watch Gradient Proje(fianowell et al. 2014) was a companion study to Lanksbury et al. (2014). These 18 sites are included in the the Mussel

2 GOK 9ELI yaA2Y
within the study areasnd assigned to a central point along each of the tweae distributions.
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http://www.ecy.wa.gov/programs/wq/psmonitoring/ps_monitoring_docs/SWworkgroupDOCS/MusselWatchGradientRpt20June2014.pdf

Figure7: Mussel Monitoring Sites in Puget Sound
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Table3: Mussel Contaminant Concentration Results from Lanksbury et al. (2014)

Mean concentration

Concentration range

Mean concentration

Mean concentration

at Penn Cove at transplant sites within UGAs outside UGAs
(baseline)

S4:PAHs 71.4 (x20.4) 29¢ 5030 (ng/g dry weight) 857 (+1065.7% 285 (+277.6)
total PCBs 19.3 (£6.8) 4.1¢ 216 (ng/g dry weight) 60.3 (+x96.6) * 24.2 (£12.3)
S1:PBDEs 2.8 (£1.4) 1.7¢ 35 (ng/g dry weight) 12.3 (x17.7) * 5.9 (x4.4)
Pesticides
SeDDTs 1.1 (£0.05) 1.1¢ 46 (ng/g dry weight) 6.9 (x15.0) * 2.3 (¥1.0)
SsChlordanes below LOQ 0.9¢ 11.4 (ng/g dry weight) low number of detects | low number of detects
Dieldrin not detected 1.0¢ 2.6 (ng/g dry weight) low number of detects | low number of detects
Hexachlorobenzene not detected 1.5¢ 1.8 (ng/g dry weight) 2 detects 2 detects
Mirex not detected 1.6 (ng/g dry weight) 1 detect 1 detect
Aldrin not detected below LOQ low number of detects | low number of detects
endosulfan 1 not detected below LOQ low number of detects | low number of detects
hexachlorocyclohexane not detected below LOQ low number of detects | low number of detects
Metals
Lead 0.1 (x0.02) 0.1¢ 1.4 /g dry weight) 0.4 (x0.2) * 0.3 (x0.2)
Copper 5.0 (£0.6) 4.1¢10.5 frg/g dryweight) 6.3 (£1.7) * 5.9 (x1.5)
Zinc 74.8 (+8.1) 68¢ 137 /g dry weight) 93.3 (+27.7) * 83.1 (+10.8)
Mercury 0.03 (£0.002) 0.03¢ 0.1 (rg/g dry weight) 0.04 (x0.01) 0.05 (x0.03)
Arsenic 5.3 (£0.3) 4.8¢ 8.0 (/g dry weight) 5.9 (+0.6) 5.9 (+0.6)
Cadmium 2.0 (x0.3) 1.6¢ 4.1 (rg/g dry weight) 2.1 (x0.4) 2.2 (x0.6)

UGA = Urban Growth Area

LOQ = limit of quantification
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Table4: Relationshipsetween Proxies fotdrbanization and Contaminant Concentrations

% Impervious Surface

% Road Area

r? F1 g7 p-value r F1, e7 p-value
S42PAHs 0.372 53.035 <0.0001 0.358 49.981 <0.0001
total PCBs 0.193 21.979 <0.0001 0.157* 17.373 <0.0001
S1:PBDEs 0.215 25.161 <0.0001 0.254 30.971 <0.0001
SeDDTs 0.248** 29.963 <0.0001 0.187 21.257 <0.0001
Lead 0.198 22.749 <0.0001 0.274 34.224 <0.0001
Copper 0.098 10.603 <0.0001 0.054 6.026 0.016
Zinc 0.055 6.073 0.016 not significant
Mercury not significant not significant
Arsenic no correlation no correlation
Cadmium no correlation no correlation

* Lipid content was a significant covariate (p = 0.04, r2 = 0.188)

** |ipid content was a significant covariate (p = 0.005, r2 = 0.295)

Table5: Relationships between Proxies for Urbanization and Biological Endpoints

Mortality

Growth

Condition Index

Surface

% Impervious

significant

p = 0.003, adjustec = 0.087

no correlation

no correlation

% Road Area

significant

p =0.002, adjusted?= 0.097

no correlation

no correlation

3.1.2 EFFECTS OF GAILS ON EELGRASS

LITERATURE REVIEW

Gaecklg2012)summarized available literatuien the effects ofoutfalls and effluenbn both seagrasses

generally andbelgrasgZosteramarina) specifically

1 Effluentlikely alters physical procesgefydrology, salinity, and temperatureassociated with
seagrass beds.

1 Nutrientloading has detrimental impacts on seagras3éwesanclude:prolific growth of
macroalgae, epiphytes, and phytopkion on seagrass bladegl®w dissolved oxygen; light
attenuation; and toxic levels of nitrogen that cmit uptake of otheressential nutrients.

1 Seagrassedske up metals and organic compounds from marine waters and sediments.
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1 BHevatedconcentrations ofeven metalsguminum, cadmium, copper, leagmercury; nickel
andzing have been associated withreduced growth rategn Zosteramarina

SPATIAL ANALYSIS

Gaeckle et al2015)evaluated the spatial proximity dfostera marind.. and outfallsn Puget Sountb
identify areas where anthropogenic inputs may affect eelgrass. This spatial amaligiedonly major
rivers and outfalls permitted under the National Pollutant Discharge Elimination System (NPDES)
Sveralother sources ohutrient and/or contaminantoading(e.g.,septic systems, vessel discharges,
metal sloughing from vessel afitiuling paints, and nooint sourcepollution associated with
agriculture and urbanization) were not evaluated due to a lack of data.

1 The totalnumberof anthropogenic surface/stormwater outfalls discharging into Puget Sound is
unknown.Camichael et al. (2009stimated there were over 4,500.

1 In2015 roughly7%(331) of the estimated 4,50®utfalls hal NPDES permifs

1 21%ofthe NPDEpermitted outfalls that discharge within 100 meters of share located in
areas where patchy or continuous eelgrass has lEgmumented by DNEh=24).

1 Municipaloutfalls discharge a higher volume and more diverse suite of chemicals than industrial
sources. Surface runoff/stormwater from developed areas tends to have some of the highest
loading rates of chemicals.

1 The 15argestwastewater treatment facilities bglischarge volume are responsible for 76% of
the total volume of wastewater discharges to Puget Sound. The Central Puget Sound basin
receives 65% of the effluent volume discharged from wastewater treatment plants.

1 Rverdischargds asignificantsourceof disolved inorganic nitrogen (DIN) feuget SoundA
2011studyestimated that riverine DIN loads contributed 51% of total fomeanic DINo
greater Puget Sound and the Southern Strait of Georgia (Mohamedali et al. 2011).

While there is evidence that #fient from outfalls can degrade water qualithe authorsconclude it is
difficult to demonstrate a cause and effect relationship between eelgrass decline and outfall effiluent
Puget Soundiue tothe number ofvariablesnvolved(e.g., tidal circulatin, hydrodynamics, and other
confounding stressors).

The authors identify the followingsareas where eelgrasslikelymost at risk from negative impacts
associated with anthropogenic loading:

1 major municipal outfall discharge points, though they typicdischarge at or beyond the
deepest extent of eelgrass;

NPDES data was obtained from Department of Ecology water quality pgamatiasessuch as the Permit and
Reporting Information System (PARIS).
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f combinedSewer Overflows (CSOs) and stormwater outlets; and
1 majorriver deltas.

FIELD EVALUATION

Gaecklg2014) collectedZostera marind.. from 15 sites in Puget Sound. The sites represented a wide
range of shoreline types and likely contaminant levels. Fourteen of the sample sites weoaitsul

with the Lanksbury et al. (201#)ussel Watch Expansion Project sites. Four sites were ld@atd/DNR
Aquatic Reserves.

Several chemical analyses were conducted on each sample:
f nutrient concentrations{**N andt 13C)
T organiccontaminants (PAHs, PCBs, and PBDES)
1 metals(mercury, arsenic, cadmium, chromium, copper, iron, lead, nickel, vanadiunzjrzs)d

Results of these analyses were compared to results of previous sthdiasbserved adverse effects in
eelgrass associated with elevated makconcentrations in leaf tissugableb).

Table6: Comparison of Leaf Metal Concentrations in Eelgra&ssfera marina

Copper (ppm) Lead (ppm) Zinc (ppm)
Range 16.0¢74.1 0.1¢0.5 56.6¢ 106.6
from Gaecklg2014)
Evidence of toxicity >10 pp dose | >100 ppm dose >10 ppm
from review bylLewis 10 days 5 days 10 days
and Devereux2009 ®growth rate | ®N2 fixation | ®growth rate

3.2IMPLICATIONS

1 Lanksbunet al.(2014)describeregional patterns of contamination in nearshore mussels, filling
in areasnot coveredby the smaller network oNOAAMussel Watch Prograrmsites Limited
spatial coveragef mussel tissue contaminant levdlad beenidentified as griority datagap
by both the PSEMP Toxics Work Group (2014) Rndet Sound Stormwater Woékroup (2010).

f Lanksburyet al. (2014) also established thats feasibleto sample an expanded network of
sitesover a short period of timesing transplanted mussedsd volunteer assistance for cage
deployment/retrieval.

20



f Sincecompletion of ths pilot effort, monitoring of contaminant levels in transplanted mussels
has beerincorporated ino 9 O 2 f Regidn@l&tormwater Monitoring PrograRSMIPe In
October 2015WDFWdeployed40 mussel cages at RSMP sites selected by EcQaggs were
also deployed atmadditional 25ponsoredsites most ofthese locationsvere also sampled
duringthe 20122013 monitoring effortAnotherRSMRieployment is planned for €@ober2017
(WDFW and Ecology 2015).

T Althoughresults of the eelgrass study did not identify a cause and effect relationship between
eelgrass and outfalls, this work provides basetiataagainst whictuture information can be
compared

3.3 RECOMMENDATIONS

1) Map stormwater outfallsGaeckle et al. (2015) found there was little available information on
the hundreds of stormwater outfalls that discharge into Puget Sound without NPDES permits.
Theyrecommended compiling information on key characteristics of thmséallst including
location, volume discharged, and drainage area enableanalysis of their effects on nearshore
biota.

2) Coordinate with the PSEMP Toxics Work Group regarding recommendationksanisbury et
al. (2014)n possible future enhancements the program:

0 Bvaluating and potentially adding a range of contaminants of emerging concern (CECs)
to the list of contammants measured in mussel tissue.

0 Exploring the use of biomarkers to help answer questions regarding mussel health and
exposure to toxis.

o Development of a study to compare contaminant concentrations in wild mussels to
evaluate transplanted mussels as a predictive tool for the former.

4. OIL SPILL PREVENTION

This section provideanalysis of results related to Action Agenda-StrategyC8.1(Prevent and reduce
the risk of oil spills Findings andecommendations prodied in this section are basexh:

f dAssessing Threats from Large Oil $pills3 NanyDodrp and Merrick 20)4

8 TheRegional Stormwater Monitoring PrografRSMPis a oordinated monitoring effort funded in part by

municipal stormwater permitees. Ecology administBiational Pollugint Discharge Elimination Syste(NPDES)
municipal stormwater permits in Washington. In accordance with federal Clean Water Act regulations, municipal
NPDES permits include conditions requiring status and trends monitoring as well as studies on theepéestdf

local stormwater management programs. Ecology designed the RSMP to meet these permittee stormwater
monitoring needs. The PSEMP Stormwater Work Group provides prioritized recommendations for elements of the
RSMP; in early 2014 they formally endmtsnclusion of transplant mussel monitoring at 40 sites.
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This investigatoh RRNX &daSa | &t Nidenhfikdirgthe P0ORMA Y BieSnial SOEnde2 v £
Work Plan (Evaluate existing oil spill risk assessments and complete additional risk analyses of higher risk
industry sectors to ensure there are appropriate levels of investment in reducing risk).

4.1 FINDINGS

Vessel traffic associated with proposed maritime terminal developments has the potential to increase
the risk of large oil spills in US/Canadian transindary waters.Van Dorp and Merrick (2014) applied
the Vessel Traffic Risk Assessment (\\fRwlel toevaluate

1) changes in relative rislor probability of an oil spilgssociate with 3 proposed maritime
terminal developmentsn the advanced stages of permittingnd

2) actionsto mitigatethe POTENT|Adffects ofincreased vessel traffithat would result from
these projects

One baseline and foulwhatlfé¢ & O Swete Nighi#atedn the VTRA model

1 2010base caseTraffic levels, routes, and speed distributicinem 2010calendar yeare-
constructed fronregionalVessel Traffic Ggrational Support Systemecords. Includes6400
cargo vessel and ~1400 tank vessel transits entering and leaving the Strait of Juan de Fuca
annually as well as transits within the system.

1 Gateway bulk carrier terminal at Cherry PoiryA: adds 487 bulkarriersto 2010traffic levels

1 TransMountain/Kinder Morgan pipelineexpansion in Vancouver, B@dds 348 crude oil
tankersto 2010 traffic levels

1 Coal, grain, and container terminal expansions at Delta Port, BEds348 bulk carriesand 67
container vesekto 2010 traffic levels

1 All three projectsbuilt: addsl,250additional arrivalgo 2010 traffic levels
Results of thesimulationsindicatethat vessel traffic associated with the proposed terminal
developments would significantly increase rtsknpared to 2010 traffic levelf.all 3 projectavere

operational at the same time

1 The potential frequency of collisions and groundings could rise by 18% across the entire
US/Canada tranboundary study areal@ble5).

9 This peereviewed VTRA model has been refined over the past decade and applied to several other maritime
risk assessment projects, including previous studies in Washington. Four componergsnftisis model

maritime simulation, incident and accident probabilityandoil outflowt together represent the chain of events

that could potentially lead to an oil spill. Risk reduction measures are introduced into model simulations to block
the causal pthways that can result in a spill. This enables the modelers to quantify the effectiveness of
interventions such as enhanced escort requirements, traffic rule changes, and double hull requirements.
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91 Potential oil loss (i.e., volume spilled in the event of an accident) could increase by 68% system
wide (Table5 andFigure8).

1 The largest increase in relative spill risk is concentrated west of the San Juan Islands. Some
waterway zones experience little to no increase in accident frequency or potential oil loss.

1 Haro Strait and Boundary Pass would be expected to see the largest increase in potential
accident frequency, and potential oil loss is 3 times higher than base case levels there. In the
eastern Strait of Juan de Fuca, the additional traffic could more dioaible potential oil loss
(Figure8).

1 Two waterway zones east of the San Juan Islands, Guemes Channel and Rosario Strait, are also
large contributors to systerwide pdential oil loss (Figure 8).

The next step of the VTRA modeling effort was to simulate risk mitigation measure (RMM) scenarios.
Van Dorp and Merrick (2014), in coordinatioith the studyQ a { G S S NJX yHeveloped YIA (1 (G S S
RMM scenarios involvingngle a multiple interventions, sch as:

100% double hull fuel tank protection

human error reduction (to approximate second watchstander)
maximum speed of 17 knots

one-way Rosario Strait traffic regime

secondary escorts (to approximate rescue tug)

exclusion obunkering*operations(to approximate maximum benefit)

=4 =4 =4 =4 -4 -9

Four of the RMM scenarios involved measures currently under consideration or partially implemented.
Others targeted specific classes of vessels, or geographic locations observed to have incredsetd acci
frequency under a Whdf scenario.

For 9 of the 11 RMM scenarios evaluated, risk reductions were significant. An additional RRM scenario
was created to simulate the benefit of a set of 6 RMMs being operational at the same time. A simulation
of the 1250 additional arrivals with this 6 RMM scenario resulted in:

1 A 29% reduction in accident frequency and a 44% reduction in potential oil loss as compared to
the 1,250 additional arrivals scenario with no RMMs.

1 Notably, this accident frequency result wa$/4d below the 2010 baseline accident frequency.

20The Steering Committéacluded representatives from ate/federal regulatory agencies, tribes, industries,
NGOs, and other stakeholders. Many steering committee representatives were members of ndagtiegP SP
Oil Spill Workgrouand Puget Sound Harbor Safety Committee

21 Bunkeringrefers to provision of fuel to vessels, including storage, transport, and loading onto ships. Th& What
scenarios included transits of laden bunkering-hagges from &attle and Cherry Point to the new Canadian
facilities.
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Table 7: VTRA Results Changes Associated with 1,250 Additional Arrivals

Waterway Zone

Potential Accident Frequency

Potential OilLoss

Buoy # +0.2% +1.9%
ATBA3 0.0% 0.0%
West SJF +1.4% +5.0%
East SJF +1.6% +13.9%
Haro/Boundary +4.4% +36.9%
Guemes +2.9% +5.3%
Rosario +1.2% +0.5%
San Juan Islands 0.0% +0.2%
Saratoga Skagit -0.1% 0.0%
Puget Sound Nortk +0.5% +0.3%
PugetSound South +1.1% 0.0%
Tacoma South 0.0% 0.0%
Georgia Strait +3.7% +3.2%
Gulf Islands +0.4% +1.8%
Saddlebag +1.2% -0.8%
System Total +18% +68%

Note: Values representgrcent increase over 2010 levels

22Buoy Js a lighted Traffic Separation Scheme (TSS) structure located northwest of Cape Flattery to direct Strait of
Juan de Fuca traffic. This waterway zone encompasses the area west of thecertyahe Strait and west of the
ATBA (see below).
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the Olympic Coast National Marine Sanctuary. Map providéteissel Traffic Service Puget Sound
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Figure8: VTRA Resulis Waterway Zone Contributions to Total Potential Oil Loss

Buoy J: +1.9%

ATBA: 0.0%

West SJF: +5.0%

East SJF: +13.9%

Haro - Boundary: +36.9%
Guemes: +5.3%

Rosario: +0.5%

San Juan Islands: +0.2%
Saratoga - Skagit: 0.0%
Puget Sound North: +0.3%
Puget Sound South: 0.0%
Tacoma South: 0.0%
Georgia Strait: +3.2%
Gulf Islands: +1.8%
Saddlebag: -0.8%

SYSTEM TOTAL68%

4.2 IMPLICATIONS

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

2010 Traffic Levels
m 1,250 Additional Arrivals

(REPRESENTS PERCEGREASE OVER 2010HIES

The results of thee VTRA simulations indicate that:

1) Most of the increased risk associated with the new projects cbalehitigated using a well
designed portfolio ofisk management measures.

2) Some risk reduction interventions should be considered for implementation even if none of the
3 terminal developments are constructed.

4.3 RECOMMENDATIONS

1 ThePugetSound Harbor Safety Committee, Department of Ecology, and U.S. Coast Guard
should ontinue to examine new ways to manage vessel traffic and reducentekher new
projects move forwarar not.

1 Van Dorp and Merrick (2014) recommethat the 17knot speedimit and second watchstander
risk mitigation measurelse consideed for systemwide implementation even if none of the 3
terminal developmentsre constructed

1 Van Dorp and Merrick (2014) recommemtplemening theinterventions associated with the 6
RRMscenario if the proposed maritime terminal projects are built.
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1 Consideffunding updates to the VTRA modBhse case traffic levels are now more than 5 years
oldandad2 Kl 4G L¥¢ aOSylINrR2a YlIé& OKIy3aS a LINRLRASR
permitting processPrevious work hagstablishedt asa valuable tool resulting in actionable
recommendations to reduce oil spill risk. A complementary analysis of the economic costs and
benefits associated with implementation of mitigation measreuld be seful for decision
makers.

1 The Grant Program and regional response agencies shouldssas@ RAesults to inform
investments ircommunity preparedness progranasd regional response planning.

1 VTRAesults help target geographic areas that would beneiitst from the types of oil spill
response efforts described in SectiorThe San Juan Islands and Clallam County should remain
high-priority areas for Grant Program investments.

1 Likewise future updates ofhe Northwest Area Contingency PPAcould prioritize
improvements toGeographic Response PI&(&RPsfor thesehigh risk areaskigorougre-
spill shoreline segmentatioff could strengthenGRPs bidentifying specific locations where oil
is likely to accumulate; access points and staging areas for responders; and high aupétis h
where defensive measuresn be prescribedTribes, local jurisdictions, and community
organizatons could contribute valuablenowledge to significantiyncreasethe level of detail
providedin the current GRPs

5. OIL SPILRESPONSE

This section provides analysis of results related to Action AgendattbgiesC8.2(Strengthen and
integrate ill response readiness of the state, tribes, and local governrardt}8.3(Respond to spills
and seek restoration using the best available science and technology)

Outcomesof 4 communityoil spillpreparednessand response projects funded by the Grant Progeam
summarized below

 oSwinomisth Af {LAtE tNBLINBRySaa tNer2SOGH) AINT Yyl o{ ¢

24 TheNorthwest Area Contingency PIGiNWACPR 2 Odzy Sy ia (G KS NB3IA2yQa LI Iy F2NI |
response to spill eventsy federal, state, tribal, locatesponsible partycontractor, and community
agencies/businesses/organizations. It is developed bydim: federal/stateRegional Response Tedvorthwest

Area Committee

2 Geographic Response Plans (GRitejan elementof the NWACP. They avsed as a guid® minimizethe

impact of oil on natural, cultural, and certain economic resources at risk during spills. Each plan covers a specific
geographic area and contains information meant to aid the response community in managing the incident. For
example: site descriptionseference maps, recommended response strategies, shoreline information, resources at
risk, and logistical information.

26 Shoreline Segmentatiois a processlescribed irdetail inSection 942f the NWACP.
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2014via Seattle Audubon Sociéty
PreparingCOASST PegtLJIA £ f EOABSIDIN)( 0

1 éCommunityd y I I38YSyd TF2NI hif {LAtt wSaLkryasS I yR

5.1 OUTCOMES

5.1.1 SWINOMISH O8PILIPREPAREDNESS

Thisgrant fundeddevelopment of local o#pill response capability for the Swinomish Reservaiitwe.
Tribe:

1 Identified 15 highvalue salt marsh areas at risk from potential oil spallsng withtechniques
andequipment thatcould be used to reduce spill effects on those habitateas where i spill
damage could potentially be avoided or minimized through timely action in the early stages of a
spillevent, such aslosing tide gates gulacing bomns at the mouth of small inletsyere
prioritized.

1 Developeda Marine Oil Spill Response Stand@ngerating Procedures Manu@a document:
methods to protecthesehighvalue habitats; procedures for equipment deployment; safety
procedures for tribal personnel and volunteers; and communications strategies.

1 Recruitedand trained tribal staff and commmity volunteers who ould be mobilized in the
event of aspillthreateningReservation waters. A total of 13 observers and 7 responders were
recruited andtrained. Spill response procedures and communication strategies were described
and practiced during ffaining sessions. Participants were able to practice deploying and setting
boom with anchoiat several of thesitesidentified in themanual

9 Participatedin a regional tablep drill at the Shell refinery on March Point.

5.1.2 VOLUNTEERRSPONSERAINNGAND DATA COLLECTIPROGRAMS

The three remaimig grants in this group involveiforts to engage community volunteeirs oil spill
response and pre/post spill data collectidBommunity wlunteerscan bethe closest field observers and
provide usefuinformation onreported spills (Ecology and PSP 20Lbral knowledge may be
particularly useful in areas where the coastline is not easily acce$NiRIE 2012)There is a strong
desire among many in the region, particularly in the birding communitgetanvolved in a project
addressing concerns about oil sp{lRoss and Joyce 2014).

However, d is a hazardous substance that poses health and safety Yieksteer participation in spill
response is limited by the extensive training, equipmemdmedical surveillancesquirements
associated with exposure to oil §hlonal Responseleam2012).The minimum amount of training
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required under applicable regulatiofislepends on persoQa NP2t S | y Rdutinb edpithsed A 0 A £ A (
operations Untrained orimproperly trained community members could also increase wildlife impacts

by frightening oiled wildlife away from the shorelinebare they attempt to escape the oil or cold

water (Pacific StatesBritish Columbia Oil Spill Task Force 2008)

Thesegrants fundedraining for volunteersto assist with three elements of spill response:
1) Early onscene reconnaissance
2) Baseline and posipill data collection
3) Oiled wildlife care

The grantees were able to developlunteer capacity bgeveloping organizatinal protocolsand
offering training classeslowever,due to annual recertificationequirements these programs are not
sustainable without additional grant funding.

EARLY OSCENE RECONNAISSANCE

Early OrScene Reconnaissance (EOSR) is intended todn&eali KS Yy dzYo SNJ 2F aSeSa 2y
intelligence gathering in the event of a marine disagRRoss and Joyce 201&)rvey teans capture

data aboutthe condition of a beach: the extent of oiling, fish and wildlife presence, argtene

conditions This information ishen provided toregional spill response agencieshelp coordinate

response efforts.

Two grantdn this groupleveragel successful, lonterm citizen sciencerogramg University of

2 aKAY3l2yQa /2FadGrt hed3ENDolh2Y{BYRI R § BNR (i f &ND
Sound Seabird Survey (P238)prepare theirhighly trainedvolunteers toperform EOSR in the event of

a spill.

The resulbf these grantss a geographically distributétand coordinated networlof observers traiad
to recognize and characterize oil spills, then quickly report their observations to responsible agencies.

1 49PSSS volunteers were trainedni@akeobservationdrom existing survey sitegfter a spill has
been reported but not confirmedf a spill has ben confirmed, theganmakestandardized
observations regarding the presence ofusinga quantitativedata sheet based on NOAA and
U.S. Coast Guard standaf@ss and Joyce 201¥plunteers were instructetb avoid
hazardous areas and make observations from safe a location.

27Includes federal and statdazardous Waste Operations and Emergency Response (HAZWGRES3rds29
CFER 81910.120(®)0 CER 831 andChapter 29634320020 WACas well as Incident Command Systtraining
(e.g.,FEMA 1G300).

28 COASST hasllected dateon beached bird carcassésr over 15 years, and currently ha85 monitoring sites in
northern Puget Sound and alg the Strait of Juan de FudaSSS has collected datawintering seabird density
and distributionin central and south Puget Soufiar almost 10 yearsthe program expanded into northern Puget
Sound andhe Strait of Juan de Fuea part of this grant (see below).
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http://www.ecfr.gov/cgi-bin/text-idx?node=29:5.1.1.1.8.8.33.14
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http://apps.leg.wa.gov/wac/default.aspx?cite=296-843-20020
https://training.fema.gov/is/courseoverview.aspx?code=IS-100.b

1 81 COASSUolunteerswere trained®to assesgxisting survey sitef®r oil after a spillandto
keep themselves safe while working around ®ikiningalso provided information on the
Incident Command Systeail spill management structurélhis level of training allows these
volunteers towork on the beacteven if oil is presenlfCOASST 2014)

1 2COASST staff completadditional trainingand were certified to teach HAZWOPER courses for

volunteers¢ KS@& RS@PSt 2LISR & @2t dzy d BOSRIramiNgnftgridlg, & € | | %2 h
enablingCOASST mmontinue totrain volunteersfor EOSRintil their teachercertifications
expired

1 Grantees coordinated their work with tHéorthwest Area Committgea group of €deral and
state agency personneharged with coordinatingesponse actionswith tribal and loca
governments and the private sector.

These relationships and response procedures wested during the grant periodPSSS conducted a

drill to check the availability of volunteer observers and test the functionally of the response plan (Ross
and Joyce @14). COASST responded to a request from Ecology to survey sites after a February 2014 spill
at Naval Base Kitsap Bangor (COASST Fiu)teams of trained volunteers were mobilized and

provided data for 5 sites within 96 hours of notification.

Q)¢

Theseprd NI Y& KIF @S 06SSy AyO2N1IRNIGSR Ayilz2 902f238Qa
(oilspills101.wa.goy Thissite allows COASST and B&3unteers to register with the state, and
provides a list of training&.g., HAZWOPER refresher courtieef) volunteers can register to attend.

COASST does not currently have staff certified to teach HAZWOPER courses, though they are interested
in continuing the program developed as part ofstigrantif future funding allowgE. Frost, COASST

Volunteer Coordinatorand Julia Paish, COASST Executive Diregtersonal communication, January

2016).

BASELINE AND PGSHILIDATA COLLECTION

The PSSS and COASST grants also inths#tedo augmet their existingdata collection program$lhis
workaddresedl at NA2NRG& { OA Sy OS -2008BlkmilSciechde B/gikilai A SR Ay
(Evaluate information on baseline conditions for key species at risk from oil spills and improve these as
ne@ssary so that baselines exist that can be used in assessments of natural resource ¥amages

29 Consistent withht CA NB & w S & LJ2 y R SuNdet29 05 RE1010.220(g) (6)(ifBEIISHAZWOPER training
provides instruction on health and safety; use of personal protective equipment; site characterizatioordrad; c
and spill management.

30 Occursthrough theNatural Resources Damage Assessment (NRDégess. Btal damagedrom a spillare
estimatedbased @ habitats and organisms impacted. This damage estimate is then used to nedggite
settlements withthe responsible partyStateand/or federalNRDA evaluations may occur depending om th
magnitude and type of spill.
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1

The PSS@ant funded expnsion of theilprogram to theStrait of dlande Fuca and Admiralty
Inlet, an area thought to be at high risk for a major oil spieyestablished26 new survey
sites and trained49 volunteers to conduct monthly surveys at these new sites for 1 Jéar.
new sites have been incorporated into the general PSSS progrdiwoatinued to be surveyed
(T.Ross, Seattle Audub@tience Managepersonal communication, June 2016).

PSSS data from these new sites provigeselineinformationon seabird density and
distribution in the Strait of Juan de Fuca and Admiralty Ihlef. | RRA (G A 2 YBOSR K S
trained volunteersare ready to mobilie to surveysites at the first daylight high tide window
after a spill eventSurveys during this-dour window will provide realime information and
supplemental data to Incident Command.

One step in the NRDA process is to quantify damagetiral resarces, includingeabirds.

The COASSFfant fundedthe development of protocols and training of volunteeeseded for
participationin post-spill NRDA beached bird survéwsth direct field oversight ¥ state and/or
federal agency staff To adaptstandard COASST sungmrgtocolsto meet court admissibility
standardsgevidence numbers and tagse used instead of colored cable ties and all carcasses
arecollected as evidence.

OILED WILDLIFE CARRAINING

As part othe NWSHjrant, the Islands Oil Spill Associatiprovided three 2day basic oiled wildlife care
class for citizen volunteers in Clallam/Jefferson, Island, and San Juan C@@wiekinteers
participated.

Thesessions included-Bour HAZWOPER tnémg plus information orspecies characteristics and
identification, effects of oilingandhandson field exercises. Classes included time to examine dead

frozen birds, as well as instruction on safe handling, examination steps, and hydration metholilgawith
ducks.

5.1.3LOCAL GOVERNMENT ADMDMMUNITY ENGAGEMENDRKSHOPS

NWSF helavorkshops inWhatcom, Skagit, Island, San Juan, Jefferson, and Cadantieso facilitate
community engagemenhmioil spill preparation and response.

LINE 3

1 The first series of 6 workshops informed 184 citizens about spill response organization and chain

1

of command, as well as volunteer opportunities. Speakers included representatives from
Ecology, WDFW, Coast Guard, industry, and community groups.

NWSF obse&edthese communities had very different spill response needs. Private sector

resources are available in counties with refineries (e.g., Whatcom and Skagit), while there is a

greater need for citizens to be extensively trained in more remote counties (&ajlam).
Thesecond series of 6 workshops targetedergency responders, local and tribal government

managers, as elected officiaBifferent counties were able to choose different focus areas
based on their specific concerrist5 people attended
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5.2 IMPLICATIONS

1 Volunteers can play a valuable role in oil spill respoAseview of the 201@eepwater Horizon
oil spill response found that volunteers providim Incident Management Team witlseful
reaktime and verifiable orscene informationsuch apresenceabsence of new oiling, presence
of tar balls, oiled wildlifeand broken or malfunctioning boorNRT 2012).

 However,izA f RAYy3 | YR YUl Ay Gl AY A giéhnirgful &fion ¥ tryéveéntona O LI
a spillrequires regular investmenh recuring training sessions (NWSF 2812\nnual
HAZWOPERfresher courses anequired for spill responders, soisgle trainingsessios may
have limited valu§NWSF 2014).

1 Keeping organizations and individuals engaged in maintaining volunteer respapesailities
may prove to be challenging given the mismatch betweenftbguency ofrequiredtrainings
and thefrequency ofspill eventsRecertification training isime-consuming for the volunteers
and expensive fathe volunteer organizatio(NWSF 201%).

1 Inthe absence ofonsistentfunding for volunteer trainingorganizations should carefully
consider different HAZWOPER training strategies to optimize costs and bendfies
preparedness programs

5.3 RECOMMENDATIONS

1) Strengthen Geographic Response Plans (GRPs) with inpuTfibes, local jurisdictions, and
community organizations.

0 Swinomish Tribal Community (2014a) found that restoration sites and otheiviaigle
areas were not designated in the G&®ering their Bservation.

0 GRP updates are an opportunity to incorporate local knowledge into regional response
LINKA 2 NA G & LI Ivoluyitdeycaotdin&iahavebaitd pravides information on GRPs
under development.

o0 Physically protecting important habitats from odntamination should be the top priority
F2NI £ 20Ff LIXFYyYyAyd STFF2NIad ¢KS {AY2YAAK ¢ N
risk areas where highuality habitats are present. During their drills, they found that
hauling boom and setting anchpoints was difficult in areas with steep rocky terrain. In the
future, they hope to install preset anchor points, identify how much boom each priority site
would require, and house the appropriate amount of boom at each site as boom is acquired.
Having thee types of logistical issues worked out before a spill should significantly improve
the performance of defensive measures intended to protect habitat.

31Per29 CFR §1910.120(q)(8).
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2) Consider alternative training strategies for volunteer activities like eardyo@me reconnaissance to
reduce costs and volunteer attrition associated with annual recertification requirements.

o Certifying organization staff to deliver HAZWOPER training to their volunteers could be
explored as a way to provide more training at a lower cost. COASST empi®ystlategy
by enrolling 2 staff members in 48 hour HAZWOPER teacher training, then conducting
volunteer training irhouse.

o0 LYRAGARdzZEt 2NBIYAT A2y a OFdefYS ¢ REtHrag/ Wy13 O02Y
for use in the event that volunteers muisé trained in a short amount of time. Ecology and
the Olympic Coast National Marine Sanctuary had this capability at one time (Pacific
States/British Columbia Oil Spill Task Force 2011). The Island County Beach Watchers
applied this model in response todl2012 sinking of the DV Deep Sea in Penn Cove
(Bennett et al. 2014). The Makah Tribe maintains this type of program, with specific training
requirements included in Section 4326.9 of the Northwest Area Contingency Plan.

3) Disseminate resources developed ihgrthese grants to other Tribes, MRCs, and Local
Implementing Organizations (LIOs) with an interest in developing or improving community oil spill
response capabilities. Resources that could be useful for other communities looking for
opportunities to pravide support for first responders include:

0 The Swinomisk NJA BI&i6eDil Spill Preparedness Project Standard Operating Procedures
manual

o /h!{{¢Qad a@2fdzyiSSNI FNASYRfe&¢ | ! %2htow Fy 9h.
Team protocols

0 Seattle AuduB y QiBSpill Early G8cene Reconnaissance User Marunal oil observation
form

6. PUGET SOUND PRESSURESESSMENT

This section provides analysis of results supporting Action Agendsti@itdgyD1.2(Maintain and
update the Action Agenda as tlbared recovery planFindings and recommendations provided in this
section are based on:

f atdzaASG {2dzyR LYdS3aINIGSR wial !'aaSaavySydaé 3INI vy

The Puget Sound Pressures Assessment (PSPA) was developed to guidesddamsiorecovery
LINA2NAGASEAT YR A& adzLIR2NIAYy3I GKS 1 OGA2y ! 3SYRI  dz

(@]}
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I OUA2Y ¢ A RSY {207F Biedrital Scigncelo& Pl@ionduet integrated risk assessments of
the impacts of different pressus@n the Puget Sound ecosysjem

STRATEGIES FOR B3 HRIORITIES DURRECOVERY PLANNING

The large number of anthropogenic pressures affecting National Estuary Program (NEP) and other large
scale restoration sites makes development of management plahsidenge. Identifying and ranking

threats to primary conservation targeis a key part of the NEP planning process. However, prioritization
exercises are often constrained by a lack of d8&mhouri and Levin 2012, Labiosale 2014, Smith et

al. 205).

Different techniques for prioritization of environmental stressors have both advantages and drawbacks
(Smith et al. 2015). A comparative review of methods used in Puget Sound and other regions reveals an
apparent tradeoff between rigorous use of quaitdtive data and assessment scofdable8). The

number of stressors evaluated tends to be limited where ddigen approaches are applied, while use

of expertelicitation®* methods can expand the breadth of an assessment.

Labiosa et al. (2014) determined that an expert elicitadi@sed approach was appropriate for a Puget
Sound integrated risk assessment given the desire for comprehensiveness. Before we sarR@BAz
results, we present a caveat advocated by Schwartz et al. (2012): the PSPA draws on scientific
knowledge but not measured results. It reflects a conceptual model of cause and effect rather than
understanding gained by testing hypotheses. Schwart.¢2012) characterize this as a valuable
shortcut, but an imperfect one. Labiosa et al. (2014) acknowledged this distinction, and PSPA users
should keep it mind when applying results.

33 Expert elicitationis a systematic process to formalize and quiritie judgments of experts. This method
usually includes an assessment and representation of the uncertainty undeglyregtjudgments Labiosa et al.
2014). In this way, subjectivity is incorporated exjilly as a form of uncertainty in the analysis (Samhouri and
Levin 2012).
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Table8: Overview of Stressor Assessments Intended to Support Prioritization Efforts

Expert
elicitation

Puget Sound Pressure
Assessment (PSPA)

Evaluated 47 stressorsdble?)
and 60 endpointsTable8).

164 subject matter experts were invited and 60
participated (37%).

Mobile Bay National Estuar
ProgramAssessment of
Stressor Impastto the
Estuaries and Coaf2011)

Evaluated 13 stressors, 10 coastal
habitat types, and 14 recognized
ecosystem services.

About 30 scientists, ecologists, and resource mana
participated.

A Quantitative Assessment
of 50 Stressors Affecting the
Great LakegSmith et al.
2015)

Evaluated 50 stressors and 6
ecosystem zones for each lake.

787 experts were invited @141 participated (18%).

Synthesis of
available
data

Massachusetts Bays
ProgramEstuary Delineation
and Assessment project
(2012)

Evaluated 15 séssors and resource
metrics.

Spatial analysis using existing quantitative data (hig
intensity land use, stormwater discharge, imperviou
area, population, wastewater discharge, septic
systems, 303(d) impairments, tidal restrictions, fish
passage barriers, streamossings), normalized by
watershed size.

Lower Columbia River and
Estuary Habitat Restoration
Prioritizaton Framework
(Thom et al. 2011)

Evaluated 20 stressors and 8
controlling factors (hydrology,
sediment quality, water quality, light,
sedimentdynamics, physical
disturbance, depth/slope, nenative
species)

Spatial analysis to evaluate restoration potential.
Stressor impacts to controlling factors evaluated at
local and landscape scales.

Three other recent investigations of human stressors @mine/estuarine ecosystem components included Puget Sound. They all relied on
existing datasets. Halpern et al. (2009) mapped cumulative impacts associated with 25 humaasaotivit9 marine ecosystemSamhouri and
Levin (2011) assessed risk associatéth 4 stressors on 7 indicator species. Greene et al. (2014) developed a CorSpesiser Index metric
for 196 estuaries nationwide.
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http://www.mass.gov/eea/docs/mbp/publications/massbays-final-withcover-small.pdf

Table9: PSPA Stressors

Al.

A2.

A3.

El.
E2.

G1.

G2

J1.

J2.

Conversion of land cover for residentia
commercial, and industrial use

Conversion of land cover for natural
resource production

Conversion of land cover for
transportation and utilities

Terrestrial habitat fragmentation
Shoreline hardening

Shading of shallow water habitat
Dams as fish passage barriers
Culverts and other fish passage barrier

Barriers to terrestrial animal movement
and migration

Terrestrial and freshwater species
disturbance in human dominated areas

Terrestrial and freshwater species
disturbance in natural landscapes

Species disturbanogmarine
Derelict fishing gear

Altered peak flows from land cover
change

Altered peak flows from climate change

K1.

K2.
KS.

M1.

M2.

P1.
P2.
Q1.
Q2.

R1.
R2.
R3.
S1.

S2.

Altered low flows fromand cover
change

Altered low flows from climate change
Altered low flows from withdrawals

Flow regulatiorg, prevention of flood
flows

In-channel structural barriers to water,
sediment, debris flows

Other structural barriers to water,
sediment, debris flows

Animal harvest

Bycatch

Timber harvest

Nontimber plant harvest

Predation from increased native specie

Displacement by increased native
species

Predation fran nonnative species
Displacement by nonative species
Non-native genetic material

Spread of disease and parasites to nat
species

Introduction, spread, or amplification of
human pathogens

T1.

T2.

U1l.

u2.

V1.

V2.

X1.

X2.

X3.

AA.

BB.
CC.

Air pollution from mobile sources
Air pollution from stationary sources

Point source, persistent toxic chemicals
in aquatic systems

Non-point source, persistent toxic
chemicals in aquatic systems

Point source, noipersistent toxic
chemicals in aquatic systems

Non-point source, nonpersistent toxic
chemicals in aquatic systems

Large spills

Point source conventional water
pollutants

Non-point source conventional water
pollutants

Changes in water temperaterfrom
local causes

Harmful algal blooms
Changing air temperature

Changing precipitation amounts and
patterns

Sea level rise

Changing ocean condition
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Table10: PSPA Endpoints by Domain

Freshwater

Marine-Nearshore

Terrestrial

Small, higkgradient streams
Headwater slope wetlands

Headwater depressional wetlands
Lakes and ponds

Large rivers

Large streams

Small, lowgradient streams

Lowland slope wetlands

Lowland depressional wetlands
Freshwater tidal wetlands

Riparian vegetation

Lotic freshwater benthic invertebrates
Lotic freshwater aquatic vertebrate communitie
Freshwater aquatic plant communities
Chinook salmon*

Coho salmon*

Cutthroat trout*

Kokanee

Bald eagle*

River otta*

Freshwater mussels

River deltas
Beaches
Embayments
Rocky shores

Open water, where sediment surface is below t
euphotic zone

Eelgrass, kelp, and other submerged vegetatior
communities

Herring

Surf smelt

Rockfish (adult)

Marine benthic commuity

Marine epibenthic community
Pelagic community

Demersal fish and invertebrate community
Marine mobile benthic carnivores
Marine sessile filter feeders
Chum and pink salmon*
Rhinoceros auklet

Killer whale

Alpine grassland and shrublands
Subalpine unmanaged forests
Subalpine managed forest
Unmanaged lower elevation forests
Managed lower elevation forests
Oregon white oak woodlands
Lowland grasslands

Agriculture areas

Urban open space

Forest interior birds

Pond breeding amphibiaressociated with upland
forest

Forest salamanders
Bobcat

Roosevelt elk
Coopers hawk

Longlegged myotis bat y R YrByStighata

* Evaluated in both the Freshwater and MariNearshore Domains
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6.1 FINDINGS

1 The PSPA was a systematialuation of the relative impact of anthropogenic pressures on
habitat/species endpoints at local and regional scétes.

1 McManus et al. (2014) first evaluated relationships between 47 stres$atdg9) and 60
endpoints Tablel0) using ratings from 60 technical experts. The output inafmsic
vulnerability (IV) scores for 2220 stressoendpoint pairs. The IV scores reflect how much a
given stressor affects a specific assessment endpoint.

91 IV pair scores were summed to develop index values for all stre$sgts€9) and all endpoints
(Figurel0). Ranked lists of relative index values identify the most vulnerable species and
habitats, and the stressors with the highest potential for harm.

1 Note that IV scores reflect ontlirecteffects of stressors on endpoints. Killer whales emerged
with a relaively low score, while their salmon prey had consistently high scores. So actions to
mitigate stressors on salmon would indirectly bengiiter whales

1 The next step was to evaluastressor intensityandendpoint distribution within each of Puget
SouRQa wmc ¢ (S NE K Sasins.ITieRlistibutivh ahdirggB8ency distressors, as
well as presence/absence of endpoints, within each geographic unit was assessed using readily
available GIS data.

1 Finally, gpotential impact (Pl)metric was calclated for each stressepair in every geographic
unit. The PI results combine the outputs of the IV, stressor intensity, and endpoint distribution
sub-models. Ranked lists of Pl reflect the relative impacts of stressors on endpoints within a
given geograpie area Figurell provides a ranked list of average PI of stressors in all the 7
marine basins.

1 McManus et al. (2014) explain that the PI results are most informativen viewed in relation
to the IV results. This is because PI results alone give an incomplete picture of stressor
expression and/or importance, particularly for stressors that are not widely distributed or have
infrequent occurrence. For example, largjéspills are rare so they they rank relatively low in
the PI result. However, oil spills rank among the stressors with the greatest potential for harm in
the IV resultsFigurel2 provides a comparison of IV and Pl rankings in marine basins, while
Figurel3explains the relationship between these values and their managementcatioins.

34The PSPA draws from the terminology and concepts used iDplee Standards for theractice of Conservation
Pressuresare human actions that are sources of stress on the ecosysS$émssorsare the proximate causes of
ecosystem changes (i.e., the direct effects of pressuEgg)pointsare the species and habitats affected by
stressors
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http://cmp-openstandards.org/wp-content/uploads/2014/03/CMP-OS-V3-0-Final.pdf

Figure9: Stressors Ranked by IV Stressor Index Values (Figure 7 in McManus et al. 2014)

** Endpoint for which there was very high uncertainty in the ratings.

Note that this ranked list reflectsummedIV pair scores. McManus et al. (2014) alseragedscores to
highlight stressors that have a significant potential for hamfewer endpointsSea level risand

shading of shallow water habitaare twostressors that rankery highor highby averagendex scores,

but low by the summedscores Shoreline hardeninglso ranked higher when averaging was used (value
moved frommoderateto high).
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