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J. INTRODUCTION 

1.1 BACK RO DA D PURPOSI!: 

Wakes produced by deep-draft vessels are known to strand juvenile almon in portions of the 
Im er Columbia Ri r1

• Multiple studie hav documented and examined the circumstances 
under which wake tranding occur , but the magnitude of the impact remains unclear. Of the 
25 different fa tor identified by the ati nal Marine Fisheries ervice MFS as limiting 
the reco ery of aim n p pulation in the olumbia Ri er e tuary wake stranding i 
on idered a primary contributor to a low-pri rity factor (NMFS 2011 . 

This document provides a review of wake ti-anding as the mechani m which could cau e 
mo11ality for juvenile sa'lmonids and eulach n as a result of wake cau ed by deep-drafts. The 
focus of thi re i w is the lower 104 mile of the Columbia River, between the Pacific Oc an 
and Vancouver, Wa hington. 

WASHINGTON 

l I 

OREGON ..... 

v I/CO! • 

tud: ea Extent (R11106) ~ 

Figure I. Study Area 

1 General con en lion i that the lower Columbia Ri er rerer, to that portion of th olumbia Ri er downstream 
from the Bonne ille Dam (river mile [RM] 146). tranding ha been documented in everal location belo 
Ri er Mile (RM) 104. 
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mrillD>I1 ;ut:: broadly cate;:i:orized 
\Vaves are produced .and 

pressure on kmg·fK~riod waves from the displacement nf \vater 
from around the ship (BAW 2005'.L Short-period generally srnalI in comparison to 

and rnre!y cause disturbance to the shoreline (Maynord 2004), In contrast, 
re11rett:nu large lfoctuations in w·atet·lcvd (cspeci;1ll.y within confined 

significani disturbance 

A dcq:HJrnfl displacement hull making h<:adway in n confined channel causes a rise in 'Nater 
level ahead of the how and a resulting drop ln water love! a!ong the flanks (BA \\t 2005} This 
tevei diJforemial the length of the hull to the stem, '>.vhere a ttansversal 

the in the channel \vhere 

wa1er an esaggenrtt-d drop in water along 
(tefetred to as ''dta\Vdown>'}.. and a rapid uprush/surgc fix:in1 the transverse! 
{referted .to as ''nin·up'') (Mtrynord 2004,. HAW• 2005) and 3), 
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A illustrated in igure 3, the tran ver aJ stem wave i capable of moving a large volume of 
water rapidly up a sh reline face. Fish present in t11e hallow margin can become entrained by 
this urge and dep sited rngh above the ambient water level once the wav recede , infiltrate 
Lhe substTate (' encounlers debris/vegetation (Woll r et aJ. 2004 Pear·on et al. 2006 Krieter 
el al. 2012 . Alth ugh me mall, fast-m ing e sel can cau dra\ d wn and surge 
(Krieter et aJ. 2 12 tranding ev n in the I wer C lwnbia River typically in ol e large 
deep-draft es el uch as container ship . bulk anier oj} tank r , and erncle carriers 
(Bauersfeld 1977, Hint n and Emmett I 94, kerman 2002, Pearson et al. 2 6). 
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\Vake stranding in the Columbia River has been a topic nf study for nearly 40 years. Field 
studies !wv\~ been 1xn1durted by t!:K: \Vn::;hingt<>n f)(~patt1ncnt of Fisheri~~s {WlJF) {Bm1ernfokl 
1977}, the National M1irint\ Fisheries Service (NMFS} {Hinton and EmrncH !994), SP Crnmcr 
and Associates (Ad:crman 2D02), and the Pndfic Nortl:nvest Natlnna! Lahrmnury {Pearson er 
aL 2006}. Brief i:ium1naries of each of ihese investigations and other am1!yses based no them 
are included below, and tiles where stnmding wa1> studied hy Pearson cl at {2.006) are shovm 
on Figure4. 

The WDF (Brmersfold ! 977) was the first In f()rrmi!ly document wake~ stranding of juvenile 
salmm1 in the Colum.hia Rivec in the spring of J 914 and the spring and M.ffnmer of 1975, 
observations \Vere made at six tdlcs between RM 57 and 97, A total of 216 vessel passages 
were tccon:k'.ti, of \:vhich half pro<lu,,;'.ed strnnding events. Wakes 1,vhkh Mrandcd fish were 
Hmited to those generated by large,. deep-draH vessels, Benches whert stranding occurred 
were all dassiflcd as having low slopes, sandy substrates, and fine-stale rnmvhologka! 
features je.g., inlets, coves) 1ha1 constricted wave action and !breed water tmshon:, In 
addition, stranding poicntial vaded by season, with the fewest fish strnnded during the 
nun mer. 

In total, Bai,.rersfo!d ( 1977) tlocurnentcd the sinmding of 22fi7 Chinook salmon, 66 dmm 
salmon, 25 coho salmon, m1d 9 unidentified trout Stranded fish ·were small, with more thnn 
half of the Chinook measuring bet\veen 30 and 45 m.m FL 

Fmrn April through September I 992 and l\l!arch through July 1993, the Nfv'ff'S sampled cigh1 
shes several dines a month betv«een Rtv1 38,3 and 92 where stranding had been docurnented 
by Bauersfold (1977') (Hinton and Emmett l 994} The authors cha.rncterized the 1norphology 
of each beach and made detailed observations re.lated to physical parnmelcrn associated with 
each vessd pns8agc. 

In total. 145 dcep·dndl vessel passages 'Were observed, most of which produced wakes •.vhfr~h 
were described a~ capable of stranding fis!L Although juvenile Chinook salmon \Vere detected 
in shallow nearshore habit.at;; at the study shes thrnngh beach seining, stranding wrt5 only 
observed t()Jbwing five fHtsi:iages, each of which induded a single juvt;nite Chinook sal.mcm 
(si1,e range between 38 aud 73 mm FL). The mJthorn concluded !hat stranding was the result 
of complex intenwtions dependent upon a Mlite of physical and cnvin1nnwntal criteria, but 
was not a coirnnon event or soun:e of significant rnortality, ;w hwJ been suggested by 
Bnuersfold (1977), They speculated that dw high incidence of strand.Ing observed by 
Bauersfdd (1977) could have been influenced by dissolved gas supersaturnted (>lOO percent} 
rivt~r waler Gm1>ed by spimng of water at upstrenm hydmpowcr <lam8 during that study period 
Di~xulvcd gas levels above !06 pctri.:'.!lt are known to dccrcas:; juvenile Chinook salmon 
swimming perfornumce (Schiewe 1974 in Hinton and Emrnett 1994). 

VwwfJUW:;'r Energy 
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2.3 S? CRAMER AND ASSOCIATES, [NC, FlELD STtDV (.ACKERMAN 2002) 

Under contract to the Portland District of tht': USACE, SP Cramer and /\ssoc.iates sampled 
three sites where Bauersfoid (1977) and Hinton and Emmett (]994) had observed wake 
t'ltrn:tu.iing of juvenile salmon; County Linc Park (RM 51.SL Bar[Qw Point (RJvf 6 L5), and 
Sauvie Island (Rfvf 96,5) (Figure 4) (Ackermann 2002} Shoreline surveys were conducted 
during late June and early July, and again in late July and early August 

In total, 21 juvenile Chinook salmon and l 62 other small fish v1ere stranded by 56 vessel 
passages. Juvenile Chinook salmon ranged ln size from 53 to 90 mm FL, although one fish 
with injuries measun:~d l 36 mm Stranding events \vere tbund to occur when deep-draft 
V('.Ssels (dmft greater than 25 ft} traveled \Vithin dose proximity to lnw.:-dope beaches, with 
v.::;sse! size and speed influencing wake amplitude, In addition. tidal stage was cited as a fr1ctor 
likely to influence \vake dynamics. Overall, these findings supported many of the 
observations made hy bn1h Bauersfr".ld ( ! 977) and .Hinton and Emmett ( 1994), m1d eonfirrned 
that juvenik salmon could be stranded by vessel wakes in the lower Columbia. 

2A PACIF.!C NORTH\VEST NATIONAL LABORATORY, F!EU) STLD\ {PEARSON ET AL. 

2006) 

Under contract to the P<wtlan<l District of the US/\_CE. the Pacific Northwest National 
Laboratory (Pearson et al. 2006} conducted lhe mosl intensive investigation of \\lake stranding 
in thi;.~ 101.ver Columbia River, to date The study was designed to develop an impact­
assessmcnt tntxtel for predicting stranding risk t'l1Howing proposed deepening of the Columbia 
River navigation channel. Sampling was conducted between the smumcr of 2004 and tht'! 
spring of 2005, Study sites were the same as those used by Ackermann (2002}, Hinton and 
Emmett ( 1994), and Bauersfoli.l 0977): County Line Park, Barlow Point vnd Sauvie lsbnd. 
The aufhors observed V\.$Sel passage at each site and colkcted a variety of data to address 19 
potential risk-factors amongst pararneters related to shoreline morph0togy, vessel metrh.:L 
wake metrics, and fish presence, 

In total, l 26 ship passages \Vere observed amongst the three sites, of ·.vhich 46 resulted in the 
stranding of 520 fish The majority ( 425 fish, percent} of stnmded fish \Vere small 
subyearling {age-0+) Chinook salmon. .A !Ola! of eight juvenile dmm salmon and M.wen 
juvenile coho salmon w:::re stranded amongst all events, Although yearling (age-I+} Chinook 
salmon and juvenik steelhead were detected in beach seine nets in very krw numbers, neither 
were observed in stranding events. Although the lengths of stranded fish \Vere not published 
in the firMI report, they aw assumed to reprnsenl the same size range as those which 'Neu.~ 
detected in beach seine surveys ('~35 to 80 mm}, 

The majority (57 percent} of stranding events observed by Pearson ct aL (2006} occum:J at 
Badow PoinL Barlo\v Point also had the highest proportion of stranding events to vessel 
passages, 1Nhere 49 ships produced 26 stranding events {53 percent}. compared to 14 events 
out of 38 passages {3 7 percent) at Smrvie Island and six events out of 39 passages { 15 pctcen!) 
at County Line Park There was no difference in stranding between seasons {\\/inter, spring, 

VmH::.:•U»'1ir Enogv 
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sununer) at County Linc Park or at Sauvie Island, but stranding at Bark1\;\' Point during the 
summer was significantly lower than during the winter or spring. 

Although tx.~a(<l.M>einc surveys det:t:Trnined that juvenile salmon \Vern evenly distributed across 
each of the sampling sites, the authors found that stranding events typically occurred in 
specific ''hot spots'' where fine-scale nw:rpholog!cal features enabled wave energy to 
congregate, transport, and trnp fish. This effect vvas especially pronounced al Barlow Point, 
where the majority of sh'anding events \Vere clustered in the upstream extent of the site and 
"heavily influenced by complex vvav·~·s." 

Based on their field observations, the authors perfrmned single· and niuhi-variable regression 
tmalyscs to discern which ambient conditions and ship/\v3'ke characteristics influenced 
stranding potentiaL The authors concluded that stranding represented a complex and episodic 
process related lo a multitude of interdependent factors~ including site location, a ship's 
kinetic energy (a hmction of ship size and speed), tidal height wave excursion (the maximum 
drawdo-..vn distance plus the maximum run-up dh;tance), and the presence of fish in the 
shallow ncarshnn:t 

ENTRIX~ [NC, VESSEL~TRAFFIC .ANALVS!S (PEARSON AND SKALSl'l'.t 2007) 

A modeling analysis \V<'!S conducted by Pearson and Skalski (2007) to determine how an 
.increase in deep-draft vehich:~ carriers transiting lo the Port of Vancouver could inflmmcc the 
potential for wake stranding to occur in the lower Columbia River, The study used the dataset 
and logistical regression nmdd from Pearson et aL (2006) and did not involve any ne\v field 
effort. The study involved predicting stranding at three previously studied. sites. 

.A.Her reviewing this report, Grette Associates had sd·ious concerns about the appropriateness 
of the rnethodo!ogy and the predictions. Therefore, we requested that Dr. Vladimir Shepsis of 
Coast and I-hubi:ir Engineering conduct an initial review of the docmnent His brief initial 
review is provided below. 

ll is our opinion that the srntisticaJ models and framework published by Pearson, 2006 
(and used by 2007 report), was a first approximation frw developing a methodology for 
evaluating fish stranding due to vessel wakes at thn..>C specific sitt.'S along the Columbia 
River. The reports provide valuable infrnnrntion and entertain innovative ideas thm 
potentially may be applicable fr:it developing a methodology. I-lo\\-·ever, the statistical 
relationships of the fran1ework as presented in Pearson's 2006 publication and used by the 
2007 study ate questionable and may not he appropriate for any realistic estimates of fish 
stranding at the sites, Our initi;:il review of the: framework, used by 2007 study, has 
identified !nconsii:>tendes with interpretation and application of various aspects of vessel 
hydrodynamics and uncertainties with defining reliable statistical relationships between 
governitig factors.. for cxamp.!e, the 2007 rtpon defines block coefficient as the product 
of multiplying three vessel dimensions; length, beam, and drnH and includes a constant 
scaling factor of 1 ff8

• The actual ddlnition of block coefficient includes the mass of 
displaced water (sometimes it is defined by sh1p dcad\veight). ff the calculation of block 
\:oef1klent \Vere conducted ptx.!perly, using the mass of displaced \Valer, the statistical 

---------------------------·- -----------------------
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relationship& behvcen kinetic energy and stranding fot'.1on; \vould have hecn of 1.1 differnot 
shape and !he regression coefficients that were used fbr calcu.lations of stranding fish 
w{1uld be much different. 

The Pearson study also misinterpreted vessel speed. Vessel wakes as v/ell as drawdo\vll 
effect depends on vessel spet~d relative to still water, as opposed to ground speed. These 
two speeds (relative to still water and to the h';rnund) may be significantly different 
depending on current direction and velocities. It appears that the vessel speed data that 
\Vere used in the 2007 report are bast~.d on the gmund speed of passing vessels only, rt ls 
likely that if the report properly accounu; for vessel speed the stranding predictions would 
difkr dni.matically from those JJR'.Sented in the report. 

.2.6 ENTIUX, !NC, Pmrr OF VANCOUVER, GEOSPAHAL ANALYSIS \,PEARSON ET AL, 

2008} 

To estimate the potential fiw wake slrnnd.i.ng to occur al the la11dscapc scale, Pcarso.n et al 
(2008) categorized shorelines throughout the lower Coiumhh.1 River using physical criteria 
associated with sust.~eptibility. The mu1tysis was based on the t.mdt'TStanding that ship wakt~s 
only result in stranding when rnultiple criteria are rnet in concert: wake stranding does not 
tyTiicaHy occur in association with one trite!i.on alone (Hinton and Emm.ett 1994 .. Ackennan 
2002, Pearson el aL 2006), This study used the dataset generated by Pearson ct aL (2006) and 
did ti.m involve any new field effort. 

A geographic infbrmation sys1em (GIS) tvas used to characterize a series of transects spaced 
at 200 m {0, 12 rnile) between RJ'd 0 and i 04 (rF'' l ,.634: 827 along the YVashington bank and 
807 along the Oregon bank), Strnnding susceptibi.!ity was based on criteria established in 
previous fid<l studies, including the presence of a confined channel. (where the cross-sectional 
area of the hull is large rela1ive to the cross-sectional area of the channel), close-proximity of 
lhe sailing I ini: lo shore, t!xposure of the shord inc to the navigation ch aim el, shallow (<I 0 
percent) beach~~dopes, presence of an ofishore bemt shoreward i))' the l 8-ft depth contom\ and 
presence of fine-scale shoreline features (hank faces, vegetation, debris, riprap, etc,), Through 
a series of screening steps, each transect \ves classified as posing either a low, medium~ or 
high risk of stnmding juvenile M:llmon. Beaches with the highest risk represented very low 
slopes (<:J percenf), close pro:drnity to th(~ sailing tine, imd presence of offshore benns 
shoreward of the 6«fi contour. 

This analysis demonstrnted that mA all shorelines in this portion of the Columbia River pose n 
stranding risk to juvenile saln1t:in. Benveen Ri\,1 0 and 22, shorelines ;.ven:~ found to be ton far 
distant from the sailing line fix wake energy to pose a stranding risk, Between .RM 22 and 
l 04, only 3 I perccmt of transects (n"'506) mcl the joint criteria ihr sailing-line pwxin1ity and 
expom.:irn (nmH,;hielded), and approximately l 6 percent (n""269) met !he additicma! criteria fi.x 
au 11bovc-minima! susceptibility based on he~ich slope, \Vhen benn depth was considered, 
only fin.tr percent of the total transects (n=65) had the highest potential susceplibifily to 
stranding, with tow beach slopes (<2.Y~{,) and berms at or be!o1,v the 6,fi contour, Overall, the 
.results of this tu1aiysis identify 33 miles of disconnected shoreline reaches that exhibit 
physical characteristics predicted to hnve an above~minimal risk of stranding (Figure 4 ), The 
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Figure 4. Areas within the ower Columbia River identified by Pearson et al. (2008) a having an above-minimal (yellow 
egments) and the mo ·t extreme (pink segment ) ri k of, ake stranding (totn lin approximately 33 miles of horcline): also 
hmvn are the thre primary stranding study ite . ( raphic © Google 2015) 
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2.7 U.S. AUlV ('URPS 0¥ E,:-.'G!NEERS~ ['itANNt:L-DELPEMNG ANALYSIS (PEARSON 

20H) 

Pt:ars.on (:WI I} tkve!oped stranding probabiEli•Jt.i for juvenile 5Hlmon due to wake sffanding 
association whh tb;; deepening of the Columbiii River nuvigalinn chmmeL The mndding 
anal}%is examined f.hwr different ::>cenarins nfvcssd tni.fl1c in the deepened channel ba~ed on 
tlit~ datasd and logist.ical regression model developed by Peamon et aL (2006}, No new field 
'ivork W!Hi conducted and no fish abundance d.fHa were included in !he analysis. 

The arwlysis determined tha! when vcssd drall, length, and ;;peed ri:miained similar lo rndrics 
associnted with the -40 ft CRD channel, stranding pwbabillty in the "43 ft CRD dwnnd 
decreased, When vessel draft was increased to the 1naxi1num capai.::ity aJ1'l1rded by the 
deepened chimnd, but ship speed remained consrnm, stnmdi.11g probability alti.o decreased, 
The authiw determined that, all other factors being equal> Hnmdlng was influenced more by 
vessel speed than by vessel draft Overall., ch:mgcs in stranding probability frw a!J ship 1'.Y]1t:t 

were antkipntc<l h::i he smaH Oess than 6 fh::rcent) or 1.mdetcctahle between the -40- and -43 ft 
CRD channels. 

:ts FACTORS AFFECf!NG STRANDING OF .Jm'E.!\iLE. SALl\IONIOS fPEARSON ANH 

SKALSKI 20 i 1) 

l'etff!Ki.n and Skalski (2011 ) is the published version of the derivation nf the i9gisticaJ 
regression model developed by Pearson el aL (2006), This publication was based on the 
dataset generated by Pearson et aL (2006) (See Section 2A·), and did notinvolve a.ny new, field 
tdThtt 

A.s described previouxly, authors concluded that stranding represented a complex and episodit 
process rdawJ tn a nmlriwde of interdcpew.k·nt foctors, indud!ng she kwation, a ship's 
kinetic energy (a h.:mttkm of ship size and speed), tidal height, \vave excursion (the maximurn 
drawdo\vn distance plus the maximum n.uH1p distance}, and the presence of fish .in the 
shallow nearshnrc, The aulhors note the f()cus no these factors (ship charncter[stics, ambient 
conditions, and fish availability) was by design, as \vns the decision to choose study sites with 
a history of stranding, and to avoid saff1pling during conditions Wt~re stranding is known not 
occur (e,g,, high periods), 

The mil.hors caution against wider ex.trnpo!ation of the stranding dataset and model river-'wide, 
as the beach !ypes selected (with a history nf stnmding) arc not representative of aH beach 
types in the iow\x Columbia River, 

2.9 U.8, GEOLOGICAL SVRVEVj RK\JKW OF ('HANNE1r0ECPF.NING ANALYSlS {l\.OCK ET 
AL. 2013) 

UtH.ler contrnct to the USA.CE, the USGS conducted a rcvie\v of the Pearnon (2011} modeling 
analysis (Kock et at 2013}, The authors determined that the modd and mellmdnlogy used by 
Pearson was appropriate in design, suitable frw estimating strnnding pmbahifay. and arrived at 
cnxhbk resuh:< They continned th:H Pearson (201 l} had identified the importance of 

f'w1nwivr ffnnx.1· JD 
S'.tm11ding ht t/w Lower Columbia River 

Rn'ised May ! 0, 
Gn'.tti? A,rsod11tes, LLC 

EX-0116-000014-TSS 



2. lO SUVIMARY OF CONCLUSIONS OF PREVIOUS STVDIES 

ve:arll,ng Chinook salmon, and yearling. coho salmon, 
stranding risL 

$ Stranding represents a compkx and episodic process rdate<l to a rnultitude of 
inten:lependent factors, including site location, a ship's kinetk energy, tidal height, 
wave excursion, and the presence of fish in the shall.ow margin, No sing]~ factor 
cletennines the potential for stranding to occur, 

• Decreases in stranding probability was anticipated 
ship types once the federnl navigation channel 
CRD, 
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SUUYEARUNG CH.INOOK S.ALMON A.NO EULACHON Sl!SCEPTHULITV 
TO STRANDlNG lN THE LO\VER COLUMBIA RJVER 

3.1 St UV EARLING 0UNOOK SALMON 

As discussed. ship wakes primarily rnsu!t in sllanding \vhen small subyenrling 
Chinoi)k salmon arc present in the shaHO\V margiR and thi:: majority of shorelines when.~ wake 
stranding may occur are within the tidal freshwater region, \Vhich extends from roughly RM 
34 to Vancouver \VashJngton and above (figure 4), Therefrrre, informat.ion about habitat 
as~;ocmt1mrn and timing of subyearling Chinook salmon in tidal freshwater c:an 

Evolutionary Significant Units (EStls} could be exposed tn in 

Sv.;imming speeds for fish classified by Bell "cruising;· '"sustained;' and 
"darting,'' Cruising speed can be maintained for hours, sustained for minutes, and darting for 
seconds. l.n relation to \Vake ~tranding, il expected that cruising and sustained s\vimming 
speeds the rntes at which juvenile salmon would react to wave energy, since the gradual 
ratl;l of drawdown and run-up are likely to Ulicit a rheotaxis response where fish point into the 
current and bold position, and not one of flight avoidance, The transport of juvenile 
Chinook salmon up a heach face could therefore occur \Vhen velocity exceeds 

Sustained swimming spee.ds hx juvenile Chinook, coho, pink. chum, and sockcyc salmon are 
included in Table 1. Based on the findings of multiple investigators, swimming ability 
amongst these species arc similar and largely dependent upon fish length, In gen.era!, small fry 

to 40 mm) are capable of maintaining speed~; up lo approximately H/sec, larger fry 
50 mml up 1 ,5 small juveniles (76 io 95 mm) up to 

subyearling Chinook salmon, entrainrncnt of fry and small juveniles could occur \Vhen wave 
rnn-up velocides exceed 1 ,5 ft/sec and .! ,9 ft/sec, respectively, 
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Pearson ct aL {2006) measured \yave run-up velocity Rw .most deep-,drafr v\.1ssd pasMige 
evetHS. F'or those. l.ncasurexn9nts taken \Vith a video. camera2, wake \vaves traveled tip the 
beach. face- at between approxih1fth:::ly 1.4 <l!ld 10.8 11:/sec, with an ()veraH metm wave speed. of 
approximately ~ts ft!s~y- This velocity exceeds the- sustained SV\1imming ability ofjuv~1nile 
saJ:r-nonpreserttQd hi Table L H(tWCVct, asdlsct1ssed in Section 21 wakestrahding Ve-presents a 
1.x1mplex and episodj.p prtx;ess related t<J a .111µhJJtlde. of interdeper1dent · facts1rs, of which the 
potential fbr ~1 wave tb cnlrnin. a fish is ohe, 

Oif'tererv;;es in frfo history dd1ne when and at what • size juvenile Chinook sttJmon wm 
6utrnigrate ~u'ld corresprmd to either a stream- or oct:an-type readng strategy, Juvenile 
Chinmiksalmon life historics •• are complex m1d variable arnong and within pnpulati11ns., bnt fo 
general f1tream-t~'pe jµveniles • spend their first wirtti.~r _ ·-- fre$hwtiter rmtj outmigrafe -• as 
yearlings (age·l-1'), while ocearHypE:. juveniles uµtmjgn.tte to the Psttt&ry soon afh~r hatching 
and spend thtdt first vvinter -at st~a as suhyeatlings (age-0+}, 

Spring· • t1n4 .summer-. run. ChitmQk salm1)n generally represent the -stream-type stn1tegy while 
fo1l4un _ Chinook salmon tepresentthe _ nceatt-ty11e _ strategy, although these refoth1nships ate 
not t~xclusive, Ftw example~ Chinqok sahn<Jll from the Upp~r Vllllan1eue, spring~,rw-1 ESlJ and 
the Snake River tt1U-:tun BSU each represe.1.lt stocker where both ocean- and stte~m-'typ.¢ 
rearing strategies co~occvr. 

ln geueriil~ htibl~µt 11:;;e. and timing of Chinooksa!~mn outmig:nHio.n _ pcriods vaty by age group, 
Most yearling fish outmigrate.in the spring~ <;iuringwhich time the)"Utilize -de~pwater areas. 111 
additicm, subyqar!ing ornrnigranrn . from -th# ~nµke River foll-nm.E$t) are typically !argerthm1 
other suhyearlings (>99 mm)\ and like yearling fish are n1ost likely to use deepwatet areas. 

2I\:ars¢netqL (2006) mt.-a surcd .wavcrun~np vdod1y '.\iith a video eamem<m\i <)wave g4ge. Hecmise Ul~vid~o 
camera proved \o pc more reilabk and lggistie"ll!Y sound than ttlt U¥£e, on ty l'.fota from videQ recordjngs was 
tonsidetdd here, - - -
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UnJike yearling fi h, nake River fall-run hino k aim o outmigrate ov r a longer -period, 
which extends from the priog through the fall ( ee Table 4 in Section 3.1.3). 

By ontra t, mailer ubyearling outm1grant u e shallower water areas closer to shore. 
C llecrively ubyearling ' fr m several E could be present in the low r C lumbia year 
round, and in general their habitat use shift fr m lhe very shallow margin to shallow wat T 

and eventually t deep \! ater areas a fish ize increa es throughout the utmigratjoo period. 

Roegner et al. (2 12, 2013 collected sub yearling hi nook salmon with beach seines at site 
throughout the J wer lumbia River (Figur 5) . For the purpose o considering stranding 
risk, this analy i u uses n result d wu tream fr rn RM I 04 to appro imately RM 22. This 
includes study sh across two sets of rea hes considered (and combin d) in Roegner et al. 
2013: Reaches and D arer ughly RM 33 l RM 74 reaches E and ar r ughJy RM 74 to 
RM I 08. Within th rea ·h combi11ation , b a b seine sites wer I ated between roughly 
RM 34 to 70, and RM 6 lo 102 respectively. 

The aulb r p rfi rrned genetic-stock analy es to assign subyearling fi h L their ES of 
origin3 and to d tennine the proportional presence of each ES in the nearshore 
month/sea on Table 2 and 3). Six of th eight lumbia Basin ES s were repre ented in 
captured suby arlings, three f which are listed a threatened under the ESA. 

In the lower reach s (C and D), genetic stock analyses indicate that in all seasons, fall-tun 
Chinook salmon fr m th Lower Columbia River ESU make up the va t majority generally 
greater than 91 p rcenl) fall Chinook aJm n pre eOl in slmllow water areas of the tidal 
freshwater regi n ( igure 6). 

In the upper r ache E and F), faU-run bin k almon from the Lower Jumbia R:i er ES 
make at least half t more than three quarter r ubyearling Chinook aim n in shallow water 
areas in all ea n (Figure 7). 1n the wint r fry from the Upp r Willamette Ri er ES 
comprise approximat ly one-third of these Fi h, with almost all of U1e r maining being fall-run 
Lower Columbia River Chinook (Figure 7). However based on the reach data for March 
(Table 3) the high pr po11ion of Upper Willamette River ESU hin k almon is likely 
localized to R ach F. Tl1is reach include the mouth of the WilJam tL River and area 
inunediatJ ly d wn tream where thi ESU w uld di per e to while ,Uting the Willamette 
Ri er and increas their abundance lo aJI . ln th sununer and fa]J peri d pper Columbia 
ummer/fall run ES fi Ii comprise approximately one-third f lhe fmg rling population in 

reaches E and ( igur 7 . Tbjs greater prop rti n of Upper Columbia um mer/fall run ESU 

3 Roegner et al. 20 12, -013, and Teel et al. 2014 use difli rent tenni.nology for ·SU. than tho ·e considered und r 
the ESA. In ESA parlance, "Lower Columbia Ri er hin ok ESU' include the Roegntir et al. categories ··west 
Ca cade Tributaries fall, West ascade Tributary spring. and pring Creek group fall ". For this stranding 
analysi , 1hi U divid d only by fall and spring life hi t ry type . Tile Roegner categories also combine the 
MiddleColmnbia (not Ii ted and Upper Columbia (Ii tcd) ·µring.run ESU , which\ er d !ected very rarely. 
Olher minor difTert:o e_ in terminology e ·i l - thi analy ·is u e the ESU name a.-; de ·cribed by OAA 
Fi heries for SA management and recovery purpo as described on the OAA i herie web rte 
hnp· w" "· \t: h;: . l.fi h 1 , n aa.l!.O\ l pru ectcd ll!lCCI~ .. <tlrn n teelhead ~ hnun and ,..1 el head Ii tinw al 
mon and ·tc lhi:ad lt:.1in!!--..h1ml. 
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and F compared is 
gein.er«H!V iri.ovmg to deeper as it ryrnc;at 
sUIGVi~arJrng Chinook salmon, Therefore, they an~ present near the shoreline in reaches 

tela1rvel\' small hul move mvay from the shoreline as !hey grov: on their n1itn':·1ttr.n 

!n summary, subyearling Chinook salmon can occur \Vithin the tidal fresln.vater region 
round, the slrnllmv is 1.arge!y to the with 

'"'"'""' and suni:mcr, Bw!led on gcntxtic·stock 
Bubyearling Chinook salmon in nearnhore during aH 
from the Lcnver Colurnbia River and those, the majority represent ra11l-rnm <>lu\.-1'.·:> 
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\ 

Roegner d: aL 2013 "P' 

'. 
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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Tabk 2. {;uwtk·sttick ctm1positfrm ()f subyea.ding Chhumk sahmm t:nptun:d in the lowisr potthH1 nf the tkhd fresllw1!ttr n;-gim1 of Hu'< Cdumbfo R.her 
e~tuary by month tgm:y d1ading, lhiegner el 1tL 1013) and 11eaHH1hm11hm.Hng, Roegner (It Rt 1011). l:Wt\'l'('NI approxhlnttdy RM 34 1ttui 70 {see Figure 5), 
ESV lllUlW~ h1 bold font deuott• listiug a11 thrnakm1:d or t:•m:faniv~rnd under the ESA. Compmlition !11 catch lii;ted at> '<0,{l J' rcprt•sents ll reported value of 
OJH15 to 0.!!09; rn mrted v.i1lue~ lm;s thirn lttt04 are.c.cli~st""e.;;,d.;;,a.;;,i;_'~O"". ;=--------------------------~ 
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T$ble 3 .. G.tncdc·!ittWk Mtnpr-wilhm ofsn(lye11iwH11g Chinrv:it irnlnwn t1'pHfrtd in the ruiddit> portkin sf tht tkla! trei.tnvMcr tttghn1 nfHw Cnh1mbiw Rh et 
t¥h~ary by m1111th (Roegner et at 20f3},, between wpproximatdy lMH $6 wud HJ:! (M)t Fignr¢ Slh ESV 11~n1e$ in hrdd hmt 4m:wte 1hitiuga~ threMened t.w 
ernrtaing1trett umitr .!ht RSA. CwmjW:dlfon in t'.atth listed as. '<{LO I,. repn>.1wnh u reported value of OSJO:S· Ni !),(Hf9; ttJ<piltttd vgfot1 lbw .Hwn 0A)fl4 wrn 
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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. 2-012, 2013). Chinook salmon ESU names in bold font denote 
listing as threatened or endangered under the ESA. 
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7. Snake River fall-run 
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' f' = rau 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 
sea anally, 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 ampling sites 
exceeded l 9°C. The authors concluded that high temperatures reduced the availability of 
hallow-water habitat by mid-summer and shifted occupation to deepwater areas during the 

late- ummer and fall . Further, as the water level of the Columbia River decreases in the late 
summer and early fall , subyearling Chinook almon may have limited or no acces to the 
shallowe t shoreline areas that were used earlier in the spring (Figure 8). 

~ + 
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~ . 
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j ' ...................................................................................................................... _ .. __ . .,............... ~.!:b~ .. (~}.~ .. ~ .. ... @1 ............................. . . 
Wimer Spring Summer Fall Winier 

Figure 8. Average daily water level at Longview. Wa hington (Site #9440422), 2003 to 2012. Seasonal 
notations are consistent with those in Table I. 

A shift away from the shallow margin to deeper habitat is also associated with the attainment 
of fingerling size. Thi has been ob erved during concurrent sampling where ubyearling 
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; 1n the winter and early spring mean length is typically consistent with fry <60 mm), 
in spring and urnmer it is more typicalJy consistent with small fingerlings (60 to 80 mm). and 
in the fall it is more typically consistent with larger fingerlings (80 to 120 mm) (Bonom et al. 
2008, John on et al. 2011 ). Fish length influences habitat associations and outmigration 
pathways. with mall fry and fmgerlings occupying hallow 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. ( l 986) determined Urnt this habitat transition occurred when fish approached 99 mm. 
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Based on the above discussion, a surnmary of expected presence in the difkrent habitat zones 
bet\v(:en RM 34 and 102, by ESU, is included in Table 4, The river extent is based on the 
lower- and upper-most beach seine locations within Reaches C and F, which represent the 
tidal freshwater poitiori of the river below RM 104, 
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Subyearling Chinook salmon documented in stranding events have been limited to those of 
fry and fingerling size, typically betwt)en 30 and 90 mm (Bauersfold 1977, Hinton and 
Emmett J 995,. ,Ackerman 2002, Pearson et al 2006)_ This size range is consistent 'W ith thos(~ 
fish which have n strong association to shallow nearshore areas (see Table 4). Based on 
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geneticwstnck itrmJyses from the s!rnHow nearnhon: {Figures 6 and 7) and seasonal 
txpecta.tiom.; presence in the hnbilMt zones {Table 4), exposure to stnmding risk Is expected 
lo primarily concern srn:lll subyead.ings from lhilNrnn stocks of the Lnv.'cr Columhi0 River 
ESl} during winter. spring. and t'.atly immnwr. In addition, minor prnpo:iions of the Upper 
\l\'i!lmn0!k River ESU nmy be exposed to stranding risk during the winter and spring 
(panicularty up:>t.ream of RJ'A 74), The Upper Cnlumhiff sum.meritnlkun ESU (not ES.i\­
Hs!ed) a!sn could be exrmsed to limited stranding risk upMream of RA4 74 <luring the spring 
and enr!y rnmrnec AB other ESUs arc expected to he at very low risk nf Mnmding due to their 
near absence from !he sJwilow s;vater sh~Jt\~~tine during seasons where strnnding occurs. 

Eul.admn are Bmaf! ocean.going fish that occur in offalmre nwrl.!1e ;vmcrs and return to tidal 
porlions of rivers to spm.vn, Eulachon are broadcast spawners, and spawning events typically 
occur over cnan;c, sandy substrates nr pea-sized grnvds ('vVDFV/ and ODF\V 2001, WiHsnn 
cl <lL 2006). Females produce hehveen 20,000 nnd 60,000 eggs \vhicb arc di:Hr1bu1ed 
dov;nHlrtfrm by river currenls {\Villson et aL 2006. \\/DFW and ODFW 2008, Ciustafaon et nL 
20.l ffL Once fertilized, eggs reveal a sticky meinbmrn: that adherPi to sand grains. causing Hie 
egg to to the dvcr bottom and become covered by the substrate (W'ilson et 2006, 
Guslalkon el aL 20 l fl)_ Larvae iyp.ically hatch and emerge from 1be substrMe within 30-4{) 
days of spawning {Smith and Snalfield i 955 in Gustfffonn ct aL 201 OL Upon en:1ergence, 
liwvw: drill rapidly dov.ns.tremn to salt \Vater nnd n.mr in nenrshnre marine areas, 

Based on the strnnd.i.ng susceptibility criteria described above in Section eulHt:bon W'OlJ.i.d 

nnty exposed m stranding; risk \Nhile present in shalknv mnrgin lmbhats of the Columbia 
River rnainstem above RtiA 22; there Is no pottmlial f\w stranding to occur \vithin the 
tributaries. The susceptibility of eulacbon to stnmding ris;k is 1hus described beh:nv ~hi a 
functkm of hu.biH1t usage of the sha!knv margin of the Columbht River 1nains1em, 

/\.dults preferentially spawn in coarse. dean sand or gravd IC\:J\Vlltz Indian Tribe 2012}, As 
revitwed in Willson et al. (2006), spawning can occur at various depths. and has been 
documented at up to 20 feel !n the Columbia River (S1nirh and Smllfo:kl m \Villson et aL 
2006) and 25 feet in the Fraser River Briti&h Columbin Ofart and McHugh in \V!l!son el at 
2006L Tht cggi; adhere to these substntte:; which •veigh th0m di.nvn and make them 
susceptible to bedload trrmspon away from spawning nrcas. Sampling within sand waves of 
the lnwer CfrwH!z, Kalama. and Grays rivers revealed visbk· eggs and hwvne beneath as much 
as 24 inches of &ubdrnte {Cowlitz Im:.fo:m Tribe 2012), This reveals that even though the 
mitjorily of spawuing 1<1kes place 1,.vhhin the upper 1ribawrics, incubation and larva! 
emergen<:e could t1lso occur in the knver portions nf tributaries nnd. to some cxtcn1, the 
Cn!umbia River mainstem, Although the refative in:ipnrti!tK'.U of the Coluinhia River mr1inskn1 
lhr spawning !$,not ckmr, areas of sand~\Vii'H; bed fiwrris nrny support egg bcubation. 

i\HiitJniing that snme portion.Hf adt!lt• eulachon .spawn in the Colv1nhia River mains.tern, they 
are no: Hkeiy lo so in the shaJ!o'lv margin where fish snsceptih!c to sttanding hecatise this 
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area is not typically characterized by moderate to fosl moving water over coarse substrate£L 
Therefrire, one can infer a very low suscc1:itihility to stranding risk. Further, adult eulachon are 
strong swimmers: any adult eulachon which may occur in the shallow margin (spm.vning or in 
trant;;it'J arc tmlikdy to be entrained by onshore waves. Overall, ndu!t culachon do not appear 
to he at risk ofwake stranding in th.;: knver Cohu11hia River, 

Fe1ti!i.zed eulachon eggs are expected to settle crut of the 1;vatcr colurnn in areas where active 
currents occur. rather than in slmv-moving peripheral waters. Dynamic areas of the Columbia 
River mainstcm are considered especially 1Ndl~suited fix the incubation culaehon 
because maintain ek;vatcd dissolved oxygen levels and limit the stability 
benthic habitat to potential predators_ Jncubatkm in the river mai.nstem is supported by larval 
sampling surveys which have detected the rmtjority of em.ergent eu.!athon larvae deep- w 
mid-water portions of the Columbia Therdbre, the majority of euiachon eggs 
expected to oi.:cur river mainstern where they am unlikely to be at 
risk ()f strar1ding. 

Larval eulachon are poor swirnmern which rely hydraulic processes facilitate 
downstream transport. The majority of eu!achon larvae are expected. to en1erge from dynamic, 
deepwater areas of the Coltmtbia River mainstem and be rapidly dispersed dmvnstream within 
mid- deep-water portions of the Therefore, it is unlikely that larvae would 
within shallow nearshorc Based absence from the shallow· margin, eulachon 
larvae are not considered to be susceptible to wake stranding, 

OvernlL eulnchon are not expected to be susceptible or exposed to wake stranding 
lower Columbia River. 'l11is is supported by the fad that eulachon were nOI n1)s<~·1·«.,'r:n 
stranded or in beach seines conducted by Pearson ct aL (2006} 
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Pearson et aL CW08) examined the charncteristics of the Colmnbia River shoreline from .R1V1 0 
to RJd 104 by measmfog along !rnnsects overlain nn hathymelrk data and aerial photographs, 
The transects \Vere spaced 200 meters apart yielding a total. of 1634 transects Eased on the 
analysis the majority of the shorelines in the lower Columbia Ri·iter were concluded to not 
pose a stranding risk to subyearling Chinook salmon {Pearson et aL 2008), Further, they 
conc.luded that between RM 0 and 22, shorelines were loo for distant from the sailing line 
(Columbia River channel) frir •.vake energy to pose a stranding risk 

Pearson et aL (2008) determined that 16 percent (269 tnmsccts} of the transects met the 
criteria fi.1r saUi.ng-!ine proxin1ity (Le,, sites are close enough to the shore.line for the vessel 
·.vake lo have the energy nt-x:essary to cause stranding), el..;posure to vessel 'wakes (i,e,, the 
transect is no1 shielded frorn wave energy by islands or other features), and had a beach slope 
Hatter than l 0 pernent (i .e., the beach was flan er enough to potentially strand fish), These 269 
transects define a set of rwn-contiguous beachi.::s that total 33 miles of shoridinc (iHustrnted as 
!.he pink and ye!low beach segments on Figure 4), that was predicted to have at least sorne 
potential to strand fish when ve~sel wakes interacted vvith the shoreline, The conclusion that 
these beaches have a risk of stranding is a very conservative {i.e., more likely to predict 
smrnding occurs when it does not occur than vice versa} due to the inclusion of the t0 percent 
slope criterion, P1.~arson et rd. (2006! dld not study any sites that had this "steep" of a beach 
County Une Park bad a slope of about 4 percent, Barlow Point had a slope of about 2.2 
percent and Sauvie Island had a slope of about 2.5 percent Pearson et a!. (2008) presents 
infbmrnlinn from previous studies showing that fish are .more typically stranded on beaches 
with slop1.~s Halter than about 5 ol 6 percent and no1 all of the very flat beaches strand fish 
(figun,:'. 2 in Pearson et aL 2008}. Thi:rcfore, we conclude that the 33 miles of shorelines 
identified above indudes nwny beaches that have very limited to no stranding risk due HJ the 
inclusion of the very conservative 10 percent criterion, 

When Pearson el aL (2008) included in their criteria the presence of underwater berms (a 
ii<lge or complex beach feature that affects how the waves interacl with the beach) and only 
considered transects with very flat slopes {<2,5 per1.:enl), 4 percent of the total transects (65 
transects') had the highest predicted potentia! susct'.ptibility to stranding, Fom percent of the 
208 miles of slmreHne study means that apprnximatdy 8 miles of shoreline were predicted to 
have' the most extreme susceptibility 10 stranding based on including two m.ore criteria, The 
beaches 'With the most extreme risk of stranding, as defined by Pearson el aL 2008, are 
iHustrnted on Figure 4 as the pink beach segn1ents. 

(Pearson et aL 2006) noted that rruK:h of the stranding at Barlow Point occurred in an area 
where strong cross-wnves and an eddy formed when the waves ran up the beach. Other 
researchers O-Hnton and Emmett .l 994, Bauersfeki I 977 noted the importnm::e of fine-scale 
beach features {e.g., coves, inlets. and shoreline depressions) in redirecting wave energy to 

congregate, transport, and trap fish, Collectively these observations suggest that the 
approximately 8 miles of bt~aches identified as having high susceptibility to stranding HS 
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identified by Peanmn ct aL (2008) likely need to have such fine-scale ibatures for the 
predicted high occurrence of stranding tn achmlly occur. Pearson et aL (2008) u~ed video 
available from other researchers to exam.inc whal finec.scale features (specifically looking for 
rip·rnp, gabions, piers eh~:..) were present near their t;ltidy transects. They did not draw 
condusions about what 'Was seen or t.Js..:~ the observations to develop another criteria to fUrther 
refine their predictk1ns of stranding susceptibility for the transects studied. 

It is important to consider fine-scale beach morphology because based on the results of the 
stranding studiel<\ (particularly at Barlow Point) \Ve know that even at a site that has 
dmracterislics that based on Pearson et al. (2008} suggest a high susceptibility to strnnding 
over much of the site, actual standing only occurs in a subset of the site in "hotspots", 
Stranding at hotspots is best illustrated al Barlow Po.int (Figure 9\ In contrast to the wider 
distribution of stranding events at Smwic Island (Figure l 0) and County Line Park {Figure 
11 ), the majority of stranding events at Barlow Point i,vere clustered at a very small upstream 
hot spot The magnitude of stranding at Barlow Point suggests that something more complex 
and unique is happening there than at either the Sauvie Island or County Linc Park study sit1.;:s, 
To a lesser extent stranding events at Sauvie Island and County Line Park were associated 
with hot spots, but stranding at these sites were grouped more aet:ording to season (Pearson el 

aL 2006) (Figures 10 and l J ). This is likely due to differences in \vater levels during difforenl. 
times of the year altering the location of the water's edge and also modifying beach 
morphology. At at! the sites the hotspot stranding patterns occurred despite the generally even 
distribution of fish across these sites as detennined by beach seine net sampling during the 
study (Pearson et nL 2008). This means that stranding susci;,11tibility on a single beach can 
vary greatly over a very short distance and is likely associated 1,vlth the fine-scale foatures of 
the beach. 

Hotspot stranding is also important because it affects the condusions of studies (c,g., P1.;~arson 
ct aL 2006) that have derived relationships between physical parameters (e.g .. , beach sl.ope). 
Suth studies and the relationship derived from them are based on stranding observations 
dmninatcd by a small subset pf the Barlow Point study site (the ho!spof). 

Coast and Harbor Engineering (2016) condw.~ted a fix:used review of the morphology at the 
precise locations where stranding occmTed at the Barloiv Point, County Line Park, and Sauvie 
Island study sites to further evaluate how site morphology and the resulting hydraulics relate 
to the patterns of stranding that were observed by Pearson et aL (2006), Coast and Harbor 
f2016) found that beaches with a \Vicic upper beach tmd a small and/or steeply sloped lower 
beach had a low potential for fish stranding due to the dissipation of wake energy. Shorelines 
with a wick and flat lmver beach with no or very small upper bi.:~ach (typical1y with an 
ammred hackshore) do not have a mechanism for dissipating wake energy. As a result, this 
type of-shoreline rnorphology has a higher potential for stranding fish. County Line Park (RM 
5 l .5) and Sauvie Island fRM %-5} both represent morphologies with a lower potential for 
stranding (compared to Harlow Point) while tht~ n1orphology of Harlow Point is .associated 
with a very high risk of stranding (Coast and Harbor Engineering 20 I 6}, 

In addition to overall beach morphology as desc1ibed above,, Coast and Harbor (20! 6) 
identifies that the location of the Barlow Poitn stranding hotspot on an outside bend of !he 
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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 tum 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 higb 
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. 

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) 

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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5, SUMMARY OF CONCLtJSIONS 

Section 2 

·t- Stranding hotspots are deti::rminetl by the morphological characteristics of the bc~adL 
not by the aggregation of the fish to a specific strnnding"susceptibk habitaL 

•· The seasonal abundanee of .small chinook in shallow sl11Dn:'line habitat 
as does the numbers of fish stranded. 

• A.rlditional 
shoreline. appear 
( Baursfdd 1977, Pearson et 

Scetion 

!hat 
be n ;;rr.nrnHn·n "ho1:soot···· 

• The subyearting Chinook sal.mon that are subject stranding are prirnarily from one 

" Eu.ladwn appear to 
analysis provide above, and 
that has been conducted f Pearson et 

Upper \Vi!Luuette River Chinook ESU a 
shore (and subject 

stranding by wakes based on the 
detected the most mtens1vt:: stranding study 
(2006), 

I} Subyearling chinook water margin the 
River an.:~ on a "rr'rff11nu rrnt:n:l1tmn · 1n{Y1i!n1:i «!11.u.1!1 .. dO\\'OS!.ream ralher than holding in 

is subject w stranding risk 

a the 
more 

subyenrling Chinook salmon present along the shallo\v 
Coiumhia River, 

frl.':shwater area (RM 86 to RM 
are about 60 pe1'Ce1:1t 
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Chinook salrtwn present along the shallo•.v via.tel shmdines of the Coluinhia River 
during winter and about 75 percent of those present in spring. 

• ln the middle portion of the of tidal liestrwatcr 
Chinook of the Upper Willarnette River ESU are 
Chinook salmon present a.long the shallow water shorelines 
during wi.ntet and about l 0 percent of those present ii.! spring, 

Sedion 4 
'11$ The beach that Coast and Harbor {2016) identified as contributing to 

high slrnnding Hdditinnal criteria that he applied refine the 
understanding of areas previously defined as having a high susceptibility to stranding 
based on the criteria of Pearson et nL (2008), Additionally, the results of Coast and 
Harbor (2016) help exp.lain i.•lhy stranding hotspots occur and builds the 
observations that that fihe-scalc beach morphology is a primary driver determining ff a 

fish. 

EX-0116-000034-TSS 



REFERENCES 

Bundesanslalt fD:r \Vas:serbau (BAW), Principles fbr the De:sign of Bank and Bottom 
for Vlaterways, Bulletin 88 the Federal 

Institute {Bundes:ms!ah \V.asse1fam ), 

Baw:nfdd, Effects peaking (stranding) of Columbia 
anadrnmous fishes below The Dalles Dam, and 
Departinenl of Fisber:ics, T echnica! Report No, 
Engineers. Contract D.ACW 57-74-C-0094., 32 

Bottom, 

en:grrieermg n!qtt1.n)men1:s nnd hfologicat et'llP<H~ 
Pm::1r1te u1v1:<:Hrn Portland, Oregon, 

Suneristatl. l Burke, AJvt Baptista, DJ\, Jay, KK Jones, E, Casillas, and 
:saimctn at river's end: role of the estuary in the decline and 

Co,!mnhla Fisheries Service 

Bhuthimethee, L Campbel! , 
Roegner.. 

~ ,_,~,, ... , life histories. 

EX-0116-000035-TSS 



Cowlitz l.ndian Tribe. 2012, .Eulachon Pn~ject: 2010-2013, PowerPoint by 
the Co\vlitr Indian Tribe on June 26, 20 l2 at a tedmical meeting (''eulm::hon summiC) 
attended by the Covl<'litz Indian Ttibi:, NOA/\ Fisheries, tLS. Fish and Wildlife, 
Geological Survey. Oregon Fish and Wildlife, Washington Fish and 
Army Corps of Engineers, and others. Meeting materials provided 
Fisher (NOAA Fisheries). 

Dawley, E.l\t, R.D. Le<lge.rwood, T,fL Bfahm, Sims, Durkin, Kim,, 
Rankis, fvlomm, and F .J. Ossiander. 1986. 1'v1igrational characteristics, biological 
observ1nions, and relative survival of juvenile t>almon cnicring !he Columbia River 
Estuary, 1966-l 983. Final Report of Research Funded by the Bonneville 
Administmtion, U.S. Departn:i.ent of Energy. Division of Fish and Wildlife, Contract 
DE-A I 79-84BP39652. Prn1N'f 

t·'ur'.mss, lvt, M, .Moy1mn, A_ Llanos, Guntle, and R Gubemiclc 200ll 
FiskXing, Forest Service, S.an Dimas Technology and Development 
Center. San Dimas, CA http:l/www.strearrdkfed.us/fishxing (accessed July 2014). 

Gustafson, KCt, Ford, D, Ted, and Drake, of euhl.chon 
(Thuleichthys pai..:ificus) in Washington, Oregon, and Technical 
Memorandum Nf\.ffS-NWFSC>! 05. National Marine Fisht~ries Service, Seattle, 
Washington. A vai!.able: http:!!www, westcoasL fisheries.noaa.gov/pubtications/ 
stattm_ reviews/other~ species/eulachon/7092 _ 06 t 620I0_142619 _ eulachontm l 05\vebfi 
naLpdf (September 2014)_ 

Lifo history of Chinook salmon (Oncorhym:.:hus tsha,vytscha), Pages 
and L Margolis, editors. Pacific Salmon Life Histoties, UBC Pres:\;, 

vanc1ow1er Canada. (Reprinted 1998). 

Hinton, and RL Ern.mett. 1994. Juvenile sahnonid stranding the Lower Columbia 
River, J 992 and J 993, NOAA Technical Mernonmdum NMFS-NWFSC-2Cc Prepared 
by NMFS, NFSC. Coast Zone and Estuaries Studies Division. Seattle, 

Johnson G.K. N.K, Sather, A.J. Skalski, E,f\.1. Dawley. AJ, Bryson, 
(LR, Ploskey, MaUetic, Borde, S,A Zimmenmm, ES Van Dyke. 
DJt Kuligow.ski , and KL. Ecology of Juvenile Sahn.011 in Shalknv 
Tidal Freslnvatcr Habitats of the Lower Columbia River, 2007~20! 0. PNNL-20083, 
.Pacific Northwest National Laboratory, Richland, Washington, Available: 
http:l/ww\v.pnl.govh11ain/pub1ications/exterrm1/technical.~reports/PNNL-20083,pdf 
(Novernher 2.015). 

nn~:'<{'~r'V~ilhn1n at the Contra Costa Steam Ph.int 
Dept Fish Fish Bult #92, 67 

EX-0116-000036-TSS 



rnitigatkrn measures, Draft technical memon:i.ndum to 
Stranding Technical Working Group, dated Decembt~f 

National Marine Fisheries Columbia River tsl:uai~y 
Plan Module frff SaJn1on and Steelheait Prepared 
River Estuary Partnership {contrnc!or} and PC 
N!\ffS Northwest Region. Pon!and, 
http:/iwww, westcoasL fisheri.es, noaa.gov/puh!ications/recovery ~piarmi ng/estuary­
mod, pdf (November 

Pearson. 
by \vakes 
channel depth, l'n:;pared 
Prothmd, Oregon, 

Assessment of potential stranding of juvenile salmon 
Columbia River under scenarios of ship traffic and 

Portland District of the US, Anny Corps of Engineers. 

of Engi.neers, Portland Distri.ct, Porl!and, Oregon. 

m,:enHe salmo,n to stranding by 

Fleece, K. Gabel, 
susceptibility for stranding of 1m,,en11e saimorm:ts 

prepared fhr the Port ()f vanc13U\'CL 

Olyrn.pin, Vl11st1Jmzton. Prcfli•,~t 

Report prepared for Entr:ix, 

EX-0116-000037-TSS 



Powers, P.O. 1997. Culvert Hydraulics Related to Upstream Juvenile Salmonid Passage. 
Washington State Depa1tment of Fish and Wildlife, Lands and Restoration Services 
Program. 

Roegner C.G. R.N. McNatt D..I. Teel and D.L. Bottom. 2012. Distribution, size, and origin 
of juvenile Chinook salmon in shal10w-water habitats of the Lower Columbia River 
and estuary, 2002-2007. Maiine and Coastal Fisheries: Dynamics Management, and 
Ecosystem Science 4:(1)450-472. 

Roegner, C.G. D.L. Bottom, A. Baptista, L. Campbell A. CJaiborne, K. Fresh, S. Hinton, R. 
McNatt, C. Simenstad, D . Teel, R. Zabel. 2013. The contribution of tidal flu.vial 
habitats in the Columbia River Estuary to the recovery of diverse saJmon ESUs. 
NMFS Northwesr Fishe1ies Science Center report to the US Army Corps of Engineers 
(Northwestern Division, Po.rtland Distri t) Seattle Washington. Available 
http: //cdrn 16021.c ntentdm. clc.org/cdm/reli' Uection!p I 602 lco113/id/l 05 (January 
2016). 

Teel, D.J., D. L. Bottom, S.A. Hinton, D.R. Kuligowski , G.T. McCabe, R. McNatt, G.C. 
Roegner, L.A. Stamatiou and C.A. Simenstad. 2014. Genetic identification of 
Chinook salmon in the Columbia River estuary: stock-specific distributions of 
juveniles in shaJlow tidal freshwater habitats, orth American Jownal of Fishe1ies 
Management 34(3):621-641. DOI: 10. 1080/02755947.2014.901258. 

WDFW (Washingtoo Department of Fish and Wildlife) and ODFW (Oregon Department of 
Fish and Wildlife) . 2001. Washingtotl and Oregon eulachon management plan. 
WDFW, Olympia, Washington and ODFW Salem1 Oregon. Available 
http://wdfw.wa.gov/pubJications/00849/ (January 2016). 

WDFW (Washington Department of Fish and WiJdlifo) and ODFW (Oregon Department of 
Fish and Wildlife) . 2008. 2009 Joint staff report concerning stock status and fi sheries 
for sturgeon and smelt. WDFW Olympia, Washington and ODFW, Salem, Oregon. 
Available http: //wdfw.wa.gov/publications/00889/ (January 2016). 

Weitkamp, L.A. P.B. Bentley and M.N.C. Litz. 2012. Seasonal and interannual variation in 
juvenile salmonids and associated fish assemblage in open waters of the lower 
Columbia River estuary, Fishery Bulletin 110(4):426-450. 

Willson M.F. , R.H. Armstrong M.C. Hermans, and K Koski. 2006. Eulaohon: a review of 
biology and an annotated bibliography. NMFS Ala ka Fishe1ies Science Center 
AFSC Processed Report 2006-12. Juneau, Alaska. 

Wolter C. R. Arlinghaus, A. Sukhodolov and C. Engelhardt. 2004. A model of navigation­
induced currents in inland waterways and implications for juvenile fish displacement. 
Envirorunental Management 34 656 - 668. 

Vancouver Energy 34 
Wakt! Stranding in the lower Cn/11mbir1 River 

Revised May 10, 201 6 
Greife Associates. LLC 

EX-0116-000038-TSS 


