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1. INTRODUCTION
1.1 BACKGROUND AND PURPOSE

Wakes produced by deep-draft vessels are known to strand juvenile salmon in portions of the
lower Columbia River'. Multiple studies have documented and examined the circumstances
under which wake stranding occurs, but the magnitude of the impact remains unclear. Of the
25 different factors identified by the National Marine Fisheries Service (NMFS) as limiting
the recovery of salmon populations in the Columbia River estuary, wake stranding is
considered a primary contributor to a low-priority factor (NMFS 2011).

This document provides a review of wake stranding as the mechanism which could cause
mortality for juvenile salmonids and eulachon as a result of wakes caused by deep-drafts. The
focus of this review is the lower 104 miles of the Columbia River, between the Pacific Ocean
and Vancouver, Washington.

Figure 1. Study Area

' General convention is that the lower Columbia River refers to that portion of the Columbia River downstream
from the Bonneville Dam (river mile [RM] 146). Stranding has been documented in several locations below
River Mile (RM) 104.
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1.2 HypropyNasos or Lagor Vissurs

1 in motion are broadly categorized a5 sither long- o short-period
. ‘%hw ~§§ od waves gre produced at the bow and stern ss the hull exerts
its SurTou 1"*3%4:13:&2., W %ui ng»pu‘mi waves rosult from the displacement of water
M}wmé waves wre generally smadl o comparizon

i‘i‘tmg»;:aﬂ:ﬁx}{i WAVES can mm&mﬁ iargg,e '§§i§‘£i1i32§93}$ in water-lovel {especially within confined
channels), can propagste over long distances, and cause significant distwbance o the
shoreline {Mavnord 2004, Wolter et al. 20043

A deep-draft displacement bull making headway in aconfined chaonel ceuses 3 vse in waler
level &33 cad of the bow and a resulting (imgz in water lovel along the Banks (BAW 2008}, This
fevel ditferential is translated along the leagth of the hull to the stom, where o transversal
stern wave forms as water rushes to 1 the “hole”™ o the channel where the ship had been
{Mavnord 2004, BAW 200583 AL the shoreling, these offects wre expressed as o subtle rise 3
water level off the how, an exaggerated drop in water level along the length of the hu

{referred 1o as “draw down’ ), and a rapid uproshvsurge from the transversal wave off the stern
(referred to.as “run-up™) (Maynord 2004, BAW 2005) (Figures 2 and 3).

g current Fass i wenier %émé

Dnealown

r: m

& bom waes

WG | Tarmversst slarn wavg

Figure ¥ Swrfaveswatvr deforpmtion and shoreline offocty caused by o dlsplucement hull meking headway
i o voafined shanned (graphic reprinted from BAY 2065
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Figure 3. Changes in water level during the passage of a displacement hull in a confined channel (graphic
reprinted from Maynord 2004)

As illustrated in Figure 3, the transversal stern wave is capable of moving a large volume of
water rapidly up a shoreline face. Fish present in the shallow margin can become entrained by
this surge and deposited high above the ambient water level once the wave recedes, infiltrates
the substrate, or encounters debris/vegetation (Wolter et al. 2004, Pearson et al. 2006, Krieter
et al. 2012). Although some small, fast-moving vessels can cause drawdown and surge
(Krieter et al. 2012), stranding events in the lower Columbia River typically involve large,
deep-draft vessels such as container ships, bulk carriers, oil tankers, and vehicle carriers
(Bauersfeld 1977, Hinton and Emmett 1994, Ackerman 2002, Pearson et al. 2006).
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I, OVERVIEW OF WAKE STRANDING IN THE LOWER COLUMBIA RIVER

Wake stranding in the &{séumbm ﬁmu h% ?z&*&,ﬁ 8 mgﬁm of study for zamri% &% ) years. i*m%gi
stiglies have b & g
P77y, the N
and Associates (A
gl 2006, Brivl i
arsinoheded imimm &mei shiow wmm %H’&ﬁi}m‘? Wis »@m{im‘i %w‘ é‘mmﬂz s “&3 f ’"’i?i}ég e xixmm
on Floure 4,

et W%’«%’} %?‘ (‘mzmz
piad i &%’ﬁ’sf xmmf é?f:m st et

X WasHinGTon Dreagrvest oF Bisueries, Firtp 8oy (Baverseern 1977

The WDIF {Bauersfeld 19771 was the first w formally document wake strand
sabmon in the Columbia River, In the spring of 1974 aod the spong and sunmmer of §§}h 2
ohservations were made a1 six sites between RM 57 and 97, A total of 216 vessel passage
were recorded, of which half produced stranding events. Wakes which stranded fish were
Henited o those geperated by large, deep-dealt vessels, Bowches where stranding ocousred
were all classified as having low slopes, sandy substrates, and Hoeseale morphological
festures (e, inlets, coves) that constocted wave action and forced water onshore, In
addition, stranding potential varded by season, with the fewest {ish stranded during the
summer,

ling of juvenile

-

In tetal, Bauersfeld (19771 documented the stranding of 2,297 Chinook sabmon, 66 chum
salmean, 2% ool

ho salmon, and 9 uaidentificd vout. Swanded fish were small, with more than
hallof the Chisvok measuring botween 30 and 45 ym FL

p 2, BATHN

£ Barns Fizupwes Reevics, Prien Sty (Hivvon axp Evisiery 1994

From Apni theough September 1992 and March through July 1893, the NMFES sampled aight
sites several tmes g month hotween BM 383 and 92 where stranding had been documented
by Bauersfeld (1977 (Hinton and Bromett 1994 The authors char pred the morphology

cach beach and made detailed observations related to phivsical parameters associated with
each vessel passage.

i

da

Ty total, 143 deep-dralt vessel passages were observed, most of which produced wakes winch
were described as capable of stranding Bsh. Abthough juvenile Chinook slmon were detected
i shallow nearshore hebitats st the study ® uh besch seining, stranding wis only
wheerved following five passages, each of which included 8 single juvenile Chinook salmon
{size range between 38 and 73 mm FLY The suthers concluded that stranding was the result

of complex imteractions dependent upon & suite of physical and envivonmentsl criteris, but
was pot @ common gvemt or sowrce of significant mortality, as had been sugg ted by
Baversfeld (1977), They speculated that the high incidence of stranding observed by
Bauversfeld (19773 could have been influented by dissolved zas supersaturated (5100 percent)
river water caused by spilling of water st aa;:zsi;m«zm %’gyzié?f‘s}}?mwr darns during that study period.
Prasobved pes lovels zti:}m & R}{z ;M ' :
swimming performance {Schie
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23 SPORAMER ANDASSOCIATES, ING, FIELD STuny (AUKERMAN 2002}

Under contract to the Portland District ol the USACE, 5P Cramer and Associates sampled
three sites where Baversfeld (1977 and Hinton and Emmett {1994 had observed wake
stranding of juvenile satmon: County Line Park (RM 5153, Barlow Pomt (BM 61.5), and
Sauvie Island (RM 96.5) (Figure 4) {&ck&mamn 2002y, Shoreline surveys were conducted
during late June and early July, and again in late July and carly August.

In total, 21 juvenile Chinook salmon and 162 other small fish were stranded by 38 vossel
passages. Juvenile Chinook salmon ranged in size from 33 10 90 mm FL, slthough one fish
ith imjuries measured 136 mm. Stranding events were Tound to oveur when é;apwdmiz
vessels {drafl greater than 23 ) waveled within close proximity to low-slope beaches, with
vessel size and speed influencing wake amplinude. Tn addition, tdal stage was cited as a8 factor
fikely to influence wake dynsmics. Oversll, these findings supported many of the
ohservations made by both Bauersfeld (19771 and Hinton and Emmett (19943, and confinmed
that juvenile salmon could be stranded by vessel wakes in the lower Columbia,

34 Paomic NORYRWEST Nanional Lasomatory, FIELp Stupy (PEARSON ET AL.
2006}

Under contract to the Portland District of the USACE, the Pacific Northwest Nativnal
Laboratory {(Pearson et gl 20067 conducted the most intensive investigation of wake stranding
in the lower Columbia River, o date. The study was destgned o develop an impact-
assessonent model for predicting stranding visk following proposed deepening of the Columbia
River navigation chanoel Sampling was conducted between the summer of 2004 and the
spring of 2005, Swdy sites w;,m ﬁ}t, same as those used by Ackermann {20023, Hmmn mi
Epmett {19943, and Baversfold (1977 County Line Park, Barlow Point, und Sauvie Tslane
The authors observed vissel pawﬁw at each site and collected & variety of daty 1o add
pofential disk-factors amongst prrameters related 1o shorelineg momphology, vessel metrios,
wake metrics, and fsh presence.

in tedal, 126 ship passages were uhserved amongst the three sites, of which 46 resulted 1 the
s%rﬁn&mg of 320 fish, The majority (425 fish, B2 percent) of stranded fish were small
subvearling {age-0+) Chinook salmon. A tolal of eight juvenile chum salmon md seven
juventle coha salmon were stranded amongst all events, %it‘hmgix vearling {age-14) Chinook
salmon and juvenile stoethead were detected in beach seine nels in very low numbers, neither
were observed in stranding events. Although the lengths of stranded fish were not published
in the final report, they are assumed 10 represent the same size range az those which were
detected in beach seine surveys {35 1o 80 mm),

The muajority {37 porsent) of stranding events observed by Pearson ef al {2008) ccowrred at
Barlow Pomnt. Barlow Pont also had the highest proportion of stranding events 1o vessel
passages, where 49 staps produced 26 stranding events {33 percent), compared to 14 events
ot of 38 passages (37 percent) at Sauvie Island amj six events out of 39 passages (15 percent)
at County Line Park, There was no difference in standing between seasons: {(winter, spring,

Fascover Energy 3 &
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suminer) m County Lane Park or at Sauvie Island, but strandmg ot Burlow Point during the
summmer was significantly fower than during the winter or spring,

Although beach-seine surveys determined that juvenile salmon were evenly distributed across
Nch of the wmy&img sites, the authors found that stranding events typically pecurred in
speeific “hot spots™ where fine-scale morphological features enabled wave energy to
congregate, ransport, and trap fish, This effect was mpum ly pronounced at Barlow Point,
where the majority of stranding events were clustered in the upstream extent of the site amﬁ
“heavily influenced by complex waves.”

Based on their feld observations, the authors performed single- and multi-variable regression
analyses 1o discern which ambient vonditions and ship/wake characienistivs inluenced
stranding potential. The authors concluded that stranding represented & comples and episodic
process related 1o a multitude of interdependent factors, Including site location, a ship’s
kinetic energy (s function of ship size and speed), tidal height, wave excursion {the maximum
drawdown distance plus the maximem rune-up distance), and the presence of fish in the
shallow nearshore.

1.8 EnTRIX, ING, VESSEL-TRAFFIC ANALYSIS (PEARSON AND SRALEKS 2007)

A modeling analysis was conducted by Pearson and Skalski (2007} 1o determine how an
increase in deep-draft vehicle carriers transiting fo the Port of Vancouver could influence the
potential for wake stranding 1o occur in the lower Columbia River. The study used the dataset
and logistical vegression model from Pearson et al. (2006} and did not invelve any new field
effort. The study involved predicling stranding st theee previously studied sites.

After reviewing this report, Grette Associates had serious concerns about the appropriateness
of the methodology and the predictions. Therefore, we requested that Dr. Viadimir Shepsis of
Coast and Harbor Engineering couduct an fnitial review of the document. His brief mitisl
review 1s provided below,

ft 15 our opinion that the statistical models and framework published by Pearson, 2006
{and used by 2007 report), was a fisst approximation for developing a methodology for

pvatuating fish stranding due 1o vessel wakes st three specific sites along the Columbia
River, The reports provide valvable mfornumtion and entertain inmovative ideas that
potentially may be applicable for developing a methodelogy, However, the statistical

3

relationships of the framework as presented in Pearson’s 2006 publication and used by the
2007 stady are questionable and may not be appropriste for any realistic estimates of fish
stranding at the sites. Our initlal review of the framework, used by 2007 study, has
identified inconsistencies with interpretation and application of various aspects of vessel
hydrodynamics and uncertainties with defining roliable statistical relationships between
governing factors. For example, the 2007 report defines block coeflicient as the product
of muluplying three Vm%ﬁf dimensions: length, beam, and drafl and includes s constant

sealing factor of 10°% The actual definition of block coefficient includes the mass of
displaced water (sometimes 1 is detined by ship deadweight). I the caleulation of block
coeflicient were conducted properly, using the mass of displaced water, the statisticsl

o Moy T8, 3006
soites, 1487
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selationships between kinetic energy and stranding factors would have been of » different
shape and the regression cosfficients that were used for calenlations of stranding fish
would be much different,

The Pearson study also misinterpreted vessel spoed. Vessel wakes as well as drawdown
effect depends on vessel speed relative to still water, us opposed to ground speed. These
two speads {relative to sdll water and 1o the ground) may be sipnificantly different,
depending on current dirgction and velocities, It appears that the vessel specd data that
were used in the 2007 report ave based on the ground speed of passing vessals only. Itis
iiiﬂ*iﬁi’y“ that 1f the report properly accounts for vesse] speed the stranding predictions would
er dramatically from these presented in the report.

PR Errrix, INC, PoORT OF VANCOUVER, GEOSPATIAL ANALYSIS {PEARSON BT AL,
2008}

To estimate the potentinl for wake stranding to vtewr at the landscape scale, Pearson ot al,
(2008} categorized shorelines throughout the lower Columbia River using physical criteria
anscciated with susceptibility. The analysis was based on the understanding that ship wakes
only result in stranding when multiple criteria are met In coneerty wake stranding does ot
typicatly pecur in association with one oriterion alone (Hinton and Emumett 1994, Ackerman
2002, Pearson et al. 2006}, This study used the dataser gunerated by Pearson et al. {2008) and
did noy mvolve any new field effor,

A geographic information system (G18) was used @ charaeterize o serics of transects spaced
at 200 m {012 wrile} between RM O and 104 (n=1,634; 827 atong the Washington bank and
807 along the Oregon banky, Stranding nuuwmﬁi}imy was based on oritena esiablished in
previous field studies, including the presence of o confined channel {w

wre the cross-sectional
aren of the hull iz large velative to the cross-sectional area of the channed), close-proximity of
the sailing line to shore, exposure of the shoreline to the navigation channel, shallow (<10
percent) beach-slopes, presence of an offshore berm shoreward of the 18-1t depth contour, and
prﬁ&m e of fine-seale shoreline features (bank faces, vegetation, debris, riprap, ste.). E%}Wugh

a serfey of screcning steps, each transect was classified as posing gither a low, medium, or
high risk of stranding juvenile salmon. Beaches with the highest risk represented very low
wes (<3 percent), close proximity 1o the sailing bne, snd presence of offshore berms
shoreward of the -7 contour.

This analysis demonstrated that not all shorelines in this p{zzf{:im”s of the Columbia River pose g
stranding visk o juvenile sabmon. Between RM O and 22, shorelines were found to be oo far
distant from the sa;.ﬁmg ine for wake snergy to pose s stranding risk, Botwesn BM 22 and
104, only 31 percent of wansects (n=506) met the joint eriteria for satting-line proximty and
exposure {non-shielded}, and approximately 16 percent (n=269) met the additional enitena for
an ghove-minimal susceptibility based vn beach slope. When berm depth was considered,
paly four percent of the total tmsedds {n=63) had the highest potential susceptibility w
ést'sfamii.ng W zt %gm; hm&uh f&{spek <2.5%) ams{i h&r'm% ator %migtzw the &-ft contour. Overall, the
sreline reaches that exhibi
physical mhamﬁ‘t_f;:‘risiwa prmi{:md to }mw an ahm« s;:wmmmmi nisk of stranding (Figure 4). The

Faneonver
g’g‘uﬁgf S‘f"ﬁ? {jkif
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s o straneding nisk o ovenile

:m;m*m m a;%hfm% zzm n ‘ii'w iawm L u%umi’m Fhver do not

This anab

mphotogival write it
ghundanes or o M;z%mm m mf‘im ﬁmz estim

a1 im e fish availability vanes @

: i? z.%m &m&_} 1§

a:wimm»i zii"z
; which could

e @i:;-:‘;mﬁzi_ng# but that it should not be used as g definitive risk analysis,
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Figure 4. Areas within the Lower Columbia River identified by Pearson et al. (2008) as having an above-minimal (yellow
segments) and the most extreme (pink segments) risk of wake stranding (totaling approximately 33 miles of shoreline); also

shown are the three primary stranding study sites. (Graphic © Google 2015)
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1.7 LR, Amwy Cores o Excmveers, UBaoian-DREPENING ANavLysis {(Pranson
20811

Wik % WK mm%uma{% *ma:%. 58] ?&h aimmimm &,ﬁm were s;@zzﬁmimi i ﬁm éiﬂi?w%’%

The snadysis determined that when vessel drall, length, and speed remained sirmtlar 1o mglnes
associated with the -40 i CRD channiel, stranding pm%&‘siii‘i\; i the <43 & CRD chamel
Jecreased. When vessel drafl was increased fo the masimum »a;mmzy afforded by the
leepened channel, but ship speed remaied constans, *«immism probsbility also decreased.
hie auther deterpmed that, all other B heing e Hng was influenced more by
vessel spead than by vessel deaft. Overall, ahax‘zgﬁ,m in s md.mgz probability forall ship types
were auticipated to be simall (less than 6 parcent) or undetectable betwesn the -40- and -43 {1
CRD channels.

FACTORS AFFROCTING STHRANNG OF JUVENILE Ravtstonms {(Pragson asn
BrALEKI 2O

Pearson and Skalski (2011 B the published verston of the denvation of the logistical
vegression model developed by Pearson of ol (2008). This publicstion was bused on the
pemeratesd by Pearson ot al {2006} (see Section 2,43, and did not invelve any new Held

; , went aplex and episodic
provess related w8 multtede of mierdependemt factors, ncluding site location, 2 ship’s
kinetic energy (a lunction of ship size amd spead), tda! height, wave sxowsion {the masimum
drawdown distance plus the maximom nupap distance), and the presence of fish in the
shallow nearshove, The authors note the foous on these factors (ship characteristics, ambient
vomnditions, snd ish availabilioy) was by design, as wag the decision 1o choose study sites with
a history of stranding, and 1o avoid sampling during conditions were stranding is known net
poor (e, high periods),

The authors caution against wider extrapolation of the stranding dataset and moded riverwide,
as the beach types selected (with o history of strandingd are not represeatative of all beach

types in the lower Uohenbia River,

28

L8, GEOLOGICAL SURVEY, BEview OF Unanse-DEEPENMING ANALYSIS (ROCK ET
AL 2013

Linder portract to the USAUE, the USGS vonducted a review of the Pesrson 2011 modeling
analvsis {Keck et al. 200130 The authors determined thit the model and methodnlogy used by
Pearson was spproprinte in design, suitable for estimating stranding probabibity, sod amived gt

credible vesults. They confirmed that Pearson (20113 had identified the importance of
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envirpnmental and blologioal factors related to fish stranding, but noted that the model was
limited spatially in relevance o the three study sites {County Line Park, Barlow Point, and
Sauvie Island) and did pot allow for an assessment of standing throughow the lower
Columbia River,

238 Summary OF CONCLURIONS OF PREVIOUS BTUDIES

Wake stranding hex been doctnentad ot specific locations in the lower Columbia River.
However, the potential for a ship wake to result in a stranding event depends on a vaniety of
mterdependent factors:

o Notall juvenile salimonids are susceptible to stranding. The majority of stranding
events include small subyearting Chinook salmon. Subyearding chum and enho salmon
have been stranded by ship wakes in the lower Columbia, but wm very low numbers
pompared o subyearhing Clunook sabmon.

#  Juvenile sockeve, juvenile pink, vearling Chinook salmon, snd vearling cobw salmon,
and juvenile steethead trout are not typically susceptible to stranding risk.

#  Wake stranding events sre generally Hmited by season to the winter, spring, and early
supmer, when subyeariing Chinook salmon are present in the shallow river margim,
Subyearling Chinook salmon are largely absent from the shallow river margin dunng

the late summer and fall and are thus not exposed to stranding visk during that tme,

*  Syranding represents a complex and episodic process related 1o o multitude of
interdependent factors, including site location, o ship’s kinetic endrgy, tidal height,
wave gxeursion, and the presence of fish in the shallow margin. No single favor
determings the potential for stranding 10 ocour,

>

subvearting Chinook salnion. Shorelines between RM 0 and 22 are not susceptible to
siranding, and those between RM 22 and 25 represent only minimal susceptibility. OF
the shorelines between BM 25 and 104, abowt four percent were classified as highest
risk.

#  The majority of shorelines in the Columbia River do not pose g stranding risk 1o

»  Fine-scale morphological features which enable wave engrgy o congregate, anspori,
and trap fish typieally poge an increased potential for o shoreline 1o strand subyearling
Chinook sahoon,

»  Decreases in stranding probability was anticipated to be small or undetectable for all
ship types once the federal navigation channel was deepened from 40 R CRD w43 R
CRD,

Eoe
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3. SUBYEARLING CHINOOK SALMON AND EULACHON SUSCEPTIBILITY
TO STRANDING IN THE LOWER COLUMBIA RIVER

31 SUBYEARLING CHUINCGOR SALMDN

As discussed in Section 2, ship wakes primarily reésull in stranding when small subyearling
Chinook salmon sre present in the shallow marging and the majority of shorelines where wake
siranding may occur are within the tidal {reshwater region, which extends from roughly RM
34 to Vancouver Washington and above (Figure 4). Therefore, information aboul habitat
awncmhmzf»« and timing of subyearling Chinook sabuon in the tidal freshwater region can
g which Evolutipnary Significant Units (ESUs} could be exposed to stranding risk in
this area.

3.L1 BSwimming Speed

’%‘a.vimmimz Sapg;qu for fish are ¢lassified by Bell (1991) a5 “cruising,” “sustained,” and

“darting.” Cruising speed can be maintained for hours, sustained for minutes, and darting for
seconds. In relation to wake strandi ng, it expected that cruising and sustained swinming
speeds are the rates at which juvenile salmon wounld react to wave energy, since the gradual
vatg of drawdown and ran-up are likely to ot a rheotaxis response where figh pomt into the
current and hold position, and not one of flight or avoidance. The transport of juvenile
Chincok salmon vp a beach face vould therefore oceur when wave run-up velocily exceeds
ihe sustained swimming ability (Wolter et al. 2004},

Sustained swimming speeds for juvenile Chinook, cohe, pink, chum, and sockeye salimon are
mcluded in Table 1, Based on the findings of multiple nvestigators, swinuning ability
amongst these species are similar and Jargely dependent upon fish length, In general, small fry
{~30 o 40 mm) ave z.apdbie of maintaining speeds up 1o approximately 015 Wisec, larger fry
(~40 1o 50 mum) op o L3 ffsec, and small juveniles (76 0 95 mm) up 10 1.9 f/sec. For
subyearling Chinook salmon, entrainment of fry and small juveniles could vecur when wave
run-up velocitics exceed 1.5 ffsec and 1.9 f¥see, respectively.

¥u
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Table 1. Swimming speeds of juvenile salmon

Cohe

£ hanoak

Pink j : a3
-l FACE Bt 0.6

376} i

| passage
events. For those measwrements taken with a video camera2, wake waves traveled up the
beach face at between approximately 1.4 and 10.8 fVsec, with an overgd]l mean wave speed of
approzimately 3.8 fi/sec. This velogity exceeds the sustained swimming ability of juvenile
salmon presented in Table L However, as discussed in Section 2, wake stranding represents a
complex and episodic process related to a mudtitude of nterdependent factors, of which the
potential for a wave 1o entrain a fish s one.

312 Presence in the Shallow Margin by ESU

Differences in life history define when and at what size juvenile Chinook salmon will
sutmigrate and correspond to either a siream- or ccean-type rearing strategy. Juvenile
Chinook salmon life histories are complex and variable swong and within populations, but in
genwral stream-type juveniles spend their first winter o freshwater and outmigrate as
vearlings {age-1+), while ocean-type juveniles putmigrate to the estuary soon afler hatcling
and spend their st winter ab sea as subvearlings fage-0+)

Spring- and summerrun Chinook salmon generally represent the stream-type strategy while
fall-tun Chinook salmon represent the ovean-type strategy, slthough these relationships are
not exclusive, For example, Chinook salmon from the Upper Willamette, spring-run ESU and
the Snake River fall-run ESU gach represent stocks where both ocean- and stream-type
rearing sirategies co-oucur,

Irt general, habitat use and timing of Chinook salmon outmigration periods vary by age group.
Mast vearling fish outmigrate in the spring, during which time they wiilizeé deepwater aveas, In
addition, subyearling outmigrants from the Snake River fallorun ESU are typically larger than
other subyearlings (99 tam), and like vearling fish are most likely to use deepwater areas.

* Pearson ot al, {2006} mensnrad wave run-up velocity with a video camers and 3 wave gape. Beoase the video
camers proved 1 be more reliable and logistieally sound than the gege. only data from video recordings was
vopsiderad here,
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Unlike yearling fish, Snake River fall-run Chinook salmon outmigrate over a longer period,
which extends from the spring through the fall (see Table 4 in Section 3.1.3).

By contrast, smaller subyearling outmigrants use shallower water areas closer to shore.
Collectively, subyearlings from several ESUs could be present in the lower Columbia year
round, and in general their habitat use shifts from the very shallow margins to shallow water
and eventually to deep water areas as fish size increases throughout the outmigration period.

Roegner et al. (2012, 2013) collected subyearling Chinook salmon with beach seines at sites
throughout the lower Columbia River (Figure 5). For the purpose of considering stranding
risk, this analysis focuses on results downstream from RM 104 to approximately RM 22. This
includes study sites across two sets of reaches considered (and combined) in Roegner et al.
2013: Reaches C and D are roughly RM 33 to RM 74, reaches E and F are roughly RM 74 to
RM 108. Within those reach combinations, beach seine sites were located between roughly
RM 34 to 70, and RM 86 to 102, respectively.

The authors performed genetic-stock analyses to assign subyearling fish to their ESU of
origin® and to determine the proportional presence of each ESU in the nearshore by
month/season (Tables 2 and 3). Six of the eight Columbia Basin ESUs were represented in
captured subyearlings, three of which are listed as threatened under the ESA.

In the lower reaches (C and D), genetic stock analyses indicate that in all seasons, fall-run
Chinook salmon from the Lower Columbia River ESU make up the vast majority (generally
greater than 91 percent) of all Chinook salmon present in shallow water areas of the tidal
freshwater region (Figure 6).

In the upper reaches (E and F), fall-run Chinook salmon from the Lower Columbia River ESU
make at least half to more than three quarters of subyearling Chinook salmon in shallow water
areas in all seasons (Figure 7). In the winter, fry from the Upper Willamette River ESU
comprise approximately one-third of these fish, with almost all of the remaining being fall-run
Lower Columbia River Chinook (Figure 7). However, based on the reach data for March
(Table 3) the high proportion of Upper Willamette River ESU Chinook salmon is likely
localized to Reach F. This reach includes the mouth of the Willamette River and areas
immediately downstream where this ESU would disperse to while exiting the Willamette
River and increase their abundance locally. In the summer and fall period, Upper Columbia
summer/fall run ESU fish comprise approximately one-third of the fingerling population in
reaches E and F (Figure 7). This greater proportion of Upper Columbia summer/fall ran ESU

* Roegner et al. 2012, 2013, and Teel et al. 2014 use different terminology for ESUs than those considered under
the ESA. In ESA parlance, “Lower Columbia River Chinook ESU” includes the Roegner et al. categories “West
Cascade Tributaries fall, West Cascade Tributary spring, and Spring Creek group fall”. For this stranding
analysis, this ESU divided only by fall and spring life history types. The Roegner categories also combine the
Middle Columbia (not listed) and Upper Columbia (listed) spring-run ESUSs, which were detected very rarely.
Other minor differences in terminology exist — this analysis uses the ESU names as described by NOAA
Fisheries for ESA management and recovery purposes as described on the NOAA Fisheries website

http:/ www.westcoast. fisheries. noaa.gov/protected _species/salmon_steelhead/salmon_and_steelhead listings/sal
meon_and steelhead listings. huml.
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fish in-reaches E and F compared to reaches C and D farther downstream is likely due to their
generally moving to deeper waters over the eourse of their oulmigration, as # typical for
subyearling Chinook salmon, Therefore, they are present near the shorghing in reaches E and F
while relatively small but move away from the shoreline as they grow on thelr migration 1o
reaches Cand D farther downstream.

juventle Chinook sabmon, travel through the tdal freshwater region o the lower
. direct, on the onder of days or weeks, Variations in migration rates are related, in
part, to size {3 function of swinming ability) and season {8 function of river discharge) In
addition, both yvearling and subyearhing Chinook salmon may extend thair outimigrations by
lottering within offchanmel habitats, although ecoupation of these areas is typically brief {one
to two tdsl oveles). Overall, juvenile Chinook salmon generally move through the tidal

freshwater region and do not hold or oocupy areas within it for extended periods.

For most

In summary, subyearling Chinook salmon can occur within the tidal freshwater region vear
vourd, but presence in the shallow margin is Bimited largely to the spring, with low relative
ghundance in the winter and sunumer. Based on gepeticestock analyses, the majority of
subyearting Chinook salmon presest in the shallow nearshore during all seasons originate
from the Lower Columbia River ESU, and of those, the majority represent fall-run stocks
{Figure 6],

o
2
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Figure 5. The sampling sites of Roegner et al. (2012, 2013) were located between RM 34 and 70 of the

Columbia River, which is within the lower portion of the tidal freshwater region (RM 34 to 146) of the
estuary.
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Winter Spring 7 Summerl Fall

Fingerlings

Chinook Salmon ESUs
Lower Columbia River

Upper Willamette River
Deschutes River summer/fall-run
Middle Columbia River spring-run
Upper Columbia River summer/fall-run
Upper Columbia River spring-run
Snake River fall-run
Snake River spring/summer-run

A

*f° = fall run; 's’ = spring run

Figure 6. Spatiotemporal distributions, by ESU, of Chinook salmon fry and fingerlings captured at sites in
the lower portion of the tidal freshwater region of the Columbia River estuary, between approximately
RM 34 and 70 (data from Roegner et al. 2012, 2013). Chinook salmon ESU names in bold font denote
listing as threatened or endangered under the ESA.
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Lower Columbia River
Upper Willamette River

Snake River fall-run

I R

Deschutes River summer/fall-run
Middle Columbia River spring-run
Upper Columbia River summer/fall-run
Upper Columbia River spring-run

Snake River spring/summer-run

‘f* = fall run; ‘s’ = spring run

Figure 7. Spatiotemporal distributions, by ESU, of Chinook salmon fry and fingerlings captured at sites in
the middle portion of the tidal freshwater region of the Columbia River estuary, between approximately
RM 86 and 102 (data from Roegner et al. 2013 as reported in Teel et al. 2014 [reaches combined]).
Chinook salmon ESU names in bold font denote listing as threatened or endangered under the ESA.
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3.1.3 Stranding Susceptibility by ESU

Field studies have demonstrated that in order for subyearling Chinook salmon to be exposed
to stranding potential, they must be present in the shallow margin when ship wakes interact
with the bankline (Bauersfeld 1977, Hinton and Emmett 1994, Pearson et al. 2006) (see
Section 2). The distribution of subyearling Chinook salmon in the shallow margin varies
seasonally, with differences in water temperature, river level, and fish length all influencing
habitat preferences (McCabe et al. 1986, Dawley et al. 1986, Healy 1991, Bottom et al. 2005,
Bottom et al. 2008). Bottom et al. (2008) found that the presence of subyearling Chinook
salmon in nearshore areas declined in July, once surface-water temperatures at sampling sites
exceeded 19°C. The authors concluded that high temperatures reduced the availability of
shallow-water habitat by mid-summer and shifted occupation to deepwater areas during the
late-summer and fall. Further, as the water level of the Columbia River decreases in the late
summer and early fall, subyearling Chinook salmon may have limited or no access to the
shallowest shoreline areas that were used earlier in the spring (Figure 8).

L3 J»
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\ d "\\
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Winter Spring

Columbdia River Datum (CRD), fx

notations are consistent with those in Table 1.

A shift away from the shallow margin to deeper habitat is also associated with the attainment
of fingerling size. This has been observed during concurrent sampling where subyearling
Chinook salmon occupying shallow-water areas were generally smaller than those
subyearlings captured from adjacent deepwater channels (Dawley et al. 1986, McCabe et al.
1986, Weitkamp et al. 2012). Additionally, fish length influences habitat preference by
season. In the winter and early spring, mean length is typically consistent with fry (<60 mm),
in spring and summer it is more typically consistent with small fingerlings (60 to 80 mm), and
in the fall it is more typically consistent with larger fingerlings (80 to 120 mm) (Bottom et al.
2008, Johnson et al. 2011). Fish length influences habitat associations and outmigration
pathways, with small fry and fingerlings occupying shallow margin areas and larger fish
moving through deepwater channels (Dawley et al. 1986, McCabe et al. 1986, Bottom et al.
2008, Roegner et al. 2012, Roegner et al. 2013, Weitkamp et al. 2012). For instance, McCabe
et al. (1986) determined that this habitat transition occurred when fish approached 99 mm.
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Based on the above discussion, 4 surmary of &xpmﬁu& presence in the differ
hetween RM 34 and 102, by ESU, is included in Table 4. The river extent is based on zhr:
lower- and uppor-most beach seine locations within Reaches € and ¥, which represent the
tidal freshwater portion of the river below RM 104,
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Subyearling Chinook salimon documented i stranding events have been Hmited 1o those of
fiy and fngerling size, typically botween 30 and 90 mum (Baversfeld 1977, Hinton and
Emmett 1995, Ackerman 2002, Pearson et al. 2006). This size range is consistent with these
fish which have a strong association 1o shallow nearshore areas (see Table 4). Based on
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area is not typically characterized hy moderate {0 fast moving water over coarse substrates.
Therefore, one can infer a very low susceptibility to stranding risk. Further, adult eulachon are
strong swimmers; any adult evlachon which may occur in the shallow margin (spawning or in
transit) are unlikely 1o be entrained by onshore waves. Overall, adult eulachon do not appear
e be at nisk of wake stranding in the lower Columbia River,

Fertilized culachon epps are expected to settle out of the water column in aress where active
currents occur, rather than in slow-moving peripheral waters. Dynamic areas of the Columbna
River mainstem are considered especially well-suited for the incubation of eulachon epps
because active currents maintain elevated dissolved oxyeen levels and fimit the stability of
benthiv habitat to potential predetors, Incubation in the river mainsten 18 supporied by larval
sampling surveys which have detected the mujority of emergent eulachon larvee in detp-
mid-water portions of the Columbia River, Theretore, the majority of eulachon cges are
expected o occur in deepwater areps of the river mainstem where they sre unlikely to be at
risk of stranding.

Larval eulachon are poor swimmers which wely on hydraulic processes to facilitate
downstrearn transport. The majority of eulachon larvae are expected to emerge from dynamie,
decpwater areas of the Columbia River mainsten and be rapidly dispersed downstream within
mid- o deep-water portions of the river. Therefore, 1t is unlikely that larvae would cecur
within shallow nearshore habitats. Based on absence from the shallow margin, culachon
larvae are not conmiderad 10 be susceptible to wake stranding.

Orverall, eulachon are not expected 10 be susceptible or exposed to wake stranding risk in the
tower Columbra River. This is supported by the fact that enlachon were not observed either
stranded or 1o beach seines conducted by Pearson ot al, (20063
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4. [HSCURSION
4.1 STHANDING SUSCEMIBILITY INTHECoLumsia Baver serwees BRI anp 104

Pearson et al, {2008) examined the characteristios of the Columbia River shoreline from BEM {
s RM 14 by measuring alony transecis overlain on bathymetric data and aerial photographs.
'?hz: transects were spaced 20 0 meters apart vielding a 1otal of 1634 transects. Based on the
analysis the majarity of the shorelines 1 the lower Columbia River were concluded to not
pose a stranding v isk to subyearling Chinook salmon (Pearson ot al. 2008), Funber, they
concluded that between RM O and 22, shorelines were oo far distant from the sailing line

{Columbia River channel) for wake energy 1o pose a strandmg risk.

Pearson et al. (2008) determined that 16 percent (289 transects) of the transects met the
griteria for sathing-line proximity (L., sites are close enough Yo the shoreline for the vessel
wake 1o have the energy necessary to cause stranding), exposure o vessel wakes (i.e., the
transedt i not shielded from wave energy by islands or other features), and had a beach slope
{latter than 10 pertent {1Le, the beach was flatter enough to potentially strand fish). These 269
transects define o sel of m&«w&izgumz begches that mmi 33 mules of shoreline (illustrated as
the pink and vellow beach sepments on Figure 4), that was predicted 1o have at least some
potential to strand fish when vessel wakes interscted with the shoreline. The conclusion that
these beaches have g risk of stranding i a very copservative {Le, more likely to predict
stranding vecurs when 1t does net ocour than vice versa) due 1o the mclusion of the 10 percent
slope eriterion, Pearson et al, (20063 did not study any sites that had this “steep”™ of & beach.
County Line Patk imﬁ;, a slope of ahout 4 pwmeﬁm, Barlow Powt had a slope of about 2.2
percent and Sauvie Island had a slope of sbout 2.5 percent. Pearson ¢t al. (2008} presents
information from mm fous studies showing that ﬁsh are more typically stranded on beaches
with \E(‘spg‘% flatter than sbout 5 or 6 percent and not all of the very flat beaches strand fish
{Figure 2 in Pearson @ al 2008} Therefore, we conclude that the 33 miles of shorelines
identificd shove includes many beaches that have very limited 1o no stranding risk due 1o the
inchusion of the very conservative 10 percent vriterion,

When Pearson et al, (2008} included in thew writeria the presence of underwater berms (a
ridge or complex hu,aw feature that affects how the waves interact with the beach) and only
considered transects with very flat slopes {(<2.5 percent), 4 percent of the total transects {63
fransectsy had the highest predicted potential susceptibility to stranding. Four pervent of the
208 miles of shoreghine study means that spproximately 8 miles of shoreline were pradicted 1o
have the most extreme susceptibility to stranding based on including two move eriteria. The
beaches with the muost extreme risk of stranding, as defined by Pearson et al 2008, are

Hlustrated on Figure 4 as the pink beach segments.

{Pearson et al. 20063 noted that much of the stranding at Barlow Point ovcwrred 10 an area
where strong crossowaves and an eddy formed whep the waves yan up the beach. Other
researchers (Hinton and Emmett 1994, Bauersfeld 1977 noted the importance of {ine-scale
beach festures (e, voves, inlets, and shoreline depressions) in redirpcting wave coergy o
congregate, transport, and wap fish. Coliectively these observations suggest that the
approximately ¥ miles of beaches identified as having high susceptibility 1o stranding 45
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wentified by Pearson ot gl (2008) bikely need o have such Nne-scale features for the
predicted high ocvurrence of stranding to actually occur, Pearson et al. {20081 used wideo
available from other vesearchers to examine what fine-scale features (specifically looking for
riperap, gabions, phers efo) were present pear thelr sindy transeets. They did uot draw
conclusions aboul whal was seen or use the observations 1o develop another oriteria to further
refine their predicrions of stranding susceptibility for the transects studied.

1t is important o consider fine-scale beach morphology because based on the results of the
stranding studies (particularly at Barlow Paim'i we know that cven at a site that has
charactenistios that based on Pearson et 8l (2008} suggest a high auaugmmhw to stranding
over much of the site, scal standing mzijy pocurs w2 subset of the site o “hotspots™,
Stranding ot hotspots iy best Hustrated at Barlow Pont (Figure 93 I gontrast to the wider
distribution of stranding ovents at Sauvie Bland (Figure 10) and County Line Park {Figure
113 the maority of stranding events at Barlow Point were clustered at a very small upstream
hot spet. The magnitude of bmmﬁm& at Barlow Point suppests that something more complex
and unigue is happening there than at either the Sauvie lsland or County Line Park study sites,
To a losser extent, stranding events at Sauvie Istand and Coundy Line Park were associated
with hot spots, but stranding at these sites were grouped more aceording 1o season {Pearson et
al, 2006) (Figures 10 and 11). This s likely doe to differences in water levels during different
times of the year altering the lovation of the water’s edge and alse modilying beach
merphology. At all the sites the hotspot stranding patterns occurred despite the generally even
disteibution of fish across these sifes a3 deterimined by beach seine net sampling duning the
study {(Pearson et sl 20083, This means that stranding susceptibility on s single beach can
vary greathy over o very short distance and is Hkely associated with the fine-scale features of

the beach,

Hotspot stranding is also inportant becanse it affects the conclusions of studies (e.g., Pearson
et al. 2006) that have derived relationships between physical parameters (e.g., beach slope).
Such studies and the relationship denived from them are based on stranding observations
donrimated by 2 small subset of the Barlow Point study site {the hotspot).

Coast and Harbor Engineering {2016} conducted & fotused review of the morphology at the
precise Jocations whers stranding occurred at the Barlow Point, County Line Park, and Sauvie
Island study sites to further evaluate how sue morphology and the resulting hvdraulics relate
to the pattems of stranding that were observed by Pearson et al. (2006), Coast and Harbor
{2010} found that beaches with & wide upper beach and a small and/or steeply sloped lower
beach had a low potental for fish stranding due 1o the dissipation of wake energy. Shorelines
with a wide and flat lower beach with no or very small upper beach (lypically with an
armored backshore) do not have o mechanism for dissipating wake energy. As a result, this
type of shoreline morphology has a higher potential for stranding fish. County Line Park (RM
515} and Sauvie Island {RM 96.5) both represent morphologies with a lowser pot‘mt‘iai for
stranding (comparad 1o Barlow Point) while the morphology of Barlow Point 15 associated
with a very high risk of stranding {Coast and Harbor Engineering 2016},

In addition to overall beach morphology as described above, Coast and Harbor (2016)
identifies that the location of the Barlow Point stranding hotspot on an outside bend of the
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river likely further contributes to the stranding at this site. Essentially, the hotspot is located at
a focused point for energy based on how the ships turn offshore. This configuration focuses
wave energy, likely increasing the effect of the vessel wakes.

The beach characteristics that Coast and Harbor (2016) identified as contributing to high
stranding risk are additional criteria that can be applied to refine the understanding of areas
previously defined as having a high susceptibility to stranding based on the criteria of Pearson
et al. (2008). Additionally, the results of Coast and Harbor (2016) help explain why stranding
hotspots occur and builds on the observations that that fine-scale beach morphology is a
primary driver determining if a shoreline will strand fish.

2013 Google Covgle e

Figure 9. Overlay of the Barlow Point study site with the locations of beach-seine sites, wave staffs, run-up
gauge, and seasonal stranding observations (for all fish) (graphic reprinted from Pearson et al. 2006;
aerial photography from Google Earth 2013)
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Figure 10. Overlay of the Sauvie Island study site with the locations of beach-seine sites, wave staffs, run-
up gauge, and seasonal stranding observations (for all fish) (graphic reprinted from Pearson et al. 2006;
aerial photography from Google Earth 2013)

Google earth

Figure 11. Overlay of the County Line Park study site with the locations of beach-seine sites, wave staffs,
run-up gauge, and seasonal stranding observations (for all fish) (graphic reprinted from Pearson et al.
2006; aerial photography from Google Earth 2013)
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. SUMMARY OF CONCLUSIONS

Rection 2
» Wake stranding ocours on o small subset of the shoreline beaches of the vesse
corridor not over a broad length of shoreline, Pearson et al. {2008) predicted that 16%
or about 33 mules of non-contiguous beaches had some potential to strand fish, When
additional beach morphiology eriteria were included Person et al. (2008) predicted that
about 4% orabout § miles of beaches had a high susceptibility to stranding.

»  Biranding hotspots are determined by the morphological 'h&‘i‘mﬁit‘;ﬁ”i‘%’iii)‘«* of the beach,
not by the aggregation of the fish to 8 specific stranding-suscepible hubitat

#  The seasonal abundance of small chinook in shallow shoreline habital varies by season
as does the numbers of fish stranded.

& Additional fine-scale morphological features, that control wave effects at the
shoreline, appear (o be necessary for there to be a stranding “hotspot” on g beach
{Baursteld 1977, Pearson ef al. 2008}

s Further with respect o stranding of Chinook salmon, only smadl (35mm o 80mm) {ish
of one age group (04 subyearkings) 1s gt risk of stranding and only when present in
shallow water.

Rection 3
s The subyearling Chinook salmon that are subject o stranding wre primanly from one
ESU, (Lower Columbia River). The Upper Willamette River Chinook ESU is at a
lower risk of standing because it is close to shore (and subject 1o being stranded) in

fewer areas where there is & risk of stranding.

»  Eulachon appear te be at bmived risk of stranding by vessel wakes based on the
analysis provide above, and were not detected in the most intensive stranding study
that has been conducted (Pearson et al, (2006},

+  Subyearling chinook salmon present in the shallow water margin of the Columbia
River are on a “rearing migration” moving stowly dowostream rather than holding in
ane focation for months: This means that an individual fish is sebject 1o stranding sk
intermittently not continually on 3t path to the ocean.

=  Based on genetic analysis, small subyvearling Chinook salmeon in shallow water areas
susceptible to wake stranding are primanly corywised of fallrun stocks of the Lower
Columbia River ESLL

= i the lower portion of the tidal freshwater aren (RM 34 (o RM 703 subvearling
Chinook of the Lower Columbia River ESU are mwre than 90 percent of the
subvesrling Chinook sabnon present along the shallow water shoreliney of the
Columbia River,

# o the woddle portion of the of tidal Breshwater ares (RM 86 10 BM 102, subvearting
Chinook of the Lower Columbls River ESU arve abowy 60 percent of the subyearling
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Chinook salmon present along the shallow water shorelines of the Columbia River
during winter and about 75 percent of those present in spring,

s I the middle portion of the of tdal Freshwater area (RM 86 1w RM 102}, subyearling
Chinook of the Upper Willamette River BSU are sbout 40 percent of the subyearling
Chinook salmon present along the shallow water shorelines of the Colwnbia River
during winter and about 10 percent of those present in spring.

Section 4

#  The beach characterstics that Coast and Harbor (2016} identified as contributing o
high stranding visk are sdditional cnteria that can be applied to refing the
understanding of areas previously defined as having 4 high susceptibility to stranding
based on the criteria of Pearson e al. (20R). Additionally, the results of Coast and
Harbor {2016) help cxplain why stranding hotspots decur and builds on the
abservativns that that fine-scale beach morphology is a primary driver determining if'a
shoveline will strand fish.
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